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Overview
Emerging interrelated problems – water- energy security 
and resilience.

Overview of Current Water-Energy Research (UQ).
• Integrated planning, city-benchmarking, tools and decision-support

• Frameworks to support decision-making

• Training and capacity-building

Energy implications of water security strategies:
• Systemic analysis of energy use in urban water in Australia

• Impact and uptake of the work and its direction



Location of cities described

South East 
Queensland
(~3 million)

(~5.5 million)

(~5 million)

(~1.5 million) (~1 million)



An emerging problem climate-change driven rainfall 
and stream flow reductions (Perth, Australia - 1917-2005)



Courier Mail, 
Brisbane, 1 
February 2007



Australian urban water capex – major cities



How do we 
achieve this
cost‐
effectively?

*Most future water supplied from desalination and reuse
** Target in 2011, has shifted now to 40-60 per cent below 2000 levels by 2030.

*

Challenge for Australia (and elsewhere) ….
Rising Urban Water Energy Use, Costs and GHG Targets

Kenway, S. J., Priestley, A., Cook, S., Seo, S., Inman, M. and Gregory, A. (2008) Energy use in the Provision and 
Consumption of Urban Water in Australia and New Zealand, CSIRO and Water Services Association of Australia. ISBN 978 0 643. 

**



Cost per Unit of Water Supplied ($millions/GL) 
600% increase by 2030

Cook et al 2012

Projections to 
2030
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Water use and energy use of SEQ system

Lam, Lant, Kenway 2015



Asian Water Development Outlook 2016-
Urban Water Security Index (48 Countries)

2013

2016 (higher resolution, 
more data, indicators, shift 

towards city scale) 2013 Results



AWDO Case study: water supply “energy trajectory”
Context: 
Shifting to 
climate-
resilient 
sources is 
often energy 
intensive. 
Energy is a 
major cost 
component of 
urban water 
supply.

Recommend: 
Develop 
indicators
and include 
energy in 
AWDO 2016. Based on Lam et al submitted papers 2015.

Increasing 
desalination

Primarily surface water
In publication, not for 

citation



Urban water indirectly influences 13% of Australia’s electricity, 
18% of Australia’s natural gas use (8% primary energy, 9% ghg

emissions) in the average case. 

• resource loss

• water use

• water supply

INDIRECT 
ENERGY

DIRECT ENERGY

Kenway , Lant, Priestley ( Journal of Water 
and Climate, 2011)

Opportunity – residential water use 
– water and energy efficiency

Water-Energy-Carbon Research 
G



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:  - 13% of all electricity use in South East Queensland +
– 18% of all natural gas use 
– 4% all other energy use

Energy Influenced by Urban Water
South East Queensland - 2011-12

Source: Kenway, S., et al. (2015). A systemic framework and analysis of urban water energy (Environmental Modelling and Software)

(93%)

(96%)

WastewaterSupply Use



The overall water-energy landscape

Heating and cooling water
Residential

Commercial/Industrial

Hydro Cooling Solar Energy extraction

Pumping

Desal

Irrigation
Biofuels

Energy 
generation

Wastewater

Heating and cooling water
Residential

Commercial/Industrial

% California
Gas+Electricity

3.0%

0.8%

5.4%
5.5%

Supply and Treat

2.9%

15.1%
15.9%

32%   19%

Sources: Californian Energy Commission (2005); Wolff et al 2011, Kenway et al 2015.



Integrated Water and Electric Utility Planning

Project 4469 – Water Research Foundation (USA)
• Case‐Studies

• Survey
• Utility guidebook

• Integrated Planning Tournament

Water Sector Drivers:
• Rising energy costs and 

dependency

Energy Sector Drivers: 
• Energy demands exert pressure on 

water supplies
• Solar and wind power generation 

(while reducing demand will not 
reduce pressure on water resources 
for some time) 

Mutual Drivers: 
• Climate Change, Population growth
• Restrictive Standards
• Extreme Weather Events
• Water Scarcity
• Infrastructure Renewal and 

Replacement
• Revenue Fluctuations
• Overall Uncertainty for the Future



Water-Energy in Future

Kenway, S. J. 2013. The Water-Energy Nexus and Urban Metabolism - Connections in Cities. Brisbane: Urban Water Security Research Alliance. 
Technical Report 100. 



30-year plans with opportunities to 
achieve synergies between water and 
energy

DEWS, 2014. WaterQ: 30-year strategy for QLD's water sector. 

DEWS, 2014. PowerQ: 30-year strategy for QLD's electricity sector. 

Short video by former
Minister for Water and Energy 2013-2015 

for integrated planning Tournament 
(Water Research Foundation Project)

Complementary Water and Energy Strategies
(Minister for Water and Energy)

https://www.dropbox.com/sh/sfaov7j71sdlnnw
/AAAdqU8K0HlI3uirWuLlpmk5a?dl=0



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

Water mass balance performance Melbourne (~2010) 

Source: Kenway, S.J., Gregory A. , and. (2011).  Urban Water Mass Balance Analysis. Journal of Industrial Ecology, 15, 693‐706 
modified with data from Living Melbourne / Living Victoria. Source Photo CSIRO ~2008

Water use: Res 67%, Non-res 23%, Unacc 10%
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Outputs = W +   Rs + G + ET 

297 + 463 + ? + 1,250 = 2,010

Inputs =  C +  D + P

We can have good confidence when ∆S ~ 0

365 + 8 + 1400 = 1,773
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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%



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

Water mass balance performance Melbourne (~2010) 

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



Master of Integrated Water Management Urban 
Metabolism Design module – build sustainable cities

Features: 
• Green buildings (rooftop cooling 

and stormwater management);
• Stormwater potable use and 

retention for habitat creation;
• Wastewater reuse for horticulture 

and energy generation



Water for energy? Baseline Water Stress

Source: James Dalton, World Water Forum 2015, KoreaSource: James Dalton, World Water Forum 2015, Korea



(and power plants, based on 2025 IPCC Scenario A1B)Long Term Water Stress

Source: James Dalton, World Water Forum 2015, KoreaSource: James Dalton, World Water Forum 2015, Korea



Not a product endorsement

What will be the water/energy impact of 
emerging technologies at household scale?

AirshowerRecirculating shower

Waterless or ionising clothes washers Waterless dishwashers



Technologies for city-scale

Source: Jason Turgeon USEPA



Literature examples
• “Rising energy costs and use, is a significant risk 

to the water sector” Vicwater 2011.

• “Water security underpins energy and economic 
security”. Sandia National Laboratories, US 2009. 

• “Sustainable solutions must address water, energy 
and climate change holistically.” World Business Council for 
Sustainable Development, 2009. 

• “Resilient pathways reduce GHG emissions, 
lowers water demand, maintain environmental 
quality and allow living standards to continue to 
improve” Prime Minister Science Eng. and Innovation Council 2011, Australia.



He concluded 
“there is no 
shortage of water, 
however, there is 
a need for long-
term thinking”.

Food
Water

Refuse
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



Research interest area – water, energy, GHG and 
urban performance

Kenway, S. J. 2013. The Water-Energy Nexus and Urban Metabolism - Connections in Cities. 
Brisbane: Urban Water Security Research Alliance. Technical Report 100.



Implications for cities in Asia
There is a need for forward‐looking, scenario‐based 
assessment at city‐scale. For example, building on AWDO 
(and IAASA Water Futures) to consider high risk cities:
• Rapidly growing
• Reliant on diminishing (or impacted) water resources
• Likely to be increasingly dry in future
(ADB study (IIASA 2015) indicates 88% of Asian 
population with high water scarcity/complexity by 2050)

And then assess opportunities:
• What is the overall water balance – including 
opportunities from stormwater and wastewater flows.

• What is the right mix of supply‐side and demand‐side 
solutions.



Main messages
1. Achieving Water and Energy Security and Resilience needs 
all systems considered simultaneously.

2. Urban water supply and use has a large energy impact~ 
10% of national primary energy use in Australia excluding 
Agriculture.

3. Much can be done to improve security and productivity –
and reduce GHG emissions.
Whole of system understanding (including water-energy-economy links), 
solutions and technology, governance and institutions, collaboration and 
community engagement, financing mechanisms.

4. Understanding and managing water-energy links is important 
for economic and resource strategies.
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