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ABBREVIATIONS AND NOTATION

a annum (year)

ABARE Australian Bureau of Agricultural ResourcedBomics

ABS Australian Bureau of Statistics

ASFF Australian Stocks and Flows Framework

BAU Business as usual

CO2-e carbon dioxide equivalent — An index thag¢gnates various greenhouse gases associated

with a system by using the global warming potergfatéach to weight the contributions.
Note that approximately 300 kg £6/GJ (approximately 1 kg G@/kwh) is the
recommended conversion factor for indirect emissifactors (Full Fuel Cycle including
Scope 2 and 3) for consumption of purchased eb#fgtin most Australian States
(Department of Climate Change 2008). Consequestyafi 100 GWh (0.36 PJ) is
factored to contribute approximately 100,000 t Gi,@.

CSIRO Commonwealth Scientific and Industrial Rese#&®rganisation

GHG Greenhouse Gases (GHGs common to the watestigdoclude Carbon Dioxide (G
Methane (CH) and Nitrous Oxide (pD).

GJ Giga Joule (fQloules)

GL Giga Litre (10 Litres)

HWS Hot water system

J joule (one watt second)

kWh kilowatt hour (3.6 MJ or 3.6 x 10)

LGA Local Government Area

ML megalitre

PJ Peta Joule ({Qoules)

TJ Tera Joule (#6Joules)

Virtual Water Refers to the quantity of water reqdito manufacture, and supply to the point of ase,
product, material or service. Also referred to mbedied water, embedded water or
hidden water.

VRSFF Victorian Regional Stocks and Flows Framéwor

WWTP wastewater treatment plant
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EXECUTIVE SUMMARY

This report presents an analysis of water and grfatgres for Melbourne. The backdrop to the wak i
regional and national water stress, which increggiattributes to climate change, a shift towardsen
energy-intensive future water sources and a steuggtonstrain growth in energy consumption. The
work has been undertaken to initiate dialogue @iggrthe substantial, complex and often ignored
relationships between water and energy policy aadagement.

An important sub-theme of the work is the desirddecribe the influence of relevant policy levers i
context with the total energy and water throughgdelbourne. The report aims to create a more
guantitative and sustainability-oriented contextdecision-making including the “virtual” water
consumption by Melbourne in electricity and food.

Six scenarios were designed to identify the pot¢mfluence of three key policy considerations on

future water and associated energy needs: urbam fesidential end-use and the type of water sappli
provided. The scenarios were analysed throughetgelar 2045 using the Victorian Regional Stocks and
Flows Framework (VRSFF) model. VRSFF is comprisklinied calculators that account for many
dynamics of the “physical” economy such as land deenographics and water and energy accounts. The
model has been calibrated to replicate trends fra.970s through to 2001.

The study has demonstrated that by 2045:

e A compact urban form over a sprawling Melbourneld@aduce growth in residential water
consumption by approximately 100 GL/year, primatiilypough reduced outdoor water use. If
Melbourne’s urban growth and operation progresstwow efforts to conserve energy, water or
land, residential water use increases by about feddtive to 2001 and residential energy use
increases by 200% over the same time period.

« Compared to “business as usual”, adopting watermadermanagement strategies could directly
save 45 GL/year of water. Using solar hot watetesys (HWS) could indirectly offset an
additional 10 GL/year due to reduced water demanelectricity generation.

* Using increased solar hot water systems, (80% wandweellings and 20% of existing) could
save 0.14 PJ/year in the water system. It coulnl sdse around 30 PJ/year through reduced
residential energy use.

« Compared to conventional water supply servicesgladegion increases energy consumption for
water services by approximately 3 PJ/year whiclidda a tripling of current energy use for
water service provision. However, this increasmasginal in the context of the anticipated
growth in Melbourne’s residential and total urbaergy use (approximately 200 and 2000
PJ/year respectively).

The report does not attempt to provide a definitimalysis of all links between water and energyarse
to rank or judge any particular solution. Howevedoes demonstrate how the application of whole of
system analytical techniques such as the stockfi@mg framework can provide new insights to inform
the development of effective integrated resourceagament policies.

Recommendations are made to progress the undergaartti management of water-energy interactions
including:

« Improved characterisation of energy use throughwtier cycle;

« Analysis of regional plans and strategies;

e Collaborative development of more detailed scesaaod

« Development of reporting indicators and requirernéathelp widen the knowledge sets.
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1. INTRODUCTION

1.1 Background

There is increasing urgency in Victoria for the elepment of policy that offers solutions to theden
term security of Melbourne’s water supply. Poligcisions are being formed against a backdrop of
current water stress due to lower than averagevisf| predicted future water shortages due to isea
demand driven by population growth and a shift tiiar climate due to projected impacts of human-
induced climate change.

In the haste to provide solutions to the challerafegater supply shortages, there remains the teed
consider the future implications of policy opticasd interactions with other sectors such as energy
services, greenhouse gas emissions and demograjphiasving forward with resolution of water
supply issues, it is important to ensure that Hitdeed problems are not exacerbated.

Based on current water supplies and projected denitamas been forecast that Melbourne will face a
shortfall in supply of 205 GL/year by 2055 (Depagtmhof Sustainability and Environment 2005). Thkis i
driving the need to consider alternative sourced s1$ desalination and reuse which have implication
for energy demand and greenhouse gas emissiorssh@bibeen a sticking point for their policy suppor
particularly desalination, because the solutiortriontes to the problem.

While the energy use and greenhouse emissionstef wapply options are often discussed, there has
been relatively little discussion regarding thenffigance of these increases or the wider implaraiof
their adoption. The approach adopted for this saithed to investigate these implications as wetbas
consider related drivers of water use and urbam.for

The Victorian government has released@amtral Region Sustainable Water Strategy: ActmBa55
(Department of Sustainability and Environment 2008)ch proposes a number of solutions for the
projected Greater Melbourne water shortages. Suisitiloated include wastewater recycling, seawater
desalination and end-use demand management sgéatddjie Victorian government has recently
released the water strategy for Melbou@ar Water Our Futurewhich identifies desalination and
transfers from the Goulburn catchment as the predlevptions in securing Melbourne’s water supply.
Desalination would increase the energy requiredetiver water services because Melbourne’s potable
water supply is largely supplied by gravity fronmgas to the east of Melbourne (Figure 1) and the
system uses more passive treatment processes bétsacatchments are largely protected and deliver
relatively clean water.

This report specifically aims to inform and promdtiscussion regarding the links between urban water
and energy policy. As such it sets out to explaistang trends and potential shifts affecting watad
energy services and the implications of these facatver the next 40 years for a limited scenario Bee
report does not attempt to provide a definitivelgsia of the many links between water, energy and
greenhouse emissions. This would be a difficuk tgen the current state of knowledge and thetéchi
scope of this exploratory study. However, it dotsrapt to provide an example of the type of apphnoac
that may elucidate these linkages and identifysanezessary for knowledge development. The report
focuses on energy specifically because current letye regarding greenhouse gas emissions
throughout the water cycle is less well developed/ictoria, most electric energy is sourced from
brown coal-fired power plants. This produces aro88d kg of carbon dioxide equivalents (&) per

GJ of power generation (WSAA 2005) or 1.444 kg 05-€ per kWhr of generation (Sustainability
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Victoria 2004). In the Latrobe Valley around 1 Glveater is consumed for every 2 PJ of power
produced.

A particular focus of the report is the interactdretween water services and energy demand. Water
utilities use large amounts of energy to treat @elier water to residential and industry end-usérh
then consume more energy in heating, pumping aing tise water. Wolff (2004) makes the point that
there is the need to better understand the enevgjjciations of water policy decisions. There hasrbe
recent analysis and discussion of national-lewddages between climate, energy and water (Proast et
2007). This report aims to contribute to this debaith a focus on urban systems.
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Figure 1 Greater Melbourne Region water delivery system

An additional focus of the report is that of “vialuvater” movement. There is strong current debate
regarding urban and rural water sharing includirgguse of water for power generation. The water
necessary to sustain cities can be sourced frofmowtdide city boundaries and includes water to
produce agricultural food and fibre, energy anceogiroducts. Preliminary analysis of this virtual o
embedded water was undertaken to characterisettiledependence of Melbourne on water as well as to
describe the flows and again commence an explorafithe interrelationships that exist in this area

This report does not consider the implicationslte#raative population and energy supply policy,
although the modelling framework is designed fatsanalysis. However, all scenarios do include the
projected implications of climate change for Vidtofe.g. Howe et al. 2005). Given the dynamic reatur
of water and energy policy and knowledge at preshatscenarios developed by the research team can
be expected to date, possibly rapidly. The impan@imt though is that improved understanding is
needed regarding the implications of water managewme energy as well as energy management on
water.
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This work aims to act as a preliminary demonstratibthis analysis. Further liaison with industnda
government is recommended to test in more detaitlar or more characterised scenario set.

1.2  Driving Forces

In order to explore the likely implication of difient policy options a range of scenarios have been
defined. This section briefly outlines the drivifogces that the scenarios have been constructed@ro
Numerous drivers are providing the stimulus forlexpg options for the provision of urban water
supply and implications for energy demand. Driviactude projected climate change impacts, such as
decreasing inflows to water catchments, the neathlalise and decrease emission of greenhouss,gase
population growth and land use change.

There is also emerging tension nationally betwé&erprovision of water and power provision. Because
most power provision requires water (e.g. for lrakeam and cooling), in the ongoing drought thigie
strategic need to reserve some water suppliessirercontinued power production. These driversterea
a significant challenge in developing policy fortetaand energy security while at the same time
responding to the local need for environmentalgotdn and the global need to reduce greenhouse
emissions.

The following paragraphs describe the scenaricedsiwithin the current political and social settang
the trajectories of these drivers as explored witfienarios. The driving forces used have a highede
of uncertainty around future trajectory and in maages are politically dynamic. Therefore, the
scenarios described don’t have the purpose of atingl what is most likely to happen in the futuret
instead explore alternative directions that hightligade-offs, physical limitations and interacgon
between different sectors.

Population

Population in the Melbourne Statistical Divisiorpi®jected to grow from 3.47 million people recatde
in the 2001 census to 4.8 million in 2031 (Departted Sustainability and Environment 2005). There
are projected to be a number of fundamental simftdctoria’s demographics over this period, which
include a rapidly ageing population, declining iféyt rates and decreasing household size. The
population scenario used in this report is constsigth the projections d¥ictoria in Future 2004
(Department of Sustainability and Environment 20@%)pulation growth will further pressure the syppl
of water resources from natural catchments, whiithdwve the need to explore alternative optioos f
urban water supply. The projected population fotlddarne is consistent across all scenarios.

Climate change

Human-induced climate change, which is linked ®lthrning of fossil fuels that emit greenhouse gase
is likely to impact on inflows to Victoria's wateatchments. Howe et al. (2005) show that under the
assumptions of most climate change scenarios Vécislikely to receive less rainfall and displagtner
evaporation rates. This decreased rainfall wiNeithe demand for alternative water sources.

Urban form

The Melbourne population is currently predominatetgommodated in low density separate dwellings,
which has resulted in considerable sprawl of tiye @ihis urban form impacts on end-use water demand
with the majority of these dwellings having gardémest require irrigation. The land use pattern &ias
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implications for infrastructure provision. In rese to some of the issues associated with urbamvspr
the Victorian government has releaséelbourne 203{Department of Infrastructure 2002), which sets
a strategy for the growth of the metropolitan @ameaccommodate an expanded population. A key
direction of this strategy is the setting of urlgsrowth boundaries to limit the sprawl of the urlzaiaa,

with future growth increasingly directed away fraime urban fringe towards higher density development
This study aims to inform similar decisions.

The proposed move to increased density in Melbdsiumdan form has been a very contentious political
issue due to perceived effect on land prices abdrbucharacter. There have been a number of
adjustments to the urban growth boundary sinceag @nacted five years ago. The last census revealed
that population growth was still occurring mostidipat the rural urban fringe; while in a numbér o
older inner city suburbs the population was stablactually had declined. The complete realisatibn

the Melbourne 203Wision for urban growth remains a significant dbiadje. Scenarios used for this
report compared increased urban density and cadisprawl.

Water end-use

Demand management strategies, such as low-floweath@a&ds and water efficient washing machines,
have the potential to not only significantly redwserall water demand, but also reduce the energy
associated with the end-use of water. Water end;urs@articular water heating, are a significaantt pf
overall residential energy consumption and theeefyeenhouse gas emissions. In Melbourne, the
majority of households (77%) use gas as the prirangygy source for water heating, while 19% use gri
electricity for water heating and less than 1% heystem primarily fuelled by solar power (ABS 2005)
The energy source for water heating has significaptications for greenhouse gas emissions, with
electric storage systems releasing 4 tonnes ofeQ@- year compared to gas systems of 1 tonnes of
C02-e per year and gas boosted solar systemsrth&égsmf C02-e per year (based on 140 litre hotrwate
consumption per day) (Australian Greenhouse Of2a@1).

In Victoria, water heating accounts for 27% of tetsidential energy demand (ABS 2005). Other
significant household demands for energy are hgatna cooling (39%) and appliance use, including
lighting (30%). Therefore, a demand managementegfyahat focuses on a shift to cleaner energy
sources for water heating, such as solar and isedeefficiency of hot water appliances could be
expected to significantly reduce residential energg. As the majority of Melbourne households e g
as an energy source for water and space heatfogua on appliances and hot water would also addres
the majority of household greenhouse gas emisgfanstralian Greenhouse Office 2005).

Scenarios explored in the report compare an ineckaptake of solar hot water systems (HWS) and
demand management strategies, especially in neWiniges with a baseline that assumes continuation o
current mix of energy sources for water heating mmthcreased uptake of water efficient applianées.
the time of writing new homes in Victoria are remui to have either a rainwater tank or a solar HWS
installed. The increased uptake of many demand gasment strategies, such as more efficient washing
machines, may largely depend on government incesitiv statutory requirements, as in many cases the
economic payback period does not justify the inwestt at current water and energy prices.

Water services

Current water stress in Melbourne has led to timsideration of alternative water sources. Scenarios
used for this report propose two alternatives tonparison with conventional water supply for
Melbourne, where water is captured in protectednraents remote from the urban area. The first
alternative simulates increased uptake of rainwtatecs and local industrial or irrigation wastewate
recycling using limited or no additional treatmeftMelbourne’s wastewater flows.
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This scenario assumes 20% of low density houses feanwater tanks used for toilet flushing installe

to ensure negligible energy use. Currently rainwitiek uptake in Melbourne is estimated at 6% of
households (Marsden Jacob Associates 2007). Tioadedternative assumes that new potable demand
will be satisfied by desalination plants. Desalimathas been identified as a preferred option in
Victorian government'©ur Water Our Futurdor securing Melbourne’s potable water supply.

1.3 Report Objectives, Focus and Outline

A key objective of this work was to improve the engtanding of the complex interrelationships betwee
urban water and energy and improve debate ondpis tvhich is often focussed on very specific
options. An important sub-objective was the detgirdescribe the influence of relevant policy levers
(particularly water policy) in context with the &btenergy and water throughput of Melbourne: or
Melbourne’s metabolism. Metabolic analysis alsddglty includes all material (including water and
nutrients) and energy flows (refer for exampleSahely et al. 2003; Newman 1999, Pamminger et al.
2008 and Kenway et al. 2008); however this reofbcused specifically on water and energy. In so
doing the report aims to create a more quantitathe sustainability-oriented context and methodplog
for decision-making. A final objective was to evatle the efficacy of the Stocks and Flows Framework
and the VRSFF model in undertaking such analysis.

The concepts and issues explored in this work dezluthe water and energy use implications of:

e city-scale water management options focused onmadtjgrnative water supply options as well as
decentralised options including rainwater tanks

» water end-use characteristics including demand gemant and use of solar hot water systems

« future configurations of Melbourne or options rigtto urban form

» the total flows of water to Melbourne includingtuial or embedded/embodied water.

The structure of this report is as follows.

Section 1(this section) provides brief background contexthie project and outlines some of the driving
forces that scenarios have been constructed around.

Section 2provides an overview of the Stocks and Flows Fraonk approach and gives a more detailed
description of VRSFF model as applied in this pcoje

Section 3describes the scenarios that were applied with$&F, which includes the technical
assumptions behind the scenarios.

Section 4presents the results of the scenarios impleménté®RSFF. It also draws out the implications
of the scenario outputs, with particular focus loa interactions between sectors and the tradesoffs
synergies that might be involved in implementinfjedent water policy options.

Section 5offers some conclusions together with researcdseethis area.
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2. MODELLING APPROACH

2.1  Victorian Regional Stocks and Flows Framework

The Victorian Regional Stocks and Flows FramewMR$FF) was developed to comprehensively cover
the physical economy of Victoria. The VRSFF defikeg stocks and flows of materials (including
water) and energy and the interconnections betwresm in physical units (e.g. kilograms, litres, |gs)
rather than dollar values. It can be used for expipthe physical implications of pursuing diffeten

future development pathways or policy options.

The VRSFF is based on systems theory that focusésecinterconnections and interdependence
between different parts of the system, with theéesyisn this case being defined as the Victoriarsaf
economy. This means the model is equipped to exjteractions between different parts of the syste
such as water, energy, land use and climate.

The VRSFF is a set of linked calculators that aotdéor many of the important dynamics in the phgisic
economy, such as land use change, demographiesaadand energy accounts. The model is
implemented as a dynamic simulation that enabfasuae pathway for a physical stock (e.g. land,erat
to be set and then evaluated for physical feasibilihis allows for cross-checking by mass balahee
future trajectory of a variable according to phgsiaws and relationships. This enables the VR®FF t
identify tensions or feedbacks in the system; f@meple, under a projected climate change scenado a
assumed population projection it could be explaedhat point current water supply services woudd n
be able to meet demand. This approach can highhghimplications of different futures over the gon
term that can be used to improve policy decisiarthé present.

The Stocks and Flows approach has previously bgglred in Australia to analyse, at a 5-years time
step, the Australian physical economy, such asthere Dilemmaseport that explored implications of
different population scenarios for Australia antkéractions with technology, resources and the
environment (see Foran and Poldy 2002). A key paficiifference between VRSFF and some earlier
Stocks and Flows frameworks is that VRSFF has hdnigegree of spatial resolution which enables
more detailed tracking of variables such as dwgHipes.

The coverage and level of detail of the VRSFF watsount closely matches that of the physical
account of the System of Environmental-Economicodeiting for Water (SEEAW) framework
developed by the United Nations Statistics Divigid@07]. Appendix A contains an overview of the
VRSF model. Historical data sources for the VRSFFmany and include, for example, decades of
information on population from ABS Censuses; tirages on energy consumption from ABARE; land
use zoning and GIS data from the Department ofadhaility and the Environment and water data from
multiple locations such as the ABS Water Accou8itafe Water Reports, Murray Darling Basin
Commission Reports, State of the Environment Repord the Victorian Water Review. For a full
account refer to Baynes et al. (2007). Relevara ftatm outside the direct water arena includetoria

in Future 2004population projectiondylelbourne 203@olicies; Victorian Greenhouse Strate@ur
Water Our Futureand the Victorian Regional Scenarios draft regextept for the variables that we
have described in the report to do with specifensrio settings, the remainder of the controlsaldeis
were set in keeping with the historical trend elssald by the calibration. Climate variables were
established using output from CSIRO and DepartrokBustainability and Environment modelling and
analysis.
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The current version of the water account frameveonkers, in annual time-step:

» water requirements across all sectors of the emoeconomy and society (informed by other
components of the VRSFF) at Local Government At€a4) level, including water recycling by
centralised treatment plants and re-use of watghi(windustry or sector)

« water availability by 29 water basins, influencednany factors, including climate variables and
land-use (informed by other components of the VRSFF

* water stocks or flows including surface (riverstlaeds) and major storage (dams)

» soil (groundwater/aquifers) water discharge frohwalter uses, tracking water quality as unpolluted,
blackwater, greywater, stormwater

» water transfers between water regions and int¢e-sta
« additions to and extractions from all water stodiscentralised systems; or self-extracted means

* energy required to treat and move water for potakktment and pumping sewage treatment and
pumping; desalination; and inter-region transfers.

The spatial coverage of the framework is the sthiéictoria, with the accounts maintained in eath o
the 29 water regions of Victoria at yearly timepsteAppropriate geographical connections such as
transfers between states are also included. Therwegions are major catchment basins and aredinke
in the framework according to the river networks.

The VRSFF analytical system has features in comwitimsystem dynamics which is an approach to
understanding the behaviour of complex systems tover. System dynamics is different from other
approaches in the use of stocks, flows and feedibagls. These elements help describe how even
seemingly simple systems can display baffling noadrity and cyclical patterns. The common features
in VRSFF includes the evolution of stocks (with agefiles), linking of stock and flow variables in
causal chains of influence and the use of a diagratin interface and time series output (see also
Appendix A).

An innovative difference of the work with VRSFFtiee deliberate removal of automated feedback loops
within the model code related to the social or @roic domain. This has particular importance for
exploring the many behavioural, technological angimreering options that influence the physical @orl
(e.g. water, energy). For example, a strength o6MRis that storage (dam) volumes can, under some
circumstances, exceed their capacity or becometimegiepending on the various settings that
ultimately determine the inputs and outputs togiogage. Clearly this is physically impossible; lever,
the tension forces the analysis to investigatalthers of the tension rather than automating this
process. This sort of tension can be solved byda wange of options, such as changing the propoadfio
river flow that is stored, modifying the storageaeity, changing abstractions, employing inter4basi
water transfers, or simulating alternative popolatjrowth, economic structure or climate change.
Keeping the feedback loops associated with thesardics non-automated greatly enhances the ability
to identify key factors resulting in the tensiohisithen possible to design and explore (manuwally
through auxiliary feedback code) a wide range spoases that alleviate the tension.

The model is grounded with several decades of tiéstioddata (Baynes et al. 2007; Turner et al. 2007a
Turner et al. 2007b) that are used to calibrateribdel for simulation over the next 50 to 100 years
This provides confidence in the simulation dueh®wide range of data inputs, the multiple “caus® a
effect” chains influencing output variables, and tact that independently sourced data correspgridin
output variables (e.g. storage levels and energg irsthe water sector) are simultaneously repreduc
It also means that all variables have historicsh aehich provide context for understanding pashges
and the foundation for creating meaningful scersario
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3. SCENARIO DESCRIPTIONS

3.1 Scenario Overview

Six scenarios were developed to explore the impigotential policy choices (Table 1). The key
objective was to investigate a set of factors iffience the water system and its interaction \lin
energy system. The scenarios were created to egahrenmplications of potential and plausible ops$io
Therefore, driving factors were set in differentywaccording to the scenarios — rather than, for
example, all changed by the same percentage. Cosistdyy judgements made about the calculated
outcomes of the scenarios, or comparisons betwesn, tshould take into account the specific
differences between various settings, such asebeed of change in urban form compared with that in
recycling, for example. Each scenario was creatad fi combination of changes to urban form, water
end-use and water services (see Table 1), witbdh®inations designed to facilitate broad compasso
(see Table 2).

There are two main scenario sets. Scenario Seplbres a shift away from urban sprawl to higher
density development. The Scenario Set 2 modeltuaefpopulation which continues to be
accommodated in low density housing that perpesusielbourne’s urban sprawl.

Variations within sub-scenarios focus on changentbuse demand and water services. End-use

scenarios address a more rapid uptake of waterremanagement measures and solar HWS or a
baseline approach with minimal additional demandagament or uptake of solar hot water beyond the
current mandatory installation of a rainwater tankolar hot water system on all new dwellings. &/at

services scenarios considered include continuedfusenventional systems to meet demand (1a, 2a and

2c), or a shift to increased use of rainwater tamd wastewater recycling (1b) or meeting new deman
through desalination (2b, 2d). The reuse scenadgesamed local (on-site) recycling requiring margina
additional energy that is typically used, for ex#mm industry and mining and not treated to high
standards. In effect, these scenarios represeiaygelers at three very different levels. Urbamifo
depicts the potential influence that our choicemiad future cities could have. In contrast watet-ese
and water-services represent the potential inflasmt household and water strategy or utility kvel

Table 1 Scenario summary

Population | Scenario Urban Form Water end-use Water services Sub
set No.

Melbourne 2030 Conventional — Potable water 1a
N o Increased uptake and )

" guidelines — Limit to o supplied from protected

@ retrofitting of demand

5 1 urban sprawl and } catchments

B focus on high density management options ang Alternative sources- rainwater 1b

3 solar hot water systems

o) development tanks and wastewater reuse

% Conventional — Potable water 2a

S Baseline — no adoption of supplied from protected

Q demand management or| catchments

5 Urban Sprawl — solar HWS New demand met by 2b

T low density housing desalination

c 2 continues in Conventional — Potable watef 2¢

o Greenfield sites Increased uptake and | supplied from protected

g without constraint retrofitting of demand | catchments

S management options and New demand met by 2d

solar hot water systems | desalination
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3.2 Common Assumptions

All scenarios have the following base assumptions:

* By 2050 Victoria’s population grows to approximgtél7 million of which 4.9 million live in the
Melbourne statistical divisiorVfctoria in Future2004opulation projections).

* There is 2% per capita growth in material and epecmnsumption.
« The present methods of electricity generation comtiinto the future.

* A“medium” climate change scenario (Howe et al. 20Ibnes 2005) corresponding to an average
global temperature increase of “CHy 2050, involving decreased rainfall, increaseapo-
transpiration and increased dam evaporation.

e Agricultural water use is initially capped at apgroately 2001 levels though ultimately increases in
water use are allowed in response to climate changacts.

* Residential outdoor water use increases due tatdithange impacts (Moran 2005).

» Dam levels are maintained at 2001 levels througf/80 combination of diversions from rivers and
inter-region transfers where possible, otherwidelgdrom river diversions.

3.3 Scenario Descriptions

3.3.1 Scenario Set 1 (Compact Urban Form)

This scenario set sees future urban growth in Mgl increasingly accommodated within high and
medium density residential dwellings. There is stmmvnfield development, which sees existing low
density dwellings demolished for higher densityeneglopment. The Urban Growth Boundary as defined
in Melbourne 2030estricts the spread of urban development.

Scenario 1a (water demand management and solar hot water systems, conventional
water supply)

This scenario explores a shift to solar HWS, wita2of existing dwellings and 80% of new residential
dwellings moving to solar (gas boosted) HWS. Erigtilwellings are assumed to move proportionally
from the current energy source mix for HWS, whibbws 77.5% of Melbourne households have gas
HWS and 19.1% electric (ABS 2005).

Scenario la also explores a number of demand maneegestrategies that have the purpose of reducing
end-use demand from residential dwellings. In thise the demand management strategies explored are
low-flow showerheads and water efficient washinghnaes. The uptake is consistent with solar HWS

as 80% of new dwellings and 20% of existing dweglitimplementing the demand management options.
It is assumed that low-flow showerheads reduce matesumption by 40% over conventional systems
and that water efficient washing machines use 3¥% water.

In VRSFF these assumptions were incorporated asrasg low-, medium- and high density residential
development use of water at 413, 354 and 358 LiiyBagspectively. With demand management
measures in place these were assumed to drop 1@3F@nd 329 L/yearfmespectively. For more
detail on these assumptions refer to Appendix C.
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This scenario is based on a “Business As Usual'Bapproach for potable water supply, with drinking
water sourced from protected catchments remote fhenurban area.

Scenario 1b (water demand management and solar hot water systems and alternative
water supplies)

This scenario is consistent with 1a and assumesaime urban growth pattern, shift to solar HWS and
demand management strategies. However, thereafellbwing exceptions in the area of water supply
services where a number of alternatives are explimr@ugment supply:

20% of wastewater collected at centralised treatmplamts is treated and used locally by
industry with minimal energy investment for treatmer pumping.

20% of wastewater generated in heavy industry, asamining and manufacturing, is treated to
a standard required for non-potable applicatiorth wminimal energy investment for treatment or
pumping. The wastewater treatment occurs proximalitere treated wastewater is used for non-
potable applications.

Residential rainwater tanks are used. This optimulsites 20% of separate dwellings installing
an onsite rainwater tank that is used for toilestiing with mains back-up and for minimal
energy cost (i.e. designed to flow gravitationalAppendix B contains more detailed
information on the assumptions and data used taehtbd reliability of supply from onsite
rainwater tanks. More recent data suggest thawvedar tank pumps can use substantial energy
per volume of water (Gardner et al. 2006).

Figure 2shows the spatial extent of Melbourne’s urban aredysed for this project. In the map, darker
shading indicates a higher proportion of land ased for residential dwellings within a growth
boundary fotMelbourne 2030The urban form of Melbourne and extent of différdensity residential
areas analysed for Scenario Set 1 is in Appendix A.

Figure 2 VRSFF spatial representation of settlement pattern
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3.3.2 Scenario Set 2 (Urban Sprawl)

This set of scenarios differs from Scenario Set that it assumes that urban growth in Melbourne
continues to occur at the urban fringe with lowggndwellings. This pattern of growth results fret
continued sprawl of Melbourne’s urban area. Thisgoa of urban growth is consistent for all of Hwb-
scenarios.

Scenario 2a (no adoption of demand management or solar hot water systems,
conventional water supplies)

This scenario is very much a passive scenariodahttiere are no real changes implemented to address
potential shortfalls in Melbourne’s water supplyisIBAU for water services and there are no demand
management strategies or shift to solar HWS.

Scenario 2b (no adoption of demand management or solar hot water systems,
desalination for new water demand)

This scenario explores the use of desalinationtplanmeet all new demand. At the time of analysis,
desalination has been identified by the Victoriamegnment as a preferred option to augment water
supplies. An issue that is consistently raisedndigg desalination is the energy required to rensale
from seawater and the resultant greenhouse gasienssThis analysis assumed 17,753 J/L for the
production of water by desalination and negligiéhergy for provision of water via rainwater tanks
(refer to Appendix B). This scenario assumes nd lionlow density urban growth and no adoption of
end-use demand management strategies.

Scenario 2c¢ (water demand management and solar hot water systems and
conventional water supplies)

The key element of this scenario is the implemématf a number of end-use demand management
strategies. In other regards there is very lithliét $rom the current situation with Melbourne’soan
sprawl continuing unchecked and water serviceslsmgps usual.

This scenario explores a shift to solar HWS, wit@of existing dwellings and 80% of new residential
dwellings moving to solar (gas boosted) HWS. Ertilwellings are assumed to move proportionally
from the current energy source mix for HWS, whibbws 77.5% of Melbourne households have gas
HWS and 19.1% electric (ABS 2005).

Scenario 2c also explores a number of demand maraygestrategies that have the purpose of reducing
end-use demand from residential dwellings. In thise the demand management strategies explored are
low-flow showerheads and water efficient washinghiaes. The uptake is consistent with solar HWS

as 80% of new dwellings and 20% of existing dweglitmplementing the demand management options
as clarified in scenario la.

Scenario 2d (water demand management and solar hot water systems, desalination for
new water demand)

Scenario 2d incorporates the same elements asrgx2nan regards to urban form and end-use demand

management strategies. The differentiation betweescenarios is water services. In this scendrio a
new demand is met through desalination plants.
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4.

SCENARIO ANALYSIS AND DISCUSSION

This section presents the results of scenarioyse@with the VRSFF model. The results are strectur
in thematic sections that focus on comparison ehados to elucidate the impacts in different areas

Table 2 and Table 3 summarise key outputs for e&te scenarios mapped against the key drivers.
Other outputs, such as effects on river flow orewvguality are discussed in more detail later. base
case for comparison purposes is taken as 200hjsais the starting point for the simulation witbays
prior to 2002 populated with historical data.

Table 2 Scenario results (water and energy overview)

Water Melbourne in 2001, (VRSFF Melbourne in 2045,
Water service | end-use Urban Base Case) (population = 4.80 million)
options options form- population = 3.47 million )

Rainwater tanks & wastewater reuse

Increasing density in selected LGAs

Continued low density development at urbal

Residential water demand (GL/year)

Energy demand for water services (PJ/yeal
Total residential energy demand (PJ/year)

Total Melbourne energy (PJ/year)

Residential water demand (GL/yéar)

Energy demand for water services (PJ/year

Total residential energy demand (PJ/year)

Total Melbourne enerdydemand (PJ/year)

A [N | Demand management and solar HWS

(7]

[}

©

>

]

7]
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il E=] >
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o] (] = Q
S|z ARAR- 5
8 o [0 S =
(%] (@] () m =
la | ¥ v 380 1.3 260
1b v v 350 1.3 260
2a | ¥ v v 510 1.7 290
2b v v 4 330 | 11 | 95 | 1100 510 | 48 | 290 3900
2% | v v v 470 1.6 260
2d v |V v 470 4.2 260

'Refer to Table 3 for a breakdown of the water den@artisupply?Excludes additional new transport (pumping) enemgy f

desalination or reuse which could be in the orded & PJ/year by 2045 assuming lifting 150GL wate2@0m elevation.

3Includes energy from coal-fired electricity, gasdapetroleum and is approximately Melbourne’s patarshare of total state

energy use on a population basis.
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Table 3 Water supply breakdown

Water Requirement (GL/year) Water Supply Sourcdsy(&ar)
Residential Commercial,| Total Conventional | Reuse | Raintanks| Desal Tdtal

o Industrial and Centralised

§ Other water

3 usé

0
2001 330 200 530 520 10 1 0 530
la 375 200 575 555 20 1 0 575
1b 375 200 575 535 30 8 0 575
2a 510 200 710 690 20 2 0 710
2b 510 200 710 510 20 2 176 710
2c 470 200 670 650 20 2 0 670
2d 470 200 670 500 20 2 150 670

INon-residential water use was not a focus of thisystRf01 data are cited from public reports (WSAARZ0and no estimate
of future growth was made, for consistency 200 GL-nesidential use has been included in the “Totalitlhis excludes any
growth in non-residential water use. Rows may not i@ to rounding.

The study has demonstrated that by 2045:

The influence of a compact urban form over a sgrayielbourne (scenario la versus scenario 2¢)
could impact water consumption by approximately Gd@year.

Water demand management and solar hot water sysstatiation (scenario 2a versus scenario 2c)
could save directly around 45 GL/year of water (thuzater demand management, while solar HWS
could indirectly save around 10 GL/year in reduagdier use due to lower electricity generation).
Additionally, the alternative water end-use in srém2c results in energy savings of 0.14 PJ/year
for water services as well as about 36 PJ/yeagsituential energy use due primarily to solar HWS.
Demand management is expected to contribute taceedenergy associated with in-house water
heating; however, it was not able to be separatehis analysis. Note that apart from energy use
associated with the water system, implicationsceharios on Melbourne’s total energy consumption
were not assessed.

The worst case scenario results if Melbourne’s midggawth and operation progresses without
efforts to conserve energy, water or land. For ganscenario 2a results in residential water nse i
2045 increasing by about 50% relative to 2001. Thimostly due to population growth (about 95%
of the effect) while the remainder is due to hoadgloutdoor watering increasing in response to
medium level climate change. Similarly, residentiaérgy use increases by 200% over the same
period.

Desalination (scenarios 2b & 2d) results in apprately tripling the current energy used for water
services to a total of around 4.5 PJ/year. Howesrgm viewed in context of total energy use for
Melbourne this growth is marginal. The relativedyde amount of energy used for residential
purposes including water heating suggests thatrwateservation strategies which address end-use
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of water will have more chance of significantlylugncing total urban energy use than focussing on
water strategy options alone.

« Rainwater tanks and wastewater reuse for low quialital applications (scenario 1b versus 1a) in a
compact urban form could yield a small (~1%) berafiriver flow; however, the energy influence
was not able to be separated in this study. Tradtméerigher levels and significant transport would
require substantial additional energy investmdmisyever, this would be expected to be less energy
than desalination as treatment of wastewater taralard suitable for non-consumptive urban uses
requires approximately half the treatment energyesfalination. Similarly, some reuse options may
offset energy needs for pumping treated wastewatgr from Melbourne’s Eastern Treatment to
Boags’ Rocks) or to irrigation sites, and some maty

These results are further explained in the moraileet analysis that follows. The results highlitie

role that policy levers in the areas of water sasj residential dwelling mix and urban form hame o
shaping water and energy futures generally. Thésisas not intended to rank or judge any approach
because the settings were chosen for creatingiplawssenarios only. This means that driving forokes
the water system performance cannot be directlypeoed; however, other scenario settings could be
made to provide appropriate consistency to aid esispn, for example, a common volume of water
supplied by the various means.

In the subsequent graphical outputs the black litee2001) relate to historical data that are eithe
observed or calibrated in the VRSFF model, whikedbloured lines track the projected future pathway
under different scenario assumptions. The scenhees been modelled out to the year 2045.

4.1  Water Use, Energy Use and Overview of Impacts

Figure 3 compares the total residential water dehaanoss all scenarios. This shows scenarios with a
compact urban form (1a & 1b) have the lowest oVevater demand. Scenarios simulating a
continuation of low density urban sprawl and no dachmanagement (2a & 2b) have relatively high
levels of end-use demand. This figure also dematestithat urban form has a greater impact on reguci
demand than end-use demand management strategies &he scenarios incorporating enhanced end-
use demand management, but no change in urban(2ar& 2d) show a relative reduction in residential
demand of approximately 50 GL while scenarios witimpact urban form and demand management
strategies (1a & 1b) have reduced demand by appedgly 150 GL (compared with 2a & 2b).

The influence of urban form in these scenariogeéslpminantly associated with reduced outdoor
watering due to the loss of backyards throughliafid multi-storey dwellings. Substantial high-rise
development (significantly lower per capita landtfarint than for separate dwellings) was required t
accommodate population growth within tkelbourne 203@rban growth boundary. An additional
factor in the impact of urban form is the slightbyver water intensity (per unit floor area) of highe
residential dwellings.
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Residential water demand - Melbourne
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Figure 3 Residential water demand for Melbourne

Figure 4 provides an overview of all scenarios réiga the total energy required for the water sasi

in Melbourne. This takes into account existing timeant and pumping of potable water, treatment and
pumping of discharged water, energy for local waater reuse, pumping of inter-regional transfeid an
desalination. Energy for transfers of new reuseewalesalinated water or rainwater tank pumping are
not included in this. The figure clearly shows timscenarios where new demand is met by desaiimati
(2b & 2d) there is a significant increase in enaexgyuired with demand management and solar hotrwate
systems (2d) reducing energy use by around 0.7d&%alination is implemented. Shifts to solar HWS
and demand management strategies are consistesslghergy intensive than their comparable BAU
scenarios. For example, the difference betweenrasiceBa & 2¢ at 2045 is around 0.2 PJ.

Energy required for water services - Melbourne
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Figure 4 Energy required for water services
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Surface Water Flow in Yarra Water Management Area
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Figure 5 Surface water flow in Yarra Water Management Area

Figure 5 illustrates the change over time of swfaater flows in the Yarra River Water Management
Area under the different scenario assumptions (nb&flows incorporate all surface water withie th
Management Area, not solely the Yarra River in thiample). Urban form has implications for surface
water quality and flow, with scenarios simulatinghdgft to a more compact city (1a & 1b) resulting i
lower surface water flows (exiting the water mamaget area, see Figure 5) than for a city with
sprawling fringe development. There is a compaestilower ratio of impervious surfaces in a compact
city than for low density urban sprawl, and consetly stormwater discharge is greater for the
expanded city. This discharge may enter the riystesn.

In addition to the influence of urban form, the Bwpof a shift to a drier climate for Victoria igident

with many rivers, including the Yarra, projectecheve decreased average annual flows. This is most
evident in Figure 5 for the compact city scenafies & 1b) where there is little growth in the ada
Melbourne; consequently the continual reductiosurface flows is largely associated with climate
change factors. For the urban sprawl scenariod|divs increase for about 2 decades since the
additional stormwater discharge and wastewaterdlfvam the expanding built area counteract the
effects of climate change for some years.

Scenarios simulating new urban water demand begtgosndesalination plants (2b & 2d) result in less
reduction in river flows for the Yarra due to leksmand to divert flow to urban water storage. This
because water provided by desalination substitotes fraction of water that would otherwise bevdna
from surface water bodies throughout the water mpament area. This effect is not large in the Yarra
water management area because the majority of wgagseurced from the Thomson Reservoir and
transferred to the Melbourne region. A shift toelgcalised water supply alternatives, such as ratiemw
tanks and wastewater recycling, has only a mingaichon river flow in the Thompson River, which is
diverted to the Thomson Reservoir (Melbourne’s majorage).

In addition to information on flow volumes, theicadf stormwater and wastewater discharges to ahtur
river flow provides a potential high-level indicataf river water quality. This is because urbanaffin
discharged directly to receiving water generallgtams relatively high levels of contaminants, sash
suspended solids. Scenarios characterised by ddagity urban form and conventional water services
(2a & 2c) had the highest levels of discharge &harra River.
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411 Urban Form

The majority of Victoria’s population is accommoeldtin low density suburban developments in greater
Melbourne. At the time of the 2001 ABS census 78%lelbournians were accommodated in separate
dwellings.Melbourne 2030dentifies the shift towards a more compact urfzeim as a primary

objective. This section considers the implicatiohsrban form on energy and water demand as well as
stormwater flows.

Figure 6 depicts residential water demand by dwngltiype projected through to 2045. Compact urban
form (Scenarios 1a and 1b) lead to reduction ofi@ddl50 GL/year water in water use in low density
residential uses with around 75GL/year growth ghhdensity use of water. This pattern leads to the
reduction in total water use (refer to Figure 3) &driven primarily by reduced garden irrigatune to
higher urban density. In Victoria 35% of all resitial demand is for outdoor uses (ABS 2004). The
assumptions related to water consumption and wtbasity can be seen in Appendix C.

Water demand by dwelling type - Melbourne
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Figure 6 Water required by dwelling type

TheYarra Valley Water Appliance and Usage Patterns/8yr2003lemonstrated that per capita indoor
consumption decreases with increasing househatdsiBirrell et al. 2005). In Melbourne it is
projected that households will increase at a greate than population due to demographic shittshs

as an ageing population and lower fertility, whieitl lead to an increased proportion of single pars
and two person households. The projected impagtlafn consolidation and demographic change on
Melbourne has been explored by Birrell et al. (900%e Birrell report suggests that if Melbourne
achieves a shift to medium and high density dwgdioonsistent with the goals of Melbourne 2030&her
would be a 37% increase in domestic water consoemty 2031 when compared to 2001 levels, while a
continuation of the current urban form would sel&o increase over the same period. This report
demonstrates that future domestic water demanmi&ioourne will primarily be shaped by population
growth, but also highlights the likely consequenakshifts in household structure and urban form.
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A comparison of scenarios 1a (compact form) an(u8@aan sprawl) demonstrates the influence of urban
form on end-use water demand, as they have idémiatar services and end-use. Consequently there is
approximately 100 GL reduction in end-use demaati¢hn be attributed to a consolidated urban form.
This suggests that by 2045 residential end-useatémcould increase from 14%-42% of 2001 levels
pending on choices made about urban form and wateservation strategy.

Urbanisation alters the hydrology of catchmentsdlilegto the degradation of river ecosystems. The
impact of urbanisation can be observed in a rigéclament such as the Yarra. The upper reaches are
largely undisturbed natural vegetation and havelsat water quality, while the lower reaches which
are heavily urbanised have poor to very poor waatity. The degree of impact to receiving waters
from urban land use is dependent on the exterteofitban area, the amount of urban runoff generated
that drains to the receiving water and whether ffu@ches the receiving waters by sealed drains or
more natural flow paths (Walsh et al. 2004) ThetMian government released thiarra Action Plan

that identified urban stormwater as the most sigaiit contributor to poor water quality in the Yarr

Urban form can also impact on stormwater runofit aan influence both the area and density of
impervious surfaces to generate runoff. Prediclieabate change impacts will alter stormwater flovgs a
even if the urban area grows (e.qg. in the spraahaido) stormwater runoff could decline due to
decreased rainfall and increased evaporation. Riedua stormwater generated will also impact on
inflows to urban waterways. Results showed thalaus from the Yarra Management Area may
decrease by approximately 15% (see Figure 5) uhe@ezissumptions of high density urban form when
compared to continued sprawl.

4.1.2 Water End-use and Solar Hot Water Systems

The scenarios 2a and 2c are discussed in thi®eentorder to elucidate the impact of strategiaha
household level including demand management andvatr systems. Both scenarios involve
conventional water services and continued urbaavdpbut 2a simulates BAU in terms of end-use
demand management while 2c simulates a shift r $8VS and increased uptake of end-use demand
strategies (see Section 3.3).

Figure 7 illustrates the influence of residentiadleise demand management strategies on reducing
residential energy demand for Melbourne. Demandagement strategies implemented in scenarios are
focused on reducing water heating requirementatitréow-flow shower heads and more efficient
washing machines. These strategies are focusseevodwellings, so it can be seen that the impact on
energy demand increases over the simulation timegas population growth is accommodated in new
dwellings. The results show that by the end ofsinaulation a shift to solar HWS coupled with the
demand strategy reduces electricity demand by dr86rPJ/year This represents approximately a 12%
difference in residential energy demand betweenasoes 2a and 2c.

The other end-use strategy explored within the ates is a shift to solar HWS. The effects are rimalg
when considered in the context of overall growtleieérgy demand due in part to the shift to solarSHW
predominantly occurring for new dwellings constagtwith only 20% of existing dwelling stock
upgrading to a solar HWS.

Figure 4 shows there is a significant decreaseé@ngy demand for water services under the assungptio
of the demand management scenario compared to Ba#terservices. End-use demand management
strategies reduce the electricity required by wagevices by approximately 8% in 2045 relative fd.B
The reduction in electricity demand is most sigrfit for discharge, as the demand management
strategies reduce the amount of residential wasezwenerated for treatment and discharge.
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There is only a marginal decrease in the energyired for water supply for the demand management
strategy relative to the BAU scenario. This is dupart to Melbourne’s water supply catchments @pein
situated in the upper reaches of the Yarra Rangesimg the system is largely gravity fed reducing
reliance on energy for pumping of urban water siggpl

Residential Energy Demand - Melbourne
(Petajoulesl/year)
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&2d
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>
a
100 Shift to solar HWS and demand
management strategies
» _/_,./
0 T T T T
1960 1980 2000 2020 2040

time in years

Figure 7 Residential energy demand — Melbourne

4.1.3 Water Services

A comparison of scenarios with conventional watwiging (scenario 2c) and those where all new
demand is met through desalination plants (2d) dsitnates that a shift to desalination would
substantially increase the energy required for msdevices (see Figure 4). However, when placabdn
context of the overall Victorian economy and thergy use of Melbourne the increase in energy
associated with desalination is very marginal, MBRSFF modelling showing an initial 1% increase in
overall consumption due to desalination by 2045his analysis the additional energy for transypaorti
desalination or treated reuse water was not aldbe talculated as the energy demand would be highly
site-specific. However, lifting 100 GL to a heigiftapproximately 200m (e.g. Cardina Reservoir) doul
require around 0.2 PJ energy excluding pipe rasista

Water required for electricity generation increasiesrply during the simulation. The assumptionidgv
this growth in VRSFF is the growth of the Victoriaoonomy at the rate of 2% per annum. National
primary energy consumption has grown by around 2#@apnum over the past several decades.
Projections by the Australian Bureau of AgriculiuRe@source Economics (ABARE) for the average over
2005-2030 in Victoria based on recent trends avarat 1.3% per annum (Akmal et al. 2005); however,
there is limited certainty regarding these propatdi particularly over longer periods of time.
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The effect of demand management strategies on wWateand for electricity production can be seen in
Figure 8 where there is approximately a 5% diffeeesim water required for electricity production.tBo
that Latrobe produced around 166 PJ of electrieaitecity in 2001 of which a large component was
used by Melbourne.

Water demand for electricity production - Latrobe
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Figure 8 Water demand for electricity production — Latrobe

Desalination will reduce the pressure on river 8dWwat are sourced for urban water supply dues® le
water being diverted to storage. Figure 9 showdrtwtion of river flow that is by-passing dams tbe
Yarra, Maribyrnong and Werribee rivers under a emtional water service scenario (2c) and a
desalination scenario (2d). Climate change impdetsease overall river flow substantially in both
scenarios, which increases the importance of fgeemflow to maintain ecological health of river
systems. Wastewater recycling also reduces pressuiger flows; however, the level of wastewater
recycling simulated within the scenarios (20% okteavater flows) is not of the same magnitude as
simulated in scenarios where desalination is aifeatis these assume that all new demand for gotabl
water is met by desalination plants.

River flows may be critical in maintaining the emgical health of the river system. Reduced flow has
been shown to impact on native fish species byferieg with their breeding cycles. The proposed
environmental entitlement for the Yarra River isQD0 ML per year, which can be stored and released
as needed in order to maintain natural flow regirMentaining adequate environmental flows while
considering the demands of the population is likelpe a difficult balancing act in the future.
Population and economic demand is likely to corgitmigrow, while impacts of climate change will
reduce the inflows to the river system.
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Figure 9 Fraction of river flow by-passing dam — conventional versus desalination
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4.2 Virtual Water

Virtual water flows to Melbourne were estimatedngsihe Australian Stocks and Flows Framework
(ASFF) and VRSFF, which provide a means of trackivgfate of all abstracted water. This approach
allows all direct and indirect water use to be tdfezd and partitioned to the population so thatual
water flows for all cities and regions sum to obedrnational totals. The flows can be aggregatemd in
six “classes” of product: (1) direct consumptionagtter in buildings, (2) used in electricity gertema,

(3) embedded in agricultural goods and processed donsumed domestically, (4) water embedded in
non-agricultural goods consumed domestically, (&)ewembedded in non-agricultural goods exported
and (6) water embedded in agricultural goods andgssed food exported.

The total water necessary to sustain Melbourneided not only around 350 GL/year of direct water us
(largely for consumption within residential, commiat and industrial sectors), but also includes
approximately 60 GL/year in electricity and 1400/@&ar in food (largely from the Murray Darling
Basin)(Figure 10). Around 1600 GL/year is exporsdood (the pro-rata share for Melbourne of
national production). While the implications of seeios on virtual water flows have not been assesse
as a component of this study, indications areuhder all scenarios the growth in electrical energy
demand for Melbourne leads to a tripling in the dathfor virtual water (in electricity) by 2045. Bhi
represents a real growth in water demand of ard@dGL. Note that the curves in Figure 10, unlike
others in this report, are cumulative. This me#ias the top line on the graph represents the suimmat
of all segments mapped in the graph.
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5 1 other consumed
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Figure 10 Virtual water flows — Melbourne (Cumulative* Volumes)

* Note that in a cumulative graph the top line reggets addition of all the underlying data and tHat,example, the volume of
water consumed by Melbourne in electricity can Bndgy comparing the “+electricity” segment with tfadrect water”
segment which is underneath it.
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5. CONCLUSIONS, RECOMMENDATIONS AND RESEARCH NEEDS

51 Conclusions

Urban form was identified as a major influence ater demand and it also influences stormwater flows
A more compact urban form led to savings of arob@@ GL in water compared to continued urban
sprawl of Melbourne. This is due primarily to theluction in outdoor water consumption.

A shift to solar hot water systems coupled with dathmanagement strategies demonstrated significant
benefits because both energy and water demandregueed. Scenarios with more demand management
and solar hot water systems (1a, 1b, 2a, 2b) saveohd 30 PJ of residential energy use. This amsgunt

to about 10 times more than the anticipated ine@asergy use by utilities (around 3 PJ/year) from
strategies which met new water demand through idesiain water.

Water services strategies differed substantialth wegard to their total impact on energy use. Wélen
new demand is met by desalination, energy use &bemservices approximately triples above current
levels. This is some 3-4 PJ more energy than gotater options (including demand management)
were employed to meet the demand. However, wherirtbiease is placed in context with the total
energy consumption for Melbourne the increasess tean 1% of total urban energy use. Desalination
provides the obvious benefit of a reliable watarrse that is not dependant on rainfall. This iseesgly
pertinent given the projected decreases in catchimdlows due to climate change. The increased
energy intensity of desalination could potentiéléyoffset through a shift to end-use demand
management strategies and solar hot water systasewater reuse would also demonstrate similar
benefits potentially at lower energy intensity; lewmer, a 20% reuse scenario was the maximum level of
reuse simulated in this analysis.

In 2001, virtual water use in Melbourne (aroundB&L) was approximately nine times the water
consumed directly within Melbourne (around 400 Gliytual flows of water in electricity in 2001 were
around 60 GL (15% of current direct use). This figsvprojected to increase to over 150 GL by 2045 as
energy use increases. Consequently reducing @iégiconsumption will also help reduce water
consumption. Estimation of virtual water flows edsmany questions including methods of calculation
particularly with regard to consideration of extextversus rainfed systems, wastewater reuse and
international trade. Additional analysis is hecegsa answer these questions. Improved spatiakimgc

of food and fibre would also help with characterisvirtual water flows.

This study did not involve analysis of policy oesarios involving different population growth lesgl
energy supply, energy use, climate change or ihigrrelations. Likewise scenario sets around key
drivers such as urban form, demographics, lifesiyié technology adoption (e.g. rainwater capture or
greywater systems), water demand and more endpisms were limited but sufficient to inform
dominant trends.

The influence of scenarios on greenhouse gas emgsias not determined at this point due to
limitations in underlying datasets. However, 38D0,06@nnes of carbon-dioxide equivalents (CO2-e) are
released per PJ of energy generated from Victobigdg/n-coal fired power plants.

In a water and carbon-constrained future it willleeessary to decide on not only the total amofunt o
water and energy that is sustainable to pass througurban systems, but also agree on the acdeptab
impacts to the wider regional systems providing¢hftows to our cities. Understanding these infagen
will be critical to optimising the performance airccities and to protecting the environment thatains
them.

Water-Energy Futures for Melbourne Page 23



The approach enabled by the VRSFF model has prddegh-level “whole of system” view to

evaluate policy options around water supply andriutrajectories of major drivers of change, sugh a
urban form. This approach makes transparent tleecomnections and feedbacks between different parts
of the system such as the energy needs of watelysoptions. A major advantage of the approach is
that impacts can be placed in context with thd atgsical economy of Melbourne (e.g. total energy
consumption). It also highlights feedbacks to ottets of the system such as river flow.

A challenge for future analysis of urban water-ggegreenhouse interactions is to bring together
information and skill sets which have traditionddlyen managed separately including water and energy
supply, use and conservation. Investigations whitdgrate across these boundaries will help pregres
our understanding of these interrelations in oumglex urban systems.

5.2 Recommendations and Research Needs

The following recommendations are suggested asssacgeto advance our understanding and
management of the urban water and energy nexus:

* Characterise energy use through the water systheim.should include improved spatial
representation in water and wastewater treatmehtransport to improve analysis of water
strategies including alternative options such asnrater tanks.

« Evaluate long-term plans which govern the urbamfof Melbourne (i.e. Regional Plans or
Strategies of 30 year plus time-frames) in detailthieir projected flows of water, energy and
system-wide influences. Such analysis could hadptifly solutions which simultaneously reduced
water and energy use. Supporting social and ecananailysis would also be warranted to evaluate
the overall costs and benefits of alternative ®iwrban form for Melbourne.

* Include energy implications as well as the eneffgyater use and total urban systems energy use
when water management strategies are preparedislihiportant to ensure true energy-neutrality
(and in future carbon-neutrality) of water suppghagegies. It will also help establish the relative
contribution to energy and greenhouse conservéianis being progressed by the water sector.

» Develop more detailed and far-reaching scenaritis mput from government, industry and the
community. By developing more detailed analyselsegfdrivers (including urban form,
demographics, life-style and end-use water andggramand, technology adoption, climate and
energy and water supply), there is an opportunityreatly improve our knowledge of these complex
interactions and inform policy accordingly. Consaten of wider-scale reuse including potable
substitution would be warranted.

» Undertake analysis to separate the water and esakgygs of scenarios involving solar hot water
systems and water demand management — in combinaitilo water supply options (e.g. reuse,
desalination and water conservation). This woulabémimproved understanding of the relative
magnitude of policy choices in these domains.

« Clarify the “relative environmental benefit” of veatand energy savings. As an example, current
policy enables new developers to choose betweetefivaptions such as rainwater tanks and
“energy options” such as solar hot water systerashf these strategies will have a different (wate
or energy) outcome; however, it is not yet cleaichtachieves the “best” overall outcome (or how
much energy outcome is worth how much water outgome

« Analyse industrial and commercial water and rel&teergy use. Preliminary information suggests
that consumption of energy by industry associatill the “industrial” use of water is at least as
large as residential energy use for water, yetively little information exists at present in the
public domain.
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* Review virtual water accounting methodologies tfotim their application in an Australian context.
Particular issues to address include water abgiragersus rainfed systems, international trade and
water reuse. Future simulations to inform projewiof virtual water flows through Melbourne are
also recommended.

* Characterise greenhouse gas emissions (includitigame, nitrous oxide) through the urban water
cycle from water storages, through use and dowaustite wastewater treatment and discharge. No
detailed analysis was possible in this study duartitations in underlying data sets.

« Develop reporting mechanisms and indicators to mefpove the base-level understanding of urban
water and energy interactions. Research and catisultis necessary to develop suitable reporting
approaches. An example would be that our guidessfaorting by water utilities (e.g. WSAA 2005,
National Water Commission 2007) could be expandeddiude energy use associated with water
use. Similarly, performance indicators for Melbaeisntotal energy budgets could be developed
together with allocations for its components.
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Appendix A Overview of the VRSFF Model

The VRSFF account covers the main flows of the Wst&n of Environmental-Economic
Accounting for Water (SEEAW) framework (UNSD 20@F)gure 11).
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Figure 11 The System of Environmental-Economic Accounting for Water (SEEAW) framework developed
by the United Nations Statistics Division [2007], effectively covered by the VRSFF Water Account

Water Accounting

A high level outline of modules within the VRSFFtemaccount and the data flow between
them (Figure 12) indicates how implications of ojes permeate through the model.
Calculations and connections relating primarilyvaer demand are on the left side, while
those relating to supply of water are on the righplications of scenario settings made higher
up the hierarchy in influence calculations in lowsvdules as indicated by the arrows.
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Figure 12 Influence diagram summarising the data connections (shown by arrows) from modules higher
in the hierarchy of the water account to lower modules

Building Space Area, for example, influences bbhwater requirement, and water available
(e.g. through rainwater tanks or stormwater floi#)e “Building Space Area” module (the top
of Figure 12) influences both the “Water Requirethand “Water Availability Within

Region” modules. The “Water Requirement” modulerespnts a key part of the “demand”
side of the water system; it also takes informafiom other Stocks and Flows Frameworks
about the level of water use associated with varezonomic activity. The “Water Availability
Within Region” module represents a key part of“tgply” side or natural input of the water
system. Following calculations in these modulesh Ipaiss data to other modules, as indicated
by the arrows.

Energy use by the water sector (in both the denfamdater and supply of water) is calculated
at the lower part of the hierarchy. Other modulie¢RSFF calculate energy supply; however,
this is not shown in the figure.

Tensions between the demand and supply settingsigiexample for water) may arise in the
“Dam Account” and “Ground Water Flow” modules aseault of scenario settings higher up
the water account hierarchy. The water accountdramnk does not directly incorporate a
means for resolving tensions (such as deficitsatewstorages); instead it is intended to
facilitate a variety of solutions to be designed anmpared. These solutions may involve
simulation of engineering projects (e.g. greaten dapacity), technological innovation (e.g.
water recycling) or behavioural or structural chefg.g. less water use).

The structure of the data flow within the framewala key feature for facilitating
understanding of the water system and creatingisakito tensions. As Figure 12 indicates,
the cause of tensions that are collected at thternatf the diagram can be traced back up
through the framework.

In addition to manually resolving tensions, supgetary scripts can be written to display
collected or manipulated outputs, or they may hievr to enter data into the exogenous

Water-Energy Futures for Melbourne Page 27



variables external to the model. A combinationh&fse scripts can be used to form feedback
loops that resolve tensions, such as maintainingldaels by adjusting diversions and

extractions from the river network.

Each of the modules in the framework contain detadalculations which are used to simulate
the flow of water through Victoria's physical ecomp under different scenarios — as an
example, part of the “dam account” is shown in Fégli3. More detail is provided in Turner et

al. (2007).
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Figure 13 Stocks (barrels) and flows (pipes) variables from the “dam account” module

Urban Form of Melbourne

The following figures present the Victoria in Fudistate population densities modelled by
VRSFF. Darker shades show higher proportion of ke used for the land-use indicated (e.g.
low, medium and high density residential developthérhey also show the influence of the

compact and sprawl scenarios described in thistepo
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Figure 14 Spatial pattern of low density residential development in 2002
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Figure 15 Spatial pattern of medium density residential development in 2002
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Figure 17 Spatial pattern of low density residential development in 2100 representing
Scenario Set 2 through to 2100

Note that many areas on the fringe of Melbourneuidela higher density of low density residential tgu@ent
when compared to 2002. In this Scenario Set, alalbeew residential development is for low densityedepment
and medium and high density development remaiasively unchanged.
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Figure 18 Spatial pattern of low density residential development in 2100 representing
Scenario Set 1 (compact urban form)

Figure 19 Spatial pattern of medium density residential development in 2100 representing
Scenario Set 1 (compact urban form)

Note the increased density of medium density resaddand use around Melbourne’s edges as well ashenedge
of “satellite” around Melbourne.
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Figure 20 Spatial pattern of high density residential development in 2100 representing

Scenario Set 1 (compact urban form)

Again note the growth, relative to 2002.
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Appendix B Water and Energy Assumptions

Water-Energy Intensity Assumptions

The modelling process for this study undertakeiRSFF assumed the following with regard
to energy-intensity of water options which weredug® the whole simulation period:

< that the treatment of discharged wastewater (angster) requires 3384 J/L
» that the treatment of potable water requires 468 J/

e that desalination requires 17753 J/L and

» that reuse uses 50% of the energy for potablentesat(234 J/L) and

< that inter-regional water transfers use 2.4 J/L/km

» that rainwater tanks would consume negligible aoil#l energy.

The basis of these assumptions are described b8ioee this modelling analysis has been
completed more detailed characterisation of enasgythrough the water cycle in Melbourne
has been undertaken (Kenway et al 2008b). Congideraf this more recent detailed energy
data would help improve the detail of analysis @i

Melbourne’s discharged water treatment energy reqénts are higher than most Australian
cities because the sewerage has to be pumpedrfuftitie2004-05 a system average of 0.39
KWhr/m® was used for treatment alone (1404J/L) but inclggiumping of discharged water
this is 0.94 KWhr/m (3384 J/L). Currently the VRSFF Water Account doestrack the
distribution of discharged water flows in the sanay it does potable water transfers, and so,
the energy cost of treatment and transfer of wasater have to be considered together in the
one intensity — otherwise the energy for transpgrtiischarged water would not be counted at
all. Melbourne’s Eastern Treatment Plant’s (ETR)rgg consumption for the treatment of
sewerage in 2003/04 = 719 TJ (719 X?1pand 116 TJ was used for sewerage transfer with
305 TJ generated from renewable sources
http://www.melbournewater.com.au/content/publicasioeports/annual_report.asp

Melbourne Water treated 130,516 ML at ETP in 2083H&nce an intensity of 719 TJ /
130,516 ML = 5509 J/L for treatment alone or 63A8idcluding discharge transfers (the
assumption here is that all of Melbourne Water'srgy for pumping sewerage was for
discharges from the ETP) (Melbourne Water’'s AnrRgport 2003/04). These reports do not
say what energy was used for what level of treatpteaugh the Victorian Water Review
2003/04 Figure 39, p72 states that the followinlg spwaste water treatment occurred for
Melbourne’s water retailers:

For 2004-05 Melbourne used 0.02 KWhifior potable water treatment alone but included
here is the water distribution energy intensityddotal of 0.13KWhr/rh= 468J/L

(Melbourne’s potable water treatment energy requéngts are lower than most Australian
cities because of the quality of the water). Thergy costs of distribution are separate to other
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major inter-regional water transfers. Note thatrethee additional energy intensity of
distribution is low compared with most other Aulitia cities because Melbourne’s water is
mostly gravity fed. How this applies to Victoriarater supplies outside Melbourne is
uncertain. These assumptions were valid at the ¢inmeodelling. Subsequent more detailed
characterisation of energy through the water cgelg. Kenway et al 2007) confirms the
overall pattern and would provide a more detailasibfor future analysis.

For the proposed Sydney desalination plant, Theralis Institute quoted 900GWhr /
182,500,000 kL per year (17,753 J/L).

In the process of collecting information on watepgly and discharge, extensive data on the
reuse of water were found in ABS (1998, 2001, 2@08) used to estimate the electricity
required for water reuse. This reuse mainly ocoureining, processing and assembly and
heavy industries. Where the energy intensity ofttbatment of reused water was unknown it
was estimated as half that of potable water treatmeting that much higher energy usage
would be required to produce high quality watenfreastewater.

The single figure used for all inter-regional watansfers is 2.4J/L/km. This is the end result
of a historical calibration process that subtraogstotal energy required in potable and
discharged water treatment and distribution, fromftgures quoted by ABARE in table F (row
541) for the total energy requirements for the dfiictn Water sector. This produces a residual
amount of energy which is divided by estimated djtias of water transferred (based on
historical reports) and the estimated distancewladtr travels based on known canal or
pipeline lengths, where possible, or centroid tatimed distances between CMAS otherwise.

It was assumed that rainwater tanks would be useddn-potable internal purposes, lawn
watering and could be installed to avoid the usadafitional pumping.

Reliability of Rainwater Tanks

The reliability of rainwater tanks in meeting residial indoor non-potable demand (toilet
flushing) has been calculated using Aquacycle®.a@yale is a water balance computer model
(Mitchell 2004) that can be used to analyse waddairice outcomes for different servicing
options.

The assumptions used in modelling reliability ahveater tanks included:

* tanksize of 1 KL
« 200nf roof area, with 50% draining to rainwater tank
* end-use demand for toilet flushing of 101 litresfperty/day.

In order to simulate the impact of climate varidpiacross Melbourne a weather station
climate record was selected for five Surface Witeanagement Areas (SWMAs) and assumed
to be representative of this area. There is siggnifi spatial variation in rainfall across each
SWMA, so this assumption was limiting. The selectid weather station was taken near the
major urban centre for each SWMA in order to beptesent potential for residential rainwater
capture.

Water-Energy Futures for Melbourne Page 34



(% of Demand met by Rainwater Supply)

100%

95% -

90%

85% -

80% -

75% -

70% -

Volumetric Reliability in period 1960 - 2000 (Percentage)

Bunyip River Werribee River Yarra River Maribyrnong River Moorabool River

Figure 21 Volumetric reliability for 1 KL rainwater tanks — Melbourne surface waters

Water-Energy Futures for Melbourne Page 35



Appendix C VRSFF Land Use and Water Intensity
Assumptions

The following details the assumptions relatingaiod use and water intensity contained in the
various scenarios. Water intensities used in th&MRWater Account:

Land use — with buildings Indoor Water intensity
Low density residential 413 litres/yeaf/m
Med density residential 354 litres/yeaf/m
High density residential 358 litres/yeaf/m
Admin and commerce 0.57 litres/yeaf/m
Higher education 0.57 litres/yeadm
Acute Care 0.57 litres/yearfm
Other Institutions 0.57 litres/yearim
Retail and business 0.57 litres/yedr/m

From ABS 4610.0 Water Accounts 2001 p 89, the imbedoor use split in Victoria is
approximately 65/35, respectively. This was applaethe total water use per dwelling by these
dwelling types (According to P. Troy "Domestic Wla@nsumption in Sydney" Report to
Sydney Water 2005): Low Density = 309 000L/yr; MediDensity = 251 000L/yr; High
Density = 218 000 L/yr. These were not the finahbers used because when these intensities
(split by indoor and outdoor use) were applied tctafian dwellings, the total was different to
what ABS (2001) reported as the total Househol®ewase in Victoria, 472 266 ML.

Intensities were adjusted to get the right aggeebat maintained the intensities in proportion
to one another.

Assumed characteristic floor space area for dwgellinits of these dwelling density types for
business as usual are: Low Density = 36pMedium Density = 250 fHigh Density = 200
m?’. These remained constant through to 2045 forcatharios.
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With the demand management scenario, these intneitduced to:

Land use — with buildings

Indoor Water intensity litres/year/m

Low density residential 380
Med density residential 326
High density residential 329
Admin and commerce 0.57
Higher education 0.57
Acute Care 0.57
Other Institutions 0.57
Retail and business 0.57

In all scenarios the following assumptions were enaldout outdoor water use:

Land use — with buildings

Outdoor Water intensity

Low density residential 680kL/year/ha
Med density residential 680kL/year/ha
High density residential 680KkL/year/ha

Admin and commerce

0 kL/year/ha

Higher education

0 kL/year/ha

Acute Care

0 kL/year/ha

Other Institutions

0 kL/year/ha

Retail and business

0 kL/year/ha
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