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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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IABR 'designing with flows’. (adapted from IABRa 2014)

City Anatomy. (adapted from TAFT - Ancha 2015)

King 2018, Urban metabolism metaphors. (adapted from Golubiewski 2012)

(adapted from Ayaz 2015)

Urban metabolism conceptualisations differ with discipline and functions

BRIDGE project. (adapted from Metraka et al. 2014)

King, S., Kenway, S. J. & Renouf, M. 

A. (in press 2019). How has Urban 

Water Metabolism Been 

Communicated? Perspectives from 

the USA, Europe and Australia. Water 

Science and Technology.



What is Urban Metabolism?

He concluded 

“there is no 

shortage of water, 

however there is 

a need for long-

term thinking”

Food
Water

Waste
Sewage

Wolman, 1965, The Metabolism of Cities (Scientific American)

In 1965, Abel Wolman, 

AWA president, used 

metabolism as a 

concept to 

simultaneously deal 

with shortages of water, 

pollution of water and 

air….and public 

economic decisions

https://www.google.com.au/imgres?imgurl=http://www.wsscwater.com/image/awolman.jpg&imgrefurl=http://www.wsscwater.com/home/jsp/content/wssc-history.faces&docid=t8MReqH6z23JLM&tbnid=VtvM5bQk1WH6eM:&w=240&h=324&ei=5i5pVJjAHOOcmwWvi4Ew&ved=0CAIQxiAwAA&iact=c


Newman (1999)

Managing urban metabolism

Urban metabolism frameworks



6

Urban Water Metabolism…and Water Mass Balance

Kenway 2012



Source: Source Healthy Waterways Ltd. ©

Urbanisation and water….



Urban metabolism 

evaluation 

framework 

(UMEF) for water 

(B1.2)..water 

mass balance as 

main analytical 

approach

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

See report

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


Rain (P)

1,400GL

Stormwater runoff

463 GL (RS)
Centralised potable water

365 GL (C) Wastewater

297 GL (W)

Evap (ET)

1,250 GL

Wastewater and Stormwater 

Reuse 31 GL

Mass Balance supports quantitative performance analysis 
(Melbourne 2010) 

Water use: Res 67%, Non-res 23%, Unacc 10%

Potential to meet  centralised demand from Current use of available resource

Rainfall Wastewater Stormwater

Rainfall 

(D/P)

Wastewater 

(Re/W) Stormwater (Re(s)/Rs)

Melbourne 384% 81% 127% 0.5% 7% 2%



(recycle water ~20 times at different qualities)

Human body (2000% reuse)Baby Born

(0% water reuse)

Cities now (1-4% reuse)

Could cities match the metabolic water efficiency of the 

human body?



Transforming cities and 
measuring the improvement



Kenway et al (2008), 

and Cook et al 2012

assumes 225 L/p.d residential 

consumption and that climate 

change will not adversely affect 

existing water yields.

How do we 
achieve this 
cost-
effectively?

(Most future water supplied 

from desalination and reuse)

A challenge for Australia (and elsewhere)….rising energy use in urban 

water, rising energy costs, and National greenhouse gas targets



Water-energy trajectories - Australian cities
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Per capita urban water use (L/p/d)

Brisbane (SEQ) (2002-2014)

Melbourne (2001-2015)

Perth (2002-2015)

Sydney (2002-2014)

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) 

Comparison of water-energy 

trajectories of two major regions 

experiencing water shortage. 

Journal of Environmental 

Management 181, 403-412.



Supply Residential 

(water-related 

energy)

Industrial & 

Commercial (water-

related energy)

Wastewater 

treatment

Energy 

(GWh)
150 3,200* 2,300* 250*

Energy

($ 

million)

20 800* 300* 25*

Collectively accounts for:

• 13% of all electricity use in South East Queensland

• 18% of all natural gas use, + 4% all other energy use.
Kenway, S., et al. 

(2015). Environmental 

Modelling and 

Software

(93%)

Energy influenced by urban water SEQ 2011-12



How will new water technology (and solutions) influence water-
related energy?

Recirculating showers Waterless clothes- and dish-washers

H
o

u
s
e

h
o

ld
 

s
c
a

le
C

it
y
 S

c
a

le

Not a product 

endorsement

WSC solutions

Integrated resources recovery



How much energy could we save if 
all the elements of rainwater 
harvesting, water reuse, green 
roofs, urban agriculture, 
hydropower, evaporative cooling & 
thermal storage are used?

Source: Steve Moddemeyer 2009

GRAPHIC BY MKA MAGNUSON KLEMENCIC



IRP4 Water sensitive outcomes for infill PRODUCTS / OUTPUTS
Designs of urban typologies

(drawings and plans)
Performance framework and water mass balance

1. Catalogue of infill typologies design 
and performance information
2. Case studies of typologies embed in 
urban precincts 
3. Evaluation framework and mass 
balance tool.

Dwellings
Apartments Streets

Workshop 

Thursday 

morning



Thanks to! ………IRP4 Research team

Water mass 
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framework, UQ 

Ka Leung
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Daniel Martin
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24-28 June 2019

WATER AND ENERGY DESIGN CHALLENGE WINTER SCHOOL

https://www.stickytickets.com.au/84511

• Build cross-disciple links and industry 
connections.

• Network with mentors, judges, presenters. 
• Build applied knowledge for a critical issue.
• Compete for cash (1500$ team) and other prizes. 
• Have fun! 

https://www.stickytickets.com.au/84511
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