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IRP4 Project Objectives

(1) Develop an infill performance evaluation framework to
understand the ‘water performance’ of infill development

What are the impacts of infill development on water-related objectives -
hydrology, water efficiency, urban heat, amenity?

How can ‘water performance’ of infill development be defined, assessed
and quantified?

Can “better” or “optimal” solutions for infill development be identified?

(2) Case studies (real projects) to inform the evaluation

framework, housing design typologies

How does infill housing design typology (and associated public space)
influence the ‘urban water performance’ of an urban area?

What water technologies are suited to different infill typologies and scales
and help achieve optimal ‘water performance’?
(3) Improved governance options / arrangements for infill

What governance arrangements work (or fail) and how can greater
Success be achieved through new measures?




Some background....Tranche 1 B1.2

« Evaluation framework for quantifying ‘water Vgg%ggggggg
performance’ of urban areas:

o Urban metabolism as conceptual framework
o Urban water mass balance as method
o Urban water performance indicators
o Defining the urban system boundary
- Applications at different urban scales: J
— Medium greenfield (Ripley, SEQ) it

— Large city-region (SEQ, PER, MEL)
— Small scale (IRP4 infill)

« Stakeholder feedback
* Feeding ‘water performance’ into planning

© CRC for Water Sensitive Cities



Research outputs

1.

I APPLICATIONS AND IMPLEMENTATION

Evaluation Approaches for Advancing
Urban Water Goals

Justification for our conceptual framework
(urban metabolism) and method (water

mass balance)

How can evaluation approaches advance urban
water management goals at the macro scale?

CRC for
Water Sensitive Cities

Urban metabolism for planning
ater sensitive cities

Concept for an urban water metabolism evaluation framework

Marguerite Renouf, Steven Kenway, Silvia Serrao-Neumann
and Darryl Low Choy

Business

Summary

Urban areas (;

to progress ths. it inchades
ndation to differentiate the evaluation of drect and indirect urban water, but
to also interpret themn topether.

Introduction scarcity indirectly through the (virtual) water required  peo-

duce the goods and services they consume

The world’s freshwater resources are threatened by climate 5
. 16 N ns for sustainably manaping water

change and increasing demand from expanding urhan popa- :
_ efer to as urban water management, but

]
is only limited knowledge and quantification of urban

Concept for an urban metabolism
evaluation framework

Is it possible to construct an evaluation
framework that quantifies the water
metabolism of a city-region to support
planning?
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Pilot application to a urban
development (Ripley Valley)
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Improving resource management in whan areas has been enshrined in visions for achieving sistainable
urban areas but to date it has been difficult © quantify performance indicators to help identity more
sustainable outcomes, especially for water resources. In this work, we advance quantitative indicatrs for
what we refer to as the ‘metabolic features of urban water management: those related to resowrce effi-
clency (for water and also waker-related energy and nutrents), supply inemalisation, wban hydrological
performance. sustainable extraction, and recognition of the diverse functions of water. We derived in-
dicators in consultation with stakeholders 1o bridge this gap between visions and performance indicators.

ﬁx:d:eﬂiﬂem' This was done by first reviewing and categorising water-related resource manage ment objectives forcity-
Water efficiency regions, and then deriving indicators that can gauge performance against them The ability for these in-
Water. rdaed energy dicators to be quantified using data from an wban water mass balance was ako examined. Indicators of
Nutients water efficiency, supply internalisstion, and lydrological performance (relative © areference case) can be
Urban hydrology generated using existing urban water mass halance methods In the future, indicators for waker-related
Sus@inability energy and nutrient efficiencies could be generated by overlaying the urban water halance with energy

and nutrient data Indicators of sustainable extraction and recognising diverse functions of water will
require methods for defining sustainable extraction rates and a water functionality index
® 2017 Hsevier Lid. Al rights reserved.

Urban areas will nead to pursue new water serviang options to ensure Jocal supply securnity Decisions
about how best to employ them are not straightforward due to multiple considerations and the potential
far problem shifting amang them. We hypothesise that urhan water metabalism evauation bxed a
water mass lalance can help address this, and explore the utility of this perspectveand the new insights
it provides about water servicing options. Using 2 water mass balance evaluation famework, which
considers direct urban water flows (both “maturd’ hydrolbogical and anthropogenic” flows), as well as

s

Ty dmiogy

mass halance

emicency

rdamd energy
waes recycling

wates

water.related energy we evahuated how the use of altermative water sources (s rmwater frainwater
harvesting, wastewater/greywater recycling)at di ferent scales influsnces the ol water metabo ism” of
a ase study urban development. New indiGtors were devised to represent the waterrelated ‘resource
efficency”and hydrologicl performance” of the urhan area The new insights gained were the extent
which alternative water suppbes influsnce the water dfficency and hydrological performance of the
urhan area and the patentid energy trade.offs The novel antribution is the development of new in
dicapors of urban water resource perfarmance that bring ogether consider gions of both the anthro
pogenic’ and “natural water cycles, and the interactions between them. These are used for the first tme
to test alternative water servicing scemarios, and to provide 3 new perspective to complement broader
sustainability assessments of urban water

© 2016 Elsevier Lxl. All rights reserved

Indicators of urban water
metabolism

What is an ideal set of water
metabolism indicators?

How can they be quantified
from an urban water mass
balance?
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Research outputs
5. City-region application
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How can we characterize the water
metabolism of city-regions?

What can it tell use about future
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Improving resource management in wban areas has been enshrined in visions for achieving sustainable
urban areas but to date it has been difficult © quantify performance indicators to help identity more
sustainable outcomes, especially for water resources. In this work, we advance quantitative indicators for
what we refer 1o as the “‘metabolic leatures of urban water management: those related to resowrce effi-
clency (for water and akso waer-relsted energy and nutrents ), supply intemalisation, wrban hydrological
perdormance, sustainalle extraction, and recognition of the diverse functions of waker. We derived in-
dicators in consultation with stakeholders 1o bridge this gap between visions and performance indicators.
This was done by first reviewing and categorising water-related resource management objectives for city-
regions, and then denving indicators that can gauge performance against them The ability for these in-
dicators to be quantified uang data from an whan water mass balance was also examined. Indicators of
water efficiency, supply internalisation, and hydrological performance (relative © areference case) can be
generaled using existing urban water mass halance methods In the future, indicators for waer-related
energy and nutrient efficiencies could be generated by overlaying the urban water halance with energy
and nutrient dara Indicators of sustainable extraction and recognising diverse functions of water will
require methods for defin ing sustainable extraction raes and a water functionality index

© 2017 Bsevier Lid. All rights reserved.
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Metabolism for connecting land-

use and water planning
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Connecting land-use and water planning: Prospects for an urban water
metabolism approach
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ABSTRACT

integrated water and urban planning? ——

In prep — to be submitted to Landscape and Urban Planning

Urban metabolism information for planning

water sensitive city-regions

KEYWORDS
Regional planning, urban planning, water management, urban hydrology, water scarcity, water

fficiency, flooding,

ABSTRACT

Climate change and growing populations will stretch water supplies in many city-regions of
the world, and urbanization will continue to degrade water quality and upset natural hydrological
flows. Urban and regional planners will need to deal with the challenges that this presents.
Evaluating the ‘water metabolism’ of urban areas gives a holistic picture of how water flows
through and iz d by urban settl to
inabl ing water. Past research has only

1ally help planners und: d the

interventions and for

conceptualized how metabolism science could mform planning, and we advance this by defining
in more detail the knowledze outputs that should inform planning. Clearly articulating outputs
from metabolizm science in a way that 15 usable for planners 1s critical for its uptake. Usmg

A lian city-regions (South East Qu land, Greater Melk and Greater Perth) as the
backdrop, we ask what knowledge (information and metrics) should urban water metabolism
evaluation generate to inform water sensitive urban and regional planning? The focus m on
planning at the city-region scale, because this 1s the scale at which planning policies relate in

these case study regions. Knowledge zaps for planning towards the desired features of ‘water
sensitive cities’ were first identified through stakehold ltation. Then the i ion that
an urban water metabolism evaluation framework (UMEF4Water) could zensratex to fill these

£aps was explored. Urban water metabolism evaluation can best inform water resource

management aspects of water sensitive cities ti5onEh .-

Accepad 18 )y 016
Avaiatie orfice ooo

Neywonds
Waer seedtve cbies

The current &bric of urban areas s Lagely the result of pat land devebpment and lnd-use planning decisions.
Hisoncally, there was reatiely hitSle consideration of the impact of these decsions upon hydrologicl sysems
withinand outside urban arexs. Desp it their close red onsh p, urhanand regional plnning and water resaurces
management have typically been camied out sepantdy and guided by differnt instiusonad arrngmens. The
range of impacss of urbanisason on hydrological systems at the city-region scale, and the dependence of
urhanised reas upon these syseems call for better integration between the sectars of urhan and regional plan.

ningand water =souTces MaNgement I ensure the sustmability and resil ence of aties and theirregionstofu

ture changes and uncerinties.

This paperevalugesthe extent © which planmi ng mechanis ms curently suppart integrason between Lnd.use
and water resource sectars. The evaliation draws on 3 comparative analysis of 113 stasgory and non saastory
plnming mechanisms in three Australian capital aty-regions: South Ext Queensland, and the Melbourne and
Perth Metropolitan regions. Resukts indicte tha the function of water at the city-region scale induding its
rale in suppors ng ewiron mental connectivity, needs © be better undersinod and considered by Lnd.use plan.

ning sysems; improved insStutional cpacity s reguired to enable both secors to deal with future dunges and
uncertintes relesd © waer resources; and emegent plan ning tend s supportive of the consideration of waser
comnectivity at the aty-mgion scale are yet 1 be fully implemented. Based on the resulss, the paper condudes by
exploring how the concept of urbanmetbolism may fac ot better integration between the two sectars, along
with the dentifiation of best suie=d planning mechanisms and needed changes in governance and msStutional
arrangements condudve D integraion.

©2016 Published by Elsevier lad.

/. \Water metabolism knowledge needs

of planners

What knowledge (information and metrics)
should urban water metabolism evaluation
generate to inform water sensitive urban
and regional planning?



MIWM student projects

8.

Communication of the urban
metabolism

How has urban metabolism been
interpreted and communicated?

Evaluating the benefits of
greywater reuse with consideration
of heat recovery

Final Project

9.

Student Number: 43600087

Course: WATR 7501/7502

30 October 2016

© CRC for Water Sensitive Cities

Presented at World Water Congress 2016

How has urban metabolism been interpreted and communicated?

S.King#® S.J. Kenuay**7, M. A. Renouf**}

# Intemational Water Centre, Brizsbane, Queenszland 4001, Australia

##School of Chemical Engineering, University of Queensland, St Lucia, Brisbane, Queenszland 4072,
Australia

TCooperative Research Centre for Water Sensitive Cities, Monash University, Victoria, 3800,
Australia.

Abstract

Urban metabolism 15 a concept increasingly being adopted to guide the planning of cities towards
improved resource efficiency and hydrological performance. Stakeholder participation in the adoption
of thiz concept will be important, and hence effactive communication of the concept will be crucial for
sustamable water management Thiz study aimed to find out how has wban metabolism has been
interpreted and communicated, in order to mform future communication of urban metabolism research
and quantifiable performance of urban areas. Literature review, structured interviews, and thematic
analysiz were undertaken across three continents. The reszearch provides new understanding of how
staksholders perceive urban water metabolism. It found that there iz a major gap m the shared
understanding and stakeholder appraciation of urban metabolizm. It found that m order to move urban
metabolism forward, it will be necessary to develop a shared and common understandmg, dirsct
communication to target user audiences, and employ vitalization techniques that may be spatially
Imked.

Keywords: communication; integrated urban water management; urban metabolism; urban planning.

Water-related energy
Questions:

Will consideration of the heat
recoverable from greywater reuse
improve its viability?



Urban metabolism and infill development

( GHG & heat
GHG & heat

Wastewater

A

n Energy, ghg

and heat

n Water
Materials
and waste

urban metabolism
N

Next-generation performance-based criteria and guidelines.

Adapted from Kenway, PhD Thesis



Water Balance and Water Sensitive Urban Design
(Water by design)

natural water balance Urban water balance R e T —
precipitation e PR
evapo- imported precipitation
transpiration potable e'va.po-.
water and transpiration

reduced evapo-
transpiration reduced potable

|

water consumption

stormwater
reuse

wastewater

I- J Large volumes of E“I

sto:?nwater
poor quality runoff ‘ tfeat'mem
reduced

infiltration wastewater infiltration
discharge

= b

infiltration

\

\

runoff

Key:

wastewater

discharge natural altered
state state

Source: Water by Design



Water mass balance

_———_-—-—

Depth (d) -

Stored Water (S)

——
T e o — — —

Qi = Qo + AS (For a given boundary and
specified time period)

Source: Kenway, S., Gregory, A. and McMahan, J. 2011. Urban Water Mass Balance Analysis. Journal of Industrial Ecology, 15, 693-706.



Urban water mass balance

* Quantifies managed and natural water flows (performance)
* Requires a defined boundary of the “city-entity”
* Includes a city water balance and a city water budget

C+D+P=W+Rs+G+ET+AS
i Storages outside

Decentralised-
rainwater
i the urban entity i

Centralized water (C) 480 GL Diverse urban uses of water:
I - Residential use >

-----------
---------
" '.

,-
-------------------

- Productive use ——\| Wastewater (W) 230 GL
- Recreation, amenity

- Eco-system services

Storage (S) 0.6-1.7 GL |

k — — — S— ——
Infiltration 0 GL || Decentralised -
groundwater
(Dg) 0 GL

Reuse / recycle (Re)16 GL

Source: Kenway, S., Gregory, A. and McMahan, J. 2011. Urban Water Mass Balance Analysis. Journal of Industrial Ecology, 15, 693-706.

© CRC for Water Sensitive Cities



Early example of an urban water mass balance
(Melbourne 2010)

Potential to meet centralised demand from Current use of available resource

Rainfall  Wastewater
Rainfall Wastewater Stormwater (D/P) (Re/W) Stormwater (Re(s)/Rs)




Performance indicators from water mass balance

Mass balances of water-related resource
flows

Pmczp:?atmn
(unbarvestad)

EDp ’ EDs

- Residential (Wr)
T - Environmental flows (We)

Decentralised supplies of harvest}d - .'--‘: -
precipitation (Dp) and stormwater [Ds) D
D)
- Productive (Wp)
o '. —
Decentra/lsed supply
- groundwater Groundwater
(Dy) infiltration (G, Ng)

Urban boundary
Diverse urban uses of water (Wi, Ni):
BRI Centralized supply (C) - Amenity (Wa)
Natural hydrological flows

Storage (S)

Recycled wastewater and

stormwater - internal (Ri, Nge) Recycledwastewater

and stormewater -
external (Re, Nge)
Flows managed by urban
water infrastructure

Sum of water inflows
(P+C+D+Ri)

Water Mass Balance = Sum of water outflows + change in storage

= (ET +SW + WW + G +Ri + Re) + AS

Water-related Energy

Total energy use Sum of energy use for water management

Ec + Ep + Eyyw + Esw + Egit Ege

Eror

Water-related Nutrient Balance Sum of nutrient inflow= Sum of nutrient outflow

(Nw; + Ny) = (Nww + Ngi+ Nge)

Source:
Renouf, Serrao-Neuman, Kenway, Morgan, Low Choy (2017) Water Research Vol. 122.

© CRC for Water Sensitive Cities

q

Water performance’
indicators

Water use efficiency

(in terms of water
extracted externally from
the environment)

Water supply
internalization

Restoration of natural
hydrological flows




Water performance indicators
aligned to urban water management objectives

Source: Renouf et al (2017) Water water
Research Vol. 122.

functions relative to water budgeted
for the functions

OBIJECTIVES INDICATOR CAN DO?
Resource Overall urban water efficiencies total residential use of NOW
efficiency ‘environmental® water per person
per year
Energy for urban water Energy input to urban water system MAYBE
NOW
Nutrient recovery from urban proportion of the nutrient load in LATER
water wastewater that is beneficially
utilised
ater supply Water supply internalisation proportion of water demand met by NOW
internalisation harvested / recycled water
Restoration of Hydrological performance post-urbanised hydrological NOW
more ‘natural’ flows/fluxes relative to pre-urbanised
hydrological flows flows/fluxes
Sustainable
management of
freshwater
resources
Regional pollutant stress index point-source and diffuse nutrient LATER
loads discharged to waters relative to
sustainable discharge rates
Functionality of Supporting diverse functions water needed to maintain desired LATER




Water performance indicators

Indicator Description Equation
Urban water efficiency Total external water use per C
capita per year (kL/capita/yr) Population
Water supply internalisation  Proportion of total urban water D +Re
demand met by internally D+Re+C
harvested / recycled water
Hydrological performance  Ratio of post- (i) to pre- SWi Gl ETi
urbanised (o) annual flows of  SWo’ Go’ ETo

stormwater runoff (SW),
evapotranspiration (ET, and
groundwater infiltration (G)

Source:
Renouf, Serrao-Neuman, Kenway, Morgan, Low Choy (2017) Water Research Vol. 122.



Urban
metabolism
evaluation
framework
(UMEF) for
water

Source:
Renouf, Kenway, Lam, Weber, Roux, Serrao-Neuman,
Morgan, Low Choy (2018) Water Research Vol. 137.

Urban system boundary definition
Defining extent of urban and peri-urban areas using spatial land use data

=

Flow estimation

Natural hydrological flows Anthropogenic flows

Estimating flows based on variables: Collation of measured values from

glimate (r:in(fall)l deend national urban water accounts:
opogra soil type deep drainage
i e bdrainags) Water demand, supply, losses

Land use (perviousness)
Wastewater generation, discharge

Sy =

Urban water mass balance

Sum of water outflows + change in storage
(ET + SW + WW + G +Re) + AS

Water Mass Balance  Sum of water inflows
(P+C+D+Re)

Natural hydrological flow:

D = Decentralised (internal)

supplies of harvested precipitation == A AT
S:rﬁ:::wv:et?r | 7\ (Dp)and stormwater (Ds) | Stommuater runoff (SW-.
outside the L =4 ) C = Centralised (external) supplies of I
urban system surface (Cs), ground water (Cg) or (WW
boundary desalinated water (Cd) I i )

........................................... Groundwater
* infiltration (G)

Urban water metabolism performance indicators

Urban water efficiency (in terms of water extracted externally from the environment)
Hydrological performance (for stormwater runoff, groundwater infiltration and evapotranspiration)




Screening water
sensitive

opportunities at
city-region scale

What is the
‘urban entity’ we
are evaluating?

Source:
Renouf, Kenway, Lam, Weber, Roux, Serrao-Neuman,
Morgan, Low Choy (2018) Water Research Vol. 137.

© CRC for Water Sensitive Cities
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Screening water
sensitive
opportunities at
city-region scale
What degree of
intervention may be

required to make
noticeable progress?

Current=2013/2014

WS 1 =reduced demand

WS 2 = internal harvesting

WS 3 = wastewater recycling

WS 4 =increased perviousness
Source:

Renouf, Kenway, Lam, Weber, Roux, Serrao-Neuman,
Morgan, Low Choy (2018) Water Research Vol. 137.

© CRC for Water Sensitive Cities
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Water efficiency
(Including supply internalization)

CiInternal supply
® External supply

SEQ

WS 2

Cilnternal supply
® External supply

160 -

120
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80

40
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200

160

120
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Current WS 1

MEL
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g
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119

133

Current WS1
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Hydrological performance

(flows relative to pre-developed state)

600%

m Surfacewater runoff SEQ
500% m Groundwater infiltration
) Evapo-transpiration
400%
300%
200%
0% ) T T
Current WS1 WS2 WS3 WS4
® Surfacewater runoff
600% - M E L = Groundwater infiltration
500% Evapo-transpiration
400% -
300% -
200% -
100% -
0% -
Current WS1 WS2 WS3 WS4
s Surf: it ff
L acewater runo
500% | % Groundwater infiltration PER
I Evapo-transpiration
400% -
300% -
200% -
100% - .
3 NA
0% NS - ‘ : -

Current WS1 WS2 WS3 WS4



Feedback....

« “Good for bringing multiple water sector stakeholders

together. Particularly stormwater and centralized water.”
(I.C.C.).

« “Useful for screening. Good for big picture, strategic
assessment, and setting city targets.” (B.C.C. — City
Design).

* "Helps give meaning to myriad current indicators.”
(B.O.M.).

« “We need to measure the impact of stormwater
harvesting programs against the whole system in order to
appreciate how effective they will be.”

« “Critical for identifying where the water cycle impacts on
energy and nutrient by creating a foundation balance.”

© CRC for Water Sensitive Cities



CRC Reports

UMEF4Water
FRAMEWORK

REPORT OUTLINE

Esimatonof |
natural flows anthropogenic flows

1
<>

‘ Water mass balance

Y

‘ Urban metabolism performance indicators

UMEF4Water
APPLICATION

Application to city- Application to
region scale meso-urban scale

Communicating urban water
metabolism to stakeholders

L

UMEF4Water
OPERATIONALISATION

Development Strategic
assessment planning

Urban and regional planning ‘

Figure 3: Structure of the report with research questions.

https://watersensitivecities.org.au/con

tent/urban-metabolism-for-planning-
water-sensitive-city-regions/
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https://watersensitivecities.org.au/content/urban-metabolism-for-planning-water-sensitive-city-regions/
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2675m?2

11 dwellings

Photo Source: Geoffrey London Presentation

nfill

Significant infill
expected (up to 94%
of development).

More runoff and
adverse impacts on
flooding,
evapotranspiration,
and livability.

Hotter, less shade,
more air-conditioning
and energy

Inadequate
performance basis to
current processes.

Limited new design
options and
limitations to current
governance
arrangements.



IRP4 Project Objectives

(1) Develop an infill performance evaluation framework to
understand the ‘water performance’ of infill development

What are the impacts of infill development on water-related objectives -
hydrology, water efficiency, urban heat, amenity?

How can ‘water performance’ of infill development be defined, assessed
and quantified?

Can “better” or “optimal” solutions for infill development be identified?

(2) Case studies (real projects) to inform the evaluation

framework, housing design typologies

How does infill housing design typology (and associated public space)
influence the ‘urban water performance’ of an urban area?

What water technologies are suited to different infill typologies and scales
and help achieve optimal ‘water performance’?
(3) Improved governance options / arrangements for infill

What governance arrangements work (or fail) and how can greater
Success be achieved through new measures?
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Australia

Project leader Jurg Keller Lead design Lead

Lead performance researcher microclimate Lead design and governance

assessment researcher | Nigel Bertram researcher researcher

Steven Kenway Marie-Laure Pype Nigel Tapper Geoffrey London
e | (POstdoc)

Deputy project leader Oscar Sainsbury Stephanie Jacobs ‘ Daniel Martin |

Marguerite Renouf |

Beata Sochacka
(RA/PM)

Xuli Meng (master
student)

Bosco Chow (master ; :
student) PhD Students — Mojtaba Moravej (UQ

(IRP4)/Monash (TAP)

Owen Hoar (master
student)
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Nigel Geoffrey Marguerite Oscar Beata Ka Leung

Steven
Kenway Bertram London Renouf Sainsbury Sochacka Watlé?mass
Project LeaderResearch Lead, Research Lead, Research Lead, Building designWater d'emand, balance and
Monash UWA uQ typologies project framework
management

«««««

Stephanie
Jacobs

Mojtaba Urban heat

Marie-Laure Daniel Martin Owen Hoar Xuli Meng Kyle Wang Moravej
Tec?rqgligy Principles Performance  Hydrological ~ Water data Hydrological
infi impacts,
suitability for infill framework and performance value p

groundwater embodied water
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Steering Committee

Water Sensitive SA
The University of Western Australia

Monash University

Swinburne University, Victoria

Brisbane City Council, Qld
Inner West Council, NSW

City West Water, Vic
LandCorp, WA

Monash University

South East Water, Vic

The University of Queensland
Flow Systems, NSW

Water Technology, Vic
Department of Planning, WA
Department of Planning, WA

The University of Queensland, Qld

City of Manningham
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Chair of Steering/Participating Committee.
Local case study/ies, garner local support.

Project Researcher (Lead Design, Options Governance aspects, case studies).

Project Researcher (Lead Design, Options, Governance aspects, case
studies).

Connect to other work nationally. (Infill specialist research advice.

Local case study/ies, garner local support.

Local case study/ies, garner local support.
Local case study/ies, garner local support.

Local case study/ies, garner local support.
Local case study/ies, garner local support.

Local case study/ies, garner local support.

Project Leader. Framework development, options analysis and performance
quantification, case studies.

Local case study/ies, garner local support.
Local case study/ies, garner local support.
Local case study/ies, garner local support.
Local case study/ies, garner local support.

Deputy Project Leader, Project Researcher (performance framework,
modelling analysis), engagement.
Local case study/ies, local support



Key stages and essential comionents

2017 2018 2020

WP1 Project Management, Quality etc

WP2 Typologies, guidelines
and standards, and
technologies review

WP3 Framework development
incorporating Tranche 1 work (mass
balance, designs, heat, risks,
technologies etc).

WP4 Case study development, stakeholder engagement
and collaboration, case study selection, baseline analysis,
options design (lot and precinct).

WP5 Options performance quantification, and
modelling
(mass balance, music/Dance and other CRC
tools use and development)

WPG6 Design guideline
principles (performance based)
and governance implications.

WP7 Demonstration implementation
© CRC for Water Sensitive Cities



Major Milestones

Milestone/deliverable description Due date Work
package

Water mass balance screening tool, used for case SK June. 2018 WPS5.

study (Beta)

Design typologies (catalogue/options) NB/GL Sept 2018  WP2.
m Infill performance evaluation framework (draft) MR/SK Dec. 2018  WP3.

Final Landscape design options for modelling case NB/GL Sept 2018  WPA4,

study 1

Evaluation of infill projects in accordance with end- MR/SK Sept. 2018 WPS5.

user agreed framework have commenced.

Evaluation framework for infill projects is agreed by MR/SK Mar 2019  WP3.

end-users.

Evaluation of infill projects with end-user agreed MR/SK Sept 2019  WPS5.

framework is completed.

m Report on infill projects publically released MR/SK/Team Mar. 2020 All
m Final project report MR/SK/Team Sep 2020 WP1.

© CRC for Water Sensitive Cities



Development
Typologies Suburban

@ precinct @

Block infill site + Dispersed precinctin Mixed-use
suburban residential setting %
courtyard model precinct
Medium scale 2
. Larger scale mixed
dg:?opn:ent;gwrﬂx} use development or
RIS [N Yamiel R E S E A redevelopment within a
R structure plan
Small infill
combination

Small co-op’s of neighbours
and/ or ike’ minded
combinations of residents
and occupants on small to
medium scale lofs (possibly
amalgamated)

.

|
Suburban lot I
subdivision I —

l‘ How do we “shift
oislidndcaipan | knock-down

‘\ rebuild to more
\\ sustainable
2 precincts

Water Sensitive Cities

‘ m CRC for Base Source figure: Nigel Bertram

G

Employment
cluster

Large dispersed cluster of
amenities and employment
opportunities within a state
government framework

(often too big to be in
structure plan)

©

Major urban
renewal

Large high density

urban development sites

designated for large

population and employment
opportunities. (often scrape

and rebuild)

watersensitivecities.org.au
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a. Suburban lot subdivision

Infill Opportunities 2012
Monash Architecture Studio

_ SUBJECTSITE

Slide source: Nigel Bertram © CRC for Water Sensitive Cities 2012



a. Suburbamlot subdivision
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Low-density development
ca. 1990

@ 0

areas downstream and in ¢ |

the broader catchment

fmv

Source:
CRC WSC, IRP4 Fact Sheet

Infill development (BAU)

@ ca. 2017

ﬁrwsdownsutamand inthe

S S———

population growth

ower infiltrdtion due to : >
nigher imperviousness g
ligher wastewate
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Water-sensitive infill development

ca. 2020

impacts downstream and
in the broader,catchment
mnpled or reduced

) " i {
population growth ®
more areas ow
cre ation and disc
C




Micro-climate
temperature

Research and

Reduce local-scale air

—

Limit heat-health
impacts

scale of approach s codbantios | | e
through design cover
Role of water and ] _—
- o [a] R
green infrastructure y = |2 ¥ —
Bco | [ @8 < o@P| o ' @GOG 3 |id ©
o oo (] o o 3
! .
| — =
Irrigated Open water bodies Increased Green roofs
open space (treatment wetlands, canopy coverage and walls
waterways) (trees)
Reduce miCrO_SCale '_ ............................. —— . — . —

b) Micro-scale

--------------- > Evapotranspiration
- )5 > Infiltration

air temperature and
radiant temperature

, Reduced
export of
storr t

Improve human

Irrigation Stormwater
(surface or harvesting
thermal comfort Semencr, e

Bio-retention
(rain-garden)

Bio-retention
(swale)

Bio-retention
(tree-pit)

Infiltration
systems (porous

Increased

pavement)

sub-surface
flows

Coutts, Tapper, Beringer, Loughnan, Demuzere (2013)
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