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Presentation outline

Water-energy-climate nexus – background and areas of focus

Current research in water-energy nexus at Griffith University

The role of ‘big data’ and informatics in tackling the water-energy nexus

Summary & Conclusions (some key challenges ahead)



Water-energy-climate nexus: Urban water life cycle
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Source: Arpke & Hutzler (2006)

Knowledge about the energy intensity 
(kWh/m3) of processes in the urban water 
life cycle are critical for the understanding 
of the water-energy nexus

High energy intensities mostly connected 
to the operation phase (desal, recycling)
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The assessment of the water-energy nexus of the urban water life cycle includes the evaluation of energy requirements for: raw water abstraction from natural sources; municipal water treatment; water consumption in buildings; municipal sewerage treatment; and treated sewage disposal to natural sources.

Life cycle analyses indicate that environmental impacts are mostly connected to the operation phase [1,2]
The energy intensity (kWh/m3) of systems and processes are closely related to environmental impacts [1,2]
Knowledge about the energy intensity of process in the urban water life cycle are critical for the understanding of the water-energy nexus [3]
rces.




6.6-50.0 kWh/m³

Source: Plappally and Lienhard V (2012)

Urban water life cycle: 
Energy intensity in supply, distribution and buildings

Energy 
intensity

Buildings

Reverse osmosis
for sea water desalination

= 2.0-8.5 kWh/m³

Distribution pumping 
= 0.2 - 0.3 kWh/kL

Reservoirs – very low

WTP Treatment 
= 0.1 - 0.7 kWh/kL

WWTP Treatment 
= 0.4 - 0.8 kWh/kL

Sewage pumping 
= 0.02 - 0.2 kWh/kL
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What is known is that Buildings are the most energy intensive phase of the urban water life cycle. For instance, it is from 3 to 6 times more energy intensive than one of the most energy intensive ways to produce potable water, namely Reverse osmosis for sea water desalination. The high energy intensity of water services in building is mainly associated with hot water supply.



Buildings and water-energy demand



Projects 

• Water-related energy demand of domestic water end-
uses

• Evaluating residential heating systems

• Rain tank pump energy intensity at an end use level

• Evidence-based sustainable water and energy supply in 
regional and remote communities
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Water-related energy demand of domestic 
water end-uses

P1



Energy intensity of end-uses

(Electric cylinder)

P1
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Clothes washer configuration important:
Warm/hot wash sourced from HWS = h energy use than internally heated water

DW energy intensity h, but low water demand reduces overall use demand




Water-energy end-use assessments

Key conclusions: 
• Need to target user behaviour as well as retrofit technology
• This is tricky as hot water typically discretionary and related to quality of life behaviour/attitude
• Heating system and appliance type is critical to end-use energy demand

P1



P2 Evaluating residential heating systems

Presenter
Presentation Notes
This is a project by one of our PhD students Abel Silva Vieira. The aim of this PhD is to investigate the performance of residential hot water services under a holistic framework for Australia taking into account energy efficiency and level of service aspects. 




Source: Arpke and Hutzler (2006); Cheng (2002); Flower (2009)

Urban water life cycle: Hot water services
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Hot water services represent from 84-97% of the total energy consumption of the urban water life cycle (“Click”).
The previous WSAA review of urban water energy use identified the relative importance of energy consumed by residential hot water systems compared to energy and GHG emissions for water treatment and distribution (Kenway et al. 2008). Since that time there have been a number of changes to government policy for residential hot water heaters (ABS, 2008). This includes national agreements as well as a number of State initiatives which aim to reduce energy consumption and greenhouse gas emissions of residential water heaters. Consequently, the relative importance of residential hot water GHG emissions is likely to change over the next 20 years and is likely to be significantly different to previous estimates. 



Source: Pérez-Lombard et al. (2008)

Residential sector: Hot water services

Buildings

14-26% 
Total energy consumption

in residential buildings

Hot water systems are a substantial consumer of electricity
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It represent from 14 to 26% of the total energy consumption in residential buildings (“Click”).
The previous WSAA review of urban water energy use identified the relative importance of energy consumed by residential hot water systems compared to energy and GHG emissions for water treatment and distribution (Kenway et al. 2008). Since that time there have been a number of changes to government policy for residential hot water heaters (ABS, 2008). This includes national agreements as well as a number of State initiatives which aim to reduce energy consumption and greenhouse gas emissions of residential water heaters. Consequently, the relative importance of residential hot water GHG emissions is likely to change over the next 20 years and is likely to be significantly different to previous estimates. 
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https://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https://www.moneysmart.gov.au/life-events-and-you/life-events/buying-a-home&ei=mzbbVJH2CMewmAXJ04DQBw&bvm=bv.85761416,d.dGY&psig=AFQjCNEkGUthMLlMl-4BpzaAueOg1eRVEg&ust=1423738901980028


• Small-scale Renewable Energy Scheme (SRES):
– Provide rebates - small-scale technology 

certificates (STCs) for new installed solar and air 
source heat pump systems (ASHP)

– Based on the estimated displacement or 
production of energy for electricity grids achieved 
by systems

– Performance of systems based on 4 climate zones 
only in Australia

Source: Clean Energy Regulator (2014)

Energy efficiency policies: Energy efficient water 
heaters in Australia

P2
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In Australia, to day the Small-scale renewable Energy Scheme (SRES) provides rebates for new installed solar and air source heat pump water heater systems. The rebate is calculated based on Small-scale Technology Certificates (STCs), which are granted taking into account the estimated displacement or production of energy for electricity grids achieved by systems. 
Eligible systems are registered in the register of solar water heaters from the Clean Energy Regulator.



Energy efficiency policies: SRES based on AS4234
Solar water heaters—Domestic and heat pump—
Calculation of energy consumption

Source: Mills (2004)
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This general approach is based on the standard AS4234, in which climatic conditions of one city in each Zone is considered representative of conditions across the entire Zone (“Click”).



Energy efficiency policies: Current model analyses (AS4234)

Source: Mills (2004)
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For instance, for solar water heaters in Zone 3, the model performed for Sydney (“Click”) is considered representative of conditions in (“Click”) Brisbane, (“Click”) Canberra, (“Click”) Adelaide, and (“Click”) Perth (“Click”).
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• To investigate the performance of residential 
hot water services under a holistic 
framework

• Account energy efficiency aspects (i.e. 
water-energy nexus) and level of service 
aspects (i.e. compliance levels with 
minimum temperature thresholds). 

Solar heating Vs Heat 
pump Vs Electric

• Assist households/developers with selecting 
ideal residential water heating systems under 
different site-specific conditions

• Provide governmental departments with a 
framework to adequately classify and provide 
rebates for residential water heating systems

P2 Evaluating residential heating systems
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Thus the project is aimed at developing a more holistic, site specific assessment of the most optimal heating system for a dwelling based not only on climate but appliance size, water use diurnal patterns, tariff type and compliance requirements.

From this perspective,  the aim of this PhD is to investigate the performance of residential hot water services under a holistic framework for Australia taking into account energy efficiency and level of service aspects. 




Evaluating residential heating systems cont.
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Solar hot water system

- lab experiments – empirical 
data to underpin sensitivity 
analysis

- heating system performance 
under various water use 
patterns, tariff structures, 
weather conditions, tank sizes 
and levels of service. 

- an energy efficiency 
evaluation framework 
based on site-specific 
conditions, compliance 
levels and appliance 
specifications
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Two alternative heating systems to the ubiquitous electric cylinder were examined: an air sourced Heat pump and solar HWS. Water and energy consumption were metered using high resolution smart meters and data loggers set to record pulses every 5 seconds. The temperature of the water at the end use point and the tank inlet and outlet, as well as the outdoor air temperature and humidity at the ASHPWH evaporator air inlet, were monitored using temperature and humidity data loggers.

These two lab experiments provide empirical data to underpin scenario simulations of heating system performance under various water use patterns, tariff structures, weather conditions, tank sizes and levels of service. From this information, an energy efficiency evaluation framework will then be developed based on site-specific conditions, compliance levels and appliance specifications. 

The two studied solar systems are thermosiphon SWHs with identical characteristics for most of the specifications except for their solar collector absorber coating. The first system was manufactured with a polyester black paint panels, which are more popular and cheaper; whereas, the second system had selective absorber collectors, which are more efficient, yet more expensive. The water consumption pattern was emulated using a solenoid valve connected to a timer. (the water temperature at the consumption point was set to 42 °C). The energy and water consumption of the ASHPWH were monitored using high resolution energy and water meters with 0.1 W/pulse and 0.0083 l/pulse precision, respectively. 





The impact of electricity supply schemes, tank size and washing 
machines on the performance of residential water heating 

systems

P2

Key conclusions: 
• Achieving energy efficiency is not just about the type of hot water system.  i.e solar not panacea!
• Guidance / regulations on HWS - individualised to realise optimal water-energy-WQ balance
• Output will be tool for consumers, developers and regulators to help guide system choice/specs
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Solar HWS are not necessarily the “panna- see-a” solution to reducing hot water-related energy demand. Has to be taken in consideration with other critical design parameters including Tank size, consumption patterns, electricity tariffs & desired level of service – critical to consider



Rain tank pump energy intensity at an 
end use level

Modified 
Actaris CT-5 
water meters

Aegis wireless 
DataCell-R loggers

EDMI Mk7c 
(0.1Wh/p) electricity 
meters

Mains meter & 
loggerRainwater tank 

pump & switch 
system

Individual end 
use event

Event volume
(L)

Event energy
(Wh)

Event energy 
intensity 
(Wh/L)

Event GHG 
intensity

(kg CO2-e/L)*

Long irrigation 450.30 467.20 1.037 0.00108

Short irrigation 13.13 13.60 1.040 0.00109

Clothes washer

(cold water wash)
118.16 128.80 1.090 0.00114

Full flush toilet 7.50 11.40 1.520 0.00159

Half flush toilet 4.30 7.20 1.670 0.00175

e.g. Half flush toilet event water-
energy mapping

P3
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Then third project I’d like to present looks at the efficiency (or more accurately inefficiency) of many rainwater tank pumps. Again, using high res smart water & energy meters, data logging and end-use disaggregation we can map energy demand from specific rainwater tank end-uses such as toilet flushing. The table here shows that the shorter the water use event, the higher the energy intensity of the event due to the high energy requirements for pump start up.



Raintank pumping energy cont. 
P3

Key conclusions: 
• Low flow rate water efficient appliances did not translate to energy efficient pump demand
• Popular fixed speed pump models are inefficient at supplying indoor end-uses
• Longer duration water use events were typically more energy efficient 
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The doughnut and pie chart on the left illustrates the disconnect between energy and water demand. There is a lower energy demand required for irrigating (shown in blue) compared with energy required for toilet flushing (green)

Low flow rate water efficient appliances adversely impacted pump energy.
•Popular fixed speed pump models are inefficient at supplying indoor end uses
 for toilet flushing. Most pumps 



Evidence-based sustainable water and energy 
supply in regional and remote communities

P4



• Focus on high energy water supply systems e.g. desalination, diesel 
generators for pumping etc.

• Focus on remote (distance from large urban centre) and isolated (can be 
cut off from regular access) communities

P4
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Water-energy savings - desktop 

Yam Island: Business as usual (BAU) & post 
retrofitting (PR) efficient technology and 
concurrent conservation planning /behaviour 
change programs at an end use level 

P4



Role of digital technology 

in achieving water-energy balance…

• Beyond the ‘smart meter’ and toward an intelligent 
whole of network

• Big data and informatics – targeted analysis for water 
business and customers

Beneficial outcomes:
• Better targeted water conservation programs and their evaluation
• Leak and pressure monitoring and management – reduce energy
• Understanding drivers of peak water-energy and how to reduce
• Better water distribution network modelling and planning
• Higher customer satisfaction with water business – service focus, 

better engagement, better customer awareness of water-energy links



Meter, monitor and manage water-related energy

Require intelligent metering, monitoring and analytics for water 
related energy. Energy is a significant cost component of water 

supply with great potential to be optimised

Optimising pump station efficiency – reduce electricity costs



Customer water use portals

Smart meters & analytics to enable water 
businesses to interact with their customers –

enhanced customer satisfaction • Consumption 
patterns

• Alerts to leaks
• Billing
• Social norms – how 

to I compare to my 
neighbour?

• Targeted demand 
management

• Numerous benefits



Autonomous and intelligent system for 
enhanced urban water management
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‘Big data’ from intelligent metering must be 

supported by good analytics to be useful
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Meter software 
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More informative web 
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Designing an autonomous and intelligent system for residential water end-use classification, customer feedback and enhanced urban water management 





Summary

 Heating water in buildings is a substantial component of water-related energy 
demand and user behaviour change as well as technology to achieve 
operational efficiency

 Alternative water supplies (e.g. rainwater) and heating systems (e.g. solar 
hot water systems) may create perverse outcomes if not all factors 
considered holistically

 Digital water utility transformation can play a critical role in improving the 
operational water-energy efficiency of urban water systems

 Through smart metering more awareness and engagement with customers, 
water businesses can improve their water-energy efficiency –

but this needs to be complimented with internal change management e.g. 
adopting “smart metering” technology, managing big data to generate 
appropriate & interesting (=motivating) hydroinformatics to customers



Some challenges ahead for water-energy efficiency

1. Beyond “low hanging fruit” – post retrofit

2. The role of behaviour change –
not an obvious ROI

3. Integrating smart metering, big data and
hydroinformatics – utility & customer side

4. Alternative energy sources, renewable
energy – changing infrastructure



Thank you

c.beal@griffith.edu.au
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