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Overview

Concepts

- How can frameworks shift our thinking?

- What Is Urban Metabolism?

- Transforming cities and measuring improvement

Applications and use for Water Sensitive Cities
- Examples from IRP4
- Energy — an opportunity for WSC
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Urban metabolism conceptualisations differ with discipline and functions

Organismal perspective Ecosystem perspective
B : Scientific foundation Biology Ecosystem ecology
i Disciplinary focus Life processes Abiotic/biotic interactions
Orientation Inward Internal processes, external linkages
Metabolism meaning Food/waste Energy processing, production/respiration (C balance)
] Metabolic units Volume Energy or carbon (or other materials)
. Movement Input—output Feedbacks
Flows Throughput Structure—function linkages
System regulation Homeostasis Homeorhesis
.= King, S., Kenway, S. J. & Renouf, M. - . oy
|5 20 A (in press 2019). How has Urban Stability Resistance Resilience
Water Mgtabollsm Been _ Time Climax succession Disturbance dynamics
Communicated? Perspectives from
the USA, Europe and Australia. Water Structure Morphostatic Multiple stable states
= Science and Technology. ) . _ ) _ _ _
Space Uniformity Fine-scale spatial heterogeneity (patch dynamics and gradients)
Agency Single actor Social, biological, and physical entities
Consumption Heterotrophy Internal transformations and teleconnections
Scope Black box Subsystems

Environmental context of city Separate but connected, hinterland Integrated social-biological-physical system

King 2018, Urban metabolism metaphors. (adapted from Golubiewski 2012)
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What Is Urban Metabolism?

- - " -
/ EEEE I | He concluded

In 1965, Abel Wolman, ; HNERRERER “there is no
shortage of water,

AWA president, used | EEEEE |

T g however there is
metabolism as a | | SN B S a need for long-
e || term thinking”
concept to | il -
. Water ]
simultaneously deal Food |
with shortages of water, -
i __. _.-_l
pollution of water and e | —
b= | '
air....and public e T
economic decisions FUEL 800 AIR POLLUTANTS 490
METANDLIEN OF & CITY maelsen rammlles inpol o piip ok frmas- Furls, A0l eeiose & bumed o Indaeracare, I dan ala ¢odirikoe
Wolman, 1965, The Metabolism of Cities (Scientific American)
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Urban metabolism frameworks

srocnge

Ecologically sustainable settlements

Newman (1999) -reduce resource use. - reduce waste - greater lvability
etabolism - l g - J a8
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Urban Water Metabolism...and Water Mass Balance

SECEEEEEEEEEEE
GHG & heat
GHG & heat
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Kenway 2012
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Urbanisation and water....

natural water balance Urban water balance
precipitation e
evapo- ‘ od precipitation
potable
water and
virtual water reduced evapo-

transpiration

‘nmpmm

infiltration

wastewater

discharge natural

state

Source: Source Healthy Waterways Ltd. @
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reduced potable
water consumption
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reuse
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treatment

reduced
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discharge

altered
state




Urban metabolism
evaluation
framework
(UMEF) for water
(B1.2)..water
mass balance as
main analytical
approach

See report

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

Topography (soil type deep drainage)

Land use {perviousness)

Collation of measured values from
national urban water accounts:

Water demand, supply, losses

Wastewater generation, discharge

=g =

Urban water mass balance

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

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

—-~| Natural hydrological flow

Anthropogenic flows Y

e TS Urban boundary |Imomsero e
UUUUUUUU — e — — — — S— ——
I “D = Decentralised (internal)
Surface water supplies of harvested precipitation
or seawater | | - (Dp) and stormwater (Ds)
outside the C = Centralised (external) supplies of
urban system cs ) surface (Cs), ground water (Cg) or
boundary desalinated water (Cd) LRSS L
Recycled |

astewater (Re)

e B — Em——  —

Groundwater
infiltration (G)

Groundwater store outside the urban system boundary

>

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)

.0rg.au


https://watersensitivecities.org.au/content/urban-metabolism-for-planning-water-sensitive-city-regions/

Mass Balance supports quantitative performance analysis
(Melbourne 2010)
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Wastewater and Stormwater
Reuse 31 GL

Potential to meet centralised demand from Current use of available resource

Rainfall  Wastewater
Rainfall Wastewater Stormwater (D/IP) (Re/W) Stormwater (Re(s)/Rs)
Melbourne 384% 81% 127% 0.5% 7% 2%
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Could cities match the metabolic water efficiency of the
human body?

Baby Born ' Human body (2000% reuse)
v (0% water reuse) J

Cities now (1-4% reuse)

(recycle water ~20 times at different qualities)
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Transforming cities and
measuring the improvement

Performance
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A challenge for Australia (and elsewhere)....rising energy use in urban
water, rising energy costs, and National greenhouse gas targets

500 -
i Wastewater i s (g
2 400 m Water i
Q e
Q. s
S
300
= How do we
= achieve this
Q 200 _
=~ effectively?
Y =
3 100
Kenway et al (2008),
O \/ and Cook et al 2012
O — — : T _ | assumes 225 L/p.d residential
2007 2030 Business Target 2050 consumption and that climate
(Most future water supplied as usual (80% ghg change will not adversely affect
L. : existing water yields.
from desalination and reuse) reduction)
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Water-energy trajectories - Australian cities

300

--Brisbane (SEQ) (2002-2014)
--Melbourne (2001-2015)
--Perth (2002-2015)

250

N
-
-

-
-
.-
-
-
-
.-
-
-
-
.-
-
-
-
.-
-
-
.-
-

-
-
-

-
-———
-
-
—-——
==
-
-
-
-
-
-
-
=
-
-
—-——
-
-
——
-
-
-
-
-
-
—-——
Y
—-——
-
==

Per capita energy use for water supply
(kWh/p/a)
=
S

Lam, K.L., Kenway, S.J and
Lant, P.A. (2016) Energy use for
water provision in cities.

Lam, K.L., Lant, P.A., O’Brien,
K.R. and Kenway, S.J. (2016)

100 Brisbane (SEQ)
—————————————————————————————————— ' e
——
50 k"‘"
M — -
200 250 300 350 400 450

Per capita urban water use (L/p/d)

CRC for

— - h_‘*_‘__'_
Water Sensitive Cities

'-'-h'ﬁ' ——

4th water sensitive cities conference

| Comparison of water-energy
trajectories of two major regions
experiencing water shortage.
Journal of Environmental
Management 181, 403-412.
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Energy influenced by urban water SEQ 2011-12

Energy 20 800~ 300~ 25*
($
million)

\ }
Collectively accounts for:
» 13% of all electricity use In South East Queensland

Kenway, S., et al.

Moot g o » 18% of all natural gas use, + 4% all other enerav use
Software HE UNIVERSITY
OF QUEENSLAND
CRC for _ o ihah oot il v AUSTRALIA "
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How will new water technology (and solutions) influence water-

related energy?
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GRAPHIC BY MKA MAGNUSON KLEMENCIC

: ¥~ How much energy could we save If
i:f._,«;fé"'.: “|all the elements of rainwater

“Z24' lharvesting, water reuse, green
roofs, urban agriculture,
hydropower, evaporative cooling &
Y \thermal storage are used?

or N . _______'._h_“_A__'_
Water Sensitive Cities 4th water sensitive cities conference
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IRP4 Water sensitive outcomes for infill PRODUCTS / OUTPUTS

Designs of urban typologies Performance framework and water mass balance

(d raWi ngs an d p I an S) Natural hydrological flows
Precipitation E )
Anthropogenic flows CElRE
hos (unharvested) transpration
--------------- — —
o s Urban system boundary . a
[ —— e E— e S—— —— S— —— p—
Su rfat_:e water: Stormwater (SW)
: outsidethe Urban water ——_ |
: urban system: d d
! boundary ExWV/ eman Wastewater (WW)
|
A ReW ReW
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Dwellings I e i st <~ I "
Groundwater outside urban system boundary :
........................................ (confined aquifer), ... .. ieeeeeeecesrrranernnsssnnnanans?
Category A: Suburban Lot Subdivision maaible mitace - pecpls deai ategory D: Suburban Precinct parmashis suriace - pacple dack
Standard Industry Practice pommaable saface - aor gardan Redcliffe Connect parmeabia surlace - car garden
Twio Unit Occupancy - Single Lot rion permaable o rface O Ton Monash Architecture Studio non pemmeatls prfoce [’:_jl L
Salisbury SA non permaabie surace doep roct zone 202 -2M7 ron permaable surface doap root zane

unabie usanio

Workshop

1. Catalogue of infill typologies design
and performance information

awo (built spaces) axo (landzcaps spaces)

2. Case studies of typologies embed in ey

Thursday
morning

urban precincts
f e i (RECES

3. Evaluation framework and mass | _
balance tool.

Dwelling Data Site Data
Badrooms: 4 (par dwaling) Giarden Area &1 m2 {per dwaling) Sile Area 7 m2 Vegetated Surlace (ganden/ 7 m2
Treas)
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itive Citi g N el watersensitivecities.org.au
)
ater sensitive Cities ____ _ penned garien e . .
Building Footpring: 168 m2 (per dwalling) Rainwater Storage Capadty. | 2000 litres (approx) - —
per dweding) Sie Covara 1 % Vegedation characteriatics (Le., | 7
vegietafion type, leal area):
Floor Anesa (building): 168 m2 (par dwaling) Housshold waler appliances: | 2 x ahower, basin, we, 1 x = = — =
{par cwelling) besith, kith sink, kaun bub, wm Farmaabla |I'|E.|l:| Surface 2 uDIlCI’IEI’-&Eﬁf‘;‘fBlIE‘&\I.d. sl 7
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WATER AND ENERGY DESIGN CHALLENGE WINTER SCHOOL
24-28 June 2019

@ https://www.stickytickets.com.au/84511
/ q * Build cross-disciple links and industry
h connections.
: - |

* Compete for cash (15005 team) and other prizes.

= ...El | \ * Network with mentors, judges, presenters.
ﬂﬂfﬁhls?ﬁm * Build applied knowledge for a critical issue.
+ v  Have fun!
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