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EXECUTIVE SUMMARY
The Australian water sector is a vital component of the Australian economy and livelihood,
playing an important role in providing water supply and treatment to the residential, commercial,
industrial and agricultural sectors. In providing this essential function, the Australian water sector
is also a large user of energy consumed during the supply, treatment and distribution of water
for a wide range of uses and thus represents an excellent opportunity for renewables to be
integrated as a significant component of its energy supply.
In line with its objectives to improve the competitiveness and
increase the supply of renewable energy in Australia, the
Australian Renewable Energy Agency (ARENA) has chosen to
investigate the opportunity for water sector specific funding
and knowledge sharing priority areas which demonstrate the
best potential for improved renewable energy uptake in this
industry. In order to investigate and determine an appropriate
focus and framework for evaluating renewable energy
opportunities in the water sector, ARENA has engaged Beca
to undertake a study to identify priority areas to help inform
ARENA’s funding and knowledge sharing activities.
As a part of this investigation, the following activities were
undertaken:
• An international water sector literature review, to identify
international examples of current trends of renewable
energy use in the water sector and their potential relevance
for Australia;
• An Australian water sector literature review, to identify
existing renewable energy use and current trends in
Australia;
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• Broad water sector stakeholder engagement processes
including surveys, interviews, workshops and draft report
feedback to understand existing renewable energy use,
along with opportunities and barriers for its use and to test
the level of engagement within the sector, and;

This study has evaluated the opportunities, barriers and
current trends for renewable energy use in order to identify
priority areas where ARENA could have the most potential
impact in influencing improved renewable energy use
within the sector. The study has identified a number of
renewable energy opportunities relating to both the urban
and agricultural water sectors, each having their own unique
characteristics and advantages and which are outlined in this
report.
In determining the selected priority areas, a range of factors
were considered to evaluate which areas represented the best
potential to ARENA, including:
• Likely scale of the opportunity by 2030-2040
• Potential for growth
• Ability for ARENA to influence investment
• Fit within existing ARENA portfolio and existing priority areas.
As a result of the investigations, four priority areas have been
selected to provide the framework for informing ARENA’s
investment and knowledge sharing activities, outlined as
follows:

• Multi-criteria analysis of renewable energy opportunities
to identify the key priority areas.

RENEWABLES IN
WATER PUMPING
AND IRRIGATION

BIOENERGY IN
WASTEWATER
TREATMENT

STORAGE
TECHNOLOGIES
& DEMAND
MANAGEMENT

WATER SPECIFIC
TECHNOLOGIES

RENEWABLES IN WATER PUMPING
AND IRRIGATION
Renewable energy technologies, or applications of technologies and/or
processes, for water pumping and irrigation applications.
Focus is on the implementation of renewable energy technologies or applications
of technologies and/or processes to provide for increased renewable energy use
for pumping and irrigation applications, with a focus on renewable energy use for
pumping as an alternative to existing diesel pumping applications. This may include
activities that:
• Demonstrate approaches that overcome barriers and reduce costs of renewable energy
pumping technologies; or
• Develop understanding and demonstrate benefits of irrigation system design and practices
as they relate to improved use of renewable energy pumping technologies.

Reasoning

Water pumping applications, as a significant energy user within the water sector, represent a
significant opportunity for the use of renewable energy to replace current pumping energy sources
including diesel, LPG and grid supplied non-renewable electricity. The nature of agriculture and
irrigation means that much of the sector is disaggregated, and this represents an opportunity for
further cooperation and aggregation to overcome energy issues affecting the sector as a whole,
including the ability to have demonstration projects which can catalyse uptake of renewable energy
pumping. A good opportunity exists to use renewable energy pumping systems for irrigation
purposes as farmers are increasingly exposed to high electricity and diesel prices which contribute
to high cost of pumping. Significant opportunity also exists to overcome challenges associated with
seasonality of irrigation practices.
As well as agriculture and irrigation, water pumping accounts for the most significant energy use
component of urban water supply and distribution. Good opportunity exists to use renewable energy
to offset energy supply currently used for pumping, particularly in those pumping applications which
are subject to higher prices or in off-grid applications where the cost of pumping is higher.
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Water pumping forms a significant portion of energy use in irrigation and agriculture. It is estimated
that across a total of three hundred million irrigated hectares globally, 62TWh is expended annually
in pumping irrigation water (UNESCO 2014). In Australia 12,000GL (65%) of all bulk water is used
on farms (ABS 2014) and this is predicted to rise to more than 20,000GL by 2050. As an example of
the scale of the energy use for water pumping in agricultural environments, audits of farms in NSW
show that between 50 and 80% of the total energy bill relates to pumping (NSW Farmers Association
2013).
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BIOENERGY IN WASTEWATER TREATMENT
Improved utilisation and generation of bioenergy in wastewater
treatment applications.
Focus is on supporting increased utilisation and development of bioenergy in
wastewater treatment processes. This may include activities which:
• Support the use of co-digestion for increased biogas production through:
 demonstrating the viability and overcoming barriers to co-digestion of different waste
feedstocks such as residential and commercial food wastes or agricultural wastes for
anaerobic digestion;
 assisting with aggregating, processing and characterising co-digestion feedstocks and
potential sources for co-digestion including potential business models for waste diversion;
• Demonstrate the benefits of biogas storage technologies for improved viability of biogas
projects through greater flexibility in biogas electricity generation profiles;
• Support greater understanding, overcome barriers and reduce costs of biogas treatment and
scrubbing to reduce costs and improve project viability; or
• Demonstrate and develop alternative algae wastewater treatment processes or biofuel
production at wastewater treatment facilities that improve bioenergy potential.

Reasoning
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The wastewater sector is the most significant user of energy in urban water supply, as well as also
being present within the agricultural sector for consolidated livestock agriculture. As more stringent
discharge regulations come into play, and larger numbers of people are served by wastewater
treatment plants, the amount of energy required will increase. The UN estimates (excluding pumping)
that 0.62-0.87 KWh/m3 is required for wastewater treatment (UNESCO 2014) and it is estimated
that electricity costs account for some 40% of all operational costs in wastewater treatment plants
(UNESCO 2015).
An emerging technology is the use of algal biomass within the wastewater treatment process. This
algae captures carbon dioxide, releases oxygen, and produces biomass which may be converted into
biodiesel. It can also reduce nitrogen and phosphate in the final waste stream (Bhatt et al 2014).
In Australia renewable energy is commonly sourced from biogas produced from the anaerobic
digestion of wastewater sludge. Approximately 55% of Australia’s wastewater treatment plants are
capturing biogas and generating bioenergy (S Cook et al 2012, K Simmonds & J Kabouris 2012), and
there is an opportunity for the increased use of biogas as renewable energy for existing and new
wastewater treatment facilities.
The opportunity to realise additional biogas renewable energy opportunities may be supported by
overcoming barriers to uptake which can include inadequate biogas production, insufficient value
of offset of electricity due to existing electricity tariff rates and the cost as well as uncertainty of
biogas composition and treatment. Opportunities to overcome these barriers (able to be influenced
by ARENA) may lie in co-digestion to increase biogas production, as well as biogas storage to allow
flexibility to offset higher peak electricity tariffs. Such measures may also improve the viability of
small-scale biogas facilities which may not prove viable due to low biogas resource availability.

STORAGE TECHNOLOGIES
& DEMAND MANAGEMENT
Improved use of energy storage technologies and practices to increase
renewable energy use in water pumping applications.
Focus is on supporting increased utilisation and development of energy storage
technologies and practices to improve the use of renewable energy in water pumping
applications. This may include activities that:
• Address barriers to higher penetration of renewables through pilots and demonstration
activities that apply storage in off-grid and fringe-of-grid water pumping applications;
• Demonstrate the benefits and means by which pumped water storage can overcome
intermittency issues with renewable energy pumping technologies; or
• Overcome barriers that restrict flexibility of timing of water pumping practices so as to
allow renewable energy pumping technologies to pump at times coinciding with renewable
energy generation profiles.

Advanced battery storage systems will help with the integration of solar and wind power through
their ability to manage frequency variations and handle peak loads. New storage systems are rated
as one of the top 12 disruptive technologies that have the potential to drive economic impact and
disruption (Mckinsey Global Institute 2013). The water sector has demonstrated flexibility in the
ability to shift loads for demand management for variable electricity tariffs. Additionally, the water
sector has a unique ability to use water as a storage medium to change the timing of pumping
activities to take advantage of lower cost off-peak electricity for pumping, to replenish high level
storages. Good opportunity lies in the use of these practices to allow for increased renewable energy
penetration through these and other similar practices, as opposed to the use of more expensive
storage technologies.
Energy storage technologies and practices were rated as having high potential and high value
through the stakeholder surveys and workshops, particularly in terms of their integration with
renewables. The benefit of storage technologies and applications was viewed as important in
overcoming the intermittency and infrequency of irrigation practices.
The water sector, and in particular agriculture, has a significant proportion of off-grid and fringe
of grid water pumping applications as well as intermittent and/or strong seasonality of pumping
applications. The use of storage technologies to allow greater use of renewables represents a
significant opportunity particularly within these applications that ARENA is able to influence.
The irrigation sector has many constraints which reduce flexibility in the timing of water pumping
applications, including dictated times of water pumping through water licensing requirements and
also timing of irrigation practices to both maximise crop yield and minimise evaporative losses. An
opportunity exists to integrate irrigation and water pumping practices with the generation profile
of intermittent renewables, including solar PV and small-scale wind. The use of improved storage
technologies is expected to improve the viability of many renewable energy pumping technologies,
and lead to increased use of this technology.

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
EXECUTIVE SUMMARY

Reasoning

iv

WATER SPECIFIC TECHNOLOGIES
Renewable energy technologies, or applications of technologies and/or
processes, for water pumping and irrigation applications.
Focus is on understanding and supporting renewable energy technologies which have
distinct advantages or opportunities specifically within the water sector due to its
unique characteristics and water presence.
This may include activities for the following selected renewable energy technologies:

Mini-Hydro
• Overcome barriers to greater deployment of renewable mini-hydro opportunities, in particular
for new infrastructure and water distribution and irrigation water supply;

Floating Solar PV
• Overcome barriers and provide greater understanding for floating solar technologies, including
the quantification of incidental benefits such as improved solar performance, reduced algal
growth and evaporation reduction as well as assessment of the potential scale and applicability
of the technology within Australia; or

Small-Scale Desalination
• Identify the potential for use of emerging renewable energy technologies for small scale
desalination plants or alternative water production for drought resistance. Applications may
include technologies such as wave, tidal, ocean, solar thermal and geothermal.

Reasoning
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There is evidence that the water-energy nexus is shifting internationally and an opportunity exists
to shift this nexus in Australia by determining ways that the sector specific advantages of the water
market is able to use water to produce or improve renewable energy production, as well as integrate
renewable energy directly into its operations.
Specifically both mini-hydro and floating solar represent two technologies capable of using water for
improved renewable energy production, mini-hydro by generating electricity from water, and floating
solar by being able to reduce evaporative water losses whilst simultaneously improving electricity
generation efficiency from solar PV panels.
Internationally there are a growing number of examples of floating solar installations, and there is
broader interest in the wider water sector benefits of the technology, whilst also highlighting that
limited experience and knowledge exists for evaluating new installations.
For remote areas, or those affected by drought or poor quality groundwater, the integration of
renewable energy technologies for small-scale desalination may be useful to offset the energy costs
associated with these typically high energy use applications.
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PREAMBLE

This report also contains the results of multiple stakeholder
engagement sessions, which focus on the current state of

renewable energy in the sector, as well as an analysis of
potential growth areas for renewable energy in the sector.
In collaboration with ARENA, these potential growth areas
were distilled to a small number of priority areas which are
compatible with ARENA’s legislated objectives.
We would like to acknowledge the following organisations,
who have taken an active role in our stakeholder
engagement process:

Australian Renewable Energy Agency (ARENA)
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National Irrigators Council

Barwon Water
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Brookglen Farms

Pioneer Valley Water

City West Water
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Coliban Water

RMIT University

Cotton Australia

SA Water

Degremont Australia (Suez)

Si Clean Energy

Department of Environment, Land, Water & Planning

South Australia Farmers Federation

East Gippsland Water

Southern Rural Water

Gosford City Council

Sydney Water Corporation

GWM Water

TasWater

Hunter Water Corporation

Water NSW

Icon Water

Water Services Association of Australia (WSAA)

Irrigation Australia

Yarra Valley Water

 Water
 Energy

We would also like to acknowledge the stakeholders who participated in the survey and provided valuable input throughout
the study, including the participating organisations as members of the AWA, WSAA, National Irrigators Council and Irrigation
Australia.

CONTACT DETAILS
BECA

ARENA

Wayne Goodwin
Lead Engineer – Energy &
Renewables
Phone: +61 2 8216 4615
Email: wayne.goodwin@beca.com
www.beca.com.au

Project and programme
information
Phone: +61 2 6243 7054
Email: proposals@arena.gov.au

General enquiries
Phone: +61 2 6243 7773
Email: arena@arena.gov.au
www.arena.gov.au

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
PREAMBLE

This report was commissioned by the Australian Renewable
Energy Agency (ARENA) to identify priority areas for ARENA
funding to support growth of renewable energy in the
Australian water sector. This report details the extent of
renewable energy penetration within major areas of the
water sector and identifies trends, both locally and globally,
of water sector renewable uptake.
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1

INTRODUCTION

1.1

ENERGY AND WATER: A COMPLEX NEXUS

The energy and water nexus describes the complex
interdependent relationship of energy and water systems. The
supply, treatment and distribution of water has a significant
energy footprint. Conversely, energy production requires a
significant consumption of water, giving rise to a growing
international focus on water-energy nexus which is a term for
the relationship between these two important utilities.

As a vital component of the Australian economy and
livelihood, the water sector plays an important role in
providing water supply and treatment to residential,
commercial, industrial and agricultural sectors. Because
of the significant energy use within this sector, and the
clear advantages and unique characteristics of this sector,
significant opportunities exist for renewable energy.

The challenges which are faced globally in the efforts to
provide increasing amounts of water and energy to meet our
growing needs are not isolated, and our climate and country
specific conditions means that the interdependence of energy
and water has its own unique challenges and opportunities
in Australia.
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WATER

ENERGY

Figure 1 – The water-energy nexus with interdependence of water and energy

ABOUT ARENA

ARENA is the Australian Renewable Energy Agency, a
commercially oriented agency established on 1 July 2012 by
the Australian Renewable Energy Agency Act 2011.
ARENA has two legislated objectives, outlined as follows, to:
• improve the competitiveness of renewable energy
technologies
• increase the supply of renewable energy in Australia.
ARENA’s timeframe for delivering its objectives is 2022, with
the intent to provide competitive energy solutions up to
2030-40.

In order to achieve its objectives, ARENA has approximately
$2.5 billion in funding, which is legislated and extends until
2022. ARENA funds activities that are expected to advance
renewable energy technologies towards commercial readiness,
improve business models or reduce overall industry costs.
ARENA takes a portfolio approach to investments, supporting
activities along the innovation chain from research in the
laboratory, to large-scale pre-commercial deployment
activities. As a part of this approach to investment, ARENA
provides funding and knowledge sharing generally to
pre-commercial activities in order to help catalyse the
development and deployment of renewable energy within
Australia. An overview of where ARENA invests in the
development chain is shown in the diagram below.

Figure 2 – ARENA funding through the development chain
In recognising the excellent potential that the water sector
represents for increasing the use of and reducing the cost
of renewable energy within Australia, ARENA has chosen to
investigate the opportunity for water sector specific funding
and knowledge sharing priority areas which may help to
increase the supply and improve the competitiveness of
renewable energy in Australia.

In order to identify specific priority and focus areas within the
Australian water sector, ARENA has commissioned Beca to
undertake a process of investigation and broad stakeholder
engagement in order to provide a logical and informed basis
for prioritising funding for renewable energy projects. The
basis of this process is as outlined within this report and
broadly consists of the following activities to inform the
ARENA priority areas within the Australian water sector.
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1.3

ARENA IN THE AUSTRALIAN
WATER SECTOR

Renewable energy use within the water sector can be
categorised as water sector specific, or as general renewable
energy technologies. Water specific technologies include
those renewable energy technologies for which the fuel
source or application is related to the water sector and/or
unique advantages are obtained by using the technology
specifically within water sector. General renewable energy
technologies are those where the water sector and is
generally equally viable across a range of sub-sectors and
applications, and the generation of the renewable energy
itself has no specific advantages due to the characteristics of
the water sector or it’s processes. These two categories are
summarised as follows:
• Water sector specific renewables includes technologies such
as hydro, biogas, pumped water storage or floating solar
technologies which may offer advantages to the water
sector where existing water bodies are already present.
• General renewable technologies are where the renewable
energy resource, or energy profile, (for example, solar and
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wind) is typically independent of water sector processes
and applications, and no specific advantages are attained
through using the technology within the water sector
specifically, outside of those advantages which are common
to a number of different sectors.
The ARENA priority setting process is used to prioritise grant
funding and knowledge sharing activities that reflect ARENA’s
legislated objectives to increase the use of and decrease
the cost of renewable energy within Australia. Significant
opportunity exists for ARENA to influence renewable energy
use and development within the water sector, by not only
using renewable technologies to offset non-renewable energy
sources, but also by exploiting the unique characteristics and
inherent energy available in water processing activities in
order to generate renewable energy directly.
This report outlines those priority areas within the water
sector which are believed to demonstrate the best
opportunity for ARENA to have an influence in improving the
cost competitiveness and increasing the use of renewable
energy supply within the Australian water sector.

Figure 3 – The ARENA funded Perth Wave Energy Project by Carnegie Wave Energy Limited has ability to produce
desalinated water supply from renewable ocean energy

CASE STUDY 1
CANAL TOP SOLAR PV INDIA

PROJECT TYPE: CANAL-TOP SOLAR PV
PROJECT STATUS: COMPLETE

Description
The canal-top solar PV project was launched in the state
of Gujarat India, with its initial pilot project, a 1MW plant
in the Mehsana district, commissioned in April 2012.
The 1MW plant covers a 750 meter stretch of the Narmada
canal and is projected to generate 1.6 million kWh of
electricity and prevent the evaporation of approximately
9 million litres of water annually from the canal.
Commissioned by Sun Edison India, the capital cost of the
pilot project was approximately $2.8 million USD.
Upon the pilot projects success, a 10MW plant was
constructed near the city of Vadodara and begun
generating in November 2014. The 10MW plant spans 3.6
km of the Narmada canal and is forecast to produce 16.2
million kWh of electricity each year. The cost of the plant
was $18.3 million USD including 25 years of operational
and maintenance costs with this being recoverable within
13 years.

Key benefits
The key benefits of canal-top solar PV installations are:
 Reduced cost of land acquisitions when compared to
ground-mounted solar PV installations
 Reduced canal water evaporation resulting in water
savings
 Increased solar PV panel efficiency due to the cooling
effect of being positioned over a body of water

Challenges
The challenges of implementing canal-top solar PV
installations are:
 Increased capital cost due to additional array support
structures required to span the canal
 Attaining optimum panel angles with canal orientation
 Panel cleaning and maintenance in dusty environments
and over long installation areas
 Installation security and protection from vandalism

Both canal-top solar PV projects generate and export electricity to the
state grid while meeting the demand of local irrigation pumping stations.
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LIMITED (SSNNL)
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INVESTIGATION METHODOLOGY

2.1

OVERVIEW

In order to help ARENA determine investment priority areas
within the Australian water sector, the following investigation
approach was used :
• Understanding energy use within the water sector, including
current renewable energy use
• Identifying and understanding barriers and opportunities for
improved renewable energy use
• Testing, analysing and evaluating the potential for ARENA
to influence the identified renewable energy opportunities.
With this investigation approach, a methodology was
employed to evaluate the renewable energy potential based
upon the following key activities:
• Literature review and desktop study of the international
and Australian water sectors for development of initial
hypotheses for renewable energy opportunity priority areas
• Broad stakeholder engagement for input, analysis and
review of priority areas
• Multi-criteria analysis for evaluation of opportunities and
ARENA’s ability to influence and overcome barriers to
improve renewable energy use within the Australian
water sector.
An overview of specific activities undertaken during the
course of the study is outlined in this section with a graphical
representation of the process in Figure 5.

2.2
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PRIORITY SETTING HYPOTHESES

Based upon existing industry information and the preliminary
findings of the initial literature review, a priority areas
hypothesis was formulated to help guide the investigations
and stakeholder engagement process. The initial hypothesis
areas developed were intentionally broad in nature and
covering a wide range of both technologies and applications,
so as to provide a large base to test during the stakeholder
engagement process. These initial hypotheses were tested
during the course of this study, to help develop and
determine the recommended priority areas, based upon
evidence and information gathered and analysed.
An overview of the general process for determining suggested
ARENA priority areas within the Australian water sector, as
well as an overview of the initial priority areas hypotheses is
included in Appendix A – Priority Setting Process.

2.3

LITERATURE REVIEW AND 			
DESKTOP STUDY

2.3.1

International Water Sector Literature 		
Review

A literature review of the international water sector was
undertaken in order to understand current market trends and
practices as they may be relevant to the Australian water sector.
The predominant aim of the international literature review was
to provide a comparison to the Australian market in order to
understand any emerging areas which may influence or present
opportunities for renewable energy use locally.
As a part of this study, a wide range of information sources
were reviewed and there was engagement with international
water sector stakeholders who have demonstrated significant
progress in the use of renewable energy in the water sector,
such as the Sonoma County Water Agency. The process,
results and findings of the international water sector
literature review are provided in Appendix B1 - International
Water Market Literature Review.

2.3.2

Australian Literature Review

A literature review of the Australian water sector was
undertaken in order to baseline the current energy trends
within the sector and to understand the current level of
development of renewable energy use. The review also
focused on future energy use, as well as identifying those
opportunities which show good potential for improved use
of renewable energy. . As a part of this study, a wide range
of information sources were reviewed, including a review of
existing ARENA project opportunities.
The process, results and findings of the Australian water
sector literature review is provided in Appendix B2 Australian Water Market Literature Review.
As well as a part of the Australian water sector literature
review, an analysis and review of current renewable energy
projects within the sector was undertaken in order to identify
those projects which are currently implemented, as well as to
gain an understanding of those projects which are currently
being planned or investigated, in order to understand where
new project opportunities and technologies may exist.
An overview of the current status and project opportunities
for renewable energy projects in the Australian water sector
is provided in Appendix B3 - Australian Water Market
Renewable Energy Projects.

International Water Market Gap Analysis

In order to understand the differences and relevance of
the international experience a gap analysis was undertaken
to compare the level of renewable energy development
between the Australian and international water sector, based
upon the findings of the international and Australian water
sector literature reviews.
The gap analysis was completed using a modified and
consolidated rating scale of both the globally accepted
benchmarking tool of Technology Readiness Level (TRL)
and the ARENA developed Commercial Readiness Index
(CRI), to help communicate the level of maturity of the
particular technology specifically within the water sector. The
analysis process aimed to present a broad overview of those
technologies which represent a good opportunity to improve
technology maturity and have an impact on renewable
energy use within the Australian water sector.
An overview of the gap analysis methodology and findings is
provided in Appendix B4 – International Water Market Gap
Analysis.

2.4

STAKEHOLDER ENGAGEMENT

In parallel with the literature review, broad stakeholder
engagement processes were undertaken at various stages of
the project in order to help understand, identify and verify
priority areas for renewable energy use within the sector.
The stakeholder engagement process was undertaken with
a focus on achieving the following primary goals throughout
the consultation period:
• Identify current energy use and practices
• Understand renewable energy project investigations
and activities

• Understand barriers and opportunities to renewable
energy use
• Determine the level of industry participation and
cooperation
• Gain further detailed information and insights
• Bring together water sector stakeholders to share
knowledge on energy and renewables projects
• Help determine water sector stakeholder views on
hypothesised ARENA priority areas
• Achieve greater engagement between ARENA and the
Australian water sector.
In order to achieve these goals, the stakeholder engagement
process consisted of the following key activities and
processes:
• Online surveys
• Stakeholder engagement and knowledge sharing
workshops and webinars
• Stakeholder interviews
• Stakeholder inclusion phase in the multi-criteria
assessment process
• Stakeholder draft report feedback and consultation.
Throughout the stakeholder engagement process, a broad
range of stakeholders were consulted from a wide range of
water sub-sectors, business types and backgrounds. In order
to maximise the reach and engagement with a broad range
of stakeholders, industry bodies were also consulted as to
effectively engage with their membership base.
A detailed overview of the stakeholder engagement process,
activities, findings and results is as outlined in Appendix C –
Stakeholder Engagement Process.

Figure 4 - Workshop participants undertake exercises at the Sydney workshop
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2.5

ANALYSIS AND REVIEW:
MULTI-CRITERIA ANALYSIS

In order to analyse and evaluate the potential for different
renewable energy opportunities, a multi-criteria analysis
(MCA) was undertaken based on performance criteria which
were selected and weighted based upon the evaluation
criteria used to develop ARENA’s investment planning.
The initial phase of the MCA was undertaken internally
within Beca and ARENA, with the intent to determine the
analysis criteria and to perform an independent evaluation
of the various renewable energy opportunities with respect
to ARENA’s stated goals and objectives. The process was
then repeated with selected water sector stakeholders in
order to independently assess the outcomes and allow for
industry input and participation in the overall process.
The outcomes of the multi-criteria analysis were then
reviewed in the context of the information gathered from
the literature reviews and stakeholder engagement stages
in order to help formulate the priority areas for renewable
energy in the Australian water sector.
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Figure 5 – Flowchart of overall investigation methodology

A detailed overview of the methodology, results and analysis
of the multi-criteria assessment is provided in Appendix D –
Renewable Energy Opportunities Multi-Criteria Analysis.

2.6

REPORTING AND TESTING

Based upon the process undertaken as a part of this study,
an analysis was undertaken to determine those draft priority
areas which are proposed for the purposes of establishing
a general framework for communication with the market,
assessment of project applications and the development of
knowledge sharing plans and activities.
The draft priority areas were then reviewed by both
ARENA and selected participating stakeholders engaged
throughout the study in order to help ARENA identify
priority areas which represent the best potential to benefit
from ARENA investment in both funding and knowledge
sharing activities.

CASE STUDY 2
FLOATING SOLAR PV JAPAN AND AUSTRALIA

PROJECT TYPE: FLOATING SOLAR PV

Key benefits
The key benefits of floating solar PV installations are:

PROJECT STATUS: COMPLETE (JAPAN), ON-GOING
(AUSTRALIA)

 Increased solar PV panel efficiency due to cooling
systems used to improve panel heat derating
performance

Description

 Reduced water evaporation and reduction of unwanted
algal growth due to shading effects

Presently the world’s largest single floating solar PV
installation is installed in the Hyogo Prefecture of Japan.
Commissioned by Kyocera TCL Solar LLC in June 2015,
the 2.3MW plant is capable of delivering approximately
2,680MWh of electricity into the local grid each year at a
cost of $780,000 USD to the local power utility.
Australia’s first floating solar PV installation is located in
Jamestown, South Australia. Commissioned by Infratech
Industries in April 2015, the first stage of the greater
4MW plant is used to demonstrate the capabilities of
the technology within Australian and to an international
audience. The plant floats on sewerage water near the
councils waste water treatment facility and once all
proposed stages are completed it is expected to power
the entire waste water treatment facility with excess
power exported for council and other community energy
requirements.

 Reduced cost of land acquisitions when compared to
ground-mounted solar PV installations

Challenges
The challenges of implementing floating solar PV
installations are:
 Increased capital cost due to constructing support
frame barges and incorporating waterproofing
measures on panels
 Panel cleaning and maintenance including associated
safety issues
 Maintaining of optimum orientation on water surfaces

Capable of delivering approximately 2,680MWh
of electricity into the local grid each year

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
2 INVESTIGATION METHODOLOGY

OWNER: KYOCERA TCL SOLAR LLC (JAPAN) /
NORTHERN AREAS COUNCIL (AUSTRALIA)
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3

KEY FINDINGS & OUTCOMES

The following section outlines the key findings from each
stage of the investigation which were identified and
considered in determining the overall priority areas for the
study.

as a gap analysis performed, in order to understand where
good potential exists for the increased use of renewable
energy within the Australian water sector.

Full details of all findings and results from each stage of the
study are outlined in Appendix B, Appendix C and Appendix D.

Full details of the results and findings of the international and
Australian water sector literature reviews can be found in the
following appendices:

3.1

• Appendix B1 - International Water Market Literature Review

LITERATURE REVIEW

The following table outlines some of the key points and
trends that were identified specifically in relation to the use
of renewable energy within each of the water sub-sectors
reviewed for both the international and Australian water
sectors. The key trends and information was analysed as well

• Appendix B2 – Australian Water Market Literature Review
• Appendix B3 - Australian Water Market Renewable Energy
Projects
• Appendix B4 – International Water Market Gap Analysis.

Table 1 – Summary of literature review key findings
WATER SUB-SECTOR

INTERNATIONAL

AUSTRALIA

Raw Water

• Significant large-scale
hydroelectric power facilities

• Most large-scale hydroelectric power opportunities
realised with limited opportunities existing for new largescale hydro

• Growing trend in use of floating
solar PV

• Existing hydroelectric generation heavily dependent
upon rainfall and significantly affected during periods of
drought
• Growing interest in floating solar PV technology, including
pilot scale deployment

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
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Desalination

• Growing development of direct
solar PV power large-scale
desalination facilities
• Growing interest in direct thermal
desalination including solar
thermal and geothermal
• Approximately 1% of global
desalination supplied by
renewable energy sources

• Limited expected medium term development of largescale desalination facilities
• Existing desalination facilities energy use is largely offset
with GreenPower and other grid supplied renewable
energy sources
• Growing potential for small-scale desalination facilities for
alternative water sources for farming practices

Water Distribution

• Growing use of small-scale hydro
for energy recovery

• Growing use of small-scale hydro for energy recovery

Wastewater

• Wide use of biogas facilities with
many facilities becoming net
energy neutral or even positive

• Approximately 34 MW of biogas electricity generation
facilities at urban wastewater treatment plants

• Growing use of biogas as a
transport and pipeline gas fuel
• Growing use of latent heat in
sewage systems for building
heating

• Growing research and interest in algae as an alternative
wastewater treatment process
• Growing interest in co-digestion as a means to boost
biogas production, particularly for small wastewater
facilities

Table 1 (cont.) – Summary of literature review key findings
Water Recycling

• Increasing use of water recycling
and alternative water treatment
methods

Irrigation &
Agriculture

• Significant potential for increased • Largest consumer of freshwater in Australia
use of remote renewable pumping
• Strongly seasonal water usage trends a profiles depending
technologies in off-grid areas
upon crop and livestock farming practices
• Growing use of bioenergy
• High cost of electricity and/or diesel for off-grid and fringe
resource through utilisation of
of grid locations for water pumping activities
crop waste as feedstock
• Significant existing use of bagasse fired biomass power
generation facilities in both NSW and QLD

Figure 6 – Hydroelectric power supplies the majority of the renewable energy internationally and in Australia

3.2

STAKEHOLDER ENGAGEMENT

The stakeholder engagement stage identified a number
of key trends and findings from both a renewable energy
technical perspective and also from a project development
perspective in relation to identifying those projects which are
currently under investigation, planning or development.
Analysis for the stakeholder engagement stage of the
investigation was primarily carried out by analysing the results
from the two primary water sub-sectors being both urban

water and agriculture & irrigation. This separation of analysis
was undertaken in consideration of the different specific
factors and challenges affecting each sub-sector, so as to
ensure that these were properly understood and investigated.
Full details of the stakeholder engagement process, findings
and results are provided in Appendix C – Stakeholder
Engagement Process.
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3.2.1

Renewable Energy Technologies

The below table represents the key findings and results from the stakeholder engagement process for each main sub-sector as
it relates to the different types of renewable energy technologies.
Table 2 – Summary of stakeholder engagement key findings and outcomes
RENEWABLE ENERGY

URBAN WATER

AGRICULTURE & IRRIGATION

Solar PV

High interest in solar PV technology, with
a significant uptake in conventional solar
PV applications including rooftop and
ground mount.

High interest in conventional solar PV technology,
however with a much lower installation rate
compared to the urban water sector. Typically the cost
of electricity is higher for the agricultural sector than
that of the urban water sector, and hence reduced
uptake is likely to be for reasons other than lower
return on investment.

There is a significant interest in floating
solar applications, however with very
limited uptake aside from one installation
in Jamestown, SA. Stakeholder feedback
suggests that little information is known
about the technical performance and
benefits of floating solar making feasibility
assessment challenging.

Bioenergy

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
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Limited interest in solar/diesel hybrid likely
due to good access to electricity grid.

There is limited interest in both floating solar
applications and solar/diesel hybrids, with the vast
majority of respondents never considering these
technologies. Lower interest is expected to be
primarily due to lack of knowledge of technology
as well as lower applicability due to no presence
of existing infrastructure such as dams or diesel
generating sets for many respondents.

High interest in biogas with a high uptake
in applications including cogeneration and
direct heating.

Low interest in bioenergy technologies with no
responded examples of use of bioenergy from survey
respondents.

Applications of co-digestion and biogas
storage show lower uptakes and
consideration and may represent good
opportunities to increase viability of biogas
embedded power generation on sites
where feasibility of the project is reduced
due to low biogas production.

Vast majority of respondents have not considered
bioenergy applications, likely due to reasons of the
lack of a bioenergy resource and knowledge of the
technology.
Agricultural interest in bioenergy is predominantly
limited to waste streams associated with high density
livestock or consolidated crop wastes.

Despite moderate interest in biofuel and
algal technologies, uptake is still low and
primarily limited to research and trials as
this technology is not yet commercially
demonstrated at large scale.
Hydro

High interest and moderate uptake in
small-scale hydro. Highest interest in
in-conduit hydro correlating with lowest
uptake suggesting that this is an emerging
area of interest to water utilities.
Low interest in larger scale hydro (>1MW)
suggesting that fewer larger hydro
opportunities exist within the market with
most already being realised.

Wind

High interest in small-scale wind but with
very low uptake with cost, regulatory
and performance barriers noted as main
reasons.
Low interest in large-scale and wind/diesel
hybrid technologies.

Low interest in hydro opportunities with majority of
respondents indicating that the technology is not
applicable to their business.
Low uptake of hydro applications, limited primarily
to large scale irrigation authorities for irrigation
distribution.

Low interest in electricity generating wind
technologies overall. Moderate uptake of direct
windmill applications for pumping. Technical/
performance issues noted as primary barrier,
suggesting that challenges may lie with technology
knowledge and also intermittency of supply.

Table 2 (cont.) – Summary of stakeholder engagement key findings and outcomes
RENEWABLE ENERGY

URBAN WATER

AGRICULTURE & IRRIGATION

Geothermal/Ocean/
Biomass

Low interest and activity in geothermal,
ocean and biomass energy technologies.
All technologies not expected to present
significant opportunities to the water
sector.

Low interest and activity in geothermal, ocean and
biomass energy technologies.
Geothermal and ocean technologies not expected to
present significant opportunities to the water sector.
Availability of biomass from crop waste and use of
energy crops may present some potential to the
agricultural sector, however respondents indicated
little interest or activity in this area.

High perceived benefit of battery storage
and moderate perceived benefit of both
biogas and pumped hydro storage.

High perceived benefit of battery storage and
moderate perceived benefit of pumped hydro storage.
Benefit of storage technologies/applications viewed
as important in overcoming intermittency and
infrequency of many irrigation applications which are
seasonal in application.

Figure 7 – Floating solar PV installation at Jamestown wastewater treatment plant. There is growing interest in floating solar
PV technologies from Australian water utilities.
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3.2.2

Renewable Energy Projects

The following word cloud provides a graphical representation
of the prominence of words provided by stakeholders
in relation renewable energy projects currently being
investigated, planned or under development. The word cloud
gives greater prominence to words which occurred more
frequently from stakeholders so as to provide some insight
into current renewable energy projects and ambitions.

Figure 8 – Word cloud of current Australian water sector renewable energy project opportunities
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CASE STUDY 3
CO-DIGESTION FOR WASTE TO ENERGY AUSTRALIA
OWNER: YARRA VALLEY WATER

Key benefits

PROJECT TYPE: CO-DIGESTION

The key benefits of a co-digestion with biogas plant
installation are:

PROJECT STATUS: NEARING CONSTRUCTION

 Improved biogas production rates improving project
viability

Yarra Valley Water intends to construct and commission
a commercially viable waste-to-energy plant utilising codigestion for increased biogas production. The waste to
energy facility is to be built within the boundary of the
existing Aurora sewerage treatment plant in Wollert, north
of Melbourne, and will be the pilot project for the water
authority to pursue renewable energy usage and reduced
dependency on the local electricity grid.
The waste to energy facility will on average process 100m³
of organic waste every day trucked in from waste and
processing facilities otherwise destined for landfill. The
organic waste will be co-digested along with sewerage
sludge to produce biogas and digestate. The biogas will be
used to fuel a combustion engine that drives a generator
to produce combined heat and power (CHP) used to
heat the waste to energy facility and power the adjacent
sewerage treatment plant and water recycling facility
with any excess electricity being exported to the grid. The
remaining inorganic digestate possesses nutrients can
potentially be on-sold as a low cost farming fertiliser.

 Reduced dependency on fossil fuelled electricity
imported from the grid
 Reduced organic wastes ending up in landfill from
third-parties and potential additional revenue stream
through gate fees
 Realistic opportunity to export electricity back into
the grid to generate revenue

Challenges
The challenges of implementing a co-digestion with biogas
installation are:
 Biogas treatment procedures
 Need to transport in organic waste from external sources
and waste segregation
 Changed anaerobic digester performance and chemistry
 Compliance with local council and environmental permits

The biogas will be used to fuel a combustion engine that drives
a generator to produce combined heat and power

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
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3.3

MULTI-CRITERIA ANALYSIS

The multi-criteria analysis process evaluated a wide range
of renewable energy technologies and processes in order
to identify those opportunities which represent the best
potential to the Australian water sector. In undertaking this
process, renewable energy opportunities were ranked as
either ‘High’, ‘Medium/High’, ‘Medium’, ‘Medium/Low’ or
Low. The multi-criteria analysis was conducted with three
main stakeholder groups including an ‘in-house’ assessment
conducted collaboratively between Beca and ARENA, and
two external stakeholder groups including representatives
from both the urban water sector and the agriculture and
irrigation sector.

As an outcome of the multi-criteria analysis, the aggregated
ranking scores were divided into seven overall performance
potential scores: “Very Low”, “Low”, “Low/Medium”,
“Medium”, “Medium/High”, “High” and “Very High” to
help identify which of those opportunities were believed to
represent the highest value. The results of the multi-criteria
analysis were further assessed for those opportunities
rated as medium/high or greater, and evaluated as to
their potential based upon the trends and current status
determined from the literature review and information
gathered from the stakeholder engagement stage.
A summary of performance criteria and weighting used
to evaluate each renewable energy opportunities is
provided below.

Table 3 – Overview of performance criteria used for the multi-criteria analysis
PERFORMANCE
CRITERIA

CRITERIA BREAKDOWN

CRITERIA WEIGHTING

Likely Scale by 2030-40

• Technical Potential

22.5%

• Market Potential
• Degree of risk for path to competitiveness
• Impacts of barriers to uptake

Potential for Growth

• Potential for cost competitiveness to lead to higher uptake

22.5%

• Level of knowledge and experience to address barriers
• Ability for advances in knowledge to increase competitiveness
and increase penetration

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
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ARENA Investment
Influence

• Ability for ARENA to improve outcomes in this area

22.5%

Fit with ARENA
Portfolio

• Is potential influence already addressed in current portfolio?

22.5%

Other

For Example:
• Secondary benefits
• Current level of commercial development

In summarising the outcomes of the multi-criteria analysis for
those opportunities ranked ‘high’ and also categorising those
opportunities which are ranked medium/high, it becomes
evident that the highest ranked opportunities generally fall
into five main categories including:

• Renewable pumping
• Bioenergy in wastewater
• Storage/demand management
• Solar PV
• Micro-hydro

An overview of the specific technologies and practices as they are related to these identified categories is outlined in Table 4.
Table 4 – Summary of multi-criteria analysis key results and outcomes
OPPORTUNITY CATEGORY

RANKING

TECHNOLOGY/PRACTICE

Renewable Pumping

High

Renewable Pumping

Bioenergy

High

Anaerobic Codigestion

Medium/High

Biogas Cogeneration

Medium/High

Biogas Storage

Medium/High

Biomethane (Pipeline)

Medium/High

Algal Biofuel

Medium/High

Biomass Gasification

Medium/High

Battery Storage

Medium/High

Pumped Storage

Medium/High

Demand Management

Medium/High

Biogas Storage

Medium/High

Floating Solar PV

Medium/High

Rooftop Solar PV

Medium/High

Ground Mount Solar PV

Medium/High

Micro-Hydro

Storage/Demand
Management

Solar PV

Micro-Hydro

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
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4

PRIORITY AREAS

4.1.1

Determining the Priority Areas

The information base obtained during the literature review,
stakeholder engagement and multi-criteria analysis stage
was analysed in order to identify those opportunities which
represent the likely best potential to benefit from ARENA
funding and knowledge sharing activities.
In general, the investigation process used during the study
allowed for the identification, testing and analysis of those
renewable energy opportunities within the water sector in
order to provide proposed priority areas within the Australian
water sector for ARENA’s consideration. Specifically, the
following was considerations were taken into account when
reviewing the outcomes of each investigation stage:

Based upon the information gathered and tested from
the literature review and stakeholder engagement phases,
the structured multi-criteria analysis provided an analytical
means of assessing the potential renewable energy priority
areas against defined performance criteria consistent with
ARENA’s investment planning process. The information
gathered during the literature review stages and stakeholder
engagement stages provided an evidence base and
understanding of the market so as to assess and determine
recommended priority areas for ARENA’s consideration.
Specifically, the multi-criteria analysis process used the
evidence base to assess opportunities against the following
criteria:

Literature Review

• Likely scale of the opportunity by 2030-2040

The literature review provided insight into market
and renewable energy trends within the water sector
internationally and within Australia. A comparison of
international practices with those in Australia provided an
overview of the current status of our renewable energy
development compared to the international market and
provided an insight into potential growth areas or emerging
practices.

• Potential for growth

Additionally, the literature review provided insight into
current and historical renewable energy activity as well
insight project opportunities and barriers for increased
renewable energy use.

Stakeholder Engagement
OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
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Multi-Criteria Analysis

The stakeholder engagement outcomes provided an overview
of current market activities and opportunities as well as the
ability to test some of the initial findings of the literature
review and potential priority areas directly with the market.
In particular, the stakeholder engagement stage provided
significant insight to provide the following:
• Identification of current energy use and practices
• Understanding of renewable energy project investigations
and activities
• Understanding of barriers and opportunities to renewable
energy use
• Understanding of direct stakeholder interest in potential
ARENA priority areas and renewable energy opportunities
to help determine the scale of the opportunity

• Ability for ARENA to influence investment
• Fit within existing ARENA portfolio and existing
priority areas.
Additionally, the priority areas were reviewed in the
context of emerging trends and commercial readiness of
technologies, so as to determine those opportunities which
will likely benefit from support as they progress through the
technology and commercial readiness levels.

4.1.2

Proposed Priority Areas

The outcomes of all stages of the investigation process are
four proposed priority areas for ARENA’s consideration for
the Australian water sector which have been selected based
upon the outcomes of the evidence base and multi-criteria
assessment carried out during the investigation.
The four priority areas which are proposed for ARENA’s
consideration are outlined on the following page:

Proposed Priority Areas

Renewables in Water Pumping and Irrigation
Renewable energy technologies, or applications of technologies and/or processes,
for water pumping and irrigation applications.

Bioenergy in Wastewater Treatment
Improved utilisation and generation of bioenergy in wastewater treatment applications.

Storage Technologies and Demand Management
Improved use of energy storage technologies and practices to increase renewable energy use
in water pumping applications

Water Specific Renewables

Further detail on the proposed priority areas including details of potential focus activities and technologies are outlined in the
Executive Summary at the beginning of this report.
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or opportunities specifically within the water sector due to its unique characteristics and water presence,
including: mini-hydro, floating solar PV and small-scale renewable desalination.
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CASE STUDY 4
SOLAR THERMAL FOR DESALINATION,
ENERGY AND HORTICULTURE AUSTRALIA
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OWNER: SUNDROP FARMS

Key benefits

PROJECT TYPE: HYBRID SOLAR THERMAL AND
DESALINATION

The key benefits of canal-top solar PV installations are:

PROJECT STATUS: UNDER CONSTRUCTION

 Reduced cost of land acquisitions when compared to
ground-mounted solar PV installations

Description

 Reduced canal water evaporation resulting in water
savings

Sundrop Farms has developed a system that aims to
overcome the dependence on pumping fresh water and
importing electricity from the grid for the horticulture
industry. The system currently being installed in Port
Augusta, South Australia utilises a hybridisation of
technologies to produce combined heat and power (CHP)
and desalination.

 Increased solar PV panel efficiency due to the cooling
effect of being positioned over a body of water

The system uses an array of mirrors to direct the suns
energy to a centralised receiver that produces steam to
desalinate seawater for watering crops, drive a steam
turbine to generate electricity and provide heat to
greenhouse facilities for tomato crop production.

 Increased capital cost due to additional array support
structures required to span the canal

Challenges
The challenges of implementing canal-top solar PV
installations are:

 Attaining optimum panel angles with canal orientation
 Panel cleaning and maintenance in dusty environments
and over long installation areas
 Installation security and protection from vandalism

Aims to overcome the dependence on pumping fresh water and
importing electricity from the grid for the horticulture industry

GLOSSARY

TERM

MEANING

TERM

MEANING

ABARE

Australian Bureau of Agricultural and
Resource Economics and Sciences

MED

Multiple-effect distillation

AC

Alternating Current

MCA

Multi-Criteria Analysis

AD

Anaerobic Digestion

ML

Megalitre

AER

Australian Energy Regulator

MW

Megawatt

ARENA

Australian Renewable Energy Agency

NA

Not Available

ATES

Aquifer Thermal Energy Storage

NIC

National Irrigator’s Council

AWA

Australian Water Association

ORC

Organic Rankine Cycle

Beca

Beca Consultants Pty Ltd

PJ

Petajoule

CKB

City of Kalgoorlie-Boulder

PMSEIC

Prime Minister’s Science, Engineering and
Innovation Council

CRI

Commercial Readiness Index

PV

Photovoltaic

CSP

Concentrated Solar Power

QUU

Queensland Urban Utilities

DC

Direct Current

REC

Renewable Energy Credit

FOG

Fats, Oils and Grease

SRET

Small-scale Renewable Energy Target

GHG

Greenhouse Gas Emissions

TML

Technology Maturity Level

GJ

Gigajoule

TRL

Technology Readiness Level

GL

Gigalitre

UN

United Nations

kL

Kilolitre

US

United States

kW

Kilowatts

UV

Ultraviolet

kWh

Kilowatt Hours

WSAA

Water Services Association of Australia

LCOE

Levelised Cost of Electricity

WWTP

Waste Water Treatment Plant

LPG

Liquefied Petroleum Gas
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APPENDIX A –
PRIORITY SETTING PROCESS
PRIORITY SETTING PROCESS

TESTING THE HYPOTHESES

The ARENA priority setting process is used to prioritise grant
funding and knowledge sharing activities that reflect ARENA’s
legislated objectives to increase the use of and decrease
the cost of renewable energy within Australia. Based upon
existing industry information and the preliminary findings
of the literature review, a priority areas hypothesis was
formulated to help guide the investigations and stakeholder
engagement process. These hypotheses were tested during
the course of this study, to help determine the recommended
priority areas for ARENA’s consideration, based upon evidence
and information gathered and analysed.

The hypothesised priority areas were reviewed and tested
during the remainder of the literature review and also
during the stakeholder engagement stage through targeted
investigation and feedback from stakeholders through online
surveys, interviews and knowledge sharing workshops.

An overview of the general process for determining ARENA’s
priority areas within the Australian water sector is outlined
below.

SETTING THE HYPOTHESES
Technology Applicability
In order to determine the initial priority area hypotheses, a
renewable energy technology applicability assessment was
undertaken to broadly determine technology applications
relevant to different water subsectors. The applicability of the
technologies was based upon experience, knowledge and
the initial findings of the Australian and international water
sector literature reviews.

Details of the results and findings of these processes as
they relate to the hypothesised priority areas are outlined in
Section 4.

FINALISING PRIORITY AREAS
After considering all inputs from the literature review and
stakeholder engagement stages, a multi-criteria analysis was
carried out in order to select those priority areas which best
meet ARENA’s objectives. These selected objectives were then
further tested by stakeholder review and feedback, with any
relevant considerations incorporated before finalising the
selected priority areas.

Based upon the outcomes of the renewable energy
technology applicability assessment, industry information
and initial findings of the literature review, a number
of priority area hypotheses were developed believed to
initially demonstrate the most potential in meeting ARENA’s
objectives. The initial priority area hypotheses for testing and
evaluation during the course of this study are outlined in
Table A1.
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Table A1 – Initial priority area hypotheses
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APPENDIX B1 –
INTERNATIONAL WATER MARKET LITERATURE REVIEW
GLOBAL WATER MARKET OVERVIEW
Globally, there is considerable variation in the use of
water, with significant differences between developed and
developing countries. Whilst the global average for water
use is represented by 70% for agriculture, the split across
developed and developing countries is 30% and 82%
respectively.
Total worldwide water withdrawals are estimated at 4,000
km3. This figure is expected to rise to 5,500 km3 by 2050,
due to a growing population and rising living standards, with
an increasing focus on domestic and industrial consumption
[(UNESCO 2014), (Unturbe & Gomez 2014)].
These changes represent a large shift in the water sector
globally. Water infrastructure was traditionally constructed on
the assumption that there would be a continued availability
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of plentiful and cheap water and electricity (Christian-Smith
& Wisland 2015), however, as the more easily accessible
water sources become utilised to capacity alternate water
sources need to be accessed to ensure continuity of supply.
It is expected that, based on current demand predictions,
there will be a 40% water scarcity globally by 2030 (UNESCO
2015).
The impending changes of global water use have given
rise to a growing focus on what is known as the energy
and water nexus. This nexus describes the linkages and
interdependence of energy and water, and the implications
these connections have on these sectors, such as the reliance
on water for the generation of electricity and the requirement
for energy to pump and treat water (Ferroukhi et al 2015).
The consideration of this nexus brings to light many issues
involving food and energy production and their reliance on
water (Asian Development Bank 2013).

Figure B1 – Overview of the Water-Energy Nexus of global focus (Source: World Bank©)

RAW WATER
Most water withdrawals globally are from surface water sources, with around a quarter from groundwater.
Pumping forms the majority of energy demand from raw water, with exact levels depending on the area.
Floating solar PV is a relatively new trend which allows the utilisation of available space for generation with
reduced evaporation of water stores.

Overview

Energy Demand

Raw water is water that is found naturally in the environment,
excluding seawater, before it has undergone any purification
of treatment. Raw water can be categorised as either surface
water, such as that found in rivers lakes and dams, or ground
water, found in underground aquifers.

The primary energy demand for raw water supply is from
pumping. The method of pumping depends on the source of
the water and the distance to the point of demand.

Surface water is the predominant source of water globally, with
groundwater being more prevalent in areas where surface water
resources are not as readily available (de Gooijer et al 2008). This
balance is affected by climatic events such as drought, which
causes heavier use of alternate water sources (Gillis & Richtel
2015). Although groundwater is not as directly affected by
climate change, in many areas it is being depleted due to over
withdrawal and the use of non-renewable aquifers [(UNESCO
2015), (UNESCO 2012)]. In addition to these differences,
surface water often requires more extensive treatment than
groundwater to meet the required drinking water standards
(Pabi et al 2013).
The regulation of various water sources also differs across the
globe, depending on the region (UNESCO 2015). There is often
difficulty with cooperation when bodies of water are shared
between multiple countries, where differing national laws can
cause conflict (Cooley et al 2009), although there are examples
of water coordination mechanisms to manage these resources
(UNESCO 2015).
Increasing urbanisation, coupled with population growth and
associated changes in farming practices and food production,
subjects both surface and groundwater systems to pollution
including cross contamination and surface runoff [(Winter et al
1998), (Stehle & Schulz 2015)]. Raw water sources are generally
controlled by a mix of public and private entities, depending
on the regulatory framework of the region in which they are
located. Groundwater sources, particularly in rural areas, tend to
be less rigorously controlled.
Water source, topography
and distance significantly
impacts raw water pumping
costs

Hydropower is the world’s
largest renewable energy
source equating to about
20% of global electricity
generation

This energy for pumping is frequently provided from the
electrical network, however in irrigation, particularly with
groundwater, diesel and other fossil fuels are more commonly
utilised [(Martin et al 2010), (Zhu, Ringler & Cai 2007)] which
may suggest that they are areas of focus for the use of
renewable energy due to their typically higher operational costs.

Renewable Energy
The most prevalent source of renewable energy utilising raw
water sources is from large-scale hydroelectric generation
facilities. Hydroelectric pumped storage, allows the efficient
storage of electrical energy during times of low demand (NHA Pumped Storage Development Council 2014) enabling it to be
released when required. Alternatively, it is also becoming more
common to utilise smaller hydroelectric generation schemes to
generate electricity from sources of lower flow and lower head
pressure (Allen, Fay & Matys 2013).
It is also possible to utilise raw water indirectly, through aquifer
thermal energy storage (ATES). This system can result in 70%
recovery of stored energy, and is in wide use in some areas. It
can result in large energy savings and reduced environmental
impact [(Worthington, MA 2012), (Vos 2007)].
Solar PV can be a viable option for co-location at raw water
sources, both for pumped systems and in terms of utilising the
available surface water areas. In surface water storage, floating
solar installations are beginning to be constructed (Kyocera
Corporation 2014). These installations utilise the cooling effect
of water to produce more energy than a traditional surface
mounted panel, due to higher panel efficiency (Clark, L 2015).
The shade of the solar panels themselves also helps to lower the
evaporation rates of the water stored below. In groundwater
applications solar pumping systems are common and, in areas
such as India, are widely replacing conventional pumping
techniques [(Shah 2014), (Global Water Intelligence 2015)].

Approximately 25% of
global raw water supply is
supplied from ground water
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The total withdrawal of water from these raw water sources is
estimated to be around 4,000 km2 annually [(Amarasinghe &
Smakhtin 2014), (Pacific Institute, 2015), (van der Gun 2012)].
Of this water, 70% is used in agricultural applications, 20% for
industry and 10% for domestic use (UNESCO 2014). Of these
total withdrawals, approximately 1,000 km2 is extracted from
groundwater sources with the remainder sourced from surface
water sources [(UNESCO 2012), (van der Gun 2012)]. Total
withdrawals are expected to increase to over 5,500 km2 by
2050 [(Unturbe & Gomez 2014), (UNESCO 2014)].

The amount of energy used in pumping water will depend on
the topology of the area, the distance pumped and the source
of the water. Typically, using groundwater will be much more
energy intensive due to the need to lift water from its source
[(UNESCO 2012), (Griffiths-Sattenspiel & Wilson 2009)].
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WATER TREATMENT AND WATER RECYCLING
Water treatment requires different levels of energy depending on the treatment standards. Energy
requirements have grown over time as the standard of treatments increase. There are limited options for
renewable generation at water treatment facilities.

Overview

Renewable Energy

Water treatment encompasses the conversion of raw water,
from a source such as surface or ground water, to a standard
acceptable for human use. Water recycling also includes the
treatment of wastewater to a sufficient grade that it may be
redistributed for use, as drinking water or as a lower grade of
water for irrigation or industrial purposes. Where this reduces
the demand for treated water, it is referred to as potable
substitution. The level of treatment required depends on the
source of the water, with sources that contain a greater level
of contaminants, biological or otherwise, requiring greater

The processes associated with water treatment do not
generally have any particularly prevalent sources of easily
utilised renewable energy. As a result they tend to have a
lower uptake of renewable energy.
Where topography permits there have been examples of
small hydroelectric generation systems powering water
treatment plants (McNabola et al 2014).

levels of treatment [(Pabi et al 2013), (UNESCO 2012)].
Water treatment facilities are a mixture of privately and
publicly owned, with the largest more commonly owned by
public utilities.

Water treatment
requirements and energy
is heavily dependent upon
water quality and sanitation

Energy Demand
The energy required for the treatment of drinking water
can vary greatly depending on the source of the water
and the treatment type although the quantity of pumping
energy which is used solely in the treatment process is hard
to quantify from the available data (Ellito et al 2003). As
the requirements for drinking water standards increase, a
corresponding increase in energy use in water treatment is
being observed [(Pabi et al 2013), (Chang et al 2008)].

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
APPENDIX B1 - INTERNATIONAL WATER MARKET LITERATURE REVIEW

34

A rise in the use of recycled water is expected to drive an
increased demand for energy usage in this sector (ChristianSmith & Wisland 2015) and it is widely reported that
recycled water has an energy intensity around the same
or greater than that of groundwater [(Water in the West
2013), (UNESCO 2014)]. Depending on the existing level of
treatment at wastewater plants and the levels of treatment
required for reuse, the energy required to recycle water will
vary (Cooley & Wilkinson 2012).

There is a global drive for
alternative water sources
including recycling and
desalination

DESALINATION
Desalination is an important source of water globally, particularly in arid areas such as in the Middle East
and Northern Africa. It consumes a large amount of energy. Hence there is a greater focus on the use of
renewable power, along with ongoing research in solar thermal desalination.

Overview

Renewable Energy

Desalination is a weather independent option for the supply
of fresh water and is particularly important in regions
of water scarcity. Desalination is the process by which
salt is removed from a saline water source, reducing its
concentration in the resulting water to levels safe for human
consumption. Generally this occurs from either seawater or
saline brackish water.

Currently by numbers, the most prevalent renewable use in
desalination worldwide is through solar PV and wind energy,
but both tend to be constructed on smaller scales [(ProDes
2010), (IRENA 2012)]. There is currently a 15MW solar PV
plant planned for construction in Saudi Arabia. (Parkinson
2015).

In 2008 it was expected that the worldwide use of
desalination would double by 2016 to over 100 million kL
per day (ProDes 2010). While this estimation could not have
anticipated the global economic climate of the intervening
years, recent analysis indicates that a rebound in desalination
growth may be underway (Global Water Intelligence 2015).
Currently there are 16,000 desalination plants operating
worldwide. In total these plants produce 70 million kL of
fresh water per day (Ferroukhi et al 2015). The four largest
users of desalination in the world are Saudi Arabia, the
United Arab Emirates, Kuwait and Spain. Spain, despite being
the smallest producer of the four, operates 700 plants with a
total production of 1.6 million kL per day (ProDes 2010).

Energy Demand
Of all methods of producing potable water, desalination
has the largest energy footprint. Actual energy demand of
desalination plants depends on an array of factors, including
the salinity of the feed water, the type of desalination process
and the inlet water temperature (Water Reuse Association
2011). For seawater desalination, the energy requirement
of a modern desalination plant has been reported from
1.0kWh per kL (for brackish water) to around 4.5kWh
per kL, with a worst case scenario use of 8.5kWh per kL
(UNESCO 2014). Older desalination plants can, however,
use up to 25 kWh per kL due to the use of more energy
intensive desalination processes (Roumasset & Wada 2013).
As modern reverse osmosis membranes have become more
efficient and are getting closer to the theoretical minimum
energy requirement for desalinating water, it is expected that
efficiency gains will drop (Elimelech & Phillip 2011) and as
a result energy price increases may be occurring faster than
efficiency gains (Roumasset & Wada 2013).
More than 75.2 TWh of electrical energy is expended per
annum in desalination operations globally (UNESCO 2014).

In addition to the current renewable technologies, a
promising method for applying renewable energy in
desalination is through the use of concentrated solar
power (CSP) could provide heat for use in desalination
directly, generate electricity for use in desalination or both,
depending on the type of plant and the energy requirements)
(Fichtner 2011). At this time, a large CSP desalination plant
would represent higher installation costs than those of a
traditional desalination plant, (ProDes 2010).
Geothermal desalination also shows promise in areas where
geothermal energy is readily available, either directly or
indirectly through electricity generation (Goosen, Mahmoudi
& Ghaffour 2010). There is also interest in the use of wave
power for renewable energy powered desalination (can der
Vegt et al 2011).

More than 75.2TWh of
energy is used globally for
desalination

Emerging global
desalination technologies
include solar thermal and
geothermal

Only 1% of desalination
energy requirements are
powered by renewables

There are over 17,000
desalination plants
operating globally in over
150 countries
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Desalination is performed using a variety of methods, the
most prevalent technology for desalination is reverse osmosis,
a process where water is forced through a membrane,
leaving salt on the incoming side (Nederstigt & Bom 2014).
Other technologies include electrodialysis, nanofiltration,
multi-stage flash and multi-effect distillation.
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DISTRIBUTION AND RETICULATION NETWORKS

In developed nations water distribution is estimated to consume 45% of the energy required for water supply.
Micro-hydro schemes are a popular method of recuperating some of this energy in the distribution system.

Overview

Renewable Energy

Water distribution networks deliver bulk water supplies
from the raw water source to the treatment plant, and
from the treatment plant to the customer. Wastewater
collection systems transfer the raw sewage to the wastewater
treatment plants.

A common use of renewable energy in the water distribution
sector is from the use of micro hydroelectric generation as an
energy recovery mechanism. These systems can be installed
in place of traditional pressure control devices such as break
pressure tanks, pressure reduction valves and control valves
(McNabola et al 2014). These systems have the capacity to
produce meaningful quantities of electrical energy from the
distribution network [(McNabola, Coughlin & Williams 2011),
(Corcoran, McNabola & Coughlin 2012), (Rentricity, Aquarion
Water Company 2007)].

While both private and public distribution entities exist, the
larger tend to be public municipal supply systems.

Energy Demand
In water distribution and reticulation energy consumption is
primarily for the pumping of water. The amount of energy
required for pumping depends largely on the network
topology and can vary greatly from place to place [(Pabi et
al 2013), (Caffoor 2008)]. In developed countries, water
distribution overall is estimated to account for 45% of the
energy required in the supply of water (McNabola et al 2014).

Pumping accounts for
approximately 45% of
energy required for supply
of water
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In addition to the conversion of energy inside the water
distribution network, there is also potential for use of
latent heat in sewage water using a heat exchanger
and heat pump. This is more efficient than operating
traditional heating and cooling systems (Schmid 2008). In
these applications it is important to consider the needs of
treatment plants downstream as there are often minimum
temperature requirements for effluent to be properly
processed (Pamminger et al 2013), however conversely the
opposite technique can be applied to provide cooling by
releasing heat into the sewage flows.

The use of small-scale
hydro for energy recovery
on distribution systems is
growing internationally

WASTEWATER TREATMENT
Wastewater treatment can often constitute a significant portion of energy requirements in the water cycle. Biogas
utilisation is a popular renewable energy source to offset these energy requirements globally, with many plants able to
become net energy neutral.

Overview

Renewable Energy

Wastewater treatment encompasses the section of the
water industry which is responsible for receiving and
treating wastewater, typically through a sewer system which
transports wastewater from end-users of water to the
wastewater treatment plant (WWTP). Wastewater treatment
plants themselves typically consist of multiple stages of
treatment categorised as primary, secondary or advanced
(also known as tertiary) depending upon the water quality
required.

Wastewater treatment is a prime candidate for renewable
energy applications in the water sector, due to the
abundance of potential energy available for extraction from
the wastewater itself. One opportunity for this energy to
be harnessed is from the anaerobic digestion process. This
process uses an oxygen free chamber, known as an anaerobic
digester, where sludge is decomposed by bacteria, to produce
a biogas composed primarily of methane and carbon dioxide
which can be used as a fuel.

The prevalence of advanced wastewater treatment has been
increasing steadily over the last several decades. As more
stringent discharge regulations come into play and larger
numbers of people are served by wastewater treatment
plants the amount of energy required in the wastewater
treatment process will increase (Water in the West 2013).
Since 1990 the total world’s population with access to
improved sanitation has climbed form 54% to 68%, with
the largest changes occurring in developing regions (UNICEF,
WHO 2015).
Wastewater treatment facilities can be both privately and
publicly owned, depending on local regulatory frameworks.
The larger treatment works have historically been publicly
owned entities serving large portions of communities.

Energy Demand
The division of energy consumption in a wastewater plant
depends largely on the treatment processes used, with more
advanced treatment processes requiring higher amounts
of energy. The exact quantity of energy used will vary
considerably depending on the level of treatment, the type of
treatment and the size of plant, but approximately doubles
from primary to secondary and doubles again to tertiary
levels of treatment (US EPA Office of Water 2013).
The UN estimates that, excluding pumping to the treatment
site and equipment efficiency, around 0.62-0.87 kWh/KL is
required for wastewater treatment (UNESCO 2014).
It is not uncommon for wastewater treatment to consume
a significant portion of the energy used in the water supply
chain [(UNESCO 2015), (McNabola et al 2014)], and overall
the energy requirements for the treatment of wastewater
flows are increasing [(Pabi et al 2013), (Caffoor 2008)]. It is
estimated that electricity costs account for up to 40% of all
operational costs in wastewater treatment plants globally
(UNESCO 2015).

In Sweden, biogas from
wastewater is used as a fuel
to vehicles such as powers
taxis and public buses

Biogas extracted from wastewater has the potential to
considerably offset the energy requirements of wastewater
treatment systems and, in some cases, considerably more
than is required for plant processes [(UNESCO 2012), (WERF
2010), (Christian-Smith & Wisland 2015)]. This opportunity
is widely recognised in the wastewater sector and has been
implemented in many locations globally.
In addition to self-sufficiency, it may be possible for some
treatment plants to reach the state of an energy producer
(Christian-Smith & Wisland 2015), such as the Strasse im
Zilteral wastewater treatment plant in Austria (WERF 2010).
Biogas utilisation at wastewater treatment plants has also
seen application on a relatively large scale, with some plants
output capacities designed at over 10MW (DC Water 2010).
Anaerobic digesters can also be used as co-digesters. Codigesters are capable of accepting additional organic waste
from external sources, such as food scraps, allowing them to
produce a greater volume of gas (Christian-Smith & Wisland
2015). In both regular digestion and co-digestion, the
remaining material, known as digestate, has the potential to
be redistributed as fertilizer, furthering its utilisation (KADA
Research 2013).

There is global research into
algae wastewater treatment
technologies

An emerging technology is the use of algae biomass as part
of the wastewater treatment process. This algae captures
carbon dioxide, releases oxygen, and produces biomass which
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Primary treatment includes the removal of solid particles and
sediment, while secondary treatment involves the removal
of dissolved organic matter and additional removal of
suspended solids. Finally, tertiary treatment involves further
contaminant removal, producing water of almost drinking
quality (World Bank Group).
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may be converted into biodiesel. It is also possible
to use specific algae species to reduce the levels of
nitrogen and phosphate in the final waste stream
(Bhatt et al 2014).
In some areas small hydroelectric generators have also
been used in order to capture energy from the outflow
of wastewater treatment plants (Rentricity, Aquarion
Water Company 2007).
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Internationally, many
wastewater treatment
facilities are energy neutral
or even energy positive in
energy production

WATER RECYCLING
viable option for meeting future water demand and there are
numerous examples worldwide of operational recycled water
schemes (Angelakis & Gikas 2014, Miller 2005).
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For water recycling, treated wastewater is considered the
water source. This water is then required to be further
treated to the level necessary for the recycled water’s purpose
(Cooley & Wilkinson 2012). Water recycling is seen as a
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IRRIGATION AND AGRICULTURE
Irrigation uses 70% of the world’s freshwater withdrawals with 43% of irrigation withdrawals from groundwater.
Significant energy is used in pumping of this water. Solar PV pumping is of interest in developing nations, while more
developed nations are utilising biogas digestion in the agricultural sector as part of wastewater treatment processes.

Overview

Renewable Energy

Irrigation is the single largest consumer of water in the
world, estimated to utilise 70% of the world’s freshwater
withdrawals. This equates to a total around 2800 km3 of
water withdrawal every year (UNESCO 2012). The specific
percentage of water use for any individual country varies
and tends to be lower in developed countries increasing to
over 90% in some of the least developed countries (UNESCO
2015)]. Of the world’s total withdrawal for irrigation, 43%
of that is drawn from groundwater (UNESCO 2015). The
majority of this water use is in the form of surface (flood)
irrigation and sprinkler irrigation (Maupin et al 2010),
particularly in developing countries (Narayanamoorthy 2006).

The agricultural water sector has some history in the use
of renewable energy, as windmills for water pumping have
long been used in remote locations. In some locations these
are being replaced by solar PV pumping systems due to
the higher predictability presented by solar energy systems
(Nederstigt & Bom 2014).

Projections indicate that this figure for withdrawals for
irrigation will increase by 5% by 2050. At the same time
actual consumption of water in irrigation will increase by
11% (UNESCO 2012). This increase could be augmented
by growth in the biofuels sector, with growth in the
development of irrigated biofuel crops having the potential
to affect future agricultural water use trends significantly
(UNESCO 2015). It is suggested that if biofuels used as road
fuel were to increase to a 5% share of road fuels, it could
result in a 20% increase in irrigation demands (Unturbe &
Gomez 2014).
The nature of demand and usage patterns in agriculture means
that it is severely impacted by adverse climatic conditions.
During extended dry periods, demand increases but availability
decreases. Where surface water is primarily used for irrigation,
groundwater use is increased significantly during times of
drought [(Scanlon et al 2012), (Walton 2015)].
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In irrigation and agriculture, the ownership of related assets
tends to vary depending on the region and the method of
irrigation. While some regional irrigation distribution systems
are publicly owned, often groundwater irrigation systems and
those fed from nearby bodies of water directly, are owned by
the irrigators themselves.

Energy Demand
Water pumping forms a significant portion of energy use in
irrigation and agriculture. It is estimated that, across a total
of 300 million irrigated hectares across the globe, a total of
62TWh of energy is expended annually in the pumping of
irrigation water. Land irrigated from groundwater accounts
for most of this energy due to the higher energy intensity
involved in groundwater pumping (UNESCO 2014).
In many areas diesel pumps are used particularly in the
developing world where grid connections, where available,
can be unreliable at best [(Zhu, Ringler & Cai 2007), (Shah
2014), (Albers 2013)].
The energy required for irrigation water pumping is estimated
at 0.079kWh per kL for surface water and 0.185kWh per kL
for groundwater (EPRI 2002). Due to the seasonal nature of
irrigation, this energy consumption will also vary month-tomonth (Hook & Thomas 1995).

Solar PV pumping systems are of particular interest in
developing countries, due to the rising costs of diesel fuel,
expensive and unreliable power systems, and the falling cost of
solar PV technology. This has led to the promotion of small solar
PV pumping systems for farmers in developing countries to help
enable self-sufficiency (Nederstigt & Bom 2014). Governments
are also supporting the expansion of solar PV pumping
networks, India, for example, has plans to replace 26 million
groundwater pumps with solar powered pumps for irrigation
[(Global Water Intelligence 2015), (Pearson & Nagarajan 2014)].
There are also systems built for provision of groundwater for
livestock use (Van Pelt, Weiner & Waskom 2012).
An additional source of renewable energy which is readily
available to this sector is through the digestion of agricultural
waste to produce biogas. This source is particularly relevant
in the developing world where it is being implemented on
a small scale to allow the use of biogas to supplement fossil
fuels (Shrestha & Shafique 2014), but has also been applied
on a larger scale, where it can be used for heat or electricity
generation to supplement the energy consumption of the
farm. These digesters are capable of utilising both animal
and plant waste, although some types of non-manure waste
require a source of bacteria appropriate for digestion. The
digestate which is produced by the process may also be used
as fertiliser for crops (Wilson 2013).

70% of water global is used
in agriculture

India’s Ministry of New and
Renewable Energy (MNRE)
plan to install 17,500 solar
photovoltaic water pumps
across the country

Renewable energy pumping
systems are growing
particularly in developing
nations where access to
electricity is limited

AUSTRALIAN WATER MARKET LITERATURE REVIEW
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APPENDIX B2 –
AUSTRALIAN WATER MARKET LITERATURE REVIEW
AUSTRALIAN WATER MARKET OVERVIEW
In contrast to many other developed countries, Australia
features a wide range of climatic zones, from tropical regions
to the north, arid expanses of the interior to the temperate
regions of the south. Australia is the world’s second driest
continent with an average annual rainfall of below 600mm

over 80% of the continent. Australia is exceptional among
developed nations in being a developed economy with a
growth pattern for population, energy use and emissions
more characteristic of the developing world [(M Raupach &
PMSEIC Working Group 2010), (ABS 2014)].

Figure B2 - Water supply and use 2012-13 – Australia
Source: Australian Bureau of Statistics (ABS, 2014)
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Consequently, Australia stores more water per capita than
any other country in the world. The cities are often very
dependent on normal rainfall patterns to replenish supply
sources, making them highly exposed to extended drought
conditions (O Sahin, R Stewart et al 2014).
Australia’s water consumption annually is approximately
20,000 gigalitres per year (ABS 2014). 65% (12,000 GL) of
Australia’s total water consumption is used by the agricultural
sector of the economy. Water consumption by households
represented 1,850 GL, sewerage and drainage services
consumed 2,408 GL (including distribution losses) and mining
and manufacturing 1,100 GL.
By 2050 the water requirement for urban Australia could vary
from 5,000 to 8,000 gigalitres per year depending on the
population scenario. It has been estimated that the increase
of total water use will go from 20,000GL to more than
40,000 GL by 2050 (B Foran & F Poldy 2002).
The Australian water sector was one of the first industries
to be significantly impacted by recent climate variability.
Reduced rainfall and declining inflows placed extreme
pressure on traditional water supplies and forced
reconsideration of existing supply and demand scenarios.
Indeed ten years of below average rainfall across most of
Australia until 2010, combined with rapid population growth

in major urban centres, highlighted the need for planners
to prepare a diversified water supply portfolio that included
rainfall-independent water supply options. Reliance solely on
dams, which are heavily dependent on ‘average’ rainfall and
potentially inadequate for faster growing centres, is being
replaced with augmentations from diverse sources, many of
which provide reliability during times of drought, and other
natural crises (Marsden Jacobs Associates 2012).
Water utilities have responded to this need through
significant investment of over $30 billion over the past
decade to diversify water resources and have worked with
consumers to reduce drinking water use [(S Cook, M Hall &
A Gregory 2012), (H Scarborough, O Sahin et al 2014)]. The
main rain independent sources to augment water supplies in
Australia are: desalination, waste-water treatment to produce
recycled water, and demand management policies such as
water restrictions (H Scarborough, O Sahin et al 2014).
The management of water and wastewater in Australia is a
complex process differing across states and territories. The
Australian water market for water supply and wastewater
management comprises specific water authorities and bulk
water providers in the capital cities and in rural areas it is
under local council direction.

Energy requirements vary significantly from city to city,
depending on local factors such as topography, urban
densities, location and quality of water sources, pipe
dimensions and configurations, and treatment standards
required. Water industry decisions on operational strategies

and technology selection can also significantly influence
energy use. Energy use in water services provision is
increasing with increased treatment standards, use of lesser
quality water sources and increased pumping distances for
raw and treated waters [(Chartres 2005), (Zakkour et al
2002), (Cook, Hall & Gregory 2012)].
Growth in water consumption in southern Australia has been
much slower than growth in energy consumption. Urban
water consumption per person is now decreasing in response
to water pricing and efficiency measures, in contrast with
electricity consumption and GHG emissions per person),
which continue to increase (Raupach 2010).
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Australia uses 860TWh of energy annually. Of this it is
estimated that 0.3% (2.6 TWh) is used for urban water
(and wastewater) services providing for 17 million people in
Australia, this is expected to rise to 0.9% of the total energy
use by 2030 due to trends of increasing energy intensity of
water supply and treatment [(S Cook, M Hall & A Gregory
2012), (ABS 2014)].
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RAW WATER
Raw water sources in Australia have been used to provide significant hydroelectric generation,
utilising most readily available sites. There is opportunity in the use of mini-hydro plants. Floating
solar and pumped storage also show promise.

Overview
Raw water in Australia relates to surface water, typically
stored in dams or extracted from rivers and also groundwater
sourced from aquifers. It is estimated that of the total
water consumption in Australia (20,000 GL per annum)
approximately one quarter of this water (5,000 GL) is sourced
from groundwater [(ABS 2014), (N Harrington & P Cook
2014)].
Australia’s major eastern state cities including Melbourne,
Sydney and Brisbane rely on dam supplies for approximately
80% of their municipal water. Other major populated regions
are supplied from a combination of water sources including
South Australia receiving 44% from the Murray River and
50% from dams, whilst in Western Australia only 25-45%
is sourced from surface water and dams with the remaining
water being supplied from a combination of groundwater
(35-50%) and desalination (15-20%), (S Cook, M Hall & A
Gregory 2012).
Surface water supply from dams is heavily climate dependent,
and periods of drought have significantly impacted dam
levels. The approach for development of drought resilient
water infrastructure in Australia has primarily been through
development of alternative water sources including water
recycling and desalination. In contrast the development
of new dams and water storage has remained relatively
unchanged since 1990 (ABS 2010) and the opportunity for
new large-scale hydroelectric infrastructure associated with
new dams is expected to be limited.
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The largest surface water providers supplying municipal
water in Australia are Melbourne Water, Sydney Water and
SEQwater. These are businesses owned by their respective
state government, who manage the supply of bulk water
to either retailer water authorities (such as in Melbourne) or
directly to the customer (Tohmatsu 2014).

Energy for raw water pumping is generally supplied by
electricity from the grid or by diesel pumps for off-grid
locations. Diesel pumping applications for raw water supply
represent the most energy and carbon intense raw water
supply sources, and those applications which are most likely
to have greater return on investment for renewable energy
technologies replacement.

Renewable Energy
Hydroelectric schemes are a well-developed source of
renewable energy in Australia, using falling water to spin
turbines connected to a generator to generate electricity. In
2014, hydroelectric plants produced about 9% of electricity
output in the National Electricity Market (State of the Energy
market 2014 AER). Australia has more than 100 operating
hydroelectric power stations with total installed capacity of
approximately 7,800 MW with these being predominantly
located in New South Wales (55%) and Tasmania (29%). The
largest is the Snowy Mountains Hydro-electric Scheme with a
total installed capacity of 3,800 MW [(Geoscience Australia &
ABARE 2010), (Clean Energy Council 2012)].
Australia’s large hydroelectric schemes have been constructed
in areas of high rainfall and elevation and most are
approximately 40 years old. Most feasible sites in Australia for
large-scale hydroelectric power generation have either been
developed already or are not available for development due
to sensitive environmental values of the area (A Bahadori,
G Zahedi & S Zendehboudi 2012). As such, the opportunity
for new large scale hydroelectric generation in Australia
is limited, however the ability to utilise existing electrical
infrastructure at these facilities represents an opportunity
to reduce balance of system costs for additional co-located
renewable energy sources. In particular the opportunity for
large-scale floating solar shows promise through both the
ability to use existing electrical infrastructure and also large
water reservoirs at these sites.

Energy Demand
The energy consumption for raw water supply is
predominantly through pumping. The energy intensity
is highly variable and depends on the pumping distance
required and geography, as well as the source of the raw
water supply. Raw water obtained from groundwater has
a higher energy demand than surface water captured
in dams as it requires pumping to the surface, whereas
dams are generally located at high altitudes using natural
hydrogeological conditions (S Cook, M Hall & A Gregory
2012). As a result the opportunity for renewable energy to
offset energy demand is highest in ground water extraction,
whereas the opportunity to utilise water itself for the
generation of renewable energy exists primarily with surface
water storage in dams and rivers. Alternative water sources
including water recycling and desalination are discussed
separately.

Existing electrical infrastructure
at hydroelectric facilities
may have good potential for
integration with technologies
such as floating solar

The trend for hydroelectric generation is in opportunities in
developing smaller schemes that do not require large dam
infrastructure. These ‘mini-hydro’ plants installed on rivers
and streams are becoming increasingly viable because of
their lower development costs, water requirements, and
their environmental footprint. As of 2012, mini-hydro plants
accounted for only 2% of the total installed capacity of
hydroelectricity in Australia.

As discussed in the international market review, switching from
diesel operated pumps to solar or wind powered electric pumps
is another opportunity to utilise renewable energy for pumping
of groundwater.

There are limited opportunities
for new large-scale hydroelectric
plants in Australia. Most new hydro
opportunities are likely to be smallscale hydro.
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The use of dams and water storage reservoirs for ‘pumped
hydro’ schemes whereby water is pumped to higher storage
reservoirs for later release for generation of electricity
represents a significant opportunity for energy storage of
intermittent renewable energy sources. Current proposed
developments for pumped storage include those utilising
conversion of existing water reservoirs at mining facilities such
as the 330MW Kidston Pumped Storage project proposed
by Genex Power. The classification of the output from these
facilities as renewable is dependent upon the eligibility of the
energy supply source for the pumping application.
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DESALINATION
Desalination has increased in Australia due to climactic conditions and uncertain water supplies.
In Australia wind generation has been used extensively to offset the energy requirements of
desalination. Recent rainfall has meant there are no anticipated short-term plans for future
expansion in the large- scale desalination sector.
Overview

on standby due to increased levels of rainfall and will return
to service during the next drought to provide water security
to their city.

The use of desalination to produce potable water in Australia
has increased in the past decade due to growing populations
and changing climatic conditions (including prolonged
periods of drought). In Australia, there are 6 seawater
desalination plants using reverse osmosis to produce potable
water with various different ownership and operator models
shown in Table B1.

Across Australia, desalination plants are generally used to
augment the municipal water supply during periods of below
average rainfall with the treatment energy for these rainfall
independent sources making up more than 40% of the total
energy for water supply treatment and pumping (S Cook,
M Hall & A Gregory 2012). For example, Sydney’s Kurnell
desalination plant becomes operational when Sydney Water’s
catchment dams reach 70% of capacity (S Cook, M Hall & A
Gregory 2012).

These desalination plants are some of the ‘greenest’ in the
world due to solar and wind energy offset projects that
were undertaken as part of the plant construction (Rowley &
Palmer 2014). Some of the desalination plants are currently

STATE

VIC

SA

NSW

QLD

WA

Number of plants

1

1

1

1

2

Capacity
(GL/year)

150

100

91

46

50 + 100

Annual power
usage
(GWh)

748

502

456

243

228 + 256

Owner

Aquasure

SA Water

Private investment Gold Coast City
Council and state
government

Water
Corporation (state
government)

Operator

Aquasure

ACCIONA Agua
and Trility

Veolia

Degrémont and
Water Corp
Alliance

Veolia

Table B1 - Australia’s desalination plants
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*data from National Centre of Excellence in Desalination Annual Report 2013/2014 and D Doepel, R Pashley, R Barnett,
S Humphries & A Hall, 2012

Energy Demand
Producing potable water through desalination of seawater
uses ten times as much as energy as obtaining water
from traditional water sources (surface water, dams and
groundwater) as can be seen in Table B2 below (S Cook, M
Hall & A Gregory 2012).

The highest energy consumer in desalination plants is the
reverse osmosis process, where salt water is passed through
semi-permeable membranes to remove dissolved solids,
including dissolved salts (D Doepel, R Pashley, R Barnett, S
Humphries & A Hall 2012).

MELBOURNE

NEW SOUTH WALES SOUTH EAST

QUEENSLAND

WESTERN
AUSTRALIA

Traditional water
sources (kWh/kL)

0.45

0.44

0.37

0.54

Desalination (kWh/kL)
– includes pumping

5.62

4.43

4.02

5.33

LOCATION

Table B2 - Estimated energy intensity of traditional water supply and desalinated water supply

Renewable Energy

For example energy use at the Kurnell desalination plant
which has the capacity to provide approximately 30% of
Sydney’s potable water demand, is offset by a 141MW wind
farm at Bungendore. Perth’s Kwinana desalination plant
purchases electricity generated from the 79MW Emu Downs
wind farm [(Waterlines 2008), (GHD 2012), (GreenPower
Generator List - March 2014)].
The energy issues around desalination have prompted
considerable research and development activity into
investigating how renewable energy can share infrastructure
and reduce the net energy demand of desalination plants

Desalination plants in Australia
have historically offset their
energy with renewable energy
or GreenPower

(for example using solar or wind power to drive membrane
desalination and combining wave power generation with
desalination plants). The National Centre of Excellence
in Desalination provides funding for the development
of laboratory and pilot-scale testing for a wide range of
innovative solutions including how the energy cost of
desalination can be reduced and how they can be combined
with renewable energy sources [(Waterlines 2008), (D Doepel,
R Pashley, R Barnett, S Humphries & A Hall 2012)].
There are currently no plans to develop additional large
desalination plants in Australia in the foreseeable future. Due
to increased rainfall and the consequent increase in storage
volumes, desalination plants in Victoria, New South Wales
and Queensland are currently “moth-balled” and the South
Australian plant is under-utilised.

Additional large scale
desalination capacity is a
limited opportunity currently
in Australia
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Renewable energy power plants have been specifically
constructed to off-set the power demand of all desalination
plants in Australia by using renewable energy credits.
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WATER DISTRIBUTION AND RETICULATION
In Australia energy requirements for water supply are largely for pumping and treatment
processes, and dependent on water source and location. Mini-hydroelectric generation is being
investigated for offsetting this.
Overview

As the water reticulation network in Australia is designed
to meet unrestricted demand over critical periods of the
day pumping is often required to maintain pressure for the
customer. Water pipelines conveying to customers have
therefore traditionally been designed to have pipes capable
of withstanding 160m pressure head and to maintain a
minimum residual pressure of 20m head for each consumer (L
Burn, D De Silva, R Shipton 2001). In Australia, the ownership
of the water distribution network varies by state as shown in
Table B3 below.

Australia provides a high level of water quality to its
population in metropolitan and regional centres. The key
factor determining how much energy is used to supply water
is the length of reticulation pipework required to deliver
the water to the consumer. If raw water is being supplied
from dams in higher elevations then the energy demand
can be reduced as the water can be distributed using gravity
pipelines not requiring pumping.
STATE/
TERRITORY

VIC

Water
15 water
distribution authorities
pipeline
owner

NSW

QLD

SA

WA

TAS

Sydney
Water
and local
councils

Seqwater,
QUU, Unity
Water
and local
councils

SA Water
and local
councils

Water
TasWater
Corporation and
councils

NT

ACT

Power
and Water
Corp.

Icon Water

Table B3 - Municipal water distributors in Australia

Energy Demand
The energy demand for water supply (pumping and
treatment) in Australia in 2009/2010 was estimated to be
between 0.37 to 0.65kWh/kL. The energy demand varies
from location to location and is dependent on climatic
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conditions and the distance of conveyance required. For
example, during periods of below average rainfall pumping
water greater distances may be required. Table B4 below
shows the breakdown of energy used per unit of municipal
water supplied (S Cook, M Hall & A Gregory 2012).

LOCATION

SYDNEY

MELBOURNE

SOUTH EAST
QUEENSLAND

PERTH

CANBERRA

ADELAIDE

NEWCASTLE

Water
supplied
(kWh/kL)

0.57

0.38

0.64

1.1

0.5

0.78

0.45

Table B4 - Energy per volume of water supplied for water distribution in Australia

Renewable Energy
The use of mini-hydro plants on water distribution pipelines
to generate energy is a developing trend in Australia.
Melbourne Water now has seven mini-hydro plants operating
at six different reservoirs and at Upper Yarra Dam that
generate 55,000 MW/year of renewable energy. The power
is generated using the excess pressure head in the pipeline to
turn turbines and generate electricity from the excess energy
(G Rainsford 2010).
SA Water produced 11,500 MW/year from its four mini-hydro
plants at Hope Valley, Seacliff Park, Adelaide Desalination
Plant and Winninowie tank in 2013/2014 (L Owens 2014).
Similarly Sydney Water have Prospect Mini Hydro and
Woronora Micro Hydro and North Head which provide 6,000
kW of energy (L Hiscock & A Sanbrook 2012).

Energy intensity of raw water
supply is highly dependent on
water source and location in
Australia

Depending upon the application of the hydroelectric
installation, the output of the hydroelectric generator may
or may not be defined as renewable energy. Section 3B of
the Renewable Energy (Electricity) Regulations 2001 defines
that any amount of electricity that is used to pump or raise
water before its release for hydro-electric generation must
be considered as an auxiliary loss. As such, in effect while
many in-conduit hydro installations which act as pressure
reduction devices are a prudent method of energy recovery
in that specific part of the process, the initial pumping energy
requirements may exceed that generated and thus in this
situation the mini-hydro is not considered as renewable
energy.

There is growing interest and
use of mini-hydro in water
distribution applications

WASTEWATER TREATMENT
Energy use in wastewater treatment depends on both level of treatment and the pumping required
beforehand. There is significant biogas utilisation already in the wastewater sector, and growing
interest in emerging practices such as codigestion and algae treatment processes.

Across Australia treatment plants collect the population’s
waste-water, and then treat it to a standard approved
for discharge to the environment. Australia’s wastewater
treatment plants are owned and managed in different
ways across the nation, either by being directly owned and
operated by water authorities or councils or operated by
private companies under agreements with water authorities
and councils. The total annual average of waste-water
collected in Sydney, Melbourne, Brisbane, Adelaide, Perth

Figure B3 - Map of wastewater treatment plants across Australia
Source (Australian Government, Geoscience Australia).

and Canberra is 1,188,785 ML/year Including regional centres
Australia has over 700 community sewage treatment plants
which combined produces over 400,000 tonnes of biosolids
per year on dry basis [(Mehta, Tait & Batstone 2012), (M
Abbott, B Cohen & W Wang 2011)].
Rural properties and remote communities outside of
townships that are not connected to a sewerage network
commonly have on-site septic systems to treat their
wastewater.
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Energy Demand
Energy used for the treatment of municipal wastewater
is predominantly in pumping to convey sewage to the
treatment plant, and then to power the various processes at
the treatment plant. The amount of energy used per GL of
wastewater treated varies across Australia due to different
distances between population centres and treatment plant
locations and the various technologies and treatment
required at the treatment plant. For example, Melbourne
has two main treatment plants that are a significant distance
from population centres requiring significant pumping,
whereas Sydney’s treatment plants are located closer to
residents.
Energy used treating wastewater at a treatment plant is
dependent on the level of treatment that the wastewater will
undergo. These being:
• Primary treatment – to remove suspended solids. Typical
processes include through screens, clarification, grease
removal and sedimentation; followed by

• Secondary treatment – biological treatment to remove
approximately 85% of organic load and reduce remaining
suspended solids. Typical processes include sand filtration,
disinfection, activated sludge processes, anaerobic and
aerobic processes, biological filters and lagoons (aerated,
facultative, maturation and polishing)
• Tertiary treatment – to remove nutrients and greater
than 95% of suspended solids. Typical processes include:
biological nutrient removal plants, chemical dosing,
enhanced pond treatment, reverse osmosis, membrane
reactors and advanced filtration systems.
The treating of wastewater to different levels (primary,
secondary or tertiary) has a substantial effect on the amount
of energy used at the treatment plant. On average, energy
intensity doubles between primary and secondary treatment
and doubles again between secondary and tertiary treatment
[(S.J. Kenway et al 2008), (S Cook et al 2012)].
A summary of the energy use per amount of wastewater can
be seen in Table B5 below (S Cook et al 2012).

LOCATION

SYDNEY

MELBOURNE

SOUTH EAST
QUEENSLAND

PERTH

CANBERRA

ADELAIDE

NEWCASTLE

Wastewater
energy
intensity
(kWh/kL)

0.5

0.86

0.8

2,982

0.84

1.04

0.64

Table B5 - Energy and wastewater use intensity in Australia by city (2009/2010)
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Renewable Energy
Renewable energy is commonly generated using biogas
produced from the secondary treatment of sewage at
wastewater treatment plants.
Biogas is produced through anaerobic (“without oxygen”)
digestion of wastewater sludge. The biogas produced
typically has a high methane and energy content, about
60%–70% of the energy content of natural gas. This biogas
is then used to drive generators to produce electricity. 84
of Australia’s wastewater treatment plants have anaerobic
digestion, of these 46 (55%) plants are capturing biogas and
generating bioenergy. Melbourne Water’s Western Treatment
Plan generates 72GWh/year of electricity from biogas, and
the power generated provides 95% of the plants electricity
usage [(S Cook et al 2012), (K Simmonds & J Kabouris 2012)].
A potential trend in Australia is using co-digestion especially
at smaller wastewater treatment plants that may not receive
the required flow to achieve cost-effective energy generation
using biogas. Co-digestion is the addition of other waste
streams such as:
• Municipal and industrial process wastewater/sludge;
• Food and drink manufacturer process waste (i.e. beverage,
meat processing, dairy, brewery or winery);
• Paper/pulp waste;
• Greasy waste/fats, oils and greases (FOG) (i.e. grease trap
pump-outs);

• Food waste (from markets or supermarket chains) (K
Simmonds & J Kabouris 2012).
A further benefit of co-digestion is the reduced volume of
waste that would otherwise go directly to land-fill.
Two of the first co-digestion plants in Australia include:
• An existing 50ML/d Glenelg WWTP in South Australia,
which through the addition of co-digestion (from other
liquid waste streams) has increased power generation from
55% to 75% of the plants power requirements [(L, Owens
2014), (J Dreyfus, S Smith et al 2014)]; and
• Yarra Valley Water’s Waste to Energy is a new co-digestion
development at the Aurora Sewage Treatment Plant that
will treat 0.1ML/d of organic waste in addition to sewage
flows to produce biogas for energy generation.
Other innovative technologies producing renewable energy
at WWTP’s include:
• Growing biomass (such as algae) at WWTP’s which can
be then be harvested and used as an energy source. This
is being trialled by Melbourne Water (P Clark & P Pretto
2014);
• Placing solar panels on wastewater treatment plant lagoons
can improve solar performance by 57% (by reducing
the temperature of the cells) and increase treatment
performance with shading of the waste-water reducing the
risk of algal blooms and preventing evaporation (I Pittaway
2015).

• Residential food and green waste (via trucked collection);

There is approximately
34MW of biogas electricity
generation currently within
the Australian urban
wastewater sector

Yarra Valley Water are
currently developing a
waste-to-energy project
using co-digestion

There is growing interest
and research in co-digestion
practices and algae as an
alternative wastewater
treatment
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WATER RECYCLING
Water recycling is growing in Australia, but it has a high energy demand and there are few
renewable energy opportunities with specific advantages.

Overview

Energy Demand

In Australia, increasing strain on traditional water sources is
driving alternative supplies of water to become more viable,
especially where the new sources are rainfall independent.
The primary alternative water supplies include treating
wastewater for re-use, capturing stormwater and treating it
through natural systems and using rainwater tanks attached
to roofs to capture rain-water. Australia is leading the world
in researching and implementing water security initiatives led
by the Australian Water Recycling Centre of Excellence. This
is a national research organisation aimed at continuing to
enhance the efficiency, expansion and acceptance of water
recycling across Australia by investing in research projects,
infrastructure projects and advising state and
federal governments.

Treating wastewater to a water quality to re-use is typically
done using membrane technology and/or UV treatment
and chemical dosing, these processes have a high energy
demand, ranging from 0.5 to 8.0 MWh/ML. The range is
often dependent on the end user of the recycled water,
for example the water quality required to re-use water for
Wagga Wagga’s agricultural reuse scheme has an energy
intensity treatment of 0.57 – 0.65 MWh/ML, whereas for
higher quality end uses such as industry and commercial
properties an energy intensity of 4MWh/ML or greater is
required. The distance from the treatment plant to the end
user also defines the amount of energy used as pumping may
be required (C Mitchell, J Chong et al 2013).

Treating waste-water to a standard that can be re-used for
non-potable water uses is now common in Australia as it
provides a source of water to augment the traditional water
supply that is rainfall independent. In 2009/2010 17% of
wastewater flows were treated, recycled and re-used for
non-potable uses (Marsden Jacobs Associates 2012).Another
water treatment and water recycling source is through
stormwater recycling. This is capturing and treating urban
rainfall and re-using it for non-potable uses. Estimation
of stormwater recycling volumes is inherently imprecise as
it varies with location and climatic conditions and often
substitute’s non-potable water uses and is therefore not
measured (Marsden Jacobs Associates 2012).
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Based on projects funded by the Commonwealth, and other
projects reported by jurisdictions, there is capacity for 20.8GL
per year of stormwater recycling within the next decade.
Over half of this will be found in South Australia (10GL per
year), with contributions from New South Wales (5.4GL per
year), Victoria (3.2GL per year) and the ACT (1.5GL per year).
Currently Australia produces 700 GL of recycled water from
waste-water treatment plants [(Marsden Jacobs Associates
2012), (Bureau of Meteorology 2015)].

In addition to wastewater, stormwater can also be recycled.
As with wastewater, the energy demand of stormwater
recycling is highly variable and dependent on a number of
factors including: the quality of the incoming stormwater,
the treatment required, and the end use. Many stormwater
recycling systems have low (or zero) energy demand as they
are passive systems such as wetlands and raingardens.

Renewable Energy
There are limited examples of renewable energy use
associated directly with water recycling schemes in Australia
and hence there is an opportunity to investigate possible
options.

IRRIGATION AND AGRICULTURE
Irrigation accounts for around 65% of Australian water withdrawals, using energy primarily in
pumping. Many Australian farms are investigating renewable energy alternatives to existing grid
electricity supply or diesel powered pumps.

Irrigation plays a key role in the agriculture sector of Australia
and irrigated farmland can become twice (or even more) as
productive (T Jackson 2009). There are 129,000 agricultural
businesses in Australia covering 400,000,000 hectares. Of
these, 30,000 are agricultural businesses farming using
irrigation predominantly in south-east Australia. The
Australian Bureau of Statistics (2014) estimates that in 20122013 12,000GL (65 percent of all bulk water in Australia)
was used by farms in Australia. 11,000GL of the water used
for agriculture is applied to crops and 1,000GL is used for
other purposes such as livestock drinking water.
The sources of agricultural water in Australia for 2013/2014
was primarily from irrigation channels or pipelines (4,400
GL), on-farm dams or tanks (1,857 GL), river creeks or lakes
(3,000 GL) and groundwater (2,000 GL) with the remainder
from other sources such as recycled water and town supplies
[(ABS 2014), (N Harrington & P Cook 2014)]. New South
Wales is the largest consumer of water for agricultural
purposes (4,500 GL).

Figure B4 - Source of agricultural water in Australia
(ABS 2014)
Australia is composed of several separate water markets that
supply agricultural irrigation to farms, varying from small
unconnected system to extensive, cross-state systems such as
the Murray-Darling Basin, is the largest water trading area in
Australia. The Murray Darling Basin Authority manages the
fair, efficient and sustainable use and delivery of water across
South Australia, New South Wales and Victoria through
water access entitlement and water allocations which can
be traded to other farms in a similar manner to the share
market (National Water Market 2015).
Agricultural and irrigation systems are highly variable, and
have different characteristics in terms of management,
potential water use and energy consumption dependent
on the type of farm, climatic conditions and location.
Traditionally, irrigation water use efficiency in agriculture is
low with approximately 50% of water diverted for irrigation

would be lost from the system through poorly maintained
and designed distribution systems and inefficient field
application methods (T Jackson 2009). The irrigation sector
has been struggling due to prolonged droughts in some areas
of Australia creating a gap between the supply and demand
for water.
There is a growing trend of improving agricultural irrigation
in Australia by changing to pressurised irrigation systems.
By changing from irrigation channels and ditches to piped
systems, there is improved water use efficiency since less
water is lost to evaporation and infiltration. However the
inverse effect of this change is that there is an increase
energy demand from pumping the water. The modernisation
of irrigation systems is currently being undertaken in
south-east Australia’s Murray Darling Basin, where 85% of
Australia’s irrigation takes place, with an aim to generate
water savings of over 2,500 GL per year [(T Jackson 2009),
(T Jackson, S Khan & M Hafeez 2010)].

Energy Demand
The main water related energy use for the irrigation and
agricultural sector is in pumping and conveying water to
and around properties. This is typically undertaken using
grid supplied electricity or diesel motors depending on the
property’s access to a grid. Audits of irrigation farms have
demonstrated that the water used for pumping can account
for between 50–80% of a farms total energy bill and the cost
of pumping water is between $35 and $80/ML (based on 200
kWh/ML to 500 kWh/ML) [(NSW Farmers Association 2013),
(ARM & NRN North 2009)].
Currently, the Australian Government subsidises diesel fuel
costs within the agricultural sector by providing a rebate
on the excise and customs duty which is typically charged.
The scheme is used to lower operation costs borne by the
agricultural sector in order to maintain cost competitiveness
within the export market. In some instances, diesel
cost rebates increase the cost competitiveness of diesel
energy applications compared to those renewable energy
technologies.
In some areas of Australia, farmers have been receiving a
cheaper price for electricity through special tariffs. This is now
changing and the tariffs that were available for farmers in
Queensland is being phased out over several years, meaning
that electricity prices are likely to increase substantially.
Similarly in New South Wales’ Riverina region, electricity
prices increased by 30% from 2011 to 2012 due to demand
charges leading to some irrigation equipment becoming
prohibitively expensive to use [(Queensland Competition
Authority 2014), (Stefanie Schulte, 2013)]. These changes
have the potential to change the viability of renewable
generation in this sector.
Seasonal demand throughout the various stages of the
cropping cycle means farmers using a high amount of energy
at certain times of the year and significantly lower amounts
when they are not actively irrigating.
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Renewable Energy
Renewable energy opportunities within the agricultural and
irrigation system in Australia are similar to those experienced
in the agricultural industry internationally, with significant
opportunities in relation to renewable energy pumping
solutions as well as the utilisation of bioenergy from crop
and animal wastes. Notably, Australia has a long history
of renewable energy pumping solutions for groundwater,
primarily through the historical use of windmills.
Developing renewable energy in agricultural businesses
is dependent on their location, access to and cost of
conventional energy, energy use and what and how
they farm (NSW Farmers Association 2014). Agricultural

businesses in Australia are using solar photovoltaic power,
solar-thermal, wind power, and ground-sourced heat pumps
to either generate electricity or reduce their energy use.
There is also a significant use of plant and animal waste as a
fuel source including:
• Eight sugar mills capturing 4,391,000 tonnes of bagasse
and generating 198MW of electricity (Australian
Government: Rural Industries Research and Development
Corporation 2013).
• There are currently 14 operational biogas sites at piggeries
in Australia, capturing biogas through digesters, covered
lagoons or mixed-pond systems (J Price 2014).

The agricultural sector
has renewable bioenergy
feedstock including crop
and animal wastes
The irrigation sector is subject
to strongly seasonal energy
demands representing good
opportunity for energy storage
Off-grid and fringe of grid
pumping applications, as well
as changing electricity tariffs
represent good opportunities for
renewable energy integration
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APPENDIX B3 –
AUSTRALIAN WATER MARKET RENEWABLE
ENERGY PROJECTS
EXISTING PROJECTS

It should be noted that the identified projects from the
Register of accredited power stations do not include for the
following renewable energy applications which may exist
within the water sector:

In order to understand the current status of water sector
specific renewable energy use within Australia an analysis
was undertaken of the Register of accredited power stations
as outlined in the Clean Energy Regulator REC registry.
The results were filtered for those applications which were
considered specifically attributable to water sector operations
and were filtered to only consider projects with the following
properties:

• Projects categorised under the Small-scale Renewable
Energy Target (SRET)
• Projects which use renewable energy directly as a heat
source
For each of the identified projects, the installed capacity
was determined based upon publically available
information. In order to provide an overview of the current
status of installed renewable energy capacity in Australia,
summary of the identified projects and their total installed
capacity is provided in the following table.

• Projects with fuel source identified as sewage gas or hydro;
and/or
• Projects with an account name specifically listed as a known
water sector organisation

STATE

ACT

NSW

NT

QLD

SA

TAS

VIC

WA

TOTAL

Biogas (Sewage Gas)
Number

0

11

0

5

0

1

4

1

22

Installed
Capacity
(MW)

0.0

8.2

0.0

4.1

0

0.1

21.0

0.6

34.0

Number

1

31

0

10

2

39

21

3

107

Installed
Capacity
(MW)

1

2,878

0

159

3

2,302

754

10

6,107

Hydro

Table B6 –Existing biogas and hydro installations in Australia
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Although difficult to discern water large-scale solar installations specifically for water sector use, the following installations
are notable examples listed within the Register of accredited power stations and also of innovative applications of solar specific to
the water sector.

PROJECT OWNER

PROJECT NAME

TYPE

LOCATION

INSTALLED
CAPACITY (kWp)

Wide Bay Water
Corporation

Fraser Coast
Community Solar
Farm

Ground Mount

QLD

400

City of KalgoorlieBoulder

CKB Wastewater
Treatment Plant Solar

Ground Mount

WA

150

Sydney Water
Corporation

Potts Hill Solar PV

Rooftop

NSW

60

Infratech Industries

Jamestown Floating
Solar

Floating

SA

TBA

Multiple

Multiple Rooftop Solar Rooftop
PV Installations

Australia Wide

Multiple

Agriculture &
Irrigation

Solar Pumping
Installations

Solar Pumping

Australia Wide

Multiple

Agriculture &
Irrigation

Wind Pumping
Installations

Wind Pumping

Australia Wide

Multiple

Table B7 – Notable solar installations in the Australian water sector

PLANNED PROJECTS
The majority of project opportunities are in the feasibility or
planning stage, suggesting that there is large potential for
renewable energy use within the Australian water sector.

TECHNOLOGY

WATER SECTOR &
APPLICATION

TYPICAL SIZE

NO. PROJECTS

STATUS

Solar PV

Rooftop – Multiple Sectors

5kW – 100kW

Multiple examples

Feasibility
Procurement
Construction

Floating Solar

Large-scale

Few examples

Feasibility

Ground Mount

5 – 200kW

Multiple examples

Feasibility

Solar Pumping

5 – 200kW

Multiple examples

Feasibility

Solar Thermal

Domestic Hot Water Rollout

<100kW

Few examples

Feasibility

Biogas

Cogeneration

30kW – 4MW

Multiple examples

Feasibility
Procurement
Construction

Co-digestion

-

Multiple examples

Trials/Feasibility
Procurement

Organic Rankine Cycle (ORC)
- Heat Recovery

<100kW

Few examples

Feasibility

Algal Biomass

-

Few examples

Trials/Feasibility

Hydro

In-Conduit

10kW – 4MW

Multiple projects

Feasibility
Procurement

Wind

Small-scale wind

800kW

Few examples

Procurement

Large-scale wind

10MW

Few examples

Feasibility

Battery/Solar

Small-scale

Few examples

Feasibility

Pumped Storage

-

Few examples

Feasibility

Storage

Table B8 – Examples of current project investigations in the Australian water sector
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During the course of the literature review and stakeholder
engagement process, a number of renewable energy
projects were identified as either under investigation and
development. A summary of the significant key technology
applications identified in the Australian water sector is
provided in Table B8.
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APPENDIX B4 –
INTERNATIONAL WATER MARKET GAP ANALYSIS
TECHNOLOGY MATURITY LEVEL
A gap analysis was undertaken to compare the level of
renewable energy development between the Australian and
international water sector. The gap analysis was completed
using a modified and consolidated rating scale of both
the globally accepted benchmarking tool of Technology
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Readiness Level (TRL) and the ARENA developed Commercial
Readiness Index (CRI), to help communicate the level of
maturity of the particular technology specifically within the
water sector. The modified combined Technology Maturity
Level (TML) used for the gap analysis is shown in Figure B5.

Figure B5 – Technology Maturity Level (TML) overview

GAP ANALYSIS RESULTS
A technology maturity gap analysis was undertaken and
each technology was assessed for the following categories:
• Potential: Perceived potential to have impact on
renewable energy use within the Australian water sector
• Technology Maturity Level: Rating as it relates specifically
to maturity within the water sector specifically for both
Australia and internationally

Following analysis, the specific technologies and
applications were arranged in rank according to the
following level criteria:
• Level 1 Rank: Technologies primarily ranked in order of
most potential from High to Low
• Level 2 Ranking: Technologies secondarily ranked in
orde of Australian Technology Maturity Index from least
mature to most mature
• Level 3 Ranking: Technologies thirdly ranked in order
of international Technology Maturity Index from most
mature to least mature

The resulting gap analysis results aims to present a broad overview of those technologies which represent the good opportunity
to improve technology maturity and have an impact on renewable energy use within the Australian water sector.

Table B9 – Summary of priority assessment of renewable energy within the water sector
TML
CATEGORY

TECHNOLOGY

POTENTIAL AUS.

INTL.

GAP

COMMENT

Biofuels

Algal Biofuel

High

5

0

International: Focused research and trialing
at wastewater facilities.

5

Australia: Focused research and trialing at
wastewater facilities, including research
and trials with Flinder’s University at
Melbourne Water’s Western Treatment
Plant. Significant interest from wastewater
treatment plant facility owners.
Solar PV

Floating Solar PV High

6

8

-2

International: Growing deployment of
large-scale floating solar plants, including
recent examples in Japan, Korea and the
US.
Australia: Initial deployment of small scale
installation at Jamestown wastewater
treatment plant in South Australia.
Significant interest in technology from
water sector stakeholders.

Storage

Battery Storage

High

6

7

-1

International: Emerging use of technology
for support of renewable energy storage,
particularly for off-grid applications.
Australia: No known use specifically within
water sector. Emerging trials for battery use
trials for intermittent pumping applications.
Significant interest from water sector
stakeholders.

Pumped storage

High

7

9

-2

International: Widespread use of large scale
pumped storage facilities providing power
into electricity networks. Widespread use of
pumped storage principles
Australia: Small pumped storage schemes
established, with good potential for minor
pumped storage for demand management
within the water sector. Significant interest
from water sector stakeholders.

Biogas

Biogas Storage

High

7

9

-2

International: Widespread use of multiple
biogas storage technologies in varying
sizes, for applications in wastewater
treatment and agriculture. Biogas storage
implemented at wastewater treatment
plants and also in agricultural biogas
applications.
Australia: Limited biogas storage use, with
predominant use of flaring technologies for
excess biogas production.
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Table B9 (cont.) – Summary of priority assessment of renewable energy within the water sector
TML
CATEGORY

TECHNOLOGY

POTENTIAL AUS.

INTL.

GAP

COMMENT

Solar PV

Solar AC
pumping

High

9

-2

International: Growing widespread
application in remote agricultural pumping
applications.

7

Australia: Emerging applications in
remote agricultural pumping applications.
Significant interest from water sector
stakeholders.
Solar PV

Solar PV/Diesel
Hybrid

High

7

9

-2

International: Growing widespread
application in remote agricultural pumping
applications.
Australia: Emerging applications in remote
agricultural pumping applications.

Biogas

Co-digestion

High

7

8

-1

International: Significant growing use
of codigestion in existing wastewater
treatment facilities, including development
of upstream supporting processes such as
household waste segregation.
Australia: Emerging interest in codigestion
including codigestion trials at a few
facilities. First large scale example planned
for Yarra Valley Water as part of a wasteto-energy project in Wollert. Significant
interest from water sector stakeholders.

General

Leasing

High

7

8

-1

International: Multiple commercial land
leasing applications exist within the water
sector internationally, including leasing of
water bodies for floating solar.
Australia: Emerging commercial land
leasing applications exist within the water
sector, with significant interest from water
sector stakeholders.

Solar PV
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Solar DC
Pumping

High

8

10

-2

International: Growing widespread
application in remote agricultural pumping
applications
Australia: Emerging applications in
remote agricultural pumping applications.
Significant interest from water sector
stakeholders

Wind

Small-scale Wind High

8

10

-2

International: Established use across
multiple industries including the water
sector.
Australia: Significant interest from water
sector stakeholders. Limited examples
of small-scale wind by water sector
participants.

Biogas

Biogas
Cogeneration

High

8

10

-2

International: Widespread use in
wastewater sector for large and small scale
plants.
Australia: Emerging trend of increasing use
across wastewater plants using anaerobic
digestion. Significant interest from water
sector stakeholders.

Biogas

Biogas Heating

High

8

10

-2

International: Widespread use in
wastewater sector for large and small
plants.
Australia: Emerging trend of use across
wastewater plants using anaerobic
digestion.

Table B9 (cont.) – Summary of priority assessment of renewable energy within the water sector
TML
CATEGORY

TECHNOLOGY

POTENTIAL AUS.

INTL.

GAP

COMMENT

Solar PV

Ground Mounted
Solar PV

High

10

-2

International: Widespread use of ground
mounted solar PV directly connected to loads
across a number of water sectors.

8

Australia: Growing use of ground mounted
solar PV directly connected to loads across a
number of water sectors. Significant interest
from water sector stakeholders.
Solar PV

Rooftop Solar PV

High

8

10

-2

International: Widespread use of rooftop solar
PV across a number of water sectors.
Australia: Widespread use of rooftop solar PV,
with growing trend of use by water authorities.

Hydro

In-Conduit Hydro

High

8

9

-1

International: Widespread examples of
in-conduit hydro for pressure reduction
applications.

Hydro

Micro-Hydro

High

8

9

-1

International: Widespread use of micro-hydro.
Australia: Growing use of micro-hydro.

Hydro

Mini-Hydro

High

8

9

-1

International: Widespread use of mini-hydro.
Australia: Growing use of mini-hydro.

General

Demand
Management

High

9

9

0

International: Use of techniques such as offpeak pumping to move electrical load to more
convenient times.
Australia: Use of techniques such as off-peak
pumping to move electrical load to more
convenient times. Demand

Biogas

Compressed
Biogas

Med

3

7

-4

International: Demonstrated international use
in landfill biogas. Limited application in water
sector as most biogas generated is used on-site.

Biogas

Precinct
Distribution

Med

4

8

-4

International: Limited use of dedicated local
piping distribution networks for biogas
produced from wastewater treatment plants.
Australia: No known applications of dedicated
local piping distribution networks for biogas
produced from wastewater treatment plants.

Biogas

Biogas Pumping

Med

4

8

-4

International: Has been applied primarily in
developing countries for remote irrigation
purposes.
Australia: No known use of this technology
within the water sector.

Wind

Large-scale Wind

Med

5

8

-3

International: Widespread capability for the
use of large scale wind technologies across
the water sectors for the offset of power
consumption plant.
Australia: Increasingly widespread capability
for the use of large scale wind technologies
across the water sectors for the offset of
power consumption plant, most notably
for desalination. Interest from water sector
stakeholders where loads can be aggregated.
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Australia: No known use of this technology
within the water sector.
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Table B9 (cont.) – Summary of priority assessment of renewable energy within the water sector

TML
CATEGORY

TECHNOLOGY POTENTIAL AUS.

INTL.

GAP

COMMENT

Biomass

Biomass
Gasification

6

-1

International: Use in small scale off grid
communities predominantly in undeveloped
countries. Emerging research in large scale
commercial gasification processes with some
commercial applications.

Med

5

Australia: Limited use of gasification
technology, with predominantly trial based
focus. No known commercial examples using
crop waste.
Organic
Rankine
Cycle

Solar
Thermal

Organic
Rankine Cycle
Waste Heat
Recovery

Med

Solar Thermal
Pumping

Med

6

8

-2

International: Emerging potential applications
for low grade heat recovery from biogas
combustion residual heat.
Australia: No known applications within the
water sector, but some minor interest from
water sector

6

6

0

International: Emerging use of solar thermal
pumping applications, particularly in off-grid
developing nations.
Australia: No known commercial use of solar
thermal pumping applications.

Wind

Wind/Diesel
Hybrid

Med

8

10

-2

International: Growing widespread application
in remote agricultural pumping applications.

Biogas

Bio Methane

Low

4

7

-3

International: Some examples of biomethane
production from biogas for uses such as
vehicle fuel. Limited use in water sector due to
consumption at source.
Australia: No known applications within the
Australian water sector.

Biomass

Biomass
Desalination

Low

4

4

0

International: No commercial applications,
although individual technologies could be
relatively easily combined to produce outcomes.
Australia: No known applications.
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Ocean

Ocean Thermal
Energy
Conversion

Low

4

4

0

International: No practical applications at
current stage.

Solar
Thermal

Solar Thermal
Desalination

Low

5

6

-1

International: Potential large scale projects
being developed in Middle East. Emerging
potential of small scale solar thermal for MED
desalination processes.
Australia: Some examples of emerging small
scale applications, including current project
by Sundrop Farms as part of the Port Augusta
Expansion project for tomato horticulture.

Ocean

Tidal Energy

Low

5

5

0

International: No practical applications at
current stage.
Australia: No practical applications at current
stage.

Ocean

Wave Energy

Low

6

5

1

International: No practical applications at
current stage.
Australia: Pilot scale plant under development
in Perth by Carnegie Wave Energy to produce
desalinated water directly from wave energy.
250Kw wave energy plant scheduled to start in
Victoria in late 2015

Table B9 (cont.) – Summary of priority assessment of renewable energy within the water sector

TML
CATEGORY

TECHNOLOGY POTENTIAL AUS.

INTL.

GAP

COMMENT

Solar PV

Solar PV
Remote
Instrumentation

9

-1

International: Widespread use of technology
for supply to remote instrumentation and
lighting applications across the water sector.

Low

8

Australia: Widespread use of technology for
supply to remote
Solar
Thermal

Solar Hot Water

Low

8

8

0

International: Minimal use of solar hot water
technology within the water sector with some
applications being in commercial water utility
buildings.
Australia: Minimal use of solar hot water
technology within the water sector with some
applications being in commercial water utility
buildings.

Storage

Mechanical
Storage

Low

10

10

0

International: Established use of mechanical
storage technologies, however no specific
examples in water sector.
Australia: Established use of mechanical storage

Hydro

Hydro

Low

10

10

0

International: Significant global use of
hydropower as a significant renewable energy
resource.
Australia: Significant established industry with
most large scale hydro

Wind

Windpump

Low

10

10

0

International: Widespread use of this
technology particularly in the agricultural &
irrigation sector for pumping applications.

Geothermal

Geothermal
Heating

N/A

NA

NA

NA

International: No known examples of
geothermal heating applications within the
water sector.
Australia: No known examples of geothermal
heating applications within the water sector.

Solar
Thermal

Solar Direct
Heating

N/A

NA

NA

NA

International: Limited deployment and use
within water sector.
Australia: No known examples of application or
expected benefit.

Storage

Thermal
Storage

N/A

NA

NA

NA

International: No known examples of thermal
storage applications within the water sector.
Australia: No known examples of thermal
storage applications within the water sector.

It should be noted that whilst the above gap analysis
presents an overview of the key differences in renewable
energy technology development and use, further evaluation
and additional criteria are required in order to determine
the suitability of the technology for ARENA focus,
including factors such as the ability to influence technology

development and the specific barriers and opportunities
which exist within the Australian water sector. Further
analysis including these considerations is explored as part
of the multi-criteria analysis outlined in Appendix D – MultiCriteria Analysis.
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Australia: Widespread use of this technology
particularly in the agricultural & irrigation sector
for pumping applications.
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APPENDIX C –
STAKEHOLDER ENGAGEMENT PROCESS
STAKEHOLDER ENGAGEMENT ACTIVITIES
Overview and Goals
In conjunction with the literature review, a water sector
stakeholder engagement process was undertaken to seek
information and feedback directly from stakeholders as part
of the priority setting process. The stakeholder engagement
process consisted of the following activities:
• Online Survey

Stakeholder Engagement and Knowledge Sharing
Workshops
• Gain further detailed information and insights from
information gathered during the online survey
• Bring together water sector stakeholders to share
knowledge on energy and renewables projects
• Help to determine water sector stakeholder views on
hypothesised ARENA priority areas

• Stakeholder Meetings and Interviews

• Achieve greater engagement between ARENA and the
water sector

• Stakeholder Engagement and Knowledge Sharing
Workshops

Online Survey

The primary goals and aims of the stakeholder activities are
outlined as follows:

Online Survey and Stakeholder Meetings/
Interviews

In order to enable wide input and participation from the
Australian water sector into the stakeholder engagement
process, an online survey was issued able to be completed by
stakeholders wishing to participate in the study.
The key details of the survey are outlined as follows:

• Identify current energy use and practices
• Understand renewable energy project investigations and
activities
• Understand barriers and opportunities to renewable energy
use
• Determine level of industry participation and cooperation

SURVEY DETAILS
Platform

SurveyGizmo®

Distribution Medium

Online project specific web link distributed by following mediums.
Direct Email: Direct email of survey to 102 targeted survey participants.
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Social Media: Issue of survey medium by Beca company site on LinkedIn. Cross promotion
on LinkedIn by Australian Water Association.
Industry Bodies: Promotion via direct email and social media from industry bodies and
associations to their membership base, including the Australian Water Association (AWA),
Water Services Association of Australia (WSAA), National Irrigator’s Council (NIC), Irrigation
Australia, NSW Farmers Association and Cotton Australia.
Survey Participation

Response Total: 121 responses (79 complete, 81 partial)
Sector Participation:
Farming, Agriculture & Irrigation (38.5%)
Water Utilities (33.3%)
State/Federal Government (5.1%)
Water Industry body or Association (2.6%)
Council or Local Government (2.6%)
All Others (18.0%)

Table C1 – Stakeholder survey details

Stakeholder Interviews and Meetings
To complement the online survey, stakeholder interviews and
meetings were conducted in order to gather additional and
more focused information from a range of stakeholders. The
interviews and meetings were conducted in a combination
of face-to-face and telephone interviews. Interviews were
guided by key sections of the online survey relevant to the
stakeholders sector.
Participants for the interviews were selected from a range
of industry bodies, water authorities and regulators, while
additional stakeholders who were interested in participating
were also interviewed.
As well as one-on-one interviews with individual
stakeholders, face-to-face meetings were held with the
following proponents and industry bodies:

Information gathered from both stakeholder interviews and
meetings were incorporated within the survey and interview
results.

Knowledge Sharing and Stakeholder
Engagement Workshops
In order to seek high engagement with the Australian water
sector as a part of this study, two knowledge sharing and
stakeholder engagement workshops were conducted. The
workshops were conducted in-person and also via video
conference webinar for additional stakeholders interested in
attending.
The details of each of the workshops are outlined below in
the following table.

• National Irrigators Council (Energy Subcommittee)
• International Water Association (Energy & Greenhouse
Special Interest Group)
• Australian Water Association
• Water Services Association of Australia
• Water utilities

WORKSHOP DETAILS

VALUE

Workshop Dates

Sydney: 29th June 2015 (9:00am – 12:00pm)
Melbourne: 1st July 2015 (9:00am – 12:00pm)

Workshop Participants

Water Sector Workshop Participants
Sydney: 11 in person, 1 webinar
Melbourne: 13 in person, 5 webinar
In addition to above water sector participants, the workshops were attended by ARENA
workshop facilitators.

Workshop Format

In person

Table C2 – Stakeholder workshop details

Figure C1 – Workshop participants undertake exercises at the Sydney workshop
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Workshop Content
The workshops were conducted in an open and
collaborative manner in order to facilitate discussion and
exploration of opportunities and barriers to renewable
energy use. Throughout the workshop, in-person and
webinar attendees actively participated in knowledge
sharing presentations and exercises. An overview of the
structure of the workshops is provided as follows.

Knowledge Sharing
Material was presented during the workshop to help
stimulate knowledge sharing and education of attendees
on renewable energy projects and technologies.
Specifically, the following information was presented with
a focus on knowledge sharing:
• Presentation by Sonoma County Water Agency on their
‘Carbon Free Water’ program
• Presentations by Sydney Water and Melbourne Water, at
the Sydney and Melbourne workshops respectively, on
renewable energy use within their businesses
• Technical overview of renewable energy and enabling
technologies.
Throughout the workshops, participants were actively
encouraged to share knowledge with all other workshop
participants.

Workshop Exercises
Workshop exercises were provided to help stimulate
discussion and encourage participation from attendees.
All workshop exercises were able to be participated either
in-person or via webinar. The following workshop exercises
were completed during each workshop.
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• Technology Specific Discussion: Group focused discussion to
identify applications, barriers and opportunities associated
with specific renewable energy technologies including
solar, wind, hydro and bioenergy. In-person attendees
participated by group discussion, whilst webinar attendees
record input by webinar chat functionality. Results were
recorded on large butcher’s paper during the session for
in-person attendees and by chat logs for webinar attendees.
• Barriers Workstation Exercise: Rotating workstation exercise
to identify major barriers to renewable energy use in the
categories of financial, technical, regulatory and general/
other. In-person attendees participated by rotating around
to workstations in small groups whilst webinar attendees
recorded input by webinar chat functionality for each
category when prompted. Results were recorded on large
butcher’s paper during the session for in-person attendees
and by chat logs for webinar attendees.
• Priority Ranking Exercise: In-person participants are
provided a hardcopy worksheet and asked to rank the
hypothesised priority areas according to their preferences,
as well as identify any new suggestions for priority areas
for ARENA’s consideration. Webinar attendees provided
responses correlating to their preferences by webinar chat
functionality.

Multi-Criteria Analysis – Stakeholder Inclusion
Stakeholder participation was included for the renewable
energy multi-criteria analysis conducted as a part of this
study.

STAKEHOLDER ENGAGEMENT RESULTS
Energy Use and Practices
A summary of key trends and outcomes derived from the survey responses, stakeholder interviews and workshops
are presented as follows.

CATEGORY

URBAN WATER STAKEHOLDERS

AGRICULTURE/IRRIGATION STAKEHOLDERS

Main Energy Sources

• Electricity (grid supplied) *

• Electricity (grid supplied) *

• Diesel/Petrol/LPG *

• Diesel/Petrol/LPG *

Grid electricity supply indicated to be most
significant energy source by considerable
margin.
Diesel use is primarily only used for off-grid
pumping applications.

Grid electricity supply comparable to diesel
supply for pumping applications. High use
of diesel for pumping applications present
opportunity for off-grid small-scale renewable
energy pumping technologies.

Main Energy
Demands

• Electric Water Pumping Loads *

• Electric Water Pumping Loads *

• Blowers/Fans *

• Diesel Water Pumping Loads *

Energy Use
Seasonality

Mixed *

Strongly Seasonal *

Loads indicated to vary depending primarily
upon water consumption and surface water
levels.

Loads indicated to vary significantly depending
upon seasonality of farming applications such
as crop production. Significant periods of time
with no irrigation requirements depending
upon crop cycles.

Demand
Management
Flexibility

High *

High *

Flexibility demonstrated through demand
management for time-of-use tariff
optimisation.

Main impacts on demand flexibility include
limitations on irrigation timing to avoid peak
evaporation during daylight hours. Demand
management flexibility varies depending upon
water storage capacity.

Energy Focus

Strong *

Medium *

Storage (Perceived
Benefit)

• Battery Storage: High*

• Battery Storage: High*

• Thermal Storage: Low/None*

• Thermal Storage: Low/None*

• Pumped Storage: Medium*

• Pumped Storage: Medium/High*

• Biogas Storage: Medium*

• Biogas Storage: Low/None*

• Mechanical Storage: Low/None*

• Mechanical Storage: Low/None*

Renewable Energy

• Solar PV *

• Solar PV *

(Greatest Perceived
Potential)

• Biogas *

• Wind *

• Hydroelectricity *

• Biofuels *

• Energy Storage Technologies/Practices *

• Energy Storage Technologies/ Practices *

• Wind *

• Solar Thermal *

Industry Participation

High *

Medium/High *

Renewable Energy
Financing

Medium (>50% aware) *

Low (<20% aware) *

Awareness
Table C3 – Summary of stakeholder engagement results (Energy use and practices)
* Data results obtained directly from survey response data.
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Renewable Energy Investigations
An overview of the level of interest and current consideration by stakeholders of different renewable energy technologies
is shown on the following graphs where stakeholders indicated whether they have implemented, considered or never
considered different applications of solar, wind, hydro and bioenergy technologies.
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BARRIERS AND OPPORTUNITIES
A summary of the themed barriers identified by stakeholders is provided below for general and technology
specific barriers.

Table C4 – Summary of stakeholder engagement results (barriers)
* Data results obtained directly from survey response data.Current Projects and Investigations
CATEGORY

URBAN WATER STAKEHOLDERS

AGRICULTURE/IRRIGATION STAKEHOLDERS

General and Sector Specific
Financial

Electricity Tariffs: Relatively cheap electricity
rates for large water utilities are a barrier in
that they lower the return on investment for
renewable energy projects offsetting grid
electricity.
Financial Justification: Water utilities must justify
increased costs of services to stakeholders
and can typically not justify projects by triple
bottom line outcomes.

Off-Grid Diesel Use: The significant proportion
of expensive off-grid diesel pumping
applications is favorable to promote financial
viability of renewable energy alternatives.
Electricity Tariffs: High electricity tariffs and
demand capacity charges are favorable to
promote financial viability of renewable energy
alternatives.

Price Forecasting: Lack of certainty around
electricity and Renewable Energy Certificate
(REC) pricing makes project viability uncertain.
Technical

Demand/Load Matching: The output of
renewable energy technologies does not align
with demand requirements. Inadequate storage
exists to overcome this barrier.

Demand/Load Matching: The output of
renewable energy technologies does not align
with demand requirements. Inadequate storage
exists to overcome this barrier.
Demand Seasonality: Significant demand
seasonality for energy use due to agriculture
increases payback period due to low value use
or export of excess electricity generation from
installed renewable capacity.
Knowledge: Availability of knowledge and
in-house capability to assess renewable energy
projects makes it difficult to ascertain project
viability.

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
APPENDIX C - STAKEHOLDER ENGAGEMENT PROCESS

74

Regulatory

Wheeling: Inability to allocate exported
renewable energy to other sites by a wheeling
arrangement reduces project viability.

Grid Connection: High cost and uncertain
requirements of grid connection creates project
risk.

Grid Connection: High cost and uncertain
requirements of grid connection creates project
risk.
Other

Core Business: Renewable energy generation
is not core business and is often seen as a
distraction or complication to core operations
and maintenance activities.

Core Business: Renewable energy generation
is not core business and is often seen as a
distraction or complication to core operations
and maintenance activities.

Table C4 (cont.) – Summary of stakeholder engagement results (barriers)
* Data results obtained directly from survey response data.Current Projects and Investigations
CATEGORY

URBAN WATER STAKEHOLDERS

AGRICULTURE/IRRIGATION STAKEHOLDERS

Barriers

Barriers

Technology Specific

Cost (58%)*

Knowledge (10%)*

Other (10%)*

Regulatory (10%)*

Technical and performance issues primarily
relate to the intermittency of supply and
inability to store electricity for later use or gain
adequate value for any excess generation due
to export.

Technical Maturity (10%)*
Fewer stakeholders identified cost as a
barrier compared to the urban water sector
respondents. Greater spread of perceived
barriers particularly in areas of knowledge
and technical maturity suggest that greater
knowledge on performance and technology is
required to overcome these barriers.
Technical and performance issues primarily
relate to the intermittency of supply and
inability to store electricity for later use or gain
adequate value for any excess generation due
to export.

Barriers

Barriers

Cost (40%)*

Knowledge (37%)*

Technical/Performance Issues (15%)*

Technology is not applicable (30%)*

Technology is not applicable (17%)*

Cost (13%)*

Knowledge (12%)*

Technical/Performance Issues (10%)*

Other (12%)*

Other (10%)*

Indicated that financial barriers in relation
to return on investment are not favourable
particularly considering uncertainty regarding
output flow in drought conditions.
Applicability to operations and topographical/
geographical limitations mean many
applications are not feasible.
Wind

Technical/Performance Issues (23%)*

Technical/Performance Issues (17%)*

Many stakeholders identified that solar PV
capital cost meant that payback period
and return on investment were too low for
management approval.

Hydro

Cost (37%)*

Most independent farmers and irrigators do
not have suitable means or hydro resource to
develop hydro installations.
Applicability to operations and topographical/
geographical limitations mean many
applications are not feasible.

Barriers

Barriers

Cost (31%)*

Technical/Performance Issues (37%)*

Technical/Performance Issues (23%)*

Cost (27%)*

Regulatory (15%)*

Knowledge (23%)*

Technology is not applicable (15%)

Technology is not applicable (13%)*

Issues regarding knowledge of wind resource
make it difficult to determine generation
output to determine return on investment.

Majority of stakeholders have not considered
wind and the perceived barriers are broad in
nature.

Significant regulatory and community
acceptance issues cited as major barrier
in comparison to other renewable energy
technologies.
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Table C4 (cont.)– Summary of stakeholder engagement results (barriers)
* Data results obtained directly from survey response data.Current Projects and Investigations
CATEGORY

URBAN WATER STAKEHOLDERS

AGRICULTURE/IRRIGATION STAKEHOLDERS

Biogas

Barriers

Barriers

Cost (35%)*

Cost (27%)*

Technical/Performance Issues (17%)*

Technical/Performance Issues (27%)*

Technology is not applicable (15%)*

Knowledge (23%)*

Other (25%)*

Technology is not applicable (17%)*

Technology Maturity (10%)*
Significant number of stakeholders reported
that insufficient biogas production is a m ajor
barrier to project viability affecting payback
and economies of scale.
Significant expected potential for opportunities
which increase biogas production such as
codigestion.
Technology maturity issues identified
related to algal biomass projects which are
considered a research field with no commercial
demonstration of viability.

Majority of stakeholders have not considered
biogas and the perceived barriers are broad in
nature.
Biogas opportunities primarily identified in
relation to livestock agriculture, particularly
for practices of high density livestock where
waste collection such as manure is centralised.
Barriers identified to waste collation in broad
acre practices.

The following word cloud presents data visualisation of the responses from survey stakeholders who identified current
renewable energy projects and investigations. Common themes and recurring themes amongst respondents are shown in
larger font proportional to their occurrence.
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Figure C2 – Summary of stakeholder renewable energy projects

In general, the following trends were observed for current
renewable energy projects and investigations:

A detailed summary of stakeholder engagement results is
provided in Appendix C - Stakeholder Engagement Process.

• All projects identified by survey participants within the
agricultural/irrigation sector were solar PV technology for
various applications or mini-hydro for irrigation schemes.

Priority Areas - Workshop Results

• The majority of projects identified within the urban water
sector were for solar PV or biogas projects, with fewer
opportunities identified for wind and hydro opportunities.
• Significant interest was identified within the urban water
sector for feasibility evaluation of floating solar.

Priority Ranking Exercise
The results of the exercises completed during the workshops
were recorded and summarised and where applicable
included with the results from the online surveys and
interviews. For the workshop priority area ranking exercise, a
summary of the mean rankings which workshop participants
selected for preferred priority areas is determined as below.

• Significant interest was identified within the urban water
sector for feasibility evaluation of co-digestion for improved
biogas production.
• The majority of projects identified are small-scale (<1MW)
with the largest project identified being a potential floating
solar installation in the order of 12.5MW.
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Figure C3 – Summary of workshop participant priority area hypotheses ranking
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A matrix summary of the perceived importance of the initial priority area hypotheses is presented below by categorising
mean ranking ranges by both urban water and the agricultural water sectors.

ALL

AGRICULTURE & IRRIGATION URBAN WATER

High Priority

D. Storage technologies

C. Agricultural water use

B. Bioenergy

(Mean Rank <4.5)

E. Small scale solar PV/wind

F. Renewables ready
infrastructure

I. Water sector collaboration

G. Water/energy/food nexus
Medium Priority

I. Water sector collaboration

(4.5<Mean Rank<6)

H. Water supply & climate
change

F. Renewables ready
infrastructure

Low Priority

A. Desalination

B. Bioenergy in wastewater

C. Agricultural water use

(Mean Rank >6)

G. Water/energy/food nexus

Table C5 – Summary of workshop participant priority area hypotheses ranking by importance

• Storage technologies and small scale wind/solar projects are
seen as high value areas by all workshop participants.
• As expected, the agricultural/irrigation sector workshop
participants have a strong preference towards integration
of renewables in irrigation practices and understanding of
energy use in agricultural practices.
• The urban water sector has a high priority for bioenergy
technology applications within the wastewater sector.
• Integration of renewables with desalination processes is
viewed as a low priority for all workshop participants.

Workshop Proposed Priority Areas
In addition to the hypothesised priority areas, workshop
participants were asked to identify any new priority areas
or considerations which they believe to be beneficial. The
following provides a summary of those priority areas and
suggestions proposed by workshop participants.
• Economic and engineering analysis to establish an
energy baseline in irrigated agriculture, and correlate the
relationship between energy and water. Factor and quantify
the potential savings in both energy and water.
• A study to analyse and quantify opportunities to co-fund
large-scale solar in bulk water pumping via savings in
electricity distribution costs.

• Improved understanding and stability in regulatory
framework and price of/for renewable energy
• Integration of renewables, storage and grid operational
water assets
• Regulatory changes for a more supportive environment for
renewable energy investment.
• Establish methods of transfer of exported energy between
different sites for end use
• Grants to reduce payback with current narrow short-term
cycles set by state government
• Reducing cost of balance of plant
• Funding of network connection studies
• Developing hybrid renewable demonstration plants, for
example solar and biogas could supply power at all times.

Comments and Suggestions
• Cost and provision of energy must be a key driver
• Networks/energy generation must be wealth enabler and
not wealth creator
• The integration of storage technologies and methods for
water treatment and distribution applications outlined in
priority areas for storage technologies should be expanded
to include all locations, not just remote locations
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The following trends were identified from the results of
the priority area ranking exercise undertaken during the
workshops:
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STAKEHOLDER ENGAGEMENT – KEY OUTCOMES
A summary of the key outcomes and findings of the stakeholder engagement stage is provided by technology category
in the table below.

Table C6 – Stakeholder engagement key outcomes summary
RENEWABLE ENERGY URBAN WATER

AGRICULTURE & IRRIGATION

Solar PV

High interest in conventional solar PV
technology, however with a much lower
installation rate compared to the urban water
sector. Typically the cost of electricity is higher
for the agricultural sector than that of the
urban water sector, and hence reduced uptake
is likely to be for reasons other than lower
return on investment.

High interest in solar PV technology, with a
significant uptake in conventional solar PV
applications including rooftop and ground
mount.
There is a significant interest in floating solar
applications, however with very limited uptake
aside from one installation in Jamestown,
SA. Stakeholder feedback suggests that little
information is known about the technical
performance and benefits of floating solar
making feasibility assessment challenging.

Bioenergy

Limited interest in solar/diesel hybrid likely due
to good access to electricity grid.

There is limited interest in both floating solar
applications and solar/diesel hybrids, with the
vast majority of respondents never considering
these technologies. Lower interest is expected
to be primarily due to lack of knowledge of
technology as well as lower applicability due
to no presence of existing infrastructure such
as dams or diesel generating sets for many
respondents.

High interest in biogas with a high uptake in
applications including cogeneration and direct
heating.

Low interest in bioenergy technologies with no
responded examples of use of bioenergy from
survey respondents.

Applications of co-digestion and biogas storage
show lower uptakes and consideration and
may represent good opportunities to increase
viability of biogas embedded power generation
on sites where feasibility of the project is
reduced due to low biogas production.

Vast majority of respondents have not
considered bioenergy applications, likely due to
reasons of the lack of a bioenergy resource and
knowledge of the technology.

Despite moderate interest in biofuel and algal
technologies, uptake is still low and primarily
limited to research and trials as this technology
is not yet commercially demonstrated at large
scale.
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Hydro

High interest and moderate uptake in smallscale hydro. Highest interest in in-conduit
hydro correlating with lowest uptake
suggesting that this is an emerging area of
interest to water utilities.
Low interest in larger scale hydro (>1MW)
suggesting that fewer larger hydro
opportunities exist within the market with most
already being realised.

Wind

High interest in small-scale wind but with
very low uptake with cost, regulatory and
performance barriers noted as main reasons.
Low interest in large-scale and wind/diesel
hybrid technologies.

Agricultural interest in bioenergy is
predominantly limited to waste streams
associated with high density livestock or
consolidated crop wastes.

Low interest in hydro opportunities with
majority of respondents indicating that the
technology is not applicable to their business.
Low uptake of hydro applications, limited
primarily to large scale irrigation authorities for
irrigation distribution.

Low interest in electricity generating wind
technologies overall. Moderate uptake of direct
windmill applications for pumping. Technical/
performance issues noted as primary barrier,
suggesting that challenges may lie with
technology knowledge and also intermittency
of supply.

Table C6 (cont.) – Stakeholder engagement key outcomes summary
RENEWABLE ENERGY URBAN WATER

AGRICULTURE & IRRIGATION

Geothermal/Ocean/
Biomass

Low interest and activity in geothermal, ocean
and biomass energy technologies.

Low interest and activity in geothermal,
ocean and biomass energy technologies.
All technologies not expected to present
significant opportunities to the water sector.

Geothermal and ocean technologies not
expected to present significant opportunities to
the water sector.
Availability of biomass from crop waste and use
of energy crops may present some potential to
the agricultural sector, however respondents
indicated little interest or activity in this area.

High perceived benefit of battery storage and
moderate perceived benefit of both biogas and
pumped hydro storage.

High perceived benefit of battery storage and
moderate perceived benefit of pumped hydro
storage.
Benefit of storage technologies/applications
viewed as important in overcoming
intermittency and infrequency of many
irrigation applications which are seasonal in
application.
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APPENDIX D – RENEWABLE ENERGY OPPORTUNITIES
MULTI-CRITERIA ANALYSIS
MULTI-CRITERIA ANALYSIS (MCA) PROCESS

• Biomethane (Pipeline)

Overview and Goals

• Compressed Biogas

In order to further substantiate the literature review and
stakeholder engagement process a multi-criteria analysis
(MCA) was undertaken. The initial phase of the MCA was
undertaken internally, with the intent to determine the
analysis criteria and to perform an independent evaluation
of the various renewable energy opportunities with respect
to ARENA’s stated goals and objectives, for later comparison
with external water sector stakeholders.

• Algal Biofuel

In this initial stage the technologies and practices for
evaluation were selected. Additionally, the performance
criteria were selected and weighted to help return feedback
reflecting ARENA’s legislated objectives.

Renewable Energy Opportunities
In order to provide sufficient coverage of the available
renewable energy opportunities, 31 different technologies
and practices were chosen for assessment. These were
selected across a broad spectrum of renewable energy
options in order to provide sufficiently detailed feedback
to form a solid knowledge base. These opportunities were
identified as follows:
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• Waste Heat Recovery (Organic Rankine Cycle)
• Battery Storage
• Pumped Storage
• Mechanical Storage
• Demand Management
• Floating Solar PV
• Micro-Hydro
• Biomass Desalination
• Solar Thermal Desalination
• Biogas Precinct Distribution
• Aggregation/Collaboration
• Rooftop Solar PV
• Ground Mounted Solar PV
• Solar PV Remote Instrumentation
• Solar Hot Water (Small Scale)

• Renewable Pumping

• Solar District Heating (Industrial)

• Biomass Gasification (Thermal Gasification)

• Large-scale Wind

• Small-scale Wind

• Geothermal Heating

• Portable/Rapid Deployable (Leasing)

• Thermal Storage

• Biogas Storage

• Precinct Heating (District Hot Water)

• Biogas Cogeneration

• EVs and Hydrogen Mobile Plant

• Biogas Heating

• EV Charging Stations

• Anaerobic Co-Digestion

Performance Criteria
The performance criteria for the MCA were chosen in order to allow the assessment of ARENA’s ability to achieve its legislative
objectives through the various technologies. Five criteria were chosen to cover the required areas of assessment. These were
then weighted to represent the effect of each criterion on the potential for it to impact the future uptake of the individual
technologies in the water sector. The five chosen criteria were identified as is detailed below:
PERFORMANCE
CRITERIA

CRITERIA BREAKDOWN

CRITERIA WEIGHTING

Likely Scale by 2030-40 • Technical Potential

22.5%

• Market Potential
• Degree of risk for path to competitiveness
• Impacts of barriers to uptake
Potential for Growth

• Potential for cost competitiveness to lead to higher uptake

22.5%

• Level of knowledge and experience to address barriers
• Ability for advances in knowledge to increase competitiveness and
increase penetration

ARENA Investment
Influence

• Ability for ARENA to improve outcomes in this area

22.5%

Fit with ARENA
Portfolio

• Is potential influence already addressed in current portfolio?

22.5%

Other

For Example:

10.0%

• Secondary benefits
• Current level of commercial development

Ranking
In order to simplify the ranking of the various criteria in
each of the technological fields, four possible rankings were
assigned. These rankings were “None”, “Low”, “Medium”
and “High” in order to understand the relative value of each
opportunity.
These individual criterion rankings were used, in conjunction
with the assigned rating of each, to provide a total ranking
for each technology. These aggregated scores are divided
into seven overall performance potential scores: “Very Low”,
“Low”, “Low/Medium”, “Medium”, “Medium/High”,
“High” and “Very High” to help identify which of those
opportunities were believed to represent the highest value.

MULTI-CRITERIA ANALYSIS RESULTS
In-House Assessment
An initial in-house assessment was carried out in order to act
as a baseline comparison to feedback sought from different
stakeholders.

Stakeholder Inclusion
In addition to the in-house multi-criteria analysis, additional
workshops were held with select water sector stakeholders.
These were held with the purpose of allowing a greater
stakeholder engagement while allowing a comparison of

initial industry evaluation with that of ARENA. As in previous
stakeholder involvement, industry bodies were engaged
from both the urban water utility space as well as from an
agricultural and irrigation background.

Addition Suggested Priority Areas
During the MCA, stakeholders were able to suggest
additional priority areas which were important within their
industries. The following areas were suggested:
• Electric Vehicles/Mobile Plant
• Compressed Natural Gas Vehicles
• Wave Powered Desalination
• EV Charging Stations
• Hydrogen Vehicles/Mobile Plant
• Biomass Gasification Heat Recovery

Ranking Results
Overall results from both the internal MCA and stakeholder
MCA, is presented below, along with overall averages for all
priority areas. It can be seen from these results that, there are
a considerable number of areas of a medium/high priority or
above indicating good correlation.
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Table D2 – Complete results from multi-criteria analysis

OPPORTUNITIES FOR RENEWABLE ENERGY IN THE AUSTRALIAN WATER SECTOR
APPENDIX D - RENEWABLE ENERGY OPPORTUNITIES MULTI-CRITERIA ANALYSIS

86

TECHNOLOGY/
PRACTICE

OVERALL AVERAGE

URBAN WATER

AGRICULTURE &
IRRIGATION

IN-HOUSE

Anaerobic
Co-digestion

High

Very High

Medium/High

Very High

Renewable Pumping

High

Medium/High

Very High

High

Battery Storage

High

Very High

Medium/High

Medium/High

Floating Solar PV

Medium/High

Medium

Medium/High

High

Biogas Cogeneration

Medium/High

Medium

Medium/High

Medium/High

Pumped Storage

Medium/High

Medium/High

Medium/High

Medium/High

Biogas Storage

Medium/High

Low/Medium

Medium

Medium/High

Micro-Hydro

Medium/High

Medium/High

Medium/High

Medium

Rooftop Solar PV

Medium/High

Medium/High

Medium/High

Medium

Ground Mounted
Solar PV

Medium/High

Medium/High

Medium/High

Medium

Biomass Gasification
(Thermal
Gasification)

Medium/High

Medium/High

Medium

Medium

Biomethane
(Pipeline)

Medium/High

Medium/High

Low/Medium

Medium

Algal Biofuel

Medium/High

High

Medium/High

Low/Medium

Demand
Management

Medium/High

Medium

Medium/High

Low/Medium

Compressed Biogas

Medium

Medium/High

Low/Medium

Medium

Solar Direct Heating
(Industrial)

Low/Medium

Low/Medium

Medium/High

Low

Portable/Rapid
Deployable (Leasing)

Low/Medium

Very Low

Low/Medium

High

TECHNOLOGY/
PRACTICE

OVERALL AVERAGE

URBAN WATER

AGRICULTURE &
IRRIGATION

IN-HOUSE

Solar Thermal
Desalination

Low/Medium

Medium

Low/Medium

Medium/High

Precinct Heating
(District Hot Water)

Low/Medium

Low/Medium

Low

Medium/High

Large-scale Wind

Low/Medium

Low/Medium

Low/Medium

Medium

Aggregation/
Collaboration

Low/Medium

Low/Medium

High

Low/Medium

Small-scale Wind

Low/Medium

Low/Medium

Medium/High

Low/Medium

Geothermal Heating

Low/Medium

Vey Low

Medium/High

Low/Medium

Biogas Heating

Low/Medium

Low/Medium

Low/Medium

Low/Medium

Biogas Precinct
Distribution

Low/Medium

Low/Medium

Very Low

Low/Medium

Thermal Storage

Low/Medium

Low

Medium/High

Low

Waste Heat Recovery
(Organic Rankine
Cycle)

Low/Medium

Medium

Medium

Low

Solar PV Remote
Instrumentation

Low/Medium

Low/Medium

Medium

Low

Mechanical Storage

Low/Medium

Low/Medium

Low/Medium

Low

Solar Hot Water
(Small Scale)

Low/Medium

Low/Medium

Low

Low

Biomass Desalination

Low

Low

Low/Medium

Low
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Table D2 (cont.) – Complete results from multi-criteria analysis
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The results of the multi-criteria analysis were further assessed
for those opportunities rated as medium/high or greater,
and evaluated as to their potential based upon the trends
and current status determined from the literature review and
information gathered from the stakeholder engagement stage.

• Renewable pumping

In summarising those opportunities ranked ‘high’ and also
categorising those opportunities which are ranked ‘medium/
high’, it becomes evident that the highest ranked opportunities
generally fall into five main categories including:

• Micro-hydro

• Bioenergy in wastewater
• Storage/demand management
• Solar PV

An overview of the specific technologies and practices as they
are related to these identified categories is outlined in Table D3.

OPPORTUNITY CATEGORY

RANKING

TECHNOLOGY/PRACTICE

Renewable Pumping

High

Renewable Pumping

Bioenergy

High

Anaerobic Codigestion

Medium/High

Biogas Cogeneration

Medium/High

Biogas Storage

Medium/High

Biomethane (Pipeline)

Medium/High

Algal Biofuel

Medium/High

Biomass Gasification

Medium/High

Battery Storage

Medium/High

Pumped Storage

Medium/High

Demand Management

Medium/High

Biogas Storage

Medium/High

Floating Solar PV

Medium/High

Rooftop Solar PV

Medium/High

Ground Mount Solar PV

Medium/High

Micro-Hydro

Storage/Demand Management

Solar PV

Micro-Hydro

Table D3 – Categories of highly ranked opportunities from multi-criteria analysis
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