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Water-energy-carbon links in 
households and cities

What does it mean for the water of the future?

BY STEVEN KENWAY, THE UNIVERSITY OF QUEENSLAND 

T his article describes a research project that sought to 
improve understanding of the interrelationship between 
water, energy and related costs across Melbourne. The 

work was funded by the Victorian water sector, through the Smart 

Water Fund, the Australian Research Council and The University 

of Queensland. It was undertaken to create knowledge to support 

improved efficiency and productivity of Victorian water and energy 

resources. Escalating costs of water and energy – both for 

consumers and utilities – created a driver for the work, together 

with a need to find shared solutions. 

Knowledge of the connections between water and energy are vital 

because they help to identify if solutions are solving problems; for 

example, through efficiency measures, or if they are simply shifting 

a water problem to become an energy problem, and vice versa. 

Urban water directly and indirectly influences some 10 per cent of 

Australia’s primary energy use. Much of the effect is water heating 

in homes and industry. Water Services Association of Australia 

(WSAA) and CSIRO forecast that energy expenditure for urban 

water (which accounts for around one per cent of Australian 

energy use) is anticipated to rise by around 500–700 per cent 

over the coming 25 years. This work creates a new set of options 

to help deal with this significant challenge and cost risk.

The research created detailed results that quantified water 

use – influenced energy consumption in individual households. 

We now know the end uses that consistently influence the largest 

amounts of water-related energy are showers, systems losses and 

washing machines (for clothes). We now also know key factors 

of influence. This helps to reveal the energy impact of behaviour 

and technology change. It enables management measures, such 

as water or energy-efficiency programs, to be far more targeted 

to specific circumstances in order to maximise benefits. The work 

also creates new understanding of how regional factors – such 

as water supply temperature – influence household energy use 

via water. This knowledge enables improved conservation plans 

and strategies, and goes a long way towards creating options 

for offsetting energy use for whole water cycle management in 
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Melbourne and beyond. The work has identified actions that can 
deliver customers water and energy cost savings most effectively. 
This information could be used to help utilities and their customers 
to understand the cause-and-effect influence of water on energy 
use and related household costs, and greenhouse gas emissions. 
For instance, with the information now available, water utilities 
could determine the energy and cost savings within households of 
a range of water-efficiency measures.

The work sends signals to innovators and policymakers to 
deliver efficiency gains through regulations, technologies and 
management strategies. Understanding the links between hot 
water system types, and fixtures and fittings, identified that the 
conversion efficiency losses for gas continuous systems are 
significant, and increase or decrease in direct proportion to the 
amount of hot water used. Consequently, continuous systems 
(which don’t store hot water) would be a better choice for variable 
occupancy and smaller households than storage systems. This 
is because the losses from stored hot water systems are more 
constant, and do not substantially decrease, even if hot water use 
reduces. Selection of storage size is important for storage hot 
water systems, because storage losses will account for a higher 
proportion of water-related energy use, as improving efficiencies 
of fixtures and fittings reduces hot water use. Finally, drivers for 
policy differ; whether energy use, energy cost, water use, water 
cost, greenhouse gas emissions, or a combination of these goals, 
these drivers would determine how these findings are translated 
into policy direction. 

This work provides information that could be used to strengthen 

the business case for water and energy utilities to provide 

options (such as efficiency measures), or even combined services 

(such as integrated water energy metering or billing), which can 

influence flows of both water and energy. The work provides 

information to inform cost-benefit analysis, including benefits 

of delaying water and/or energy infrastructure upgrades. The 

research reduces the risk of water-saving activities, such as 

installing front-loading clothes washers, having perverse outcomes 

by increasing greenhouse gas emissions. 

What does it mean for householders?  

The research has shown that up to half of household energy 

use is water-related. The biggest influences are in showers, 

efficiency losses and washing machines. Small changes to water 

management can have a surprisingly large impact on energy use 

for the household consumer. For example, a 10 per cent reduction 

in the frequency, duration or flow-rate of water for showers would 

reduce household energy use by approximately 0.5 to 1.0 kilowatt 

hour per household per day. This equals around one per cent of 

total household energy use in Melbourne (approximately 

13 kilowatt hours and 45 kilowatt hours per day for electricity and 

gas respectively). A 10 per cent increase in the temperature of 

cold water has a similar effect. Over an entire year, households 

with electric hot water heaters could save $100 due to such 

changes (a 10 per cent reduction in shower frequency, duration or 

flow rate, or increase in cold water temperature). 
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The research indicates that water-related energy usage ranges 
from 5–20 kilowatt hours per household per day. For perspective, 
10 kilowatt hours is equivalent to 37 efficient (11-watt) light 
bulbs operating for an entire day. The range of usage between 
individual households can vary dramatically, and may be indicative 
of different household technologies, fittings or behaviour patterns. 
The detailed results could be used to help households to identify 
options to reduce bills. For example, the work could be used as 
a key input to create an online tool demonstrating that different 
appliance use will impact both water and energy consumption, and 
breaking these down into logical steps to manage these. 

What does it mean for water and energy utilities? 

Water utilities have understood and managed their direct energy 
use for some time. While improvements in the efficiency of water 
and wastewater treatment plants, and pump stations are possible 
and important, we now know that this is a small part of the overall 
puzzle of energy-efficient urban water systems. By far the biggest 
opportunity to reduce the energy consumed by urban systems 
i nvolves understanding how water utilities interact with households 
and industry. Houses use approximately 10 times more energy 
to heat water than a water utility uses to provide water and 
wastewater services to that home. Consequently, knowledge of 
water-energy links in households gives both the water and energy 
sector utilities many other possibilities to reduce energy use and 
costs. The Melbourne metropolitan water industry spent some 

$30 million on electricity in 2014, which is expected to increase 
to between $50 million and $130 million by 2030. The challenge 
for the water industry is to offset the increase without increasing 
customers’ water bills. The same challenge exists for energy, 
particularly natural gas in Melbourne.

Water asset design and management practices could achieve 
energy-saving outcomes for cities. By innovatively mapping water- 
temperature data collected from water quality testing programs, 
we could show how variation in the temperature of water delivered 
in Melbourne could influence household energy use differently in 
different regions. The research indicated that the temperature of 
mains water is a key factor affecting water-related energy use and 
cost in households. A review of water temperature in Melbourne 
Water’s supply network indicates significant variations (as much 
as eight degrees Celsius) in water temperature within relatively 
short distances. In the five households studied, this difference in 
temperature translates into 2.5–5 kilowatt hours per household 
per day energy use for heating for this group of houses, or 
between four per cent and 15 per cent of the total energy use of 
the households studied. Utilities could use the research to find 
solutions for peak electricity (and also gas) demands across the 
city. Specifically, utilities could consider how they are managing 
their water assets (and customer use) in a way that contributed 
much more positively to the energy supply system. This could have 
considerable influence on overall energy and water efficiency, and 
could contribute to the productivity of the entire system.

ENSURING THAT 
APPLIANCES CAN CONNECT 
TO BOTH HOT AND COLD 
WATER SOURCES CAN 
HELP REDUCE HOUSEHOLD 
COSTS

INTEGRATED WATER AND 
ENERGY PLANNING COULD 
LEAD TO SIGNIFICANTLY 
MORE EFFICIENT WATER 
AND ENERGY SYSTEMS
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The water utility of the future may be managing water supply 
temperatures, together with their core business of managing water 
quality and pressure, in order to meet specific customer needs. For 
example, commercial customers may want either cooler or warmer 
water based on their processes, if they understand the impact that 
this has on their energy bill. Some utilities are already investigating 
how to provide such services for the benefits of their industrial and/
or residential customers. For more details, see the report, ‘Water 
Temperature in Melbourne and Implications for Household Energy Use’. 

A range of potential outcomes from the project is relevant to 
energy utilities. While recognising that water and energy utilities 
have different drivers for efficiency, the work could be used 
to improve forecasting of energy demand and strategies for 
combined asset efficiency. It could help to confirm if changes to 
energy-use levels (particularly natural gas) are related to shifts in 
water consumption patterns. It could also support opportunities to 
load-shift, and to reduce current and forecast peak system-wide 
energy demand and associated infrastructure costs. International 
experience suggests that a strengthened relationship across 
the water and energy sectors – for example, in combined retail 
services provision – could lead to significantly more efficient water 
and energy systems. Throughout this project, several industry 
relationships were established:

• For manufacturers of appliances, fixtures and hot water 
systems – ensuring that appliances can connect to both 
hot and cold water sources can help to reduce costs for 
consumers. For example, if washing machines and dishwashers 
can use warm water from renewable sources (such as 
solar or heat pump), then household costs and greenhouse 
gas emissions can be reduced. Manufacturers should be 
encouraged to ensure that this is possible with their appliances 
(for instance, having a hot and cold water inlet, rather than 
having only a cold water inlet).

• There is also an opportunity for manufacturers and developers 
to start to think about coordinating efficiency between 
appliances to reduce the total energy and water bills. This 
project helps to identify where such efficiencies could be 
achieved. The maps of water temperature could also be used 
to understand and improve hot water system performance; for 
example, to help size systems more accurately and improve 

related guidance standards, such as AS/NZS 4234:2008.

• Moving forward – Actions to progress improved management of 
water-related energy have been identified. These actions span 
scales from technologies to cities. Higher priorities include:

 » integrated water and energy metering 

 » improved connection of water and energy-efficiency 
labelling and assessment

 » setting statewide water and greenhouse gas emissions 
targets 

 » targeting water and energy programs to benefits (by 
customer type)

 » further consideration of water and energy utility operation 
mission statements and goals. 

In order to fully progress the opportunities, changes to utility 
regulatory frameworks may be necessary. Strengthening 
consideration of ‘beyond the meter’ (such as household) costs 
and benefits associated with changes to water and energy 
consumption patterns would be helpful, as would broadening the 
eligibility of the Emissions Reduction Fund schemes to include the 
influence of utility measures on household water-related energy. 

Outputs from this project are available via the Smart Water 
Fund Knowledge Hub. For detailed questions, please 
contact Steven Kenway at The University of Queensland                           
(s.kenway@uq.edu.au), or Francis Pamminger at Yarra Valley 
Water (Francis.Pamminger@yvw.com.au).

KNOWLEDGE OF 
WATER-ENERGY LINKS 
IN HOUSEHOLDS GIVES 
BOTH THE WATER 
AND ENERGY SECTOR 
UTILITIES MANY NEW 
POSSIBILITIES TO REDUCE 
ENERGY USE AND COSTS
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