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Thank you

Thank you for joining us at IREE 2019!!!

It was our great pleasure to welcome all delegates, presenters, sponsors and guests to the 
Improving Residential Energy Efficiency (IREE) Conference 2019 held at the Rydges Hotel 
Southbank in Brisbane, and brought to you by Queensland University of Technology and 
the Group of Energy Efficiency Researchers (GEER) Australia. 

On behalf of the IREE 2019 Organising and Scientific Committees and GEER Australia, we 
thank everyone involved in the event for their contribution to a very exciting two days of 
presentations, workshops, discussions and networking (and some fun!) that has helped 
advance our collective aim to improve residential energy efficiency and generate benefits 
for our communities around the world. 

Professor Rebekah Russell-Bennett

Conference co-chair

Foundation Research Fellow & Treasurer 
Steering Committee for GEER Australia 
Queensland University of Technology

Professor Ross Gordon

Conference co-chair

GEER Australia Strategic Member 
Queensland University of Technology

Dr Rowan Bedggood

Conference co-chair

Chair and Founder of GEER Australia  
Swinburne University of Technology 
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IREE: A History

IREE is organised every two years by the Group of Energy Efficiency Researchers (GEER) 
Australia and hosted by different universities.

2017 saw the inaugural Improving Residential Energy Efficiency Conference in Wollongong. 
Marked as the first in its kind in Australia, the primary focus was on improving energy 
efficiency in households and homes. The conference reported on the findings of research 
and practice from a wide range of academics and practitioners and built on important 
work conducted as part of the Department of Industry, Innovation and Science’s national 
LIEEP program which piloted 20 projects to assist Low Income Australian Households in 
becoming more energy efficient.

Low-income households are particularly vulnerable to rising energy costs as they typically 
reside in low-energy rating homes and use energy hungry appliances. Energy bills 
represent a high proportion of household income. Reductions in energy consumption 
will not only save money and improve home living comfort, but also serve to reduce 
greenhouse gas emissions. In addition, the challenges of changing the practices and 
household technologies of more affluent households to reduce environmental and other 
impacts is also a major point of interest for this conference.

The inaugural conference benefited numerous audiences including energy sector 
providers, state and national government agencies involved in energy regulation and 
policy, and researchers in energy efficiency in general.

About GEER
GEER is Australia’s peak research body on residential energy efficiency. GEER was 
originally established in 2016 to develop and deliver energy efficiency research and 
undertake on-the-ground projects. GEER is made up of members from research, industry 
and government backgrounds located across all regions in Australia. Through their 
research and collaborative efforts with the government, not-for-profit and energy sectors, 
GEER offers a unique collective ‘Knowledge Trust’ that can view a challenge or issue 
through a multi-discipline lens.  GEER can undertake projects and research tailored to each 
client, matching their needs with their ideal research or technical partner. 
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IREE 2019 and conference theme

Moving forward into 2019, the IREE Conference has helped build upon important research 
in the energy efficiency space for households. However, energy efficiency is more than just 
a household problem. Energy intersects with all elements of human life and interactions – 
health, social well-being and economics. 

Accordingly the focus of the 2019 IREE Conference was on the Nexus between Energy, 

Health and Well-being. The conference aimed to benefit numerous audiences including 
energy, health and community sector providers, state and national government agencies 
involved in energy regulation and policy, and researchers in energy efficiency in general. 
The conference saw presentations that shared best practice outcomes, determined from 
research efforts, which may inform future actions around energy efficiency and well-being. 

The IREE Conference 2019 was the primary event this year for anyone working on 
improving energy efficiency in residential households. Fantastic keynote presentations 
were given by Associate Professor Janet Stephenson, Director of the Centre for 
Sustainability at the University of Otago on the topic of Energy Cultures, Dr Wen Wu, 
Research Scientist on the Insight Team at CSIRO’s Data61 on Energy Futures, Professor 
Gordon Waitt, University of Wollongong on Spaces of Energy Well-being, and Kellie Caught, 
Senior Advisor at ACOSS on the topic of Affordable Clean Energy for People on Low 
Incomes. 

Alongside these stimulating keynotes, IREE 2019 brought together the people and the 
findings from state-of-the-art research and practice in a wide range of projects involving 
academics, government agencies and practitioners. The IREE conference series is of great 
benefit to many people and organisations including, but not limited to:

 ● Building designers.

 ● Housing providers.

 ● Energy utilities.

 ● Local, state and national government agencies and departments. 

 ● Researchers in many different technical, health and social disciplines.

Improving energy efficiency is now a global challenge. 
Understanding and overcoming these challenges 

requires the combined efforts of government agencies, 
energy providers and energy users.
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Committees

Conference Co-Chairs 
Professor Rebekah Russell-Bennett

Foundation Research Fellow & Treasurer 
Steering Committee for GEER Australia 
Queensland University of Technology 
View profile

Professor Ross Gordon

GEER Australia Strategic Member 
Queensland University of Technology 
View profile

Dr Rowan Bedggood

Chair and Founder of GEER Australia 
Swinburne University of Technology 
View profile 

Conference Committee
Dr Phillipa Watson

University of Tasmania 
View profile 

Dr Nicola Willand 

RMIT University 
View profile 

https://staff.qut.edu.au/staff/rebekah.bennett
https://staff.qut.edu.au/staff/ross.gordon1
http://www.swinburne.edu.au/business-law/staff/profile/index.php?id=rbedggood
http://www.utas.edu.au/profiles/staff/sociology/phillipa-watson
https://www.rmit.edu.au/contact/staff-contacts/academic-staff/w/willand-dr-nicola
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Dr Kate Letheren 

Queensland University of Technology  
View profile 

Scientific Committee
Professor Rebekah Russell-Bennett

Foundation Research Fellow & Treasurer  
Steering Committee for GEER Australia 
Queensland University of Technology 
View profile

Professor Ross Gordon

GEER Australia Strategic Member 
Queensland University of Technology 
View profile

Dr Rowan Bedggood

Chair and Founder of GEER Australia 
Swinburne University of Technology 
View profile 

Dr Phillipa Watson

University of Tasmania 
View profile

http://staff.qut.edu.au/staff/letheren/
https://staff.qut.edu.au/staff/rebekah.bennett
http://www.swinburne.edu.au/business-law/staff/profile/index.php?id=rbedggood
http://www.utas.edu.au/profiles/staff/sociology/phillipa-watson
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Dr Nicola Willand 

RMIT University 
View profile

 

Dr Kate Letheren 

Queensland University of Technology 
View profile

Professor Wasim Saman

University of South Australia 
View profile 

Dr Georgios Kokogiannakis

University of Wollongong  
View profile 

Dr Petra Buergelt

University of Canberra  
View profile 

https://www.rmit.edu.au/contact/staff-contacts/academic-staff/w/willand-dr-nicola 
http://staff.qut.edu.au/staff/letheren/
http://people.unisa.edu.au/wasim.saman
https://scholars.uow.edu.au/display/georgios_kokogiannakis
https://www.cdu.edu.au/pcs/staff-profiles/petra-buergelt
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Conference supporters

We are extremely grateful for the tremendous support provided by our sponsors, 
supporters, and partners.

Conference partners

Gold sponsor

Bronze sponsor

Lanyard sponsor

Conference supporter
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Conference venue

The IREE Conference 2019 was held in Brisbane, the capital and most populated city in 
Queensland, Australia. Brisbane’s metropolitan area has a population of over 2.5 million 
people, and the South East Region of Queensland centred on the city encompasses over 
3.5 million people – and growing. Brisbane has a sophisticated modern economy, and 
offers cultural diversity, world class education, affordable living, and a fantastic subtropical 
climate. The city has been rated in the top 30% of the world’s fastest growing cities and in 
the top 10 cities in the globe for lifestyle and talent. 

The IREE Conference 2019 venue was the Rydges South Bank, 9 Glenelg Street, South 
Brisbane, QLD 4101. The hotel offers world class accommodation, and state of the art 
features and amenities including excellent conferencing facilities. South bank is located in 
the heart of Brisbane’s arts and entertainment precinct with plenty of things to see and do 
all along the bank of the Brisbane River. 
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Call for papers

The call for conference abstract submissions was first released during September 2019 
and was distributed through emailing lists, flyers at relevant events, Twitter and LinkedIn, 
and on the conference website: https://www.iree.org.au. The call for papers invited abstract 
submissions that presented research, case studies, conceptual ideas, or critical viewpoints 
on one of the five following conference topic tracks:

1. Energy, health and wellbeing 

• Energy, ageing and health. 
• Associations between energy use, health and wellbeing. 
• Thermal comfort. 
• Energy and capabilities. 
• Co-benefits and non-financial costs of home energy use. 

2. Energy justice and affordability 

• Low income households and energy use. 
• Energy efficiency behaviour change approaches. 
• Energy efficiency standards and labelling. 
• Culturally and linguistically diverse (CALD) communities and energy consumption.
• Addressing energy poverty and affordability. 

3. Artificial intelligence, robotics and energy markets

• Smart Technologies and energy efficiency.
• The energy market and energy retailers.
• The energy supply chain.
• Smart Cities.
• Artificial intelligence, big data, algorithms and energy use. 

4. Advancing energy policy, research and practice

• The role of energy policy in promoting domestic energy efficiency. 
• Energy cultures. 
• Innovative/new theories, methods and approaches to conducting energy research. 
• Innovative energy efficiency interventions. 
• International practices and policy development.

5. Energy efficiency and buildings, materials and appliances

• New ways of living with energy (e.g. off grid). 
• Urban development and energy efficiency. 
• Housing standards and energy.
• Building design and energy efficiency. 
• Innovative efficiencies in materials and appliances. 
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Paper review process

Paper submissions were over two rounds, with the first round of submissions due by a 
deadline of Monday 10th December 2019. A second round of submissions was then invited 
with a deadline of Friday 15th February 2019. 
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Conference program

DAY 1 - Monday 15 April | Outlining the Problems

9.30am - 10.00am

9.00am - 9.30am

10.00am - 10.30am

1.1 Advancing Energy Policy,  
Research and Practice

Chair: Kevin Chadwick
Hug, Nudge, Shove or Smack? Using Behavioural 
Interventions to Shift Energy Demand 
Rebekah Russell-Bennett, Queensland University 
of Technology

CSIRO Energise: A New Method For Integrative 
Energy Consumer Research 
Elisha Frederiks, CSIRO

The Behavioural Economics of Household 
Energy Decisions: Towards a Predictably 
Irrational Choice Model 
Kevin Chadwick, Department of the Environment 
& Energy

Dynamic Estimation of Air-conditioning Loads 
and PV Generation from Aggregate Electricity 
Data 
Nariman Mahdavi, CSIRO

Using Survey Data to Explore Drivers and 
Indicators of Residential Electricity Use
Lachlan O’Neil, CSIRO

Understanding the Energy Consumer 
Desley Vine, Queensland University of 
Technology

1.2 Energy Efficiency and Buildings, 
Materials and Appliances

Chair: Mark Goldsworthy
The Residential Efficiency Scorecard and 
Sustainable House Day
Romney Bishop, Department of Environment, 
Land, Water & Planning

The Case of Wood in a Circular Economy
Lars Lindbergh, Umea University, Sweden

Grid-Connected Net Zero Energy Houses vs 
Off-Grid Housing in Australia under Current and 
Future Global Warming Climates
Zhengen Ren, CSIRO

Thermal Sensation Preferences for a Tropical 
Savannah Population and the Implications on 
Energy Consumption
Jeremy Trombley, Charles Darwin University

Residential Gas Use in Australia; a Pathway to 
Lower Greenhouse Gas Emissions?
Mark Goldsworthy, CSIRO

Victorian Residential Efficiency Scorecard – 
National Energy Productivity Plan Pilot 
Hugh Bartram, Department of Environment, Land, 
Water & Planning

1.3 Energy, Health and Wellbeing

Chair: Caroline Fyfe
Outcomes of Energy Efficiency Support 
Programs: it is More than Just Reducing Energy 
Use and Bills
Rowan Bedggood, Swinburne University of 
Technology

Integrating Energy Efficiency and Hardship 
Improvements into the Care at Home System – 
Stakeholder Perspectives
Nicola Willand, RMIT

The Hidden Social Impact of Energy
Lobada Idris, Landcom

Houses and Homes: Exploring Energy 
Efficiency Action Effectiveness Across Types of 
Households
Aron Perenyi, Swinburne University of Technology

A Quantitative Study Assessing the Long Term 
Impact of Home Insulation on Residents Health
Caroline Fyfe, Massey University, New Zealand

High-Rise High-Density Living: The Emergence 
of an Energy Vulnerable Sector
Janette Corcoran, Swinburne University of 
Technology

OPENING ADDRESS: Rowan Bedggood, Chair, GEER Australia
WELCOME TO COUNTRY: Songwoman Maroochy

KEYNOTE PRESENTATION: Energy Cultures and Energy Efficiencies  
Associate Professor Janet Stephenson, University of Otago, New Zealand 

Chair: Rebekah Russell-Bennett, Queensland University of Technology

KEYNOTE PRESENTATION: Social Housing Tenants’ Everyday Experiences of Fuel Poverty: Spaces of Energy Well-being  
Professor Gordon Waitt, University of Wollongong  

Chair: Ross Gordon, Queensland University of Technology

2.1 Advancing Energy Policy,  
Research and Practice

Chair: Phillipa Watson

Renewable Energy Generation at Home – 
Motivations to Trade Energy
Phillipa Watson, University of Tasmania

Embracing Machine Learning: Understanding 
Customer Engagement Segments with Energy 
Technology
Ryan McAndrew, Queensland University of 
Technology

Trajectory for Low Energy Buildings
Jodie Pipkorn, Department of the Environment & 
Energy

Investigating the Energy Efficiency Conversation 
in the Australian Volume Home Building Sector
Erika Bartak, University of Melbourne

2.2 Energy Efficiency and Buildings, 
Materials and Appliances

Chair: Zhengen Ren

6 Stars and Beyond – How the Residential 
Building Industry is Achieving the Energy 
Efficiency Requirements
Michael Ambrose, CSIRO

The Effectiveness of Macro-encapsulated Phase 
Change Materials in Australian Residential 
Building
Seung Ho Lee, University of South Australia

Desiccant Evaporative Cooling Systems for 
Brisbane Climate
Ramadas Narayanan, CQ University

Where to from here for Residential Energy 
Efficiency Standards in Australia? – A 
Practitioner’s Perspective
Steve Watson, Red Sustainability Consultants

2.3 Energy, Health and Wellbeing

Chair: Diana Hernández

Healthy Homes: A Randomised Control Trial of 
1,000 Vulnerable Households
Scott Kelly, University of Technology Sydney

“De-weathering” through Weatherization: A 
Conceptual Application of the Weathering 
Hypothesis to the Energy Insecurity and Stress 
Nexus
Diana Hernández, Columbia University, USA

Energy Efficiency and Thermal Comfort in 
NSW Social Housing: Real World Evaluation of 
Upgrade Strategies
Daniel Daly, University of Wollongong

Power Disconnections in Remote Indigenous 
Communities: Impacts on Health and Wellbeing
Petra Buergelt, Charles Darwin University

1.30pm - 2.30pm

11.00am - 12.30pm

11.00am - 11.15am

11.15am - 11.30am

11.30am - 11.45am

11.45am - 12.00pm

12.00pm - 12.15pm

12.15pm - 12.30pm

1.30pm - 1.45pm

1.45pm - 2.00pm

2.00pm - 2.15pm

2.15pm - 2.30pm
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‘HOW TO’ Professional  
Development Workshop 1

How to Write Proposals to Gain Government 
Funding
Martin Jones, Victorian Department of 
Environment, Land, Water and Planning

‘HOW TO’ Professional  
Development Workshop 2

How to Inform the Next Generation Residential 
Energy Assessment Tools
Lachlan Mudge, Barbara Hardy Institute

‘HOW TO’ Professional  
Development Workshop 3

How to Measure Health and Energy Outcomes
Scott Kelly, University of Technology Sydney

CHALLENGE OF THE DAY4.00pm - 5.00pm

2.30pm - 3.30pm

EXPERT PANEL: Multiple Perspectives on the Changing Energy Landscape 
A panel of experts from policy, practice and research will pitch their top three priorities to tackle the challenge.  

Delegates will then vote for their preferred solution.
Kevin Chadwick, Department of the Environment and Energy, Lynne Gallagher, Energy Consumers Australia  

& Neil Horrocks, Redback Technology
Chair: Ross Gordon, Queensland University of Technology

DAY 2 - Tuesday 16 April | Proposing Solutions

9.00am - 9.30am

9.30am - 10.00am

3.1 Energy Efficiency and Buildings, 
Materials and Appliances

Chair: Nicola Willand

Collecting and Analysing Indoor Temperatures 
for Health: A Review of Methods 
Nicola Willand, RMIT University 

Is the Current Regulatory Framework for 
Energy Efficiency Failing Small Inner-Urban 
House Design?
Erika Bartak, Filter ESD 

The Impact of Colorbond Roof Color on 
Internal Temperature, Livability and Comfort 
in New Low Cost Homes
Jessie Parrish, City of Gosnells 

Analysis of Impact of Air Leakage on 
Housing Energy Efficiency
Zhengen Ren, CSIRO 

A Machine Learning Approach for Modelling Air-
Conditioner Heating Behaviour
Ying Guo, CSIRO 

Electronic Building Passports and Resilient 
Cooling: An Overview of these National and 
International Programs and Why They Matter
Wendy Miller, Queensland University of 
Technology 

3.2 Energy Justice and Affordability

Chair: Luke Reade

Getting Households on Board with Demand 
Management
James Bulinski, CitySmart 

Small-Scale Renewables Uptake for Low-Income 
Households
Oshan Jayawardena, University of Tasmania 

Low-income Rental Households and PV: The 
Reluctant Prosumer
Ellis Judson, Swinburne University of 
Technology 

Does the Energy Efficiency of a New Dwelling 
Vary with the Socio-economic Status of the Area 
in Which it is Built?
Melissa James, CSIRO 

Shifting Power: Improving Choice and Control 
Through Energy Efficiency Standards for Rental 
Housing in Queensland
Luke Reade, QCOSS 

Addressing Energy Poverty and Affordability for 
a Just Transition to Net Zero Emissions in the 
ACT
Su Wild-River, ACT Government, Environment, 
Planning & Sustainable Development Directorate 

3.3 Energy, Health and Wellbeing

Chair: Rowan Bedggood

The Well-being of Aboriginal Staff when 
Providing Energy Efficiency Support to Aboriginal 
Households is Important Too
Rowan Bedggood, Swinburne University of 
Technology 

Use of Energy to Maintain Health and Well-being 
in Older Households
Theresa Harada, Macquarie University 

Using Household Personas for Co-Designing 
Messages and Communications Strategies for 
Electricity Demand Management 
Kate Letheren, Queensland University of 
Technology 

Ignite*Energy: Can using Virtual Reality (VR) 
Experiences Encourage Energy Efficient and Pro-
environmental Behaviours?
Tracey Benson, University of Canberra 

Multi-owned Residences: Barriers to Energy 
Efficiency in High-Rise High-Density Apartment 
Blocks
Janette Corcoran, Swinburne University of 
Technology 

Measuring Multiple Impacts of Energy Efficiency 
for Low Income Households 
Lee Huuskes, NSW Office of Environment & 
Heritage 

KEYNOTE PRESENTATION: The Future of Energy  
Dr Wen Wu, Data61 

Chair: Ross Gordon, Queensland University of Technology

KEYNOTE PRESENTATION: Affordable Clean Energy for People on Low Incomes 
Kellie Caught, Australian Council of Social Service  

Chair: Rowan Bedggood, Swinburne University of Technology

10.30am - 12.00pm

10.30am - 10.45am

10.45am - 11.00am

11.00am - 11.15am

11.15am - 11.30am

11.30am - 11.45am

11.45am - 12.00pm

DAY 1 - Monday 15 April | Outlining the Problems (cont’d)



17

IMPROVING RESIDENTIAL ENERGY  
EFFICIENCY CONFERENCE 2019

DAY 2 - Tuesday 16 April | Proposing Solutions (cont’d)

CONFERENCE AWARDS DINNER 

Rooftop North, Level 12, Rydges South Bank
6.30pm - 10.00pm

Interactive Roundtable Session 1

Emerging Technologies and Energy Futures: 
Power to the Consumer?
Kate Letheren, Queensland University of 
Technology

Interactive Roundtable Session 2

How can Energy Researchers, Think-tanks and 
Practitioners Collaborate to Advance Energy 
Policy in Australia?
Rob Murray-Leach, Energy Efficiency Council

Interactive Roundtable Session 3

Are We There Yet? Is the 6 Star Thermal Rating 
Good Enough and Should We Now Focus on 
Other Aspects to Improve Dwelling Energy 
Efficiency?
Michael Ambrose, CSIRO

1.00pm - 2.00pm

4.1 Advancing Energy Policy,  
Research and Practice

Chair: Kerry Connors

Policy Considerations from Victorian Energy 
Efficiency Retrofit Programs for Low Income 
Households (Interim Assessment)
Martin Jones, Department of Environment, Land 
Water & Planning 

Power Shift: Translating Consumer-focused 
Research to Action 
Kerry Connors, Energy Consumers Australia 

Scaling Change that Will Last - Lessons for 
Second Generation Energy Efficiency Schemes 
from a Market Impact Evaluation of NSW Energy 
Efficiency Programs
Henry Adams, Common Capital  

Ignite*Energy: Harnessing Diverse Knowledges 
to Improve Energy Efficiency and pro-
Environmental Behaviours
Tracey Benson, Department of the Environment & 
Energy 

The Case of How Software Platforms can Better 
Facilitate Home Energy Retrofits: BOOM!-
Partners
Alex Houlston, Boompower 

Residential Energy Efficiency: Living Beyond the 
Household
Glenn Crompton, Queensland University of 
Technology 

4.2 Energy Justice and Affordability

Chair:  Lynne Gallagher

Consumer Attitudes and Experiences in Energy 
Markets 
Lynne Gallagher, Energy Consumers 
Australia 

How Can the Private Rental Sector Participate in 
the Transition to a Low Carbon Future?
Michaela Lang, Monash University 

Energy Efficiency, Thermal Comfort and Well-
being in Vulnerable Households
Deepu Krishnan, University of Technology 
Sydney 

Energy Efficiency Retrofits to Support Low-
Income Households in Victoria - Learnings from 
the Home Energy Assist Affordable Retrofits Trial
Emma Chessell, Brotherhood of St Laurence 

The Nexus of Energy Use, Ageing, and Health 
and Well-being among Older Australians
Ross Gordon, Queensland University of 
Technology 

Energy, Poverty, and Health: A Conceptual 
Review of Dimensions, Applications, and 
Implications for Health
Diana Hernández, Columbia University, USA 

4.3 Energy and Technology

Chair: Saskia Neale

Taking the Power Back Through Gamification 
and Serious Games
Lucas Whittaker, Queensland University of 
Technology 

Digital Assistants, Mature Consumers and 
Behaviour Change: Does Appearance and 
Gender Matter?
Helen Bocking, Queensland University of 
Technology 

The Valuation and Security of Smart City Data
Saskia Neale, Queensland University of 
Technology 

Energy Efficiency in Apartment Buildings – 
Empowering Strata Communities to Move 
Toward Net Zero Emissions 
Melinda Dewsnap, City of Sydney 

Fuel Switching and Preferred Energy Sources: 
The Case of Space Heating
Lygia Romanach, CSIRO 

How Reverse-Cycle Technology and ‘Comfort 
Behaviours’ are Impacting our Energy Efficiency 
Programs?
Lucy Allinson & Jacob Wallace, Department of 
Health & Human Services 

2.00pm - 3.30pm

CHALLENGE OF THE DAY4.00pm - 4.45pm

4.45pm - 5.00pm

5.00pm - 5.15pm

DEBATE: Fusing Technical and Social Sciences 
A panel of experts from policy, practice and research will pitch their top three priorities to tackle the challenge.  

Delegates will then vote for their preferred solution.
Rowan Bedggood, Swinburne University of Technology, Cheryl Desha, Griffith University & Gordon Weiss, Energetics 

Chair: Rebekah Russell-Bennett, Queensland University of Technology

Behavioural Economics, Energy and Initiatives of QUT’s B.E.S.T. Centre
Uwe Dulleck, Queensland University of Technology

CLOSING ADDRESS: Rowan Bedggood, Chair, GEER Australia

2.00pm - 2.15pm

2.15pm - 2.30pm

2.30pm - 2.45pm

2.45pm - 3.00pm

3.00pm - 3.15pm

3.15pm - 3.30pm
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Keynote presenters

Associate Professor Janet Stephenson

Director of the Centre for Sustainability, University of Otago, 
Dunedin, New Zealand.  
View profile 

Biography

Associate Professor Janet Stephenson is the Director of Centre for Sustainability, a flagship 
research centre of the University of Otago, New Zealand.  She is a social scientist with an 
interest in socio-technical transitions and societal responses to environmental challenges.  
She was the science leader of the 7-year Energy Cultures research programme, which 
examined energy and mobility behaviour through a cultural lens. She is also a researcher 
in the GREEN Grid programme on the future of New Zealand’s electricity grid, leading 
the Otago University team which is examining the implications of changing consumer 
expectations and technology uptake.  She is also the Chair of the National Energy 
Research Institute.

Energy Cultures and Energy Efficiencies

Energy-related behaviours in households are shaped by multiple influences, some arising 
from characteristics of the households themselves and some to wider factors that are 
well beyond the scope of household agency. For this reason, investigations based on 
a narrow range of factors (e.g. technological, economic) fail to capture the complexity 
of behavioural drivers and may result in ineffective policy interventions. The concept of 
energy cultures offers an actor-centred and context-rich perspective on energy behaviour. 
It invites consideration of the heterogeneity of energy behaviours amongst households, 
the external factors that promote stasis and change, and options for policy interventions. 
Using New Zealand and international examples, I introduce the energy cultures framework 
and illustrate some of its applications, with a particular focus on the challenge of changing 
household energy cultures to improve energy efficiency. I show how this approach 
can assist in devising policies that are targeted to identifiable energy cultures within a 
population, including for the fuel poor.

https://www.otago.ac.nz/centre-sustainability/staff/otago038792.html
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Dr Wen Wu

Research Scientist, CSIRO Data61, Brisbane, Australia. 
View profile 

Biography

Dr Wen Wu is a Research Scientist on the Insight team at CSIRO’s Data61. Wen specialises 
in strategic foresight for evaluating future risks and opportunities associated with digital 
and economic disruptions, and has been involved in multiple consulting and advisory 
projects for government and industry clients. She completed her PhD at the University of 
Queensland in the area of human learning and memory. Her research background includes 
examining how we develop expertise when dealing with the complexities of our everyday 
environment, without necessarily being able to articulate the basis for our decisions. 
Wen is motivated to provide evidence-based explanations for human behaviour, and has 
presented topics relating to digital disruption, global megatrends, and human judgement 
and decision making to large audiences both here in Australia and overseas.

The Future of Energy

New advancements in technologies for generating, managing and storing renewable 
energy, along with shifting consumer preferences and changes to the energy mix could 
potentially transform the energy system across Australia over the coming decades. With 
these changes, the end-user is becoming increasingly central to the energy system—both 
as consumers and generators of energy. Projections developed by CSIRO Energy, estimate 
that almost 50% of Australia’s future energy needs could be generated by customers 
themselves through decentralised and distributed networks. However, the future is 
uncertain. Just how many of us will latch onto emerging energy storage systems as they 
become increasingly affordable in the future? Will a wave of electric vehicles achieve 
market saturation? Will we see a rise in mobility as a service?

https://www.data61.csiro.au/en/Who-we-are/Our-programs/Expertise-Insight/Our-Team
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Professor Gordon Waitt

School of Geography and Sustainable Communities, University of 
Wollongong, Wollongong, Australia.  
View profile 

Biography

Gordon Waitt is a Professor at the University of Wollongong where he is the Head of the 
School of Geography and Sustainable Communities. His work has focused on questions of 
identity and embodiment in terms of sexuality, gender, household sustainability and now 
domestic energy consumption. His co-authored books include Gay Tourism; Culture and 
Context (Haworth Press, 2006); Household Sustainability: Challenges and Dilemmas in 
Everyday Life (Edward Elgar, 2013) and Tourism and Australian Beach Cultures: Revealing 
Bodies (Channel View Publications, 2013).

Social Housing Tenants’ Everyday Experiences of Fuel Poverty: Spaces of 
Energy Well-being

This presentation offers insights to energy justice. To understand better energy justice, 
the paper draws on the concept of spaces of energy wellbeing to bring to the fore the 
emotional costs and gains of fuel poverty and the ways emotions are embodied, relational 
and emplaced.  We do so by interpreting the recurring experiential themes that emerged 
during fieldwork with social housing tenants in Wollongong, Australia. As participants 
narrated and performed the labour of energy saving – what come to the fore within the 
emotional charged places that social housing tenants call home is that domestic energy 
practices cannot be separated from the dynamics of anxiety and love; pride and shame; 
love and anger. One interpretation is that energy and financial practices of some social 
housing tenants are related to embodied histories of hardship and deprivation. Switching 
off appliances to avoid costly energy bills as an emotional assurance of home life. The 
research illustrates the importance of energy efficiency programs engaging with a politics 
of difference and social justice.

https://scholars.uow.edu.au/display/gordon_waitt
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Kellie Caught

Senior Advisor, Australian Council of Social Service (ACOSS), 
Sydney, Australia.  
View profile 

Biography

Kellie joined ACOSS in 2017 to provide expert policy advice and advocacy in energy and 
climate change. For the last ten years, Kellie managed WWF-Australia’s climate program 
where she specialised in international climate negotiations, domestic climate and energy 
policy, and raising awareness of climate change issues and policy solutions within the 
Australian community. She has strong skills in cross sector collaboration and political 
advocacy, gained from working as a senior political adviser, and at the United Nations, 
government, academia and the not for profit sector. She has collaborated with scientists, 
researchers, businesses, unions, climate groups, and community members to develop 
long-term plans and policies and build support among decision-makers for a cleaner, more 
sustainable future. Kellie has a Master in International Business and a Bachelor of Science.

Affordable Clean Energy for People on Low Incomes

ACOSS and the Brotherhood of St Laurence undertook a series of analysis in 2018 to 
examine how to ameliorate energy price impacts on low-income households as we 
transition to cleaner energy. Our first two reports found that, with the right settings, an 
emissions reduction mechanism for the energy sector could help reduce energy prices for 
everyone under low, medium and high emissions reduction scenarios. But, savings were 
not as large under high emission reductions scenario and low-income households continue 
to pay disproportionately more of their income on energy.

Our third report modelled a number of policy solutions that could reduce the amount that 
people on low incomes spend on energy to reduce their energy stress and support a faster 
transition to clean energy. The results showed that measures focused on reducing the size 
of energy bills (investment in energy efficiency in homes and implementing a fair regulated 
retail price) and improving people’s capacity to pay (increasing Newstart and better 
targeted concessions) have a positive impact on reducing energy costs for people on 
low incomes. Energy Efficiency was found to provide the greatest benefits. Investment in 
energy efficiency could provide annual savings from $289 apartments to $1,139 for homes. 
It could reduce energy expenditure as a percentage share of income for lowest-income 
households from the current 6.4% to 4.1%.

https://www.acoss.org.au/acoss-staff/
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Mr Martin Jones

Senior Policy Officer, Energy Efficiency Policy, Victorian 
Department of Environment, Land, Water and Planning

How to Write Proposals to Gain Government Funding

The Victorian Government committed $55 million to the Energy Efficiency & Productivity 
Strategy, including Healthy Homes, an Australian-first randomised control trial study of 
the links between energy efficiency and health. Why did that proposal get funded, but 
yours didn’t? Perhaps you misunderstood the process. Perhaps you got unlucky. Or, 
perhaps, your project just wasn’t very attractive – and not because you wrote it in Papyrus, 
though that didn’t help. (Yes, that happens.) Martin Jones has written many proposals for 
government funding, including for Healthy Homes and the Energy Efficiency & Productivity 
Strategy. Focusing on residential energy efficiency programs, he shares his experience 
on what makes a good proposal, what makes a bad one, and how you can improve your 
chances of a successful pitch. Martin covers the formal requirements, common pitfalls, and 
what actually matters when pitching to government.

Dr Scott Kelly

Research Director, University of Technology Sydney

How to Measure Health and Energy Outcomes

This workshop will explore the emerging theory of energy epidemiology for understanding 
the causal pathways between household energy consumptions and efficiency and its 
end effects on the health and wellbeing of occupants and the wider environmental, 
social and economic implications for society. Energy epidemiology provides a new lens 
for studying the variation and causal differences amongst energy consumers and effects 
on final outcomes.  The causal pathway model provides a framework that sets out how 
putative influencing and interacting factors can inform research design, analysis and the 
interpretation of results. Implicit in this model is that there are a number of interrelated 
causal factors that all act (positively or negatively) on a given outcome. Using various 
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statistical approaches such as structural equation modelling or directed acyclic graphs 
it is possible to determine confounding, mediating and moderating effects on final 
outcomes.  In this workshop introductory concepts to causal modelling will be introduced 
and participants will get the opportunity to develop their own causal pathway model for 
household energy consumption.

Mr Lachlan Mudge

Research Engineer, Barbara Hardy Institute, University of South 
Australia

How to Inform the Next Generation Residential Energy Assessment Tools

This workshop has arisen out of work on a CRC for Low Carbon Living funded project, 
the end goal of which is a housing industry capable of producing thermally comfortable, 
economically viable, low carbon homes with integrated solar systems, and testing 
compliance to lower carbon regulatory standards. The specific focus of our project was to 
inform the next generation residential energy assessment tools. This project involved an in 
depth critique of the AccuRate Sustainability software, which is currently utilised by many 
builders to determine whether house designs meet minimum six star house energy rating 
requirements. These star ratings predict the energy efficiency of the building envelope, 
in relation to space heating and cooling requirements, however the latest version of 
AccuRate Sustainability includes the ability to predict the energy consumption of other 
components of a household, which may contribute significantly to household energy use. 
Some of these other components include lighting, hot water, space heating and space 
cooling systems, amongst other aspects. A review of all assumptions and settings used 
within the software was undertaken. Comparative analyses were undertaken to determine 
the impact of various new assumptions and settings.
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Interactive roundtable presenters

Mr Michael Ambrose 

Senior Experimental Scientist, CSIRO

Are We There Yet? Is the 6 Star Thermal Rating Good Enough and Should 
We Now Focus on Other Aspects to Improve Dwelling Energy Efficiency?

As part of the recently endorsed Trajectory for Low Energy Homes project was the Report for 
Achieving Low Energy Homes.

It included recommendations that for the 2022 revision of the NCC there should be an aim to:

• Introduce an energy (and carbon) usage budget that includes appliances already 
covered by the NCC (hot water, pool pumps, and lighting), adds a new requirement 
for space conditioning, and increases thermal efficiency requirements up to 7 stars 
equivalent in some climates;

• Ensure homes are ‘ready’ to accommodate on-site renewable energy generation, 
storage and electric vehicles;

• Introduce whole-of-home tools and a simple elemental pathway to verify compliance;
• Consider opportunities for building sealing, while addressing any ventilation and 

condensation impacts;

While many welcomed this trajectory, some in the housing industry did not. The Housing 
Industry Association (HIA) in a submission to the draft report stated that “HIA is extremely 
disappointed with the recommendations proposed in the draft report, … which just targeted 
the building fabric and the blunt ‘star-rating’ approach as opposed to a holistic approach that 
considered building use and overall energy efficiency performance.”  The HIA also stated that 
they believed that “there would be far greater gains to be had by tackling energy efficiency 
upgrades for existing housing stock rather than seeking to further increase standards for our 
already highly efficient housing stock built to current 6-star standards.”

This roundtable asks is the HIA right? Is the current required thermal efficiency of the building 
envelope good enough and should we instead focus on other aspects such as appliances 
and PV systems or alternatively should we focus our attention on the existing housing stock 
and improve that and not worry about improving our new builds any further?  Some of the 
questions to consider:

• Is a 6 star rated building highly efficient and if not what star rating is?
• Is the NatHERS system a blunt tool and if so how could it be improved or is a totally 

new approach needed?
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• Is a holistic approach to building energy use the right way to go and if so, what 
should be included?

• Should we now focus on existing housing stock and if so how?
• Are our new homes good enough in terms of energy efficiency and if not, where can 

they be improved?

Dr Kate Letheren 

Researcher, QUT Business School, Queensland University of 
Technology 

Emerging Technologies and Energy Futures: Power to the Consumer?

We are living in a time of accelerating technological change, with technology affecting 
the consumer household just as much – or even more so – than it is the ‘factory floor’ of 
large organisations. In the energy field, this provides a chance to either support or hamper 
consumer wellbeing. For instance, renewable technologies and battery storage provide a 
chance to save on electricity bills, but may be creating a greater divide between the rich and 
the poor. Meanwhile, new innovations like smart home technology and artificial intelligence 
provide new, effortless ways to manage electricity usage and wellbeing, but consumer trust 
levels may not allow them to take advantage of the benefits. This roundtable will discuss how 
emerging technologies are changing energy futures (for better or worse), and consider the 
complexities that must be overcome to ensure beneficial outcomes for us all.
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  TRACK 1: ENERGY, HEALTH AND WELL-BEING

Scaling Change that Will Last - Lessons for Second Generation Energy Efficiency 
Schemes from a Market Impact Evaluation of NSW Energy Efficiency Programs

Henry Adams1, Matthew Clark1, John Denlay2

1Common Capital, Sydney, New South Wales, Australia 
2Common Capital, Adelaide, South Australia, Australia 

Government programs that place energy efficiency obligations (EEO) on utilities are an increasingly popular 

policy tool for governments to deliver energy savings activities at scale. There are now around 50 similar 

market-based schemes in the world (Rosenow, 2018) up from 12 first-generation schemes in 2012 (IEA, 2012). 

Several Australian Governments are now considering the potential and design options for new EEO schemes. 

There is an opportunity for Qld and the Australian Government, to not only replicate the experience of other 

jurisdictions, but develop a next generation scheme. Such a scheme would consider today’s energy market and 

energy efficiency challenges and build on lessons on the strengths and weaknesses of existing schemes.

The findings of a comprehensive qualitative and quantitative study of the NSW energy efficiency programs and 

the lighting market, provide lessons for second generation scheme design (Adams, et al. 2017).  
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Investigating the Energy Efficiency Conversation in the Australian Volume Home 
Building Sector 

Erika Bartak1, Georgia Warren-Myers1, Christopher Heywood1

1 Thrive Research Hub, Faculty of Architecture, Building and Planning, University of Melbourne,  
Melbourne, Victoria, Australia

Introduction

High-performance energy efficient housing can positively contribute through reduced energy demands and 

associated greenhouse gas emissions to the global environmental challenge of climate change.  In addition, 

such homes can provide social and financial household benefits such as improved comfort, health and well-

being, and reduced cost of living (ASBEC 2016, 2018).  Although these potential benefits are well established, 

the adoption of increased energy efficiency in new Australian housing is not widespread.  To address this gap 

between discourse and practice, this study focuses on the dominant providers of new housing in Australia, 

the influential volume home building sector.  These organisations occupy an influential position in the system 

of new housing supply, informing and directing the choices of infrequent and inexperienced homebuyers, 

while offering significant contracts to a large construction supply chain (Warren-Myers & Heywood 2018).  

Communication of energy efficiency within the home building sector has been identified as one of the key 

institutional barriers to greater uptake of energy efficient homes (Heffernan et al. 2015; Osmani & O’Reilly 

2009).  The focus of this study is the manner in which major volume home builders communicate energy 

efficiency to their potential homebuyers through organisational websites.

Research Approach

A content analysis of selected organisational websites was used to establish an evidence base of the current 

energy efficiency ‘conversation’ between volume home builders and their potential homebuyers. The objective 

was firstly to assess what information or content was being provided to homebuyers, and secondly to 

identify opportunities for a more productive conversation, and the mainstreaming of higher energy efficiency 

performance in new housing. This paper reports on the first stage to examine the type and style of content 

provided by home builders.  The sample for the analysis comprised websites of the top 20 detached volume 

home builders operating in Victoria, as selected from the HIA’s annual list of the largest 100 residential builders 

(HIA 2018).  Websites were combed and then content analysed using a framework between November 2018 

and January 2019.  

The research investigated three key questions:

• Is any general information regarding energy efficiency provided? If so, how prominent and detailed is this 
information?  

• Are any specific housing products or upgrade options related to energy efficiency on offer?  If so, what do 
these entail?

• Is there any mention of minimum regulatory performance requirements – such as a 6-Star house energy rating 
(Nationwide House Energy Rating Scheme or NatHERS)?  If so, where and how is this described?

Results/Findings

Overall, the study found that the communication of energy efficiency on the selected volume home builder 

websites is often lacking in prominence, clarity and detail.  The vast majority of the examined websites did 

not mention energy efficiency on their home pages, and there were very few specific housing product ranges or 
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upgrade options available related to energy efficiency.  Energy efficiency information was typically general in 

nature, and often located in less prominent locations such as in blog posts and web articles.  Only three out of 

the 20 examined websites had a specific page dedicated to sustainability and/or energy efficiency, and only one 

organisation had a specific high-performance energy efficient house currently available for purchase.  

The house energy rating was a commonly mentioned indicator of energy efficiency performance in the content 

analysed.  Yet, it was often not clear a 6-Star house energy rating was the minimum regulatory requirement in 

Victoria.  In some cases, this requirement was vaguely implied by a brief mention in the ‘standard inclusions’ 

document, for example: “Insulation as required to comply with 6-Star energy assessment” (VB3).  In other 

cases, the reference to 6-Star performance could easily be misinterpreted by inexpert homebuyers as something 

other than the legal minimum: “In fact, all our home designs have been awarded six-star energy ratings in 

Victoria … which is testament to the quality and standard of our homes” (VB9).  As a specific performance 

benchmark and minimum regulatory standard, the house energy rating was generally poorly described on 

the examined websites, and there was little explanation of the rating, energy efficient features or potential for 

improvements.  

Discussion and Implications

The results of this study suggest that energy efficiency is not a priority for the selected volume home builders 

– or at least, is not considered a priority for their anticipated website visitors, new homebuyers.  Prominent 

and detailed information regarding energy efficiency is the exception rather than the norm.  Given the lack 

of specific housing products and upgrade options available, the onus is placed on the homebuyer to be 

informed and request their own modifications for higher energy efficiency performance.  This is problematic, 

as homebuyers are typically the inexpert stakeholders who will turn to industry experts such as home building 

organisations for advice and guidance in their housing choices (Warren-Myers & Heywood 2018).  

The lack of detail and clarity regarding house energy ratings is of major concern.  If homebuyers are unaware 

of the regulatory requirement for – and the practical implications of – a 6-Star house energy rating, then their 

capacity for making an informed choice regarding the energy efficiency of their new home is constrained.  

Further, they will not be seeking additional energy efficiency improvements if they are led to believe they have 

a high-performing house. This study has revealed that there is an urgent need to consider the acceptable level 

of disclosure of minimum energy efficiency performance standards to new homebuyers, and considerable 

opportunity for improvement in the communication and offerings of energy efficiency in new homes.  
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Is the Current Regulatory Framework for Energy Efficiency Failing Small Inner-Urban 
House Design?

Erika Bartak1

1Filter ESD, Brunswick, Victoria, Australia

Introduction and issue overview

Is the current regulatory framework for energy efficiency failing small inner-urban house design?  And by 

extension, is this approach failing to achieve the ultimate objective of the energy efficiency provisions of the 

National Construction Code (NCC; as well as broader government policy and international commitments), 

namely a reduction of greenhouse gas emissions in order to limit global warming and climate change?  Through 

my experiences as a thermal performance assessor, providing design advice and house energy ratings for many 

small inner-urban architectural projects, I believe it is.  

Critical discussion of the issues/viewpoint

The principles for good passive solar design and thermal efficiency of a house in a cool temperate climate like 

Melbourne are well established – northern orientation of principal living spaces to access beneficial winter solar 

gain, good shading and ventilation strategies to prevent overheating in summer, combined with appropriate 

degrees of thermal mass, insulation and building sealing.  On a well-proportioned and orientated site, such 

texTBook design is easy, and should be demanded.  However, a number of these principles are difficult to 

achieve on small inner-urban sites, particularly when proportions are tight (think 5m-wide terrace blocks), 

orientation is sub-optimal (say with the small street-facing boundary to the north), and designs are constrained 

by a number of neighbourhood context and planning restrictions (consider overshadowing, overlooking, and 

heritage controls).  

In many cases, the common response to a constrained site like the one described above, is to introduce design 

features such as skylights and courtyards into an elongated plan.  Such features can bring sunshine, daylight 

and ventilation into the home, as well as providing visual and physical access to the outdoors.  But this can 

cause headaches for a house energy rating.  Greater areas of wall, window and roof glazing mean greater 

exposure and energy transfer for a relatively small footprint.  While there is an area adjustment built into 

Nationwide House Energy Rating Scheme (NatHERS) calculations to account for the larger proportional 

envelope of smaller dwellings, it doesn’t solve the problem in this instance.  While removing the courtyards and 

skylights could improve thermal performance as measured by the house energy rating, it is likely to result in an 

overall poorer design that is less appealing to live in.  More Stars perhaps, but less sunshine, less daylight, less 

natural ventilation, less occupant amenity.

Recommendations

I have three recommendations for improving this situation.  They are more conceptual and practical 

suggestions, rather than technical or regulatory solutions.

The first is better recognition of site context and constraints when it comes to measures like a house energy 

rating.  While a texTBook passive design on a large open site with good solar access should achieve 6 Stars 

without hassle – and should be encouraged to achieve 7, 8 Stars and beyond – a 5m-wide terrace-style house 

with north to the street and two-storey neighbours on either side is always going to struggle, courtyard or not.  

Our regulations, and our interpretation and application of them, need to better acknowledge this fact.
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The second is better integration of all our current energy efficiency regulations.  We have regulations for the 

building envelope, to reduce heating and cooling.  We have regulations for artificial lighting.  And we have 

regulations for air movement and natural ventilation.  And currently, none of them relates to the other.  The 

small house design with courtyard and skylights may suffer a house energy rating penalty, but take away these 

features and both ventilation and lighting will suffer instead.  Without ample daylight and cross ventilation, 

occupants are likely to use artificial lighting, fans and active air conditioning more often to create comfortable 

conditions. It is all energy use.

The third recommendation is perhaps the most controversial.  We need to move beyond energy use per square 

metre if we are serious about reducing overall energy demand and associated greenhouse gas emissions.  Energy 

ratings are measured in megajoules per m2 per annum.  Lighting requirements are measured in watts per m2.  

But outcomes are very different for a small courtyard house of 100m2, compared to a McMansion of 500m2.  

And that’s just the few items we currently measure and regulate.  How about all the energy needed to produce 

and transport all those materials, for a house five times the size?  We are far from acknowledging the true 

lifecycle energy implications of house size, or the impacts of urban renewal versus outer suburban sprawl, in 

our current regulatory remit.

Implications

By acknowledging the constraints faced on small inner-urban sites, by better integrating our assessment 

of various energy efficiency requirements, and by recognising the bigger picture energy benefits of small 

house design, such projects can be appropriately acknowledged for the real contributions they are making 

to lifecycle energy demand.  If we are serious about the objectives of our energy efficiency regulations, and 

our commitments to international climate action, these small, smart inner-urban house designs need to be 

championed and promoted, rather than punished, by our regulatory framework.
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The Behavioural Economics of Household Energy Decisions: Towards a Predictably 
Irrational Choice Model

Kevin Chadwick1 

1The Australian Government Department of the Environment and Energy and The Australian National University, 
Canberra, ACT, Australia

Introduction

“… behavioural factors are essential elements of any complete descriptive theory [of decision making]” 

(Mullainathan & Thaler, 2001). Supplementing the rational choice model, which underpins most public 

policy design, with ‘cognitive biases’ facilitates consideration of factors other than price and information that 

also influence our decisions. Research into household energy decisions has found evidence that interventions 

based on an understanding of these biases can improve household energy decisions. Using the holistic Energy 

Cultures framework (Stephenson et al., 2010) to consider all aspects of the specific decision contexts enables 

the most relevant cognitive biases to be identified. The resulting model is flexibly applicable to all household 

energy decision contexts and supports the design of more effective energy consumer policies and engagement 

strategies.

Literature review

The rational choice model of decision-making assumes people are self-interested, wealth-maximisers, who 

make decisions based on a thorough evaluation of the costs and benefits of all possible choices without any 

influence from others. Empirical research in the behavioural sciences challenges these assumptions with findings 

that demonstrate cognitive biases, or systematic deviations from rational choice, influence our decisions along 

with price and the provision of information (Kahneman, 2012; Madrian, 2014; R. Thaler & Sunstein, 2008). 

Contrary to the homo economicus of conventional economics, homo sapiens exhibit bounded rationality, will-

power, and self-interest (Mullainathan & Thaler, 2001; R. H. Thaler, 2015). 

Behavioural economics research has identified a number of cognitive biases – systematic deviations from 

rational decision-making – of particular relevance to household energy-related decisions, and proposed 

solutions to address them (Frederiks, Stenner, & Hobman, 2015; Hobman, Frederiks, Stenner, & Meikle, 2016). 

Examples include:

•  Default settings can help overcome status quo bias – the tendency to resist change and go with the flow 
(McCalley, 2006). Requiring people to opt out of energy-related programs, rather than opt in, can substantially 
increase participation rates (Pichert & Katsikopoulos, 2008; Todd, Cappers, & Goldman, 2013).

•  Loss-aversion can be addressed by framing energy savings as avoided losses, especially near-term and personal 
losses, can be more effective at encouraging households to take action to increase home energy efficiency 
(Gonzales, Aronson, & Costanzo, 1988), although effectiveness can vary depending on the target group 
(Cheng, Woon, & Lynes, 2011), especially when emphasising the benefits to oneself and others (Loroz, 2007).

•  People are influenced by social norms and framing actions as common or socially desirable can improve 
adoption of desired behaviours, especially when the context is personally relevant or localised (Allcott, 2011; 
Hallsworth, List, Metcalfe, & Vlaev, 2014).

•  People are more easily influenced by recent and readily available information. This availability bias can be 
activated by referring to recent or well-known events and using prompts to overcome forgetfulness or establish 
new habits (Bekker et al., 2010; Tetlow, Beaman, Elmualim, & Couling, 2014).

•  Altruism has been found to play a strong role in people’s choice to donate money for a higher proportion of 
‘green energy’ in their electricity supply (Menges, Schroeder, & Traub, 2005).
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Proposed framework/concepts

Appendix A contains a work-in-progress illustration of the proposed conceptual ‘predictively irrational’ choice 

model. It seeks to improve the predictive power of the rational choice model commonly applied in policy 

making by supplementing it with cognitive biases to account for factors influencing our decisions other than 

price and information provision.

Importantly, and potentially controversially, the model recognises that cognitive biases also influence how 

we respond to prices and information provision, as well as accounting for other factors that influence our 

decisions, such as social norms, inertia, perceived trust and altruism.

The recommendation to use the model in conjunction with the Energy Cultures framework (Stephenson et al., 

2010) also recognises that decisions are influenced by the broader context in which they are made, including: 

physical aspects, such as the buildings we live in, the type of tenure we hold and the availability of technology; 

the social aspirations of our friends, families, and colleagues; and our own personal experiences and 

capabilities. As a result, different biases are expected to have greater relevance to some decisions than others, 

and the model is constructed flexibly to allow for the inclusion of different biases for different decisions, and 

even for different segments of consumers more likely to respond to interventions based on different biases (see 

Appendix B).

Discussion and implications

Participation rates in many government energy consumer programs is low, much lower than desired and would 

be predicted by the conventional rational choice model. Even programs providing participants with substantial 

financial benefits and requiring no financial contribution from them are often taken up by as little as five per 

cent of the target audience.

Applying the ‘predictively irrational’ choice model as part of program design would enable policy-makers 

to consider influences on households other than price and information provision and, as a result, design 

both engagement strategies and programs more likely to be appealing to a greater proportion of their target 

audiences.

Appendix A: Illustration of the ‘predictively irrational’ choice model 



40

ABSTRACTS
1 ADVANCING ENERGY POLICY,  

RESEARCH AND PRACTICE

 Appendix B: Energy cultures framework with cognitive biases added by the author associated with 
each aspects of the decision context

Source: Adapted from (Lazowski, Parker, & H. Rowlands, 2018). The author added the orange-coloured text 
boxes with illustrative cognitive biases potential associated with each of the three main elements of the framework: 

Material Culture, Norms & Aspirations, and Practices & Skills.
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Power Shift: Translating Consumer-Focused Research to Action 

Kerry Connors1

1Energy Consumers Australia, Sydney, New South Wales, Australia

The premise of Energy Consumers Australia’s Power Shift research is that power needs to be in the hands of 

consumers so that they are able to take control over their energy costs where they can, through their own 

actions.  

However, consumers do face barriers to managing their energy use in today’s energy market, and these are 

particularly significant for low-income or vulnerable consumers.    

Communicating the key learnings from Power Shift, the presentation will outline:

•  How we identified opportunities to drive change, building coalitions to influence government policy and 
programs

•  Where obstacles were encountered and where possible overcome

•  What research findings resonated with decision-makers.
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CSIRO Energise: A New Method for Integrative Energy Consumer Research

Elisha Frederiks1, Lygia Romanach1, Lachlan O’Neil2, Adam Berry2

1 Commonwealth Scientific and Industrial Research Organisation, Brisbane, Queensland, Australia 
2 Commonwealth Scientific and Industrial Research Organisation, Newcastle, New South Wales, Australia

This paper presents a case study of a new method for conducting integrated, longitudinal and nationwide 

surveying of energy consumers. Launched by Australia’s national science agency in mid-2018, CSIRO Energise 

is a smart device application that allows everyday Australians to complete short, regular surveys over time. The 

app provides an innovative tool for capturing data on socio-demographics, household characteristics, building 

features, appliances, self-reported behaviours and many other factors associated with household energy use. 

Compared to traditional survey methods, key benefits of CSIRO Energise include more rapid survey delivery 

and data collection, the ability to conduct on-demand and time/context-dependent surveying, and ongoing two-

way communication with users. Within six months of release, around 4,000 Australians had downloaded the 

app and more than 25 surveys had been conducted, with these numbers continually rising. This has generated 

an unprecedented amount of new data that will help inform future research and decision-making in the sector.
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The Case of How Software Platforms can Better Facilitate Home Energy Retrofits: 
BOOM!-Partners

Alex Houlston1

1Boompower Pty Ltd, Geelong, Victoria, Australia

By integrating and automating energy assessments, business case reporting and competitive procurement into a 

single platform, BOOM!-Partners is simplifying and streamlining large-scale solar, storage and energy efficiency 

retrofits across diverse property portfolios.

BOOM!-Partners is overcoming the traditional barriers to large-scale portfolio-wide retrofits, such as a lack of 

internal capacity and capability; minimising the likelihood of detailed reports gathering dust on a shelf.

The platform enables Asset, Facility and Property Managers to run large-scale solar, storage and energy 

efficiency retrofit programs across diverse property portfolios without the need for ongoing, expensive 

consulting time. Automated and dynamic business case reports are designed to increase understanding, and 

enable users to justify, create, monitor and report on energy retrofit expenditure.

BOOM!-Partners’ competitive procurement platform is designed to meet government probity requirements, 

backed by a constantly and proactively managed pre-qualified panel of suppliers, whose tenders can be 

transparently evaluated side-by-side within the platform, and selected based on pre-agreed criteria and 

weightings.

To date, BOOM-Partners! has enabled over $4million of solar, battery and energy efficiency projects in 12 

months of operations. Its pipeline continues to grow, and its reach is now nationwide. Further details about this 

interesting case study will be presented.
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Policy Considerations from Victorian Energy Efficiency Retrofit Programs for Low-
Income Households (Interim Assessment)

Martin Jones1, Diana Shrimpton1

1Victorian Department of Environment, Land, Water and Planning, Melbourne, Victoria, Australia

This paper considers the Victorian Government-funded projects currently delivering energy efficiency retrofits 

to Victorian residents with low incomes and, prior to their completion, reflects on what lessons can be drawn 

for future policy in this area. The paper focuses particularly on the recently concluded Home Energy Assist: 

Affordable Retrofits Trial.

Introduction and Issue Overview

As part of its 2017 Energy Efficiency and Productivity Strategy, the Victorian Government allocated $17 

million to support home upgrades for Victorians most in need. The bulk of this funding is delivering energy 

efficiency retrofits through the Home Energy Assist program, which includes the Affordable Retrofits, 

EnergySmart Public Housing, and Victorian Healthy Homes projects. Separately, the Victorian Government has 

allocated $5 million to deliver the Latrobe Valley Home Energy Upgrade Program.

Each of these projects aims to improve the energy efficiency of households with low incomes, disadvantage, or 

vulnerability to energy costs, as well as to better understand needs and barriers – and the benefits to be derived 

from the upgrades – to inform broader government action on affordability. However, the projects differ in their 

design, levels and methods of support, geography, and range of targeted outcomes.

The projects began delivery, variously, in 2017 and 2018. In August and September 2018, the Andrews Labor 

Government announced subsidies for residential solar photovoltaic (PV) systems, high-efficiency hot water 

systems, and batteries through the Solar Homes program. This has led to partial redesign of some projects.

Critical Discussion of the Issues

Residential retrofit projects involve several functions that should or could be carried out. Depending on the 

delivery model, functions can be combined in various ways and assigned to different agents. Figure 1 presents a 

simple overview (adapted from Urban EP (2018)).

Across the Victorian retrofit projects for households on low incomes, different configurations of role 

assignments are employed. The paper explores what lessons are being learned.

Some observations are generalisable, including: 

•  Single lead delivery agencies have experienced difficulties delivering the desired scale with the resources and 
time constraints specified.

•  The capacity and capability for intervention delivery varies greatly by technology type and is low in trades for 
insulation and draught-sealing retrofits.
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Figure 1: Functions in Residential Energy Efficiency Retrofit Projects

Other observations arise from specific projects, such as:

•  Even with decision support, householders on low incomes can require a long time to choose between upgrade 
options. Under the trial phase of Affordable Retrofits, decision time averaged over 9 weeks, with some 
participants taking as long as 17 weeks to decide (during a delivery period of six months).

•  While adding extra services (e.g. energy literacy training, provision of finance) to existing projects presents 
the appeal of lower-cost delivery than running separate projects, the efficiencies are reduced if the additional 
services (additional ‘functions’) require skills not already present in the agents delivering the original services 
(e.g.: few home efficiency assessors are qualified to offer advice on taking up finance).

•  Engaging specialists in research (e.g. academics) during the project design phase increases the likelihood 
of meaningful evaluation, but care must be taken to ensure delivery staff understand the reasons behind 
intervention design to avoid conflicts with delivery goals (e.g. upgrading ‘control group’ households early).

Recommendations

Policy designers, both within government and those advocating externally, should consider how easily the 

different functions of retrofits can be delivered under existing market conditions and consider supplementary 

policies or programs to bridge or avoid existing gaps. For instance, where single organisations may struggle to 

lead delivery across large numbers, wide geographies, or multiple functions, employ multiple organisations – 

noting that some coordination functions will then likely move to a different agent.

Implications

Proposals that fail to account for the multiple functions required in projects and/or properly assess the existing 

ability to deliver those functions will likely underestimate the complexity of delivery, suggesting timeframes and 

budgets that are insufficient to deliver successfully.

References

Urban EP (2018) Review of Affordable Retrofits program delivery options, Melbourne, Victoria: Department of 
Environment, Land, Water and Planning. Unpublished.



47

IMPROVING RESIDENTIAL ENERGY  
EFFICIENCY CONFERENCE 2019

Dynamic Estimation of Air-Conditioning Loads and PV Generation from Aggregate 
Electricity Data 

Nariman Mahdavi1, Julio Braslavsky1, Adam Berry1

1CSIRO Energy, Newcastle, New South Wales, Australia 

Energy use associated with air conditioners (ACs) is a key driver of peak electricity demand and a dominant 

part of residential and commercial demand during Australian summers. Use of ACs could also be a reason for 

power-blackouts during heatwaves. AC load, however, is flexible and can provide cost-effective opportunities 

for demand-side network services. For example, direct control of ACs can mitigate network impacts of 

variability in renewable electricity generation, such as wind and solar. Such fast demand-side services may be 

implemented using real-time data feeds from local AC load and PV generation, which in pilot demonstrations 

typically assumes sub-circuit metering and communication infrastructure at every individual dwelling. Such 

infrastructure, however, is costly to scale up to the entire network. As a more cost-effective alternative, the 

present paper presents a method to dynamically estimate AC/PV capacities for a given geographical area from 

existing aggregate electricity measurements using machine-learning techniques. 
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Embracing Machine Learning: Understanding Customer Engagement Segments with 
Energy Technology

Ryan McAndrew1, Charmaine Glavas1, Kate Letheren1, Rory Mulcahy3, Rebekah Russell-Bennett1, Rob 

Hudson2, Adam Clements1, Geoff Walker1

1Queensland University of Technology, Brisbane, Queensland, Australia  
2University of the Sunshine Coast, Sippy Downs, Queensland, Australia  

3Clemenger BBDO, Brisbane, Queensland, Australia

Embracing machine learning: Understanding household energy market segments 

Introduction and Literature Review

Segmentation within the energy sector is gaining increased traction and adoption by a variety of entities such as 

governments, private companies, and charities. While new ways of segmenting households have been developed 

with customer data, challenges arise when an existing segmentation schema is needed to be overlaid on new 

customer data. This article discusses an existing segmentation project and how new data can be feed into a 

mixture modelling to assign segments that fit with existing segment attributes. The updated segments can then 

be crosschecked with existing segment data to determine their degree of alignment.      

This research builds on the household persona segments identified in previous research, where households were 

personified as animal groups that represent analogous psychological and behavioural traits such as consumer 

values and decision-making types (See Russell-Bennett, Mulcahy, et al., 2017). Consumer values represent what 

is important in one’s life, and this impacts individual judgements, opinions, and behaviours (Schwartz, 2012). 

Examples of how groups perceive value, otherwise known as value propositions, are presented; the ant colony 

“we work together for common goals”, the wallabies “don’t have a lot of rules”, the beehive “each have expert 

roles in finding information to make household decisions”, the flock of geese “take turn in leading the decision-

making”, the domestic cats “are all engaged and like to figure things out for themselves”, whereas the lion 

pride believes “we are all independent and we like to figure out things for ourselves” (Russell-Bennett, Letheren, 

McAndrew, Anthoness, & Mulcahy, 2017).

Trying to fit a household into a persona segment with raw scores is difficult. As some scores might be similar 

to persona one on one criteria, but closer to persona two on another criteria. What is needed, is an ability to 

compare all criteria and assign the household to the best matching persona. Mixture modelling overcomes 

these problems by using existing data to train a model to predict persona assignment on newly collected data  

(Muthén, 2004). Essentially, the model is fed data, learns how households were assigned in the past, and uses 

these learnings to predict how best to assign households to personas. Unlike traditional cluster analysis, which 

assigns cases to one unique cluster, mixture modelling adopts a predictive approach that assigns posterior 

predictive values (PPV) of each persona to every case, thereby calculating how closely a household matches every 

persona. For instance, if a case matches only one persona then all the other personas will score zero. The highest 

PPV in a case’s set of personas can then be used to uniquely assign one persona, or thresholds can be set to only 

allow PPV above a certain level to be used in future analysis (Durango-Cohen & Balasubramanian, 2014). 

Method/Approach

Latent class analysis (LCA) aims to find substantively meaningful groups of people that are similar in their 

responses to measured variables or growth trajectories (Muthén, 2004). Fitting latent class models (LCM) 

requires variables to be used from existing data, and a set number of clusters to be assigned. For this current 
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dataset, four measures were made on the sample and six groups were used. The four measures were based on 

previously validated scales, questions related to household structure (bureaucratic versus organic), decision-

making (top-down versus shared), goal orientation (consensual versus conflicting) (Ferrell & Skinner, 1988), 

and expertise. Survey data were collected from 515 households in Victoria, Australia. A fully saturated LCM 

was constructed in the statistical software AMOS (v25). As shown in the diagram below, each measure was 

correlated with one another, with a double-header arrow indicating covariances between the variables. Bayesian 

estimation was then run to give PPVs for each individual case and persona. 

Diagram 1. Path diagram   

Results/Findings

For each of the six groups, parameter estimates are output and the proportion of the sample belonging to 

each group can be checked. For each persona, the new scores for the criteria are checked against the original 

data. The purpose of comparing the original data with the new data allows us to determine if the personas’ 

attributes identified are the same. As shown in the table below, out of the 18 comparison points, 16 matched 

the previously defined segments and only two were slightly different. Namely, Ant goals were low in the new 

data but medium in the original data, and Geese had high decision-making in the new data but in the original 

data it was at a medium level. 

Persona Data Goals Decision-making Structure

Ant Original MED LOW LOW

New LOW* LOW LOW

Bee Original LOW MED HIGH

New LOW MED HIGH

Geese Original MED MED MED

New MED HIGH* MED

Wallaby Original HIGH LOW HIGH

New HIGH LOW HIGH

Cat Original LOW HIGH MED

New LOW HIGH MED

Lion Original LOW HIGH LOW

New LOW HIGH LOW

*Where discrepancies occurred. 
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Discussion and Implications

Creating new segmentation models can be necessary for more optimal use of resources by governments, 

charities and private companies. However, instead of reinventing the wheel, some entities might be better 

off by using existing segmentation models and overlaying their own data onto them. This allows segments 

to be testing more rigorously in other contexts, and assists in determining how robust the segments really 

are. Given the rise of big data, new technological advancements such as smart meters and smart devices that 

allow machines to make optimal decisions for households, understanding these statistical methods can assist 

in developing optimal segmentation models that can be quickly deployed. The use of LCA to ‘train’ AMOS to 

segment new data based on a pre-existing segment structure speeds up the segmentation process by avoiding 

manual calculations and draws on an empirically validated framework. This provides more validity for 

customer segments and increases the confidence in the existence of these segments. 
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Using Survey Data to Explore Drivers and Indicators of Residential Electricity Use

Lachlan O’Neil1, Elisha Frederiks2, Lygia Romanach2, Adam Berry1

1Commonwealth Scientific and Industrial Research Organisation, Newcastle, New South Wales, Australia  
2Commonwealth Scientific and Industrial Research Organisation, Brisbane, Queensland, Australia

Introduction

When faced with the challenge of identifying the drivers and indicators of residential energy use, it is important 

to have access to data and methods that are objective and robust. The new CSIRO Energise app (CSIRO, 2018) 

helps this cause by enabling Australians to contribute to CSIRO’s national energy research. CSIRO Energise 

conducts longitudinal, nationwide, and on-demand surveying of consumers. Surveys delivered through the 

app capture data across areas such as demographics, household and building characteristics, energy efficiency 

measures, fuel sources, appliance uptake and usage, key technologies (e.g. solar, batteries, electric vehicles), 

consumer attitudes and perceptions, and so forth. In the first six months of operation, almost 4,000 Australians 

had registered with the app and more than 25 surveys (covering ~250 questions) had been conducted, with 

these numbers rising each week. This wealth of new data offers new opportunities to provide Australia with 

evidence-based insights which have the potential to inform future research and decision-making in the sector. 

Prior research has also aimed to identify key variables, but many studies have been conducted overseas (raising 

questions over the generalisability to Australia), tested different sets of predictors, or yielded results that are 

not always consistent. For example, Huebner et al. (2015) found that building characteristics explained most 

variability in residential energy usage, but a subsequent study reported that appliance ownership and use were 

most important (Huebner, et al., 2016). Research has also explored the socio-demographic and psychological 

factors related to energy use (Abrahamse & Steg, 2009, 2011; Frederiks, et al., 2015). The similarities and 

differences of our study are further elaborated within the method and results.

Method

Using all data collected through CSIRO Energise at the time of analysis (around two million data points), we 

aimed to determine which groups of variables best explained differences in self-reported electricity consumption 

across households. This aim was inspired by previous work by the Australian Energy Regulator, which sought 

to identify a set of benchmarks from a smaller survey linked to smart meter data (ACIL Allen Consulting, 

2017). For our analysis, the dependent variable was self-report data from similar billing periods collected via a 

survey question asking participants to report the average daily electricity usage (in kWh) stated on their most 

recent electricity bill. Our independent variables were all other survey questions answered by participants 

since registering with the app. Whether an independent variable was viewed as a driver or indicator was 

based on whether it was predicted to be a causal determinant (i.e. driver) of energy use, or instead just have a 

correlational relationship (i.e. indicator) with energy use. For example, hypothesised drivers included household 

size and type, building features (e.g. insulation) and appliance use, whereas hypothesised indicators included 

consumer attitudes, intentions and perceptions. This classification did not affect how the variables were treated 

in modelling. 

To determine which key groups of variables best explained differences in household electricity consumption, 

survey data from CSIRO Energise was used to generate every possible three-predictor linear regression model 

(approximately one million models) where average daily electricity usage from the participant’s most recent 
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bill was the dependent variable, all other survey questions were the independent variables, and there were 

a minimum of 600 participants who provided responses for these four variables. Once the models were 

generated, the success of each variable was assessed. This involved counting the number of times each variable 

appeared in a model among the one million with an adjusted R2 value greater than 0.2 (approximately the 

97.5th percentile of adjusted R2s across models), as well as measuring the average adjusted R2 of models which 

included the assessed variable.

Previous studies have also assessed multicollinearity and used ordinary least squares or Lasso regression to 

determine major contributors to residential electricity use (Huebner, et al., 2015). Though these are good 

future extensions to our work, these studies have not founded their analysis looking for a fixed number of key 

predictors to be used as benchmarks. Our alternate approach is beneficial as it helps focus future data collection 

efforts and improves simple estimations and predictions which are often required for large-scale analysis.   

Results

Based on an initial analysis of data collected from the first three months of surveys (i.e. from June to September 

2018), the best performing models that included indicators had adjusted R2 values of up to 48%. Models 

that only included drivers had adjusted R2 values of up to 38%. Between indicators and drivers, the highest 

performing variable – both in terms of frequency in top models and average improvement in adjusted R2 – was 

a positive relationship with the response to a 5-point rating scale question about perceived comparative bill 

costs: “Compared to other similar households in your area, do you think your electricity bills are [a lot lower 

than / a little lower than / about the same as / a little higher than / a lot higher than other similar households]”. 

In terms of drivers, the number of fridges used by a household topped the list, also having a positive 

relationship with usage. Other top-performing variables included household size and composition, types of 

heaters used, frequency of clothes dryer and washing machine use, number of bedrooms, and type of hot water 

system. Unexpectedly, dwelling characteristics such as insulation, wall construction material, and installation 

of energy efficient measures (e.g. LED light bulbs) were not among the top performers. Indeed, many of these 

variables can be correlated to some extent.

Discussion and implications

Our analysis has shed light on some of the important drivers and indicators of residential electricity 

consumption, as well as yielding some unexpected results. Among our sample of participants, perceptions of 

one’s electricity bills compared to other similar households emerged as the best performing variable, having a 

positive association with average daily electricity consumption. On the other hand, building characteristics and 

energy efficiency features seemed to be relatively weaker predictors, particularly compared with the uptake and 

usage of energy-intensive appliances such as fridges, heaters and clothes dryers.

Given the longitudinal nature of CSIRO Energise’s surveying and data collection, one benefit of the 

methodology and analysis described above is that it can be repeated over time using progressively larger 

datasets. As more survey data is collected, the sample sizes for existing survey questions increase and new 

questions become available for inclusion in the analysis. This means the analysis can be re-run over time with 

an increasingly greater number of observations. In light of this, this analysis will be replicated towards the end 

of January 2019 using a larger dataset to update results accordingly. 

The analysis presented in this paper was intentionally designed to be a straightforward, first step towards 

uncovering some of the key indicators and drivers of residential energy usage. That said, the method can be 

easily applied to smaller and larger datasets alike, as well as variables other than electricity usage (e.g. energy 

bill costs or gas consumption). Further research is needed to reduce the computation time for larger datasets. 

Methods could also be developed to assess non-linear relationships between survey responses.
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The Impact of Colorbond Roof Colour on Internal Temperature, Liveability and 
Comfort in Low-Cost Homes

Jessie Parrish1

1City of Gosnells/City of Armadale/Shire of Serpentine Jarrahdale, Perth, Western Australia, Australia

In southern hemisphere summer 2018/19 we placed Internet of Things (IoT) sensors in two newly constructed, 

unoccupied homes. The homes differed primarily in roof colour, one achieving a light BASIX/ medium BCA 

classification (solar absorptance=0.47) and the other achieving a medium BASIX/ dark BCA classification (solar 

absorptance=0.64). Both houses were typical entry-level homes, achieving a Nationwide House Energy Rating 

Scheme (NatHERS) six-star energy rating, utilising R4.0 insulation. 

Over three months of data collection we observed a consistently large difference in external roof temperature 

but a negligible difference in indoor living temperature without air conditioning. Current guidelines recommend 

the use of light-coloured building materials, particularly roofing, in warm climatic zones. This data suggest that 

current roof colour guidelines might not be reflective of real-world conditions and the relationship between 

roof colour and indoor temperature is not straightforward. Furthermore, this indicates that roof colour is 

contributing less to increased energy consumption and heat-stress related illness than expected, indicating other 

factors affecting thermal performance may deserve a higher priority. 

The data created by this research will be made publicly available and may inform the decisions of governments, 

utilities, policy-makers, builders/developers, planners and researchers in energy efficient building. While indoor 

temperature does not negate the potential impact of roof colour on the urban heat island effect or in other 

climatic zones, which requires further investigation, this research provides an industry independent dataset for 

future projects to build on. 
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Trajectory for Low-Energy Buildings

Jodie Pipkorn1

1Department of the Environment and Energy, Canberra, ACT, Australia 

On 1 February 2019 Energy Ministers agreed the Trajectory for Low-Energy Buildings, a national plan that sets 

a trajectory towards zero energy (and carbon) ready buildings for Australia.

The Trajectory identifies opportunities for the building sector in the context of a broader trajectory for the 

sector, and in summary proposes:

•  Setting a trajectory towards zero energy (and carbon) ready buildings

•  Implementing cost-effective increases to the energy efficiency provisions in the National Construction Code 
(NCC) for residential and commercial buildings from 2022

•  Considering options for improving existing buildings in late 2019.

The Trajectory, and its underlying reports, seek to inform the future activities of the Building Ministers’ Forum 

and the Australian Building Codes Board when developing and implementing updates to the NCC, and to 

inform further Energy Council activities around building policy measures
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Hug, Nudge, Shove or Smack? Using Behavioural Interventions to Shift Energy 
Demand

Rebekah Russell-Bennett1, Uwe Dulleck1, Kate Letheren1, Stephen Whyte1, Martin Brumpton1

1Queensland University of Technology, Brisbane, Queensland, Australia

This study provides an analysis of a behavioural economics lab experiment (N=178) exploring both group 

dynamics and individual behaviour in the context of energy consumption decision-making. Study subjects 

participated in a Public Good game in one of five different treatments intended to explore behavioural 

interventions aimed at reducing peak demand consumption. A baseline treatment, a Hug (reward), a Nudge 

(default choice), Smack (a fine) and a Shove (choice restriction) was applied. The study’s findings show 

traditional ex poste punishments (Smack & Shove) produce only short run pro-social behavioural change. 

Real-world participants (current household energy users) were more likely to exhibit pro-social behaviours 

(compared to student participants), indicating context and information play a role in consumers’ evaluation to 

reduce energy consumption for the collective good.
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Understanding the Energy Consumer

Desley Vine1, Laurie Buys1

1Queensland University of Technology, Brisbane, QLD, Australia

Introduction and literature review

This paper discusses a recent participatory, co-analysis workshop of qualitative data that was undertaken with 

power engineers and other staff from an Australian utility. The qualitative data were gathered from face-to-face 

interviews with Townsville residential electricity customers. The importance of this workshop is that it enabled 

industry participants to glean real insight into their customers. In this paper we describe how the participatory 

workshop was an activity of sense-making of residential electricity customers providing participants with an 

opportunity to better understand their customer. 

On behalf of an Australian utility, we undertook a face-to-face qualitative study with 21 customer households 

in the Townsville suburbs of Kirwan, Condon and Burdell. As part of the qualitative study we gathered 

residents’ experiences, beliefs, feelings and perception of their energy use. The face-to-face interviews explored 

residents’ current and potential approaches to managing their energy use and production. The study gathered 

specific information on residents’ descriptions of their everyday household experiences, any adaptations to 

changing behaviour for electricity use as well the topic areas listed in Table 1 below:

Table 1

Topic Headings Topic Areas within Headings

Motivation for involvement in the study Reducing bill and/or energy use; social responsibility

Communication Use of technology for communication

Where they get information/advice from

Relationship with utility Involvement with utility; level of trust

Energy use/behaviour Involvement with family, family compliance, issue 
within the family; 

use behaviour triggered by price, social or 
environment; any restriction in use due to cost; have 
you done anything to reduce use/cost?

Are you looking to reduce energy use Habits, overcoming ingrained habits; 

interest in changing behaviour/use

Knowledge Rating systems of appliances; 

Peak demand and different tariffs

Building options Insulation, white roofs, glazing, shade;

Rating of your house?

Economic Expectations of price, quality, affordability, security 
of supply;

Network security versus cost of infrastructure to 
customers
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Peak electricity/Use Interest in helping utility with demand response 
activities – e.g. HEMS

Utility to have total control

Have over-ride button

Manage themselves

HEMS? Do you have one? Do you use it? Is it 
useful?

PVs/Batteries Do you have either or both? Do you want them?

Interested in participating in community use of PV 
and/or storage use through batteries?

Expected level of cooperation – common-pool 
resource management

Level of commitment to success

Conditions for involvement?

The participatory, co-analysis workshop analysed the data that were gathered through the face-to-face 

interviews with residents. Each workshop participant was provided with an abridged and categorised dataset 

from an interview with one de-identified household. We asked participants to give their customer a name 

and demographic profile giving them an identity and corresponding characteristics. We explored user-centred 

elements of empathy and experimentation, inspiration and ideation. User-centred analysis is useful as a way to 

facilitate a different kind of conversation. In this case, we asked the participants to become and converse as the 

customer. This was specifically designed to gain active empathy of the customer – not as an outside observer 

but creating conditions to bring out new information, hopefully challenging participants’ mindsets about their 

customers. We asked participants to create an empathy map of traits of their customer from the interview data 

with customer intimacy as a means to an end. These activities served to establish a shared understanding and 

ownership of customer data. We guided participants with the following questions:

a.  What were some of the quotes and defining words used by your customer?

b.  What actions and behaviours did you notice in the data?

c.  What might your customer be thinking? What does this tell you about his/her beliefs?

d.  What emotions might your customer be feeling?

The co-analysis workshop was designed to afford industry participants the opportunity to immerse themselves 

in the interview data through a series of hands-on design thinking activities requiring analysis of the residential 

customer interview data. It was a process of collaborative learning which identified and clarified the aspects 

of residential consumer behaviour which supports decision-making and policy development.  The goal was 

for participants to better understand the situation that Townsville residential customers are experiencing by 

attempting to understand their needs and gain insights about their lives and who they are. The workshops 

sought to assist industry participants to understand how to define and reframe problems based on the 

emotional needs of customers.

During the workshop, four customer-type personas were developed. These were articulated by participants who 

then assigned their particular customer to a customer-type persona. These personas were identified as:
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1. 5-10% Al Gore. Strongly engaged. Self-informed, not necessarily educated. Environmentally conscious. 
Well educated about the environment and energy – willing to put in an effort to understand. Unimpressed 
when they feel there is a lack of choice. High income, able to fund changes at home. Has time to look at 
bills, technologies, etc. Understands the grid’s value – wants to leverage the grid – FiT, trade and storage. Set 
delays on appliances, e.g. dishwashers, washing machines to off peak. Uses local generation when available. 
Advocates for the network/grid. Wanting frequent contact and information. Has a variety of energy sources. 
Early adopters – interested in new technologies. Low income but able to change habits to influence their bill. 

2. Needs to reduce bills. Wants more control over supply and use of electricity. May want to disconnect. Cost 
conscious. Wants set-and-forget, simple and easy energy solutions. Wants to see live or near live data on 
consumption, e.g. HEMS. High income. Relatively engaged in energy, has done most things and is interested 
in doing more if became aware of new ideas. Is active in market research. Interested in changes but must be 
easy and low cost. Swaps to LEDs and other easy choices.

3. Not aware of options that are simple – not self-informed. Medium income – can afford to pay bills, but 
needs to keep within limits. Wants a set-and-forget solution. Too busy to think or do much in terms of 
electricity. Happy to make a change if a friend recommends it. Interested in saving, has done some things, 
may have some behaviours or attitudes that are well meaning but low impact. Interested in change but 
hostage to cost and/or inability to change. Feels a bit powerless – has done what they can to cut bill. Cost 
conscious but not under pressure.

4. Not interested but aware of opportunities. Busy life prevents active engagement (active, keen to think about 
energy savings/efficiency), no time to spend to understand prices. No financial problems and doesn’t mind 
having high bills. Has high bills and is aware that their bills are higher than they would like but zero/little 
interest in saving. Low level of technical understanding. Just want a cold beer and cold/warm air from air 
conditioner. Angry and disillusioned. Passive follower. Can have old appliances and spares. Electricity is not 
a high priority. Rents the house and cannot get PVs or battery. Is informed by those with vested interests. 

It is expected that the participatory workshop approach has real utility in helping to understand energy 

behaviours in a holistic way and in guiding the development of projects and programs to achieve greater 

adoption of energy efficient or load-shifting behaviours. Certainly, the participants reported that they found 

the workshop very engaging, enlightening and extremely beneficial in terms of customer insight. Such an 

approach could be a useful strategy for sustaining competitive advantage in the marketplace by developing 

learning relationships with customers. These learning relationships enable a company to deliver appropriately 

customised products and services to customer segments with different sets of needs.
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Renewable Energy Generation at Home – Motivations to Trade Energy

Phillipa Watson1, Archie Chapman2, Heather Lovell1, Andrew Harwood1, Hedda Ransan-Cooper1, Veryan 

Hann1, Evan Franklin1

1University of Tasmania, Sandy Bay, Tasmania, Australia 
2University of Sydney, Sydney, New South Wales, Australia; Australian National University, Canberra, Australia.

Introduction

Residential renewable energy generation installations, particularly solar and batteries, are becoming 

increasingly popular. Approximately 1.75million Australian homes now have solar panels (APVI 2018) and 

battery installations are increasingly being included with solar installations (Sunwiz 2018). In 2017 in Australia 

over 20,500 batteries were installed, included in 12% of 172,000 solar installations installed (Clean Energy 

Council 2018:8). This was a jump from 2016, where only 5% of installations included batteries. Altogether, 

by the end of 2017, a total of 28,000 battery systems had been installed (Clean Energy Council 2018:8). 

Additionally, there is growing commitment by governments and utilities to support distributed renewables on 

the electricity grid (Brimsmead 2015, Energex 2017), exemplified by the Government of South Australia’s early 

2018 commitment to install 50,000 batteries in homes (Government of South Australia 2019, SBS 2018). 

Electricity utilities are currently working out how to manage and coordinate the growing number of home-

based renewable energy generation sites that connect with the electricity grid. As part of this, they are learning 

how best to coordinate and use energy stored in home batteries during times of peak electricity demand. The 

complexity of the energy technology involved and the need to share energy from batteries at specific (peak) 

times has led to the development of automated control technologies, for both homes and networks. The 

CONSORT Bruny Island Battery Trial (2016-2019) investigated how to coordinate home-based batteries to 

share energy with the network when needed (CONSORT 2019). The Trial tested: solar technology, batteries 

and automated controllers in households; and, automated coordination software that managed energy trade 

for the electricity network. The Trial explored technical aspects of sharing energy from household batteries and 

also analysed experiences and perceptions of the householders involved. 

The household control software being trialled, and the related network control platform (‘the NAC’, Network 

Aware Coordination), assumes that households will want to, and/or will be happy to, contribute power from 

their battery to the network if they are offered the right price for their stored energy. So, the NAC platform 

assumes that householders want to be financially better off and that they want to use their battery to make 

money. However, research has shown that there are a plethora of influences affecting decisions and actions 

taken by householders in relation to energy use, choice of energy technology, and involvement in energy 

generation (see, for example Bauwens 2016, Bell et al. 2015, Darby 2017, and Isaksson et al. 2015). Janda et 

al. argue for expansion beyond the standard ‘physical, technical and economic’ parameters (predominantly 

assumed to be the main influences on household choice) to incorporate ‘a broader view of people and their 

potential contributions’ and to engage with ‘deeper, broader, changes in societal energy use’ (2015:181). 

Building on this understanding, when designing energy-trading networks that use energy from home batteries, 

we take the position that financial parameters need to be considered as one of a suite of key motivators for 

householders (Janda et al. 2015, Martinez-Alier et al. 1998, Wilson et al. 2007). 

Using data from the CONSORT Battery trial, this paper tests the underlying assumption that financial incentives 

are the most critical motivators for householders by asking: In relation to renewable energy installations and 

consequent energy trading with the electricity network, what motivations have salience for householders?
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Methods

To understand householders’ motivations, the Trial: used qualitative and quantitative methods; and, collected 

data over a two-year period to capture periods before, during and after solar, battery and control technologies 

were installed in homes. Data on energy use and overall financial benefits, including energy trade data, were 

collected via the NAC (energy trade) control platform and via battery controllers installed in homes. Interviews, 

focus groups and observations of homes provided qualitative data for analysis. Repeat interviews (x3) were 

conducted with 33 participating households. Interviews were semi-structured and were held: just prior to 

installation; just after installation; and, again approximately one year after installation. Understanding of 

household motivations emerged over the course of the project as interviews were held, observations made, and 

quantitative data was reviewed. 

Findings and Conclusions

This paper finds that householders have a range of guiding motivations for installing solar and batteries 

and that financial motivations were only one of a number of important factors considered by householders. 

Households in our study had diverse responses with significant variation in motivations between households, as 

well as over time within individual households. However, financial rewards were considered by all households 

and were an important motivator for a significant proportion of households. Other key motivators included: 

self-sufficiency, having back-up, sustainability, community, resourcefulness and long-term energy affordability.

We find that multiple motivations need to be considered when designing automated energy-trading systems 

that involve householders. Identification and consideration of important motivations will ensure householders 

maintain more sustained energy-trading involvement with networks over the long term, which, in turn, will 

provide a more reliable resource for networks during times of peak electricity demand and for growing virtual 

power plants.
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Taking the Power Back Through Gamification and Serious Games

Lucas Whittaker1, Rory Mulcahy2

1Queensland University of Technology, Brisbane, Queensland, Australia  
2University of the Sunshine Coast, Sippy Downs, Queensland, Australia

Introduction and Literature Review

Global energy policy is increasingly influenced by customer empowerment. As perceived consumer 

empowerment enhances corporate attitudes and can dictate purchase intention (Fuchs & Schreier, 2011; Fuchs, 

Prandelli, & Schreier, 2010), an organisation should seek to empower consumers to enable them to perceive a 

deeper and more meaningful connection with the organisation (Acar & Puntoni, 2016). One new approach to 

create this connection which is being explored is gamification and serious games.

Gamification is the “use of video game elements…to improve user experience and user engagement” (Deterding, 

Sicart, Nacke, O’Hara, & Dixon, 2011, p. 2), with the goal of changing real-world behaviours within non-game 

contexts (Johnson, Horton, Mulcahy, & Foth, 2017; Mulcahy, Russell-Bennett, Zainuddin, & Kuhn, 2018). 

Gamification can establish pro-social behavioural change such as reduced household energy consumption 

(Johnson et al., 2017). Though gamification can establish pro-social behavioural change, the nascent nature of 

the area requires more quantitative empirical research to be conducted. In addition, the effectiveness of specific 

game mechanics (such as points, leaderboards, avatars, and game challenge) upon energy efficient behaviour is 

not well understood (Johnson et al., 2017). Furthermore, industry reports 26% of users abandon mobile apps 

after one use (O’Connell, 2016). Apps must therefore find ways to engage users from the initial interaction 

to avoid abandonment. Together these scholarly and practitioner discussions call for greater insight into 

gamification and serious games for energy sustainability. This study will provide this insight by investigating the 

interrelationships between game design elements, flow, customer engagement and value-in-behaviour, which we 

define next. 

Reward-based game design elements which characterise gamification can take a variety of forms to supplement 

non-game activity and are usually directly perceivable from the perspective of the user (Gatuatis, Vitkauskaite, 

Gadeikiene, & Piligrimiene, 2016). Design elements such as points, badges, leaderboards, levels, rewards, 

progress, feedback and challenge have been assessed within the gamification literature for effectiveness 

(Hamari, 2015; Hamari, Koivisto, & Sarsa, 2014; Harwood & Garry, 2015; Johnson et al., 2017; Seaborn 

& Fels, 2015). Flow states are immersive periods of optimal experience and enjoyment which can be induced 

by design within gamification (Hamari & Koivisto, 2014). However, empirical assessment of potential 

relationships between gamified flow and customer engagement are yet to occur. Customer engagement is ‘the 

level of customer’s cognitive, emotional and behavioural investment in specific brand interactions’ (Hollebeek, 

2011, p. 565). Gamification has been identified as an effective platform solution to establish stronger non-

transactional customer engagement with users (Harwood & Garry, 2015).

Recent research has begun to investigate value-in-behaviour – the value perceptions which are important 

to an individual which motivate them to engage in behaviours. This relatively new concept has identified 

values which motivate individuals to establish energy efficient behaviours, including economic, ecological, 

and emotional value (Gordon, Dibb, Magee, Cooper, & Waitt, 2018). This study is one of the first to bridge 

together these four concepts, reward-based game design elements, flow, customer engagement and value-in-

behaviour, into a single model to gain a greater understanding of how gamification and serious games can 

encourage sustainable energy consumption.
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Method

The study initially surveyed 576 participants recruited via social media. Participants were largely female 

(75.9%) aged 21–39 years (82.8%) who have completed tertiary education (49.1%). After completing the 

survey, participants were instructed to download Reduce Your Juice, a free mobile application, and asked 

to play Power Raid (a mini-game within the application). Gameplay data (such as high scores attained, 

achievements unlocked, avatar selected, gameplay duration, number of sessions opened) were collected. 

Participants were encouraged to play for 10 minutes within a week and then complete a post-survey after this 

period. In total, 386 participants returned a post-survey.

Results

The study will test the following hypotheses using ANOVAs and partial-least squared structural equation 

modelling1 . 

• H1. Consumers will report a significant increase in value-in-behaviour after using Power Raid. 

• H2. Reward-based game design elements will significantly influence flow and customer engagement with 
Power Raid.

• H3. Customer engagement with Power Raid will significantly influence value-in-behaviour for sustainable 
energy-saving behaviours.

• H4. Perceived flow while playing Power Raid will significantly influence customer engagement.

Discussion and Implications

Overall, the results of this study will have important implications relating to the design of gamification and 

serious games to encourage greater customer engagement, as well as the importance of customer engagement 

for consumers perceiving greater value-in-behaviour for sustainable energy practices within the home. By 

producing stronger customer engagement through a gamified platform, the resultant effect can include deeper 

customer empowerment with energy networks and retailers. 

First, the results should demonstrate the importance of reward-based game design elements (badges, trophies 

and points) in encouraging flow and customer engagement. This will provide guidance relating to strategic 

gamification design which is noted for experiencing difficulties at present (Beck, Chitalia, & Rai, 2019). Second, 

our findings will also potentially demonstrate customer engagement (made up of cognitive, affective and 

behavioural components) as a key driver of value-in-behaviour. The results will detail the specific relationships 

between cognitive, affective and behavioural customer engagement dimensions and specific value-in-behaviour 

dimensions – providing important insight into which dimensions of engagement need to be fostered to 

resultantly enhance specific perceptions of value towards energy-saving behaviours. Third, our findings will also 

show whether Power Raid significantly increased perceptions of value-in-behaviour. This is significant as there 

is currently still debate as to whether gamification and serious games are useful tools for sustainability efforts in 

the energy sector.
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Introduction and literature review

Space heating is one of the main forms of energy consumption during winter, and understanding heating 

energy consumption can lead to strategies for improving heating efficiency. For residential dwellings, reverse-

cycle air conditioners (ACs) are the most common type of heater in Australia (Your Energy Savings, 2016) 

with a slightly higher penetration than gas heaters at just over one third of dwellings in 2014 (BIS Shrapnel, 

2014). By building residential AC usage models, we can understand and analyse occupants’ heating behaviour, 

such as predict loads for managing and designing the electricity network, understanding how certain types of 

consumers’ comfort may be impacted by different changes, and eventually improving heating energy efficiency.

An earlier study of the AC heating behaviour (Goldsworthy 2017) using the Residential Building Energy 

Efficiency (RBEE) dataset (Ambrose 2013, Guo 2017) revealed that occupants operate AC heating in certain 

patterns, for example with increased likelihood between 7-9am and 8-10pm, and that around 65% of 

operating periods are less than 2 hours in duration. In this paper we build a machine-learning model that aims 

to capture these operating behaviours. The model is based on the same RBEE dataset. The output of the model 

is a prediction of whether the AC is on or off over any given 30-minute interval given whole-of-house electricity 

consumption and indoor temperature information for the current and preceding intervals. The approach taken 

was to build one single model for all the dwellings involved, rather than the traditional approach of one model 

for each dwelling (see for example Bojic 2001, Murphy 1982). The average prediction accuracy was 96% for 

the test dataset with models with indoor temperature data. When the indoor temperature data is not available, 

the average prediction accuracy remained above 87%. 

Machine-learning approach for modelling AC heating behaviour

Modelling residential heating behaviour is challenging because space heating is related to occupant behaviour in 

addition to building and weather characteristics, and there is substantial variability across all three. The approach 

taken was to implement a supervised machine-learning method to allow for as much variation in the model as 

possible. This also can reveal which forces are shaping household heating actions without the need to make prior 

assumptions. The method that we explored is known as Support Vector Machine (SVM) (Vapnik 1998, Dehestani 

2013). SVM has good generalisability, and is a stable and robust technique resistant to overtraining. 

Here we trained a single SVM model for predicting AC heating actions. The sample population used to 

develop and calibrate the method is the RBEE dataset, which includes the ambient temperature TA, the indoor 

temperature TB, and the total dwelling energy consumption E, all with a 30-minute sample rate. It also has the 

AC circuit energy consumption which is required for training the model. Data from 111 houses and covering 
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the period (June 2012 to August 2014) was used here. Data from days were maximum external temperature 

was below a certain threshold was excluded to reduce the size of the dataset. The model was formulated to 

predict the action for the next 30-minute interval as one of following: if AC is currently on, will the next action 

be keep-on or switch-off; if AC is currently off, will the next action be keep-off or switch-on.

A previous work (Goldsworthy, 2017) identified that for the data set used in this study, the effect of ambient 

temperature was markedly weak, while there was a strong relationship between the indoor temperature and the 

actions of switching on and off AC. Other important factors included the local time t (within a 24-hour range), 

and the duration of the on or off period τ. Considering that the internal temperature is usually not measured in 

a typical dwelling, we explored how well the SVM predictor can work both with and without TB. Hence, we 

chose the following combination as the feature space for SVM:

•  Feature set X1: [TB, E, S, t, τ], where TB is the 2-hour prior indoor temperature, E the 2-hour prior whole-
of-home energy, S the predicted state of AC half an hour ago, t the current time of day, and τ the duration of 
current keep-on/off period. 

•  Feature set X2: [E, S, t], where TB data is not available. 

We divided the data set into test and training sets with half of the data from all the houses randomly sampled 

to train the SVM and the other half data used to test the model. Cross-validation on the training dataset was 

used to optimise the SVM predictor’s parameters. Results below are based on the performance of the model for 

the testing data set. 

Heating action prediction results

To assess the model performance we use the Accuracy and Precision Rate measures defined by Guo (2013) 

and Zeng (2009). The results are summarised in Table 1. For the model using feature set X1, the accuracy on 

the test dataset was higher than 93% for all four actions, and the precision rates were all higher than 80%. 

As expected, there was a drop in performance for the model using feature set X2 (without indoor temperature 

and duration of on/off period τ). However, the accuracy remained above 77% for all four actions while the 

precision rates remained above 76%. The average performance drop was 8.7% and 8.8% respectively; that is, 

the model using feature set X2 was still able to predict most heating use periods correctly.

Table 1. Prediction results for the test dataset with models with indoor temperature data (left) versus models without 
indoor temperature information

Feature set X1 Feature set X2

Action Accuracy (%) Precision rate (%) Accuracy (%) Precision rate (%)

Switch-on 97.3 87.4 88.7    81.1   

Switch-off 96.6 90.0 95.2 79.1

Keep-on 96.3 80.7 87.8 80.3

Keep-off 93.7 93.9 77.3 76.4

Average 96.0 88.0 87.2 79.2

Discussion and future work

There is a clear need to develop improved residential air-conditioner usage models to understand and predict 

heating energy consumption in buildings. This paper presents a machine-learning approach for the residential 

AC heating modelling that can help understand and predict heating behaviour in residential buildings. A 

supervised machine-learning method, SVM, was deployed to predict AC actions, and achieves relatively high 
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accurate and precision rates. Along with quantitative data from which to build models, some other interesting 

findings were the presence of two peak switch-on periods, and the much smaller variation of switch-on 

probability with temperature as compared with space cooling behaviour. 
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6 Stars and Beyond – How the Residential Building Industry is Achieving the Energy 
Efficiency Requirements 

Michael Ambrose1, Melissa James1

1CSIRO, Melbourne, Victoria, Australia

All new dwellings in Australia must meet minimum energy efficiency requirements as defined in Australia’s 

National Construction Code. It is estimated that around 70% of these dwellings utilise the Nationwide House 

Energy Rating Scheme (NatHERS) to achieve compliance.  

NatHERS undertakes a thermal simulation of a proposed design and generates a star rating out of ten.  A 

ten-star dwelling is one that will essentially require no additional heating or cooling energy to maintain a 

comfortable indoor environment throughout the year.  In most jurisdictions within Australia the minimum 

requirement is six stars.  

Since May 2016, CSIRO has been collecting the data that is associated with the NatHERS simulation and now 

has details of over half a million dwellings throughout Australia. This paper presents some of the initial findings 

on how the residential building industry is achieving the energy efficiency requirements. 
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Introduction

This past summer we have had serious heat wave conditions in most capital cities across Australia. (The 

Guardian 2019) If you lost power, how long would you be comfortable for in your house without your air 

conditioner (AC)? The trial described in this paper seeks to answer this, and other questions about suitability of 

residential rating tools delivering Australia-wide.

This paper will discuss the Australian-wide piloting of the Victorian Residential Efficiency Scorecard (the 

Scorecard) that is being delivered through the National Energy Productivity Plan measure 5 (COAG 2015). 

The pilot, which is underway and due to be complete mid-2019, aims to demonstrate the capability for the 

Scorecard to deliver accurate energy assessments in a variety of Australian conditions and highlight the value of 

national collaboration between jurisdictions through the NEPP.

The Scorecard is an as-build home assessment program that supports assessors to record information, report on 

and provide clear and objective advice on how to improve key household fixtures and structural elements that 

impact energy efficiency performance and home comfort. The Scorecard was successfully launched in 2017 in 

Victoria and to date has assessed around 2,000 residential properties (DELWP 2019).

In 2017 funding was provided by all jurisdictions participating in NEPP measure 5 to update the Scorecard’s 

assessment algorithms. This work was completed to enable accurate assessment of residential properties in non-

Victorian conditions.  

Method

Following on from successful algorithm development, a project has been devised into two consecutive pilots of 

the Scorecard. These pilots will utilise the Scorecard to assess residential properties in a variety of Australian 

locations to demonstrate the viability of the Scorecard in:

•  in all state and territory capital cities across Australia, and;

•  in tropical climate zones, such as Cairns and Darwin. 

The objective of this national project is to field test updated Scorecard assessment algorithms and delivery of 

assessments in a series of climate zones in non-Victorian jurisdictions, this will provide clear feedback on the 

viability of the Scorecard in non-Victorian conditions to state and federal jurisdictions and valuable guidance 

on the future delivery opportunities for an as-built household ratings tool seeking to deliver into a variety of 

Australian climate conditions. In addition, the pilot seeks to test the established and successful accreditation, 

training, and quality assurance processes, which are currently run out of Victoria. 

To achieve successful delivery across all of states and territories, a delivery approach was devised to utilise 

existing program structures in place in Victoria to ensure that project administration overheads were kept to a 

minimum. Coordinating with all jurisdictions, a week-long training program and assessment and accreditation 

of jurisdictionally based assessors will be led by the Victorian-based Scorecard administration team. This 

delivery model made use of the expertise that exists in Victoria to accredit Scorecard assessors while drawing 

upon local, jurisdictional expertise when engaging assessors and sourcing participating properties.



71

IMPROVING RESIDENTIAL ENERGY  
EFFICIENCY CONFERENCE 2019

Assessors will receive full accreditation in the use of the Scorecard by attending a training week hosted in 

Victoria in March 2019 and passing an exam to demonstrate capability in the use of the Scorecard. Once 

accredited they will be return to the home jurisdictions and deliver assessments in each capital city. 

Evaluation of the capital cities pilot will inform refinements and optimisation of the second-stage pilot into 

tropical locations. This second pilot will focus on testing new Scorecard algorithms designed specifically to 

assess household performance in non-temperate locations. This includes:

•  the impact of shorter ventilation paths, higher window openability and the increased internal air movement 
this provides

•  the impact of the physiological cooling effect of air movement from ceiling fans

•  the impact of light colours on the heat gains through walls and roofs

•  the impact shading of external walls and,

•  the impact of roof ventilation on heat flow through the roof/ceiling

Results / Discussion

This sequence of pilot projects seeks to provide the NEPP members with a stronger understanding of the 

opportunities to manage a voluntary house assessment methodology and whether the Scorecard is a suitable 

tool and program for that purpose; assessment of the suitability will come in a number of forms, most notably: 

•  How effective is the Scorecard in evaluating housing typologies, built form and appliances specific to 
jurisdictions and climate zones?

•  Ability for existing processes to successfully manage and accredit assessors and conduct appropriate quality 
assurance Australia-wide.

•  How easy to use and understandable is the Scorecard assessment for assessors and households? Did they see 
value in it?

•  How adaptable and appropriate is the Scorecard for different uses, including different jurisdiction programs, 
etc.?

•  What are the issues with scaling up the Scorecard to reach all jurisdictions?

•  What do users and different stakeholders think are the benefits of the Scorecard and assessment?

Outputs from this trial will provide clear guidance on future work programs focused on supporting disclosure 

of energy performance of as-built properties across Australia, and the needs of different jurisdictions to delivery 

energy performance assessments to householders. 
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The Residential Efficiency Scorecard and Sustainable House Day

Romney Bishop1

1Victorian Government Department of Environment, Land, Water and Planning, Melbourne, Victoria, Australia

 In 2018 the Scorecard program teamed up with Renew (formally Alternative Technology Association, ATA) for 

Sustainable House Day (SHD) in Victoria. The Scorecard program arranged to have 27 of the 73 homes that 

were open in Victoria for SHD to have a Scorecard assessment completed. The rationale to conduct a Scorecard 

on these houses was to help showcase the high ratings of these homes, make improvements if possible, as 

well as showcase the Scorecard program by coaching the householder to be able to explain the Scorecard 

program and their rating certificate. SHD was found to be a highly effective way to reach householders. It was 

found highly important to have both an assessor and the householder available to communicate the value of 

Scorecard – passive means such as handouts were less effective.
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Energy Efficiency in Apartment Buildings – Empowering Strata Communities to Move 
Toward Net Zero Emissions 

Melinda Dewsnap1 

1City of Sydney, New South Wales, Australia 

Apartment buildings are amongst the largest and fastest growing segments of the property sector and are 

increasingly at the core of communities in our cities.  Due to the complex decision-making, lack of monitoring 

and understanding of building performance there is significant opportunity in this market for improved 

environmental outcomes and cost savings.  The launch of the new NABERS (National Australian Built 

Environment Rating System) tool for apartment buildings in 2018 will provide an indication of environmental 

performance and running costs of apartment buildings.  This is opening up a new market for Building Managers 

to track and compare building performance and also be recognised for the work they are leading.   Research 

shows increasing consumer demand for building performance information.  This will drive significant uplift in 

environmental performance, as has been seen in the commercial market where this rating is now mandatory.  
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Residential Gas Use in Australia: a Pathway to Lower Greenhouse Gas Emissions?

Mark Goldsworthy1, Lavinia Poruschi2

1CSIRO Energy, Newcastle, New South Wales, Australia 
2CSIRO Land and Water, Brisbane, Queensland, Australia

Introduction and Literature Review

The percentage of residential dwellings with gas in Australia is increasing rapidly. In the 10 years to 2014 the 

percentage increased by 11.5% to 69.2% of dwellings nationally (Australian Bureau of Statistics, 2014). At the 

same time the percentage of residential energy use from gas rose by 6% and the percentage from grid electricity 

fell by 2% over a similar timeframe (Department of the Environment and Energy, 2018). Gas appliances, for 

example hot water systems, heating systems and ovens and cooktops, are often touted as having environmental 

benefits relative to electric appliances. Indeed in mainland2 Australia, the emissions intensity per unit of energy 

from combustion of reticulated natural gas and bottled LPG is approximately 1/6th to 1/3rd of that due to 

consumption of grid electricity, depending on which state is considered (Department of Environment and 

Energy, 2017). 

However, not all energy is created equal. One unit of gas combusted to provide heating generally delivers 

slightly less than one unit of heat to the end use; for gas hot water and heating systems typical efficiencies are 

70 to 90%. On the other hand, for electric-driven space heating and hot water one unit of electrical energy 

input can deliver many times this amount of heat to the end use. For example, reverse-cycle air-conditioner 

efficiencies are typically 250 to 450% while heat-pump hot water system efficiencies are 150 to 250%. Thus, in 

this study we attempt to answer the question of whether, on average, residential dwellings with gas appliances 

currently have a higher greenhouse gas (GHG) emissions footprint from stationary energy use than those 

without gas appliances.

Method

The approach taken was to perform a statistical regression on a dataset provided by the Australian Energy 

Regulator (ACIL Allen Consulting, 2017). This consisted of electricity and, if applicable, reticulated (i.e. 

mains) gas consumption data from approximately 5700 individual dwellings across six states and territories3 

: Queensland (Qld), New South Wales (NSW), Victoria (Vic), South Australia (SA), Tasmania (Tas) and the 

Australian Capital Territory (ACT), combined with survey data that included various demographic, appliance 

and building related questions as well as the respondent’s postcode. Of these dwellings, approximately 2400 

had mains gas consumption data. Dwellings with non-mains gas (i.e. bottled LPG), or missing gas or electricity 

data were previously excluded from the dataset. In the final data set, the percentage of dwellings in each state, 

and the percentage of dwellings with mains gas in each state were very close to the expected values (Australian 

Bureau of Statistics, 2014), with the exception of Victoria where the final data set had a lower proportion of 

dwellings with gas due to a significant number of dwellings with missing gas data.

Data from 2015 and 2016 was processed to calculate average daily electricity and gas consumption values for 

each dwelling. Electricity data was a combination of aggregate (quarterly) and 30-minute interval meter data. 

For dwellings with aggregate data, data from billing periods with less than 10 days duration were excluded, as 

were missing values. Dwellings with consumption above the 99th or below the 1st percentile were also excluded.  

2 Tasmania has a lower emissions intensity for grid electricity than for gas due to extensive hydroelectricity. 
3 Data for Western Australia was not available at the time of writing. No dwellings in the sample in the Northern Territory 
had mains gas. 
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Electricity consumption values were those due to grid import only (including controlled loads). GHG emissions 

factors for grid electricity (Scope 2 and Scope 3) and for gas (Scope 1 and Scope 3) for each state were taken 

from (Department of Environment and Energy, 2017) and used to calculate the overall average daily emissions 

for each dwelling.

In order to separate the effect of varying climate (and hence varying space cooling, heating and hot water 

demand), the two-year average annual Cooling Degree Days and Heating Degree Days were calculated for 

each dwelling using ambient apparent temperature data from the nearest Bureau of Meteorology weather 

station and included as covariates in the regression. In addition, we also sort to separate the effects of varying 

numbers of occupants in the dwellings, the presence of solar photovoltaic panels, and the number of weeks in 

the year when the dwelling was vacant, so these variables were also included in the regression. Finally, selected 

occupant demographics are also likely to influence the average result and so the respondent age and whether 

the dwellings was low income (gross annual household income <37K) were also included.

Results

The following generalised linear regression model for the mean daily greenhouse gas emissions was fit with an 

interaction term for the effects of state and gas usage.

log (GHG) ~ 1 +CDD + HDD + Occupants + Vacancy + Low_income + PV  
+ Age_Category + Gas × State

In this model a gamma distribution was used for GHG since this was found to match the data well. The 

resultant model has a generalised R2 value of 0.43 and RMSE of 7.5 kgCO2-e/day. Fitted coefficients are 

given in the appendix. Figure 1 (right) gives an indication of the relative effect size for each predictor variable 

based on the exponential product of the regression coefficient and the range of the variable. Values greater 

than 1 indicate that the variable increases GHG. Where confidence intervals include one this indicates that the 

variables is not statistically significant at the 0.05 level.

Figure 1 Left: Distribution of GHG emissions in the study. Right: Relative effect sizes.

After accounting for the other variables in the model, the presence of gas appliances had no statistically 

significant effect for NSW, ACT or SA, while dwellings with gas had lower emissions in Vic and Qld, and higher 

emissions in Tas. The effects of climate, number of occupants, vacancy and state were the largest.
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Discussion and Implications

These results suggest that substitution of electric appliances with gas is not a solution to reduce GHG emissions 

in four of the six regions investigated. Assuming that the trend of reducing emissions intensity of grid electricity 

continues, the comparison is likely to further move in favour of electric appliances in the future. Increasing 

uptake of gas appliances in homes is also apparently not due to any clear change in the cost benefit with the 

75% rise in retail electricity prices relative to CPI in the last 10 years almost matched by the 60% rise in retail 

gas prices (Department of the Environment and Energy, 2018). Meanwhile, although the average cost ratio of 

gas to electricity per unit of input energy is currently between 0.39 to 0.63 (Australian Energy Regulator, 2017), 

as noted above, when the much higher efficiency of electrical appliances is taken into account, any economic 

benefit is likely to be marginal at best, though further analysis is needed to confirm this. 
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Appendix
Table 1 Summary of coefficient estimates for the regression model and associated statistical significance level (p-value)

Term Coefficient Term Coefficient

Intercept     1.9994*** Vic     0.15341***

CDD     0.000143*** Qld    -0.1572***

HDD     0.000131*** ACT     0.06972

Occupants (no.)     0.17685*** SA    -0.5487***

Vacancy (weeks)    -0.012684*** Tas    -1.5558***

Low income (y/n)    -0.10199*** Gas : NSW     0.021317

PV (y/n)    -0.04157** Gas: Vic    -0.18474***

Age (30-50)     0.07543* Gas: Qld    -0.21211***

Age (51-65)     0.23506*** Gas : ACT     0.13173

Age (>65)     0.25232*** Gas : SA     0.00339

Gas : Tas     0.65337***

*p<0.05, **p<0.01, ***p<0.001

 



77

IMPROVING RESIDENTIAL ENERGY  
EFFICIENCY CONFERENCE 2019

Energy Efficiency, Thermal Comfort and Well-being in Vulnerable Households

Deepu Krishnan1, Scott Kelly1, Yohan Kim1, Kerryn Wilmot1, Jay Falletta1, Rosalie Vinery2, Kees Van gool2, 

Thomas Longdon2, Patsy Kenny2, Margie Campbell2, Matthew Soeberg3. 

1Institute for Sustainable Futures, University of Technology Sydney, New South Wales, Australia  
2Centre for Health Economics Research and Evaluation, University of Technology Sydney, New South Wales, Australia  

3Sustainability Victoria, Victorian Government, Victoria, Australia

The presentation will represent the overview of the energy consumption pattern and thermal performance of 

the residential buildings of households participating in the Victoria Healthy Home Project. It will also have an 

initial assessment of the data quality and an overview data pre-processing steps which will be used for building 

the dataset for the statistical evaluation.

Further, the result of the initial statistical analysis will contain the result from statistical tests such as the 

comparison of means and the analysis of covariance (t-test, ANOVA and ANCOVA). In addition to this, the 

potential of the dataset for other advanced statistical modelling will be explored. The advanced studies that 

are envisaged at this point include the study of the occupant behaviour, quantification of rebound effect and 

understanding the co benefits associated with energy efficiency.
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The Effectiveness of Macro-Encapsulated Phase Change Materials in Australian 
Residential Building

Seung Ho Lee1, Wasim Saman2, Ming Liu3, Alemu Alemu4

1Seung Ho Lee Barbara Hardy Institute, University of South Australia, Adelaide, Australia 2Wasim Saman Barbara Hardy 
Institute, University of South Australia, Adelaide, Australia  

3Ming Liu Barbara Hardy Institute, University of South Australia, Adelaide, Australia  
4Alemu Alemu Barbara Hardy Institute, University of South Australia, Adelaide, Australia

This research investigates the thermal performance of residential buildings which incorporate macro-

encapsulated phase change material (PCM) as an additional wall or roof layer in various Australian climates 

using TRNSYS building simulation. In this research, the effectiveness of materials with a range of phase change 

temperatures (18~27°C) is investigated when added to buildings of low- and high-insulation levels situated 

in Sydney Melbourne and Adelaide. The low-insulation building is designed based on the typical Australian 

building construction, and the high-insulation building is equipped with an additional insulation layer in 

order to meet the minimum insulation required by the National Construction Code. The results demonstrate 

that annual cooling demand reduction gradually increases as the phase change temperature increases until it 

approaches the cooling set temperature (25°C) and then starts to decrease. Whereas, annual heating demand 

reduction shows an increasing trend by decreasing the phase change temperature until it reaches around 

heating set temperature (18°C) and then turns to decrease. Moreover, when the same amount of PCM is 

applied on walls and roof, the PCM layer on an exposed roof leads to higher energy reduction than the PCM 

layer on walls. The results demonstrate the need for careful selection of the phase change temperature in order 

to maximise the effectiveness of the phase change layer.
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The Case of Wood in a Circular Economy

Lars Lindbergh1, Thomas Olofsson2, Ulf Nordwall3, Timothy L. Wilson1

1Umeå School of Business, Economics, and Statistics, Umeå, Sweden  
2The Department of Applied Physics and Electronics, Umeå University, Umeå, Sweden  

3Peab Sverige AB, Region Bygg Nord, Umeå, Sweden

Introduction and literature review

Sweden tends to be bullish on wood as a construction material.  The government asserts that:

•  Innovative architecture, innovation, development of new material combinations and technical solutions as 
well as digitisation create the conditions for continued development of industrial wood construction.

•  There is still potential for increased exports in Swedish industrial wood construction, in terms of products, 
services and knowledge.  

•  Nevertheless, collaboration among participants in wood construction is important for industrial  
wood construction.

•  Further, there is a need for continued dissemination of knowledge to promote increased use of  
sustainable materials.

Source: Government Offices (Quoted in Ahola, 2018)

Additionally, within industrial wood construction technology:

•  Building hours in the workplace are shortened by 70%.

•  The construction site is replaced by a mounting site.

•  A dry and quality-assured factory environment is ensured.

•  CO2 emissions are reduced by 50% from a 50-year life cycle.

Source: Träbyggnadskansliet (Quoted in Ahola, 2018)

Consequently, many municipalities currently have a “wood building strategy” and construction of multifamily 

dwellings increased by 29% in 2017, the year of most current information.

Method/Approach

With this background we reflect on two projects that attempt to identify the potential for a wood building 

industry circular economy.  One project is funded via the EU, the Interreg, Botnia-Atlantica development 

fund, and Umeå University (supported by AB Bostaden).  A circular economy (CE) is an industrial system that 

replaces the traditional linear business model with a circular one. For companies this means introducing new 

business models based on repair, reuse, refurbishing, remanufacturing and recycling. For customers this means 

replacement of worn products with more sustainable products or services. For the European economy, the net 

benefit of the circular economy has been estimated up to 1 800 billion euros by 2030. In addition, the circular 

economy offers significant environmental and social benefits and an opportunity to increase employment.

It is not merely in commercial/industrial applications that wood is finding use as a favoured construction 

material.  Recently Nordwall and Olofsson (2018) described a sample of 31 projects that illustrated what a 

number of architects have done to create sustainable architectural qualities, characterised by functional and 

practical interactions with the durable in colder climates.  It has found favour in one-off, showcase applications.  
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The project was intended to be an inspiration for architects, students, developers, contractors, realtors and 

landlords who might be interested in sustainable housing. Nevertheless, results fit nicely the innovative 

architecture, innovation, new material combinations and technical solutions for continued development of 

industrial wood construction that are presently the foci of State policy.

Results/Findings

A fundamental challenge for all organisations is how to create and capture value.  A portion of the paper for 

IREE reviews the developments in the association and promotion of business models for the wood construction 

sector.  The focus is upon circular economies for value networks, especially for smaller organisations within 

these networks.  The aim of the particular work package that is described is to provide insight into and to 

facilitate the advancement of contemporary business and governance models.  Translating this challenge into 

an efficient governance and business model in a value network (e.g. suppliers and customers) and developing it 

to also accommodate future challenges (e.g. a circular economy) is a daunting task.  In the industry and related 

important groups (e.g. public organisations and property owners in the region) the first step will be to map and 

examine contemporary issues related to business and governance models in value networks.  The milestone in 

this portion of the study involved study visits to ascertain best practices. This progress is described along with 

observations on advances and viability of wood as a sustainable component in user-friendly construction.

Of the Nordwall and Olofsson (2018) examples (see Table 1 for a sampling of observations), over two-thirds 

(21/31) of the structures used wood as a major input material.  This result came not from any predetermined 

selection process.  Instead, it reflects the adaptability of wood in structures focusing upon sustainability, design 

and function.  In Table 2, insight is given into how the six constructs (low energy, materials, reuse, site, climate 

and function) serve as factors in development.  

Discussion and Implications

The overall goal for the EU project has been to boost regional companies’ competitiveness on the international 

market by initiating new networks and business ecosystems and introducing circular economy solutions based 

on previous recognised success factors. The project contributes to the Botnia-Atlantica business priority and 

offers an increased capacity for cross-border business cooperation for companies within the wood building 

ecosystem. The main goal for this project is to support small to medium-sized enterprises within the wood 

building ecosystem in overcoming common barriers for adopting a circular economy business. At the end of the 

project, the participating companies in both Finland and Sweden will have increased their knowledge on new 

business models, raised employee know-how on new technical solutions, better understanding of customers 

need for product and service development and created new networks and business ecosystems.

The sample of buildings adaptable to cold climates illustrates how each has balanced inputs into the 

sustainability, design and function parameters that characterise building design (see Figure 1).  Although specific 

examples favour one of the six categories, each example captures all categories.  It is within this development 

that wood is emphasised as a building material.

The use of any material in construction reflects its availability.  Wood adapts well into a circular economy and 

thus is finding greater usage in Sweden.  It is not only a convenient construction material, however; it is one 

that can lend beauty and function to construction as the one-off examples illustrate.  Consequently, it finds 

favour not only on the production side, but with the consumption (user) side as well.  Sustainability – Design – 

Functionality: Innovation at the edge.
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Table 1 Sampling of Sustainable Buildings in Cold Climates (Finland in the East to Canada in the West

Category Example Land Architect’s Description Sustainability

Low Energy Lågenergihuset i 
Sisimiut

Iceland Construction and 
operation of the low-
energy house was a 
research project in 
testing of Greenlandic 
construction.

The building envelope 
has increased insulation 
thickness and wood profiles 
with minimum thermal 
bridge effects.

Materials Radiomasten Sweden The housing association 
consists of 45 urban 
townhouses on a property 
close to and north of the 
city of Luleå.

The project shows how a 
site in an existing structure 
can be developed through 
careful work, thus adding to 
the city’s qualities.

Reuse Whistler 
Rendezvous 
Renovation

Canada The Rendezvous is a 2400 
m2 facility in the alpine 
zone of the Blackcomb 
Mountain that proves food 
and service functions.

Eco-friendly materials 
and painstaking façade 
renovations produced a 
harmonious feel, while 
retaining aspects of the old 
building.

Site Villa Valtanen Finland Villa Valtanen stands on 
top of a rocky outcrop 
with a view towards the 
distant fells through the 
surrounding forest.

The theme of this building 
constructed north of the 
Arctic Circle is localisation.  
Local firms supplied 
virtually as the material and 
components.

Climate Svalbard Science 
Center

Norway The insulated copper clad 
skin is wrapped around the 
required structure creating 
an outer shell adjusted to 
the wind and snow passing 
through the site.

The pine clad spaces have 
complex geometry relating 
to the outer skin of the 
building – the effectiveness 
of the circulation is 
maximised while varying 
vistas and experiences.

Function Vancouver City 
Hall

Canada The 3400 m2 renovation 
expanded the existing 
1970s modern heritage 
building in a recently 
vacated structure with a 
new bridging atrium.

The design team’s goal 
was to create a very 
public building: about the 
community and for the 
community.

 

https://fastighetsnytt.se/2018/11/kommuner-bygger-fler-hus-i-tra/?utm_campaign=unspecified&utm_content=unspecified&utm_medium=email&utm_source=apsis-anp-3
https://fastighetsnytt.se/2018/11/kommuner-bygger-fler-hus-i-tra/?utm_campaign=unspecified&utm_content=unspecified&utm_medium=email&utm_source=apsis-anp-3


82

3 ENERGY EFFICIENCY AND BUILDINGS, 
MATERIALS AND APPLIANCESABSTRACTS

Table 2 Inputs into Sustainable Buildings for Cold Climates

Low Energy 1. Energy supplied – total amount of energy supplied.

2. Use of energy – how to manage, maximise, the amount of available energy, 
e.g. photo voltaic (passive design).

3. Use of technical solutions – e.g. photo voltaic.

Materials 1. Choice of materials – ageing, aesthetics, wood may an advantage (depending 
on layer or surface), authenticity, patina.

2. Mechanical wear – durability.

3. Maintenance – a function of the two above.

Reuse 1. Reuse of (building) sites – e.g., parking and infra structure.

2. Reuse of (a major part of) buildings – best sites already used; reuse sites and 
buildings show great consideration with regard to origin.

3. Reuse of parts of building.

Site 1. How to relate to the natural conditions of the site, for example cultural and 
historical aspects.

2. The social dimension – identity, security, and recreation.

3. The physical dimension – primarily wind direction, sun, climate, soil 
condition – the more north, the more important.

Climate 1. Building material – is it possible to use cold climate as an advantage, for 
example Ice Hotel, to create something new.

2. Insulation effect – is it possible to us snow as insulation.

3. The more extreme climate the more building performance becomes important. 
This is also connected to building standards and certifications.

Function 1. The function is not static. Technical flexibility provides for opportunities in 
the future.

2. Static geometry – the geometry of rooms, squared rooms are easier to furnish 
compared to rectangular etc.

3. Plan, movement patterns, number of entrances and/or exits.

Figure 1 – Design Parameters in Building Design 
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Electronic Building Files and Resilient Cooling: What are These National and 
International Projects and Why do They Matter?

Wendy Miller1 

1Queensland University of Technology, Brisbane, Queensland, Australia

Introduction and issue overview

Buildings nationally and globally are a major contributor to energy consumption and greenhouse gas emissions. 

The rising use of air conditioning for cooling buildings additionally contributes to electricity network 

challenges. However in the context of a warming planet and with specific climates experiencing increased 

intensity, frequency and duration of heat waves, some form of cooling will be inevitable to protect occupant 

health.

This presentation will describe two current projects – one national and one international – that seek to address 

these challenges. It will discuss the background to each project, the current activities, and conclude with a 

discussion regarding ways to be involved in current and future activities.

Critical discussion - Electronic Building Passports (Australia)

Australia’s National Energy Efficiency Building Project (NEEBP) has, since 2012, examined a range of issues 

that seek to quantify, explain and solve issues relating to the energy efficiency performance requirements of 

housing. Two pilot projects in NEEBP Phase 2,  Electronic Building Passports (EBP) and On-Site Audit Tools, 

identified significant issues of non-compliance in both document control and on-site auditing. A further project 

conducted in Phase 3 (2017) interrogated the topic of regulations, guidelines, skills and systems that would 

strengthen the Regulators’ capacity to deliver compliant and energy efficient dwellings. 

The current Phase 4 sub-project (QUT, CSIRO and NEEBP-SA) is developing a framework for an EBP that is 

simultaneously a site-accessible Regulator and Industry compliance tool, a data management platform and an 

audit system. It has identified the current legal and procedural barriers to data access by examining relevant 

federal and state/territory based Acts and Regulations. An online survey, to be deployed in April 2019, has 

been developed to capture the data needs of practitioners (designers, builders, certifiers) to assist them in 

meeting their compliance obligations in a productive manner. In May two focus groups will examine a range 

of strategies deployed internationally to address some of these challenges, and determine which combination of 

strategies would likely meet identified Australian needs. Block Chain technology will be examined as a potential 

pathway for the development of such a system, providing different levels of access multiple datasets according 

to the needs of various stakeholders. The results of all of these investigations will be used to establish the legal, 

intellectual property, access and administrative framework that is expected to be tested by potential software/

App developers in a sprint event / hackathon at a future data.   

Critical discussion - Resilient Cooling (International Energy Agency Annex 80)

Urbanisation and densification, climate change, elevated comfort expectations together with inappropriate 

architectural design practice are exacerbating issues of building overheating and are leading to ever-increasing 

cooling intensities in our built environment. Worldwide, the energy consumption used for cooling in buildings is 

rising significantly, adding to greenhouse gas emissions, electricity network constraints, urban heat island affect 

and rising energy costs. 
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Meeting these challenges requires further development and application of low energy and low carbon cooling 

solutions on a large scale. While many appropriate solutions are already available, many suffer from practical 

and economic obstacles that keep them from mass application. These obstacles include lack of guaranteed Key 

Performance Indicators, lack of design guidelines, lack of knowledge on system integration, lack of recognition 

of the value of particular technologies in standards and compliance tools, regional fragmentation of suppliers/

supply chain, etc. 

Annex 80 Resilient Cooling has been established by the International Energy Agency to enable the concerted 

support of the international scientific communities to develop and transfer knowledge and quantify the 

economic, social and environmental potential of existing and emerging cooling solutions. Resilient cooling, for 

the purposes of Annex 80, has been defined as technologies and solutions that:

•  Reduce externally induced heat gains to indoor environments;

•  Offer personal comfort (i.e. cooling a person as opposed to cooling a space);

•  Remove heat from indoor environments; and

•  Control the humidity of indoor environments.

Subtask A of the Annex will systematically assess the benefits, limitations and performance indicators of 

resilient cooling and will identify barriers as well as conducive conditions to implementation. It will provide 

guidelines for the integration of resilient cooling systems in existing and new energy performance calculation 

methods and indoor comfort prediction methods.

A draft Technology Evaluation Framework will be the focus of a workshop of international experts at a 

meeting in Dubai in early April 2019. This draft framework currently proposes to evaluate technologies based 

on eight broad categories (each with multiple subcategories): (1) technology readiness level; (2) building 

suitability; (3) climate and weather suitability; (4) electricity network impact; (5) environmental impact; (6) 

economic context and impact; (7) occupant impact; and (8) cultural context. Following the finalisation of the 

evaluation framework, the task for each participating nation will then be to categorise existing and emerging 

technologies that may be suitable for their particular contexts.

Recommendations

Addressing information, market and regulatory failures in both buildings and in technologies that provide 

energy efficient services to building occupants, is an important area of research. Concerted collaborative 

efforts – nationally and internationally – are required if we are to meet global climate change targets while 

simultaneously providing healthy, safe and affordable built environment. Both of these project provide 

opportunities for immediate and future participation and collaboration.
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Desiccant Evaporative Cooling Systems for Brisbane Climate

Ramadas Narayanan1, Edward Halawa1,2 

 Central Queensland University, Bundaberg, Queensland, Australia

2 Barbara Hardy Institute, School of Engineering, University of South Australia, Mawson Lakes, South Australia, Australia

Air conditioning accounts for up to 40% of the energy use in buildings. Increased air-conditioning system 

installations not only increase the total energy consumption but also raise the peak load demand. Heat-

driven air-conditioning systems use low-grade thermal energy such as solar energy and waste heat – instead of 

electricity – to provide thermal comfort. This can potentially lead to significant energy saving and reduction in 

global warming and ozone depletion potentials. Among these systems, the desiccant evaporative cooling system 

is of particular attention due to its low dew point operation and large capacity range. This paper evaluates 

the applicability of this technology to the climatic conditions of Brisbane, specifically for the residential sector. 

Given the subtropical climate of Brisbane where humidity levels are not excessively high during cooling periods, 

the numerical study shows that such a system can be a potential alternative to the conventional compression-

based air-conditioning systems 
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Analysis of Impact of Air Leakage on Housing Energy Efficiency

Zhengen Ren1, Michael Ambrose1, Anthony Wright2, Adam Selvay3
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3Henley Group, Melbourne, Victoria, Australia

Introduction

The vast majority of residential buildings worldwide are ventilated through natural ventilation, infiltration and 

exhaust fans. With the improvements of window products and building insulation, air infiltration is becoming 

an increasingly important issue for residential building energy efficiency.

Air leakage is the unintended flow of air into a building through the cracks in the structure due to pressure 

differences across the building envelope caused by wind, internal mechanical ventilation systems and stack 

effect resulting from the inside-outside temperature difference. Air tightness of a house can be determined by a 

blower-door test, which is conducted when all exterior windows and doors of the house are closed and interior 

doors are opened. The house is then pressurised over a range of pressures from 15 to 65 Pa by a fan set in a 

canvas door into a doorway of the house. The flow of air required to achieve pressure differential of 50 Pa is 

concluded from the fan curve, in air changes per hour (ACH) for the house.

A study was carried out for around 20 newly constructed houses in each capital city across Australia (Darwin 

was excluded, and total 129 houses were recorded) (Ambrose and Syme, 2015). The blower-door test results 

show the overall average air change rate is 15.4 ACH, varying from 1.4 to 39.0 ACH. It demonstrates that 

Australian houses have relatively greater air leakage compared to other countries (Ren and Chen, 2015). 

This study aims to investigate the impacts of air leakage on house energy performance through building 

simulation and corresponding energy bill savings are also estimated. 

Methodology

A simple infiltration model was developed for AccuRate, in which the air infiltration rate for each zone is 

defined by the following equation (Chen, 2010):

 (1)

where Q is the infiltration rate for each zone (ach), A is the constant considering the stack infiltration factor (i.e. 

the impact of stack effect on air infiltration rate is considered to be constant and variation of the temperature 

difference between indoor and outdoor is not taken into account), B the wind infiltration factor for the zone, 

and U is the local wind speed (m/s).

To consider stack infiltration factor varying with temperature difference between inside and outside, a modified 

infiltration model was developed (Chen, 2012, Ren and Chen, 2016), which considers both wind and stack 

effect with a superposition approach (ASHRAE, 2009):

    (2)
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Here

(3)

        

(4)

(5)

where Qcal, Qstack and Qwind are the whole-house infiltration rate (m3/s), the infiltration in the stack regime 

(m3/s) and the infiltration in the wind regime (m3/s), respectively, AEL is the effective leakage area of the 

building (m2), R the sum of the floor and ceiling effective leakage area divided by the total effective leakage 

area, g the acceleration gravity (9.8 m/s2 ), H the ceiling height above ground (m), T the inside temperature (K), 

ΔT the inside and outside temperature difference (K), f the terrain factor, fshielding the shielding factor of wind 

for the building site, n the pressure exponent obtained from the blower-door test, and Q50 Pa the air infiltration 

rate at 50 Pa that can be obtained from the blower-door test (m3/s). 

Based on the assumption that the default parameters (A and B) give a reasonable estimation of the infiltration 

distribution among different zones in the building, one way to incorporate the blower-door test results to adjust 

the estimated hourly infiltration rate (Qt) is to make adjustments to the default infiltration parameters (A and 

B) for each zone using Qcal and Qt:

        (6)

Discussions and Results

The simulation was performed for two detached brick veneer houses: House 1 – a single-storey house with four 

bedrooms and a gross floor area of 247 m2 with 175 m2 air-conditioned; House 2 – a two-storey house with 

four bedrooms and a gross floor area of 401 m2 with 298 m2 air-conditioned. The two houses were designed 

by the Henley Group for the Melbourne climate with double-glazed windows, waffle pod concreate slab floor 

and insulation to ceiling and external wall. The simulation was conducted for four Nationwide House Energy 

Rating Scheme  (NatHERS) climate zones (60 and 62 for Melbourne, 10 for Brisbane and 17 for Sydney). The 

calculated results are shown in Table 1.

Table 1 Total energy requirement for space heating and cooling (MJ/m2.annum) varying with infiltration rate 
(ach@50 Pa) 

Infiltration rate 
(ach@50 Pa)

House 1 in the four climate zones House 2 in the four climate zones
60 62 10 17 60 62 10 17

5 125.8 113.0 103.9 35.7 75.7 69.2 69.4 52.2

10 149.0 130.1 114.9 40.3 93.3 85.5 77.0 56.3

15 167.3 149.7 125.1 44.9 111.5 102.5 83.6 59.1

20 189.4 169.6 132.2 49.9 129.5 119.5 89.4 64.1

25 209.6 189.4 139.4 54.3 147.6 136.4 82.3 67.4

 

Results show that with reduction of infiltration rate from 15 (around the average air change rate of the 

Australian housing in the monitoring study of (Ambrose and Syme, 2015)) to 5 ACH for House 1, the total 
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energy requirement for space heating and cooling was reduced by 24.8%, 24.5%, 16.9% and 20.5% in climate 

zones 60, 62, 10 and 17 respectively, and the corresponding energy star rating increased by 1 star, 1 star, 

0.5 star and 0.9 star respectively. For House 2 the total energy requirement was reduced by 32.1%, 32.5%, 

17% and 11.7%, and the corresponding energy star rating increased by 1 star, 1 star, 0.6 star and 0.5 star, 

respectively. With electricity price of A$0.3/kWh and natural gas price of 2.5 c/MJ, the annual bill savings for 

House 1 are A$217, A$192, $265 and $129 in climate zones 60, 62, 10 and 17, respectively, under assumption 

that gas space heating with COP of 0.7 is applied in Melbourne and space electric heat pump with COP of 3.0 

in Brisbane and Sydney, air conditioning with COP of 3.5 applied for all the three cities. For House 2 the bill 

savings are A$320, A$310, A$307 and A$150 in climate zones 60, 62, 10 and 17 respectively. With reduction 

of infiltration rate from 25 to 5 ACH for House 1, the energy star rating will be increased by 1.8 star, 1.8 star, 

0.9 star, 1.7 star in climate zones 60, 62, 10 and 17 respectively, and the corresponding annual bill savings are 

A$445, A405, A$446, and A$262. For House 2 the energy star rating will be increased by 2 star, 2 star, 0.6 

star and 0.8 star in climate zones 60, 62, 10 and 17 respectively, and the corresponding bill savings are A$625, 

A$628, A$279 and A$332.
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Grid-Connected Net Zero Energy Houses vs Off-Grid Housing in Australia under 
Current and Future Global Warming Climates 

Zhengen Ren1, Phillip Paevere1, Dong Chen1

1CSIRO Land and Water, Melbourne, Victoria, Australia

Introduction

With the observed rapid decline in PV prices and a similar trend for battery storage in recent years, there 

is a growing interest in off-grid housing in Australia. A study conducted by CSIRO (Future Grid Forum 

Participants, 2013) projected that by 2050, around one third of Australian households could leave the grid 

under some potential future scenarios. However, a recent study (Khalilpour and Vassallo, 2015) shows that 

from an economic perspective, widespread disconnection of housing from the grid is less likely.  This study aims 

to investigate and compare grid-connected net zero energy housing vs off-grid housing across Australia in terms 

of payback period, under both current and future climate with 2°C global warming. 

Methodology

To achieve an off-grid house with no energy shortage through a whole year, at a time step of one hour, an 

integrated simulation tool was developed for off-grid housing design (Ren, Chan, Chen and Peavere, 2018). 

The tool incorporates a PV battery module into the AusZEH design tool, which has been previously validated 

against the actual energy consumption data of over one hundred houses (Ren, Chen and James, 2018). 

Considering the construction of a building envelop, local climate, occupant behaviour, and installed equipment 

and appliances, the tool can be used to predict hourly energy consumption throughout a whole year, including 

energy use for space heating/cooling, lighting, water heating and other appliances. Hourly electricity generation 

of a PV system is simulated by the HDKR model (Duffie and Bechman, 2004) considering local solar radiation 

and installed PV configurations. The TMY (Typical Meteorological Year) weather files, based on the weather 

data of the 1970s and 2000s, are assumed to be reference climates for building simulations for the current 

climates. The future hourly weather data are constructed using ‘morphing’ approach (Belcher, Hacker and 

Powell, 2010) as described in Eqs 1-3. 

          (1)

         (2)

         (3)

where T, RH and I are the projected future hourly dry-bulb ambient air temperature (°C), relative humidity 

(%) and solar radiation intensity (W/m2) respectively; Δ is changes in corresponding weather parameters; 

αm represents the percentage change of solar radiation (%);  subscripts 0 for the reference climate and m for 

monthly-mean. 

To investigate economic feasibility of grid-connected net zero energy houses vs off-grid housing in different 

climate zones across Australia (represented by major cities: Darwin, Alice Springs, Brisbane, Sydney, Mildura, 

Melbourne and Hobart), a single-storey house with 6-star under current climate is used to represent new 

houses built since June 2011 (Ren, Paevere and McNamara, 2012).  The house has four bedrooms, a kitchen/
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family area, a dining/lounge area, a laundry, a separated bathroom and toilet. It has a gross floor area of 160 

m2 with 140.8 m2 air-conditioned. To answer the key question for consumers on how long it will take to get 

their money back on upfront investment, the ‘payback period’ is a simple metric, whereby the initial capital is 

divided by the bill saving per year due to the investment of PV battery system, to determine the payback time.  

The capital investment required for net zero energy houses and off-grid houses can be estimated based on the 

predicted PV and battery sizes and information on the current market prices of PV and battery storage, which 

is based on the data from www.solarchoice.net.au. In this study, a median price of 1.3 A$/W for solar PV and 

the average price of 940 A$/kWh for battery plus inverter/charger are applied. The yearly bill savings due to 

the investment of PV panels and battery systems can be estimated based on the information on residential 

electricity prices published by Australian Energy Market Commission (www.aemc.gov.au) , supply charges 

(www.wattever.com.au) in the current Australian market, and solar feed-in tariffs (www.solarmarket.com.au). 

Discussions and Results

The simulation was performed for a couple with two children assuming the house is occupied for the full day.  

To reduce electricity consumption for water heating, a vacuum tube solar hot water system with 4 m2 collector 

area is assumed installed in the houses. Two options for off-grid housing are simulated: PV battery system only 

and PV battery system hybridised with an on-site petrol generator. The calculated results are shown in Table 1.

Table 1 Payback period (year) of net zero energy and off-grid housing with PV battery system in the seven cities 
under current and future climates

City Current climate Future climate

Net zero 
energy

Off-grid with 
PV battery

Off-grid with 
PV battery 
hybridised with 
petrol generator

Net zero 
energy

Off-grid with 
PV battery

Off-grid with 
PV battery 
hybridised with 
petrol generator

Darwin 3.0 12.8 9.6 2.9 12.8 9.2

Alice Springs 3.5 20.7 10 3.2 13.9 10.9

Brisbane 5.9 18.2 8.6 5.5 13.9 10

Sydney 5.3 22.3 9.3 5.0 15.7 8.9

Mildura 5.1 22.5 10.2 5.0 19.2 8.4

Melbourne 6.8 21.7 13.2 6.7 20.1 10.4

Hobart 8.9 48.4 21 9.0 42.1 20.6

Results show that in all the seven cities chosen for the case study, large PV battery systems are required, and 

the payback periods are longer than 12 years for off-grid operation under current and future global warming 

climates, which is longer than the 10-year battery warranty offered by most providers. However, the study 

shows that when a PV battery system is hybridised with an on-site petrol generator, the payback periods can 

be reduced significantly and may become economically feasible for the houses in warmer climates of Darwin, 

Alice Springs, Brisbane, Sydney and Mildura. However the payback periods are generally over 20 years in the 

colder climate of Hobart, and over 10 years for Melbourne. This implies that from an economic view, without 

significant reduction in costs of PV battery systems (more than 50%) off-grid independence with PV battery 

systems only is not a feasible option for households in Hobart and is marginal for Melbourne. The case study 

also demonstrates that the grid-connected net zero energy home is economically feasible for all the seven cities 

and more attractive than the off-grid house under both current and future global warming climates, even 

without subsidies for solar feed-in tariffs. 

http://www.solarchoice.net.au
http://www.aemc.gov.au
http://www.wattever.com.au
http://www.solarmarket.com.au
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Fuel switching between gas and electricity in the residential sector is of significant interest due to its impact on 

energy forecasting, energy efficiency and costs. This study explores residential fuel switching behaviour within 

space heating activities using survey data from 917 Australian householders collected in late 2018. Despite 

the small number of survey respondents reporting fuel switching in the past two years, results show that 

about 40% of our sample have access to multiple energy sources for space heating at home suggesting there is 

currently significant potential for fuel switching within space heating activities at home. Results also show that, 

when people have the choice, a larger number prefer to use gas compared to electric or wood space heating 

systems, questioning whether householders are correctly assessing the cost-effectiveness and overall benefits of 

the space heating options currently available and used in their homes.
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Thermal Sensation Preferences for a Tropical Savannah Population and the 
Implications on Energy Consumption
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Surveys were given to 321 residents in the Greater Darwin region of the Northern Territory where they were 

asked to rate their comfort level on the ASHRAE thermal sensation scale (ASHRAE, 2017). Measurements and 

participant details that affect thermal comfort were recorded at the same time; these values were inserted into 

the predicted mean vote (PMV) comfort equation. The actual vote (AV) and the PMV were then compared to 

see if the theoretical model accurately described the participants. It was found that the AVs are significantly 

different from the calculated PMV, and that the participants tended to feel cooler than predicted. These findings 

could help reduce energy consumption for space cooling by raising the indoor air temperature. 
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Where to from here for Residential Energy Efficiency Standards in Australia – A 
Practitioner’s Perspective 

Dr Steve Watson1
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Australia’s National Construction Code (NCC) recognised the need for reduction of greenhouse gas emissions 

(GGEs) through the introduction of energy efficiency measures for dwellings in 2003. These measures have 

gradually been made more stringent in order to support GGE reductions. It is questionable, however, that the 

rate of increase in stringency will be enough to support the GGE reductions needed to prevent the worst of 

climate change. Additionally, assessment under the NCC predicts a limited range of energy outputs and does 

not identify potential GGEs from the dwelling. 

This paper presents a proposal to move to whole-of-house assessment that predicts absolute GGE value, 

considers energy sources and avoids climate zone bias.  The aims being: to ensure all assessed dwellings are 

comparable in terms of their predicted GGE and, to have a regulatory assessment framework in place that 

facilitates the required reductions in GGEs for Australia’s residential buildings. 
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How Reverse-Cycle Technology and ‘Comfort’ Behaviours’ are Impacting our Energy 
Efficiency Programs?

Lucy Allinson1, Jacob Wallace1

1Department of Health and Human Services.

Outcomes from residential energy efficiency programs have historically been measured in energy reduction, 

lower bills and carbon savings. Increasingly however, these programs are beginning to measure thermal 

‘comfort’ as a key metric. In this context, comfort is measured by the internal temperature of a home, modified 

by artificial heating and cooling Improved thermal comfort is a valuable program output, especially for those 

experiencing temperatures outside a ‘safe’ range. What is the impact to those residents living within the safe 

thermal comfort range, but then adjusting internal temperature for personal comfort to be outside the comfort 

recommendations. What is the scale of this practice and what motivates this?  

This presentation explores how air-conditioning and comfort behaviours are impacting health, energy bills, 

peak power, climate adaption and residential energy efficiency programs.  

 
 TRACK 4: ENERGY, HEALTH AND WELL-BEING
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Outcomes of Energy Efficiency Support Programs: It is More than Just Reducing 
Energy Use and Bills

Rowan Bedggood1, Flynn Pervan1

1Swinburne University of Technology, Victoria, Australia 

Project managers, researchers and policy-makers could be disheartened at the lack of impact their efforts make 

on household energy use and bills, particularly for low-income households. Evidence drawn from 20 projects 

delivered across Australia (Low Income Energy Efficiency Program or LIEEP) reveals that significant efforts 

to support households to adjust their behaviours to become more energy efficient and lower their bills have 

unexpected outcomes. First, although householders readily adopt new energy efficiency behaviours as a result 

of the programs being offered, there is little reduction in their total energy use. Second, programs are invariably 

judged on whether the household enjoys lower bills, yet these reductions are minimal (Russell-Bennett et al. 

2017). While this outcome suggests that efforts to support low-income households might be in vain, new 

findings reported here could reinvigorate efforts to continue this support. Providing residents with support 

on their energy efficiency is necessary, to meet the demands of all Australian consumers (YouGov, 2018), 

and particularly low-income households that are struggling the most to pay their energy bills (ACOSS and 

Brotherhood of St Laurence, 2019).

At first, it appears that this lack of energy use change represents an input-outcome gap for energy efficiency 

support programs. However, exploration of the LIEEP project findings reveals that householders experience 

numerous benefits as a result of adopting new energy efficient behaviours, or from receiving support programs, 

beyond energy use and energy bill changes (Bedggood et al. 2018). In contrast, households not receiving this 

support may continue to bear the burden of numerous energy-related disadvantages or ‘costs’. The LIEEP findings 

reveal that Australian households could enjoy up to 11 key benefits from improved energy efficiency initiatives 

provided to them via support programs. Such benefits have been termed ‘co-benefits’ (Bedggood et al. 2018).

The purpose of this paper is first to identify these co-benefits and to then demonstrate how an expanded 

understanding of energy efficiency outcomes can be achieved by incorporating co-benefits as viable outcomes of 

energy efficiency support programs. By so doing, the input-outcome gap would be minimised. Future programs 

may thus overcome the limitations of solely relying on the ill-perceived assumption that outcomes of energy 

efficiency support must be reductions in energy use and bills. 
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The Well-Being of Aboriginal Staff when Providing Energy Efficiency Support to 
Aboriginal Households is Important Too 

Rowan Bedggood1, Clare Johansson1

1Swinburne University of Technology, Victoria, Australia. 

Aboriginal Households and Providing Energy-Related Support

Housing has long been recognised as a key social determinant of health (Bailie 2007; Phibbs and Thompson 

2011). A key component of housing is essential services. However, with the rising costs of energy, studies have 

shown that fuel poverty can compromise health and well-being (Liddell and Morris 2010). Given the evidence 

linking fuel poverty to poor health, it could be assumed that energy efficiency initiatives should beneficially 

impact the health and well-being of householders.

Low-income households are extremely vulnerable in the energy hardship arena, and in particular, low-

income Aboriginal households. In research conducted by the Consumers Utility Advocacy Centre (CUAC) 

(2011) several barriers were identified that exclude Aboriginal participation in the energy market which, in 

turn, adversely affect Aboriginal health and well-being. Their research found that low-income Aboriginal 

householders are faced with issues of debt and affordability, household energy consumption, and navigating 

an increasingly complex energy market. For example, when consumers can only maintain access to essential 

services with difficultly, this comes at a cost to well-being because it causes stress and anxiety and leaves less 

money for other essentials such as food. If access to energy and water are lost (disconnected), the effects on 

health and well-being could be greater. 

Since the gap between the living experiences of Aboriginal households and the rest of Australia is growing 

wider (Bedggood et al., 2017), providing support to such households is vital to improve their health and 

well-being. Research has shown that when change is led by Indigenous people using existing community 

organisational capacity, that support is more effective (Tsey et al., 2012). Further, Johansson, et al. (2018) 

suggest that partnering with Aboriginal organisations to provide support is an effective way to improve social 

outcomes for recipients of behaviour change efforts, such as improving the energy efficiency of households. 

Therefore, if staff at Aboriginal organisations were appropriately trained to provide energy efficiency support 

to low-income Aboriginal households, it could be assumed that they have the potential to provide more 

effective support. Such training could involve building the competency of Aboriginal staff with regard to energy 

and energy use, which would also improve their own home conditions and well-being. However, the well-

being of Aboriginal service providers is a rarely explored part of the equation. This research aims to determine 

whether supporting Aboriginal organisations and their staff to deliver energy efficiency support to Aboriginal 

households improved the staff member’s well-being.

Methodology

To investigate whether Aboriginal staff members’ well-being improves if they are equipped to deliver energy 

efficiency support to their community, Aboriginal employees of a government-funded project were interviewed. 

The project was created to help Aboriginal Australians with energy hardship and to increase Aboriginal 

participation in the energy sector. One of the desired outcomes for the project was to decrease householder 

stress associated with energy hardship through the provision of support services. The six energy efficiency staff 

employed to deliver these services were interviewed using a ‘yarn-based’ and semi-structured style. 
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Results

It was found that the Aboriginal organisations which were supported to train their staff in energy efficiency 

had not previously worked in the area of energy hardship and energy efficiency previously. By providing their 

staff training in energy efficiency, it was found that this had a positive effect on the staff, as they were able to 

improve their own energy usage and learned how to better navigate and participate in the energy sector. For 

instance, one energy worker stated “I use [the energy tips] myself at home, it’s been good… Before I started 

doing this as a job I’d just leave the air-con on for ages and thought, I just thought like lights, air-con and that, 

it costs the same. I didn’t know anything. And then once I learnt it [I could pass this on to others]”. Therefore, 

it appears that competency building in energy efficiency of the staff at the Aboriginal organisations supported 

the staff member’s well-being in their own home.

Secondly, it was found that the staff felt a feeling of reward that they were able to support their community, but 

also empower them. This was articulated by a staff member below:

“I think if anything it empowers us to empower community. I can empower the community, 

because that’s our job that we are getting taught, the mainstream way and how things work. 

So us, as Indigenous workers, learn it and go and serve it to our community in a way that they 

understand, [that] we understand. So we leave all the jargon … out.” (Energy Support Worker)

Lastly, it gave the staff an opportunity to advocate on behalf of the households they were assisting, which 

they found personally rewarding. This was articulated by one staff member who stated “I’ve found a lot of 

[my work involves] advocacy. So I’ll ring for them and talk for them to the [energy] companies and … set up 

a payment plan that’s comfortable for them. [This] stops the phone calls - stops the threat of disconnection” 

(Energy Support Worker). The process of being able to advocate rights on behalf of households during a home 

visit reflects a heightened level of self-determination and gratification for achieving this and supporting them. 

Discussion and Implications

Providing competency training to Aboriginal people, hired to provide energy efficiency support to Aboriginal 

households, appeared to be successful. The findings demonstrate that staff not only improved their energy 

efficiency and subsequent well-being in their own home, but that they also felt a feeling of reward from helping, 

and advocating on behalf of, their community. Therefore, it appears that supporting Aboriginal staff members 

at service delivery organisations by providing adequate training, will not only improve the outcomes of the 

support program and the energy-related well-being of households receiving the support, but will have a positive 

effect on the well-being of the staff member too. This is critical as providing support is key to better outcomes 

for Aboriginal people. To optimise self-determination, it is important to have Aboriginal people providing the 

support service. As their well-being increases, their ability to continue to provide support and advocacy will 

improve, and sustained positive outcomes for Aboriginal communities can be realised. 
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Ignite*Energy: Can Using Virtual Reality (VR) Experiences Encourage Energy 
Efficient and Pro-environmental Behaviours?

Tracey Benson1, Josiah Jordan2, Ross Thompson1, Jacki Schirmer1

1Tracey Benson, University of Canberra, Canberra, ACT, Australia 
2Josiah Jordan, Lobaki 

When considering energy consumption, it is a mistake to assume that people make economically rational 

decisions driven by costs. There is strong evidence that suggest that factors such as comfort, social norms and 

people’s values all contribute to how energy is consumed at home. It is important to understand the choices 

that people make and what triggers them to make positive changes to their energy use.  

This concept paper focuses on the potential of using virtual reality (VR) as a means to intervene into people’s 

habits around daily energy use. The Ignite*Energy research project seeks to understand key barriers and 

incentives related to changing energy use amongst renters in the ACT. Research methods include a survey 

instrument and a workshop focused on triggering change in social behaviours around energy use through 

storytelling, personas and VR.
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Ignite*Energy: Harnessing Diverse Knowledges to Improve Energy Efficiency and pro-
Environmental Behaviour

Tracey Benson1, Jacki Schirmer2, Ross Thompson2 

1Tracey Benson, University of Canberra, Canberra, ACT, Australia  
2Jacki Schirmer, University of Canberra, Canberra, ACT, Australia

This paper will frame some of issues that I am seeking to address through a postgraduate research project 

at University of Canberra. My Masters research seeks to understand which methods can best support and 

engage household energy consumers who have limited capacity to make changes to their energy use and 

consumption behaviours. 

Experts agree that energy efficiency – reducing energy demand – is the cheapest and most effective means to 

meet reduce carbon emissions (Rosenow 2013). Although both cheap and effective there are many barriers 

which limit people’s ability to make changes. In addition, people’s decision-making around energy use and 

savings rarely follows an economically based process. 

The research explores methods that could be applied to assist consumers to make behavioural changes around 

their energy consumption. This will allow the development of appropriate design principles that aim to achieve 

reduce use while overall supporting stronger environmental outcomes. 
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Digital Assistants, Mature Consumers and Behaviour Change: Does Appearance and 
Gender Matter?

Helen Bocking1, Rebekah Russell-Bennett1, Kate Letheren1

1Queensland University of Technology, Brisbane, Queensland, Australia

Australian’s ageing population is placing stress on current infrastructure and service delivery, with an ever-

increasing cost to governmental resources (Australian Bureau of Statistics, 2016). Two such impacting 

factors are preventative health campaigns to increase well-being and thus reduce instances of chronic health 

conditions, and reduction of energy to conserve natural resources. Additionally, digital assistants are becoming 

more integrated into our everyday lives, providing instantaneous information and support at our fingertips, 

presenting an opportunity for social marketing practitioners to develop engaging and interactive tools which 

aids behaviour change goals. This research looks at mature consumers’ preference for digital assistive spokes-

characters according to the two behaviours of saving money on electricity and healthier eating. It empirical 

tests hypotheses relating to style and level of anthropomorphism in character appearance, preference for 

gender, gender congruence with the character, and characters’ influence on behaviour change actions such as 

information seeking and trial and adoption of behaviour.
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Power Disconnections in Remote Indigenous Communities: Impacts on Health and 
Well-Being

Petra T. Buergelt1,2, Lawurrpa Elaine Maypilama1, Julia McPhee3, Galathi Dhurrkay, Shirley Nirrpuranydji1, 

Sylvia Manyturrpuy1, Marrayurra Wunungmurra1, Timothy Skinner4, Anne Lowell1 & Simon Moss1

1Charles Darwin University, Darwin, Northern Territory, Australia  
2University of Canberra, Canberra, ACT, Australia 

3Auckland University of Technology, Auckland, New Zealand 
4 University of Copenhagen, Copenhagen, Denmark 

Introduction and Literature Review

Before European colonisation, Australian Indigenous people were healthy and well (Griffith, 2015; 

Lawler, 1991; Purdie, Dudgeon, & Walker, 2010). In 2008, according to the World Health Organization, 

the inequalities between Indigenous and non-Indigenous people were the largest in the world. Whilst the 

Australian Government tried to address these inequalities resulting from colonisation, a decade later the 

mental illness, domestic and family violence, suicide and trauma are increasing at an alarming rate (AHMAC, 

2017; Dudgeon, Milroy & Walker, 2014). Thus, achieving better outcomes for Indigenous peoples is a 

national research priority in Australia. 

Energy availability influences chronic diseases and mental health as well as other significant interdependent 

challenges Indigenous communities continue to experience (Buergelt et al., 2017; Dudgeon, Milroy, & Walker, 

2014). However, ensuring power availability is a constant challenge for Indigenous households. External 

governmental and industry providers supply about 100,000 Indigenous Australian peoples living in remote 

communities in a tropical climate with power (ABS, 2009; Green, Jackson, & Morrison, 2009; Stewart, Anda, 

& Harper, 2016). Indigenous peoples access this power via inserting pre-paid cards, which are commonly 

purchased from local supermarkets, into pre-payment meters installed on their house. Once the credit and 

an emergency credit of $8 are used, the meter stops supplying power. To access power, householders need to 

purchase a new power card. Although pre-payment meters are found in other regions of Australia, they are 

mostly used in remote Indigenous communities that are off the grid. Concerns have been raised regarding 

the equity of pre-payment meters (Ehrhardt-Martinez, Donnelly, & Laitner, 2012; O’Sullivan, Howden-

Chapman, & Fougere, 2010). Yet, there is a lack of knowledge of the actual periods of power disconnections 

and Indigenous peoples’ lived experiences of the pre-paid power card system and its impact on their health and 

well-being. This research started filling this gap.

Methods

The data is drawn from a $12 million Commonwealth-funded consortium project, which trialled energy 

efficiency initiatives in six remote Indigenous communities in Northern Australia over three years. To clarify 

how Indigenous community members use power, to identify the barriers and enablers of using power, and to 

evaluate the project, Indigenous and non-Indigenous researchers designed an ecological community-based 

participatory action research that utilised qualitative and quantitative research approaches (Bronfenbrenner, 

1977; Morse & Cheek, 2015; Nelson & Prilleltensky, 2010; Wallerstein & Duran, 2006). In the quantitative 

component, taggle data loggers were installed in over 660 households across all communities to measure 

household energy consumption in 30-minute intervals between March 2014 and February 2016 (Manymak 

Energy Efficiency Project, 2016). In the qualitative component, an Indigenous co-researcher approach was 

employed. Over three months, the lead Indigenous and a non-Indigenous researcher conducted participant 
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observation across all communities. They facilitated 16 local Indigenous community co-researcher conducting 

40 narrative interviews at the start of the project and 85 semi-structured and narrative interviews at the end of 

the project with community members in the diverse local languages spoken in the communities. The recorded 

interviews were interpreted by an Indigenous interpreter and fully transcribed. The pre-project interviews were 

analysed using a combination of thematic and narrative analysis (Flick, 2014; Riessman, 2008). The evaluation 

interviews were analysed using a combination of content, thematic and narrative analysis (Flick, 2014). 

Findings

According to the quantitative data, 49,301 disconnections with an average length of 6.02 hours occurred 

between March 2014 and February 2016 across the six participating communities (Manymak Energy Efficiency 

Report, 2016). The systematic analysis of the qualitative data tells the story behind these numbers. According 

to the participants, Yolŋu prefer the pre-paid power card system over the mainstream credit billing system as 

they are afraid of substantial and unexpected bills and generally manage to keep the power going. However, 

the power card system is difficult for Yolŋu to manage and, thus, is constantly on their mind. Acquiring power 

cards and concerns around power going off emerged as one of the main worries that caused considerable 

distress. A combination of low income, high unemployment, higher expense of groceries, overcrowding, and 

the lack of knowledge about budgeting and using power wisely, makes it difficult for Yolŋu to pay for their 

power and maintain power supply. Pensioners, sick people, and people with disability are especially distressed 

regarding power cards. Participants are unhappy that the government set up the power card system without 

negotiating with their respective communities and, thus, Yolŋu being unaware of what they perceive as immense 

costs associated with getting power.

Using fire and water in the traditional way enables Yolŋu to adapt to power disconnections. Yolŋu using their 

kinship system, resorting back to using ancestral ways of using fire, and by developing alternate strategies to 

ensure that they have power cards when needed helps them to manage with power disconnections. They also 

have become adept at creating ways for sharing the payment for power cards within their households and 

frequently use appliances in other houses as a way of saving and sharing power. Yet, Yolŋu find it difficult and 

stressful to pay for power and keep the power supply going. This is particularly the case for principal tenants 

and for money-earning household members as other householders commonly rely on them to pay for power. 

Negotiating how to use power and who is paying in the household for power often leads to conflict. Yolŋu 

are highly anxious about being left without power. Power disconnections impact their immediate and long-

term security and safety, and health and comfort. These impacts apply particularly to those with a disability 

or who are sick as they typically depend on electrical devices and are not able to move outside if the fans and 

air conditioners are not working. Moreover, medication and food storage, diet, sleep, hygiene, and washing of 

clothes are all under threat when power is disconnected. These immediate impacts have wider reaching and 

long-lasting impacts on mental and physical health, school attendance, and employment. 

Discussion

Efficient energy usage has the potential to reduce distress, conflict and anxiety experienced by Yolŋu with 

regards to getting the next power card.  Moreover effective power use may contribute to addressing the key 

issues in the communities: mental and physical disease, unemployment, and school attendance. Yolŋu want to 

learn about the Western power systems as they believe power is essential to their lives and see the education 

as a way to reduce their power costs and distress associated with purchasing power cards. The analysis of the 

evaluation interviews identified features that would greatly increase the efficiency of the education (Buergelt 

et al., 2017a, b). The analysis of the data indicates that for education in Indigenous communities to be 

effective, approaches need to be “employing and educating a team of local Indigenous community members 
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as educators to educate their fellow community members in the local Yolŋu languages, and that ensuring that 

non-Indigenous people repeatedly visit the communities and facilitate Yolŋu educators leading the education in 

their communities” (Buergelt et al., 2017a, p. 267). Specifically, the analysis suggests a wide variety of specific 

education strategies that emerged from the evaluation data as critical. In terms of the overall design of projects 

with Indigenous communities, we suggest that “projects with Indigenous people to be effective, non-Indigenous 

agencies need to closely and genuinely work together with remote Indigenous communities prior to applying 

for funding and implementing projects as well as throughout the project. The projects need to employ a long-

term and adaptive process, and need to fulfil the needs and interests of both Indigenous communities and non-

Indigenous society.” (Buergelt et al., 2017a, p. 267). 
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High-Rise High-Density Living: The Emergence of an Energy-Vulnerable Sector 

Janette Corcoran1, Rowan Bedggood1

1Swinburne University of Technology, Melbourne, Victoria, Australia 

The urban centres of Australian cities are undergoing a major change in their residential modes of living with 

the emergence of a fast-growing sector referred to as “vertical living”.  

However, the vertical living sector is accused of being energy guzzling, consuming 25% more energy per person 

than detached dwellings.

This paper presents an overview of the conditions encountered by the vertical living sector that contribute to 

their energy-heavy lifestyle and the barriers that shackle their ability to redress this and which, together, are 

rendering this sizeable and fast-growing sector “energy-vulnerable”.  
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Multi-Owned Residences: Barriers to Energy Efficiency in High-Rise High-Density 
Apartment Blocks

Janette Corcoran1, Rowan Bedggood1

1Swinburne University of Technology, Melbourne, Victoria, Australia 

The past 25 years have seen a significant change in the type of urban dwelling appearing in Australian cities, 

with the number of occupied high-rise apartments (residences consisting of nine or more storeys) increasing 

by 78%.  However, the common property within these residences are consuming high levels of energy, with 

their usage accounting for up to 60% of the total building’s energy consumption and 25% of Administrative 

fund levies. This paper presents an overview of this context, highlighting the issues and barriers confronting 

residential decision-makers when seeking to redress their currently high levels of energy consumption in their 

common property. 
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Residential Energy Efficiency: Growing Beyond the Household

Glenn Crompton1

1Queensland University of Technology, Brisbane, Queensland, Australia

Most people live in a house. But what if your residence is not a typical household? This research explores the 

key differences in energy delivery imposed up on residents when they transition to Residential Aged Care.

When an aged care facility becomes ‘home’, many factors change with regards to energy choices. 

Tariffs vary between a household and a larger site. An energy intervention, while technically identical, may be 

more suitable at one site than another. On an individual level, centralised energy management may mean residents 

experience less control over energy use, and no longer see any direct benefit of energy conservation efforts.

By using extensive electrical sub-metering, this project explores which operational areas are using most energy, 

and importantly, when. By understanding how energy is used in aged care facilities today, we can plan for 

energy optimised aged care facilities of the future, without compromising care service provision.
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Energy Efficiency and Thermal Comfort in NSW Social Housing: Real-World 
Evaluation of Upgrade Strategies

Daniel Daly1, Theresa Harada1, Michael Tibbs1, Gordon Waitt1, Paul Cooper1 

University of Wollongong, Wollongong, New South Wales, Australia

The current paper will present the results of the recent Mainstreaming Low Carbon Retrofits in Social Housing 

project, funded by the CRC for Low Carbon Living. Energy and Environmental monitoring was undertaken 

in a 42 Social Housing dwellings, to better understand the energy use and thermal comfort of tenants in Social 

Housing. The participant households were all due to receive an energy efficient upgrade, and the monitoring 

project was designed to evaluate the effectiveness of the building upgrades. Properties were located in Port 

Kembla, Western Sydney, Bathurst, Orange, and Narrabri; Upgrades assessed included wall insulation, double-

glazing, efficient air conditioners, photovoltaic panels, heat-pump hot water systems and ceiling fans.
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Counting Snug Houses: A Quantitative Study Assessing the Long-Term Impact of 
Home Insulation on Residents’ Health

Caroline Fyfe1

1Massey University, Wellington, New Zealand

Introduction and Literature Review

The World Health Organization (WHO) recommends minimum indoor temperatures of 18°C in the living 

room and 16°C in the bedroom (WHO, 1987). Many New Zealand houses do not meet these recommendations 

(Isaacs & Donn, 1993).

Retrofitting insulation prevents heat flowing from warmer to cooler spaces – in homes from heated living areas 

to unheated wall and roof spaces and basements. Water vapour also moves from areas of high to areas of low 

concentration, condensing on any cold surfaces it meets along the way. Insulation can also reduce damp as 

warmer air has a lower relative humidity (Goldschmidt, 2014).

Prior to a 1977 amendment to the building code (NZS 421P: 1977), there was no requirement to insulate 

homes in New Zealand. Since then new homes have to be insulated; however, retrofitting insulation into 

existing homes is at the discretion of the homeowner. Since 1977, insulation levels have been revised several 

times. Insulation retrofitted into existing homes through Energy Efficiency and Conservation Authority (EECA) 

subsidies must conform to the 2007 insulation standard (NZBC Clause H1/AS1).

In 2006, approximately 1,014,000 homes (63% of all residences in New Zealand) had been built before 1977. 

It was, therefore, likely that many of these would not be insulated. A further 592,000 homes built between 

1978 and 2006 may have inadequate insulation to meet the current code, (Page & Ryan, 2010). As of June 

2016, EECA had subsidised insulation retrofits in 292,000 houses but estimated a further 600,000 remained 

inadequately insulated.  The Warm Up New Zealand (WUNZ) Heat Smart program was designed to provide 

more “warm, dry and more energy efficient homes”, (EECA, 2016). A cost-benefit analysis of the EECA 

program attributed 99% of total benefits to improved health (Grimes, et al., 2012).

Study Aim:

To determine whether residents experience a reduction in hospitalisations as a result of insulation being 

retrofitted into their homes.

Method

Study Population: 

The study population was residents of houses insulated under the EECA WUNZ subsidy program over a five-

year period between July 2009 and June 2014, identified through Primary Health Organisation (PHO) records. 

EECA house residents were split into two cohorts:

•  Intervention cohort (IC) those whose houses were insulated in the first 2.5 years of WUNZ

•  Delayed intervention cohort (DC) – those whose houses were insulated in the second 2.5 years of the WUNZ

Study Design:

A retrospective cohort study followed residents of houses insulated through EECA WUNZ over a six-year 

period (three years baseline, three years post-insulation/control). A difference in method compared the change 

in health of the study population (IC) post-insulation to the change in health of the control population (DC) 

over the same timeframe. This method was adapted from a previous study by Barnard, Preval, & Howden-

Chapman (2011), see Figure 1.
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  Figure 2: difference in difference for health outcomes between insulated and non-insulated EECA (WUNZ) houses 
over time

Results

Houses retrofitted with insulation through WUNZ broadly reflected the age distribution of the New Zealand 

Housing stock. The majority were built between 1960 and 1979 in areas towards the higher end of the 

deprivation scale. 

The age-standardised rate of hospitalisation for all causes (excluding accident and pregnancy related 

admissions) was lower in the intervention cohort (insulated houses) than in the control cohort (uninsulated 

houses) over the same time period; rate ratio 0.92 (95%CI: 0.91-0.93).

Age-standardised rates of hospitalisation for all causes (excluding accident and pregnancy related admissions) 

increased in the intervention cohort (insulated houses) post-insulation, rate ratio: 1.05 (95%CI: 1.04-1.06). 

However, there was a greater increase in the control cohort (uninsulated houses) over the same time period, 

rate ratio 1.18 (95%CI: 1.17-1.20).

The relative rate ratio (difference in difference) of 0.89 (95%CI 0.88-0.90), indicated that the rate of increase in 

hospitalisations was reduced in the intervention cohort. This supported the insulation as having a positive effect 

on health outcomes, after allowing for external influences.

Discussion and implications

The preliminary results of the study – that insulation has a positive effect on health outcomes – support 

previous studies which identified improvements in self-reported health outcomes (Gilbertson, Stevens, Stiell, 

& Thorogood, 2006; Howden-Chapman, et al., 2007; Howden-Chapman, Crane, Chapman, & Fougere, 

2011; Barnard, Preval, & Howden-Chapman, 2011). The fact that there was an increase in hospitalisations 

post-insulation needs further investigation. In order to understand this better, analysis of more specific health 

outcomes in vulnerable groups will be undertaken.
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There is increasing attention from researchers, policy-makers and stakeholders on the nexus between energy, 

health and well-being. Energy is a resource for maintaining health, making home, living comfortably, caring 

for the self and others, and tending to the sick and dying. As older people are encouraged to ‘manage’ their 

health and well-being as they age, energy use can play an important role. This study uses sensory ethnography 

to explore the nexus of practices of energy use, health, well-being and making home among older, low-income 

Australians. Our participants drew attention to how energy is a basic human need that helps them manage 

their health, make their house a home, and engage in practices that support their well-being. The practice nexus 

is suffused by affect, care and thrift, and shifts over time, materiality and jurisdiction. High energy costs and 

energy capitalism creates tensions in managing energy, health and well-being for older Australians.  
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Introduction and literature review

The population of Australia is ageing (Australian Institute of Health & Welfare 2017). As at 2017, there 

were there were 3.8 million Australians aged 65 and over (comprising 15% of the total population) and it 

is estimated that this will grow to 8.8 million older people in Australia by 2057 (comprising 22% of the 

population) (AIHW 2017). Alongside the need for planning around an ageing population, the issues of 

electricity prices and fuel poverty are a concern for the government and for householders and the subject of 

policy development (Yergin, 2006; Chester, 2010; Simshauser et al. 2011; Department of Climate Change and 

Energy Efficiency, 2012). Chester (2014) has outlined the concerns for low-income households as they manage 

electricity prices often at the expense of their health and Waitt et al. (2016) have demonstrated that older 

households are extremely frugal with their household practices. There is evidence that with ageing there is a 

greater vulnerability to the extremes of temperature that can precipitate ill health and serious outcomes for 

older citizens (Ormandy & Ezratty, 2012). In this study we draw upon ideas from practice theory (Hui et al., 

2017) and the concept of energy capitalism (Chester, 2014) to understand how older populations navigate the 

tensions between health and well-being and the costs of energy and to develop appropriate policy underpinned 

by empirical research. 

Method/Approach

This project employed quantitative and qualitative methods, though this paper exclusively discusses the 

qualitative insights. Our qualitative methods were employed over two stages and included: 1. a semi-structured 

interview, 2. a cue-card activity and an in-home video component. Using established community networks 

we recruited 39 individuals aged over 60 years in the Illawarra region of NSW from a range of household 

types and configurations. There were 11 single women, 12 single men, two married women and seven couples 

aged between 60 and 93 years of age. All had lived in the Illawarra for a minimum of 12 months, none were 

employed though many were active in volunteering and church related and community activities. At the 

completion of each stage, participants were given a $50 shopping voucher to compensate them for their time. 

The first stage was a qualitative interview. The semi-structured interview was designed to investigate how older 

people used energy in their homes to maintain health and well-being. Open ended questions were structured 

around five themes: how energy was used to heat and cool the home; practices for maintaining health (for 

example cooking practices, washing and bathing practices, cleaning practices and socialising); special medical 

equipment; concerns over energy costs; and the relationship between energy and ageing. All interviews were 

audio recorded and transcribed with the informed consent of participants. Transcripts were analysed using 

NVivo 13 qualitative software. 

The second stage employed projective techniques through a video recorded cue-card activity (see Lewis et al., 

2008) that was designed to prompt a conversation about how energy use practices and associated appliances 

helped to maintain health and well-being. We asked participants to place a series of cards which named 

household electrical appliances as well as medical devices onto a board and to explain why they positioned 

them towards one side of the board (health) or the other (well-being). This method encouraged in-depth 

reflections on ageing and health which can be a deeply personal issue. Domestic appliances were frequently 
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taken for granted in the everyday practices of maintaining health so this approach allowed for thoughtful and 

insightful discussion. The video method also allowed us to capture body language and visual cues during the 

discussion. This activity was video recorded, transcribed and analysed in NVivo 13 software. Following this 

activity, participants were invited to demonstrate energy use practices and related appliances they determined 

to be most instrumental in maintaining health and well-being as a part of the video recording. A total of 1230 

pages of transcripts and 15.7 hours of video were collected. 

Results/Findings

All households expressed concerns about the rising costs of energy and all were consistently frugal with energy 

use, for example using heating and cooling appliances for short periods, turning off lights, using curtains and 

blinds to reduce heat transfer, and using washing machines or dishwashers only with a full load, drying washing 

outdoors. Of the cohort (n=39) three low-income households owned a smaller number of older less energy 

efficient appliances and were extremely frugal with their use. Two single men and two single women did not use 

any heating or cooling appliances and one single man did not use hot water for showering during both summer 

and winter. Their concerns over the cost of energy resulted in them wearing more clothing while indoors and 

reducing or eliminating the use of some household appliances (heaters, vacuum cleaners, irons). This group was 

less likely to cook on the stovetop or oven and instead prepared frozen food in the microwave oven and stored 

the cooked food in the refrigerator. Eight low-income households were less likely to have digital devices and 

were more socially isolated.

The majority (34) recognised that as they aged they required increased levels of thermal comfort to maintain 

both comfort and health. They drew on experiential knowledge and related the costs of providing for ageing 

parents and partners. As well, increased age often meant decreased physical mobility and so there was a greater 

reliance on appliances that minimised physical exertion. Electric beds and armchairs, mobility scooters, chair 

lifts and clothes dryers helped to maintain a sense of independence and reduced reliance on other family 

members. Households with resources had implemented solar electricity generation to minimise their energy 

costs and thus were more likely to employ preventative health devices. For example, four households had 

heated pools or spas to allow exercise and to alleviate muscle and joint pain. However, six with special medical 

devices (for example sleep apnoea machines CPAP, BPAP, medical alert pendants, blood pressure machines, 

blood sugar monitors, hearing aids, chair lifts, electric chairs and beds) were not aware of the amount of 

electricity required to maintain this equipment yet felt that these were essential to their health and therefore 

costs were unavoidable. 

Discussion and implications

The findings point to the difficulties for ageing households to maintain health and well-being practices while 

negotiating the cost of electricity. Government policies focused on ageing in place need to acknowledge that 

the cost of running essential health appliances falls to householders and that this should attract discounts and 

rebates. Our participants’ narratives point to how energy needs to be rethought as a basic human right, rather 

than as free market commodity under energy capitalism. 
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The “Weathering Hypothesis” is a theoretical framework positing that African Americans experience poorer 

health and accelerated biological ageing in response to structural racism and disproportionate exposure to 

chronic and accumulating biopsychosocial stressors with severe health consequences.  This review applies the 

weathering framework to the household energy and biopsychosocial stress nexus that has been structured by 

a racial segregation and continuing disinvestment in predominantly black and poor residential areas.  “De-

weathering” is an original concept that stems from this framework and demarcates opportunities to reduce 

the erosive consequences of chronic stress stemming from energy insecurity and inefficiency.  We propose that 

reducing energy insecurity may relieve biopsychosocial stress in a highly burdened population. Weatherisation, 

which is the practice of protecting a building’s interior from the elements while enhancing its energy efficiency 

and reducing costs, could be a catalyst for reducing the disproportionate stress affecting low-income individuals 

and ultimately improve health and social outcomes.  
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Experiencing unaffordable and inadequate household energy has many health predictors and outcomes that 

are amplified by poverty, yet these connections are generally under-acknowledged. Using the energy insecurity 

framework, this conceptual review explores literature related to household energy, poverty and health in order 

to highlight the disproportionate burden of energy hardships borne by vulnerable communities. This paper is 

built from a conceptual literature review of publications from 1990 to 2019 that focus on the intersection of 

energy, poverty, health, and climate change. Results explore the physical and economic dimensions of housing, 

as well as the coping strategies that vulnerable communities employ to deal with insufficient household energy. 

Challenges in meeting household needs is predicted by social determinants such as race, age, gender, income, 

employment, education, and health status.  This conceptual review seeks to present the multidimensional 

hardships associated with energy insecurity to provide evidence for developing potential housing-based 

interventions and policy.  
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Introduction and background

The NSW Government’s Home Energy Action (HEA) program delivers energy efficiency improvements to 

households vulnerable to energy stress across NSW by providing access to energy-saving appliances and 

home upgrades. 

The decline in housing affordability since the early 1980s, and precipitous increase in energy costs over the last 

decade, has contributed to increased financial stress for many Australians, particularly those who can afford 

it least. A recent report indicates that over the last decade, the price of electricity and gas has respectively 

increased by 76 and 53 per cent in real terms (Australian Council of Social Service [ACOSS], 2018). 

Although rising energy costs have affected all Australians, those in low-income households or social housing are 

disproportionally affected. Low-income tenants tend to have higher electricity bills due to inefficient appliances 

and less efficient dwellings and have fewer financial resources for energy efficient upgrades (ACOSS, 2018). 

Further, split incentives mean that landlords are less likely to invest in energy efficient upgrades (Melvin, 2018). 

As such, vulnerable populations tend to spend a higher percentage of their incomes on energy consumption.

The combination of these factors means that those most vulnerable have difficulty coping with extreme 

temperatures, which can lead to poorer health (e.g., respiratory diseases) and social outcomes (e.g., family 

tensions) (Acil Allen, 2017). It is therefore critical to ensure social housing stock is fit for purpose and can 

endure the forecast changes in climate. 

The following presentation outlines the Office of Environment and Heritage’s (OEH’s) approach to 

systematically measuring the HEA’s impact on social and health outcomes, and shares case study findings of a 

recent trial.

Strategy/Intervention

The NSW Government has assisted low-income households to improve energy efficiency via the HEA program 

since 2015 and has recently provided an additional $50 million in funding via the NSW Climate Change Fund. 

HEA has three streams of delivery summarised in Table 2 – broadly focusing on improving energy affordability 

for low-income households. 

Table 2 Primary activities of the three streams of the HEA program

Program Stream Influence Activity

Social Housing Upgrade Provide subsidies for energy efficiency retrofits and new builds in 
partnership with social and community housing providers 

Energy Hardship Assist Provide subsidies for renewable energy installations and other energy 
efficiency measures in partnership with Energy Retailers for households in 
or at risk of energy hardship

Appliances Replacement Offer Provide discounted replacement energy efficient appliances to eligible 
concession card holders and identified exceptional cases, through retail 
partnerships 

All streams Develop business cases and ROI guidance for energy investment by 
partners and households, and investigate funding options for co-investment
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By accessing the HEA program, households may experience increased energy savings, reduced energy bills, 

improved thermal comfort, increased financial control, as well as improved understanding and capacity to 

manage energy use. 

Outcomes evaluation

All programs funded by the NSW Climate Change Fund will be evaluated to ensure the government’s climate 

change programs are implemented in line with long-term objectives. To date, evaluations have focused on 

measuring program impact on energy consumption, greenhouse gas reductions, and energy bills savings. OEH 

is now seeking to measure program co-benefits such as social and health outcomes to account for the broader 

impacts of initiatives. For example, a systematic review conducted found that improvements to household 

energy efficiency and the consequent bill reduction was related to reduced household financial stress (Gibson et 

al., 2011). 

The objectives of the evaluation of the HEA program will therefore be to:

•  Evaluate the effectiveness and impact of key outcomes.

• Assess the appropriateness of the design and equity of implementation against the intent to target  
vulnerable households.

•  Assess the appropriateness of the delivery model and governance structure.

•  Measure the long-term impacts (sustainability and durability) of HEA.

•  Identify social benefits, spill-over benefits, and other unintended outcomes (both positive and negative).

In 2016, the HEA program partnered with the NSW Aboriginal Housing Office to co-fund a trial program 

providing retrofits and education for tenants of Aboriginal social housing to reduce tenants’ energy bills 

and improve knowledge and confidence in energy management. Compared to the NSW general population, 

people who are disconnected from utilities are more likely to be Aboriginal (15% compared to 3%) or 

living in public housing (24% compared to 3%) (Urbis, 2017). For many low-income households, avoiding 

disconnected utilities can mean deferring spending on basics including food, education, healthcare, or 

household maintenance. There is also some evidence indicating that Aboriginal people may experience periods 

of high energy use due to shared lodging with family and community, inefficient housing, and limited access to 

information about efficient energy consumption (Fourth & Centre, 2018). 

This project included:

•  Installation of solar photovoltaic systems to 150 properties.

•  Installation of Eddy systems to 149 properties, providing tenants with a monthly report on the amount of 
energy generated by their panels, their energy consumption, and how to save more energy.

•  Five tenant education workshops delivered to 61 people, focusing on energy efficiency, optimising solar panels, 
and the types of energy bill support available.

An independent evaluation was conducted using qualitative interviews and objective measures of energy usage 

via the Eddy system. Interviews with 41 tenants (27% cent of total program participants) focused on perceived 

energy use and cost reductions, behaviour change, knowledge/confidence, and in-home comfort over the 

previous 12 months.  The evaluation found:

•  90% of tenants reported reduced energy bills

•  85% of tenants reported reduced worry about their bills

•  70% of tenants reported improved comfort

•  a small increase in energy usage (1.25%); however, qualitative data indicated that the Eddy monthly reports 
were successful in prompting tenants to reduce energy usage.
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Because baseline health was unobtainable, the evaluation did not objectively measure health co-benefits; 

however, anecdotal suggests how energy interventions may contribute to positive health outcomes. Multiple 

program participants reported that energy bill savings contributed to reduced stress and worry. This was 

particularly pertinent for those who relied on energy-consuming medical equipment.

A selection of participant comments below indicates potential pathways between energy bill savings and 

social outcomes:

“I have twin teenage daughters and they are both home more often because the house is cool and 

comfortable because I can afford to run the air conditioner. I’m happy because they are safer here 

and not getting in trouble.” - Aboriginal Housing Office Tenant, DUBBO

Implications

To date, there are positive signs based on that the HEA program may have a range of co-benefits outside 

of primary outcomes such as energy reduction. Although the program focus is primarily on energy and bill 

savings, the opportunity to identify and quantify the health and social impacts is now being considered for 

the next Climate Change Fund Evaluation. OEH is developing the indicators and measurement methodologies 

to evaluate the program in a robust way from now until the program end date of June 2022. The future 

environmental sustainability is critical to ensure social housing stock is fit for purpose and can endure the 

forecast changes in climate.
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Introduction

For the average Australian, energy is not just a long-term climate issue; it is a present stress. Australia has one 

of the highest costs of electricity in the world. New Yorkers pay half as much as Sydney-siders to keep the lights 

on, despite Australia boasting among the world’s largest coal and natural gas reserves (Bloomberg.com, 2018). 

Energy costs reached their highest prices last year, leaving many families facing one of the toughest winters, and 

increasing the amount of financial stress or ‘bill anxiety’, challenging their ability to make ends meet.

A recent study on energy stresses in Australia emphasised that low-income households suffer the most. The 

report explored this disadvantage, and found this group are paying a higher percentage of their total annual 

income (ACOSS and Brothers of St Laurence, 2018). For one Sydney family, when the husband lost his job, 

the family ended up in social housing. He eventually found a job as security guard. As a low-income family 

living in social housing, they are still responsible for paying their energy bills. His wife is a casual worker in a 

bakery, they live in poor thermal comfort conditions and energy efficiency, their electricity bill is around $300 

per quarter ($1,200 per year); for a low-income family it makes a difference. His wife was attending a TAFE 

program to upgrade her skills and find a permanent role and increase the family income to break the cycle. She 

is struggling to pay her TAFE fees. These are just the direct costs; the indirect costs include medical care costs 

from respiratory diseases due to poor thermal comfort in winter and summer peaks.

The social impact of energy stresses is often neglected; the focus is usually on accounts and funds – not on 

outcomes. This could be due to the difficulty in normalising the impact via a measurable unit. However, what 

it means for low-income families is improvement in health, income and long-term quality of life.  This area has 

been explored in research; however, it still remains complex, and social outcomes are usually not measured or 

normalised to clear benchmarks.

Viewpoint

When reading through the Resilient Sydney report, it concludes that social stresses such as housing 

affordability, social cohesion and employment diversity were the second chronic stresses listed after health 

(City of Sydney, 2018). Energy is a source of environmental stress, which is directly linked to the limitation 

of resources and climate change issues. Energy now is also an essential need for food and medication storage, 

lighting, thermal comfort and other basic needs. We need to look at energy as an urgent social stress not just a 

long-term climate worry that should be fixed long-term. The main focus should be on short- and medium-term 

social outcomes of providing clean and affordable energy and how this also benefits governments by reducing 

the number of families in need of government support.

Investigating energy impact as a social stress by looking at the ability of affordable energy and energy efficiency 

to make a meaningful impact for low-income families is important. While we should be thinking about climate 

change scenarios, we should also think about what it means for the disadvantaged in our communities. 

Ultimately, we seek to avoid deteriorating living conditions, which can lead to increased pressure on the 

healthcare system, and reduce the need for government support. 

In order to understand the significance of the impact it must be normalised to a measurable scale. Therefore, 

this paper measured the social impact of energy using a dollar value. The tool used is the Australian Social 

Value Bank (ASVB) to measure the following outcomes: 
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•  Home outcome – able to make ends meet, reducing ‘Bill Anxiety’.

•  Health outcome – improve overall health including respiratory diseases and reduce stress.

•  Social and community outcome – improved condition of neighbourhood homes and gardens. 

•  Government cost saving and revenue generation. 

Recommendations

Due to the complexity of the energy issue in general and political influence over energy policies, it cannot 

be resolved with a single solution. The recommendation is to give families a sense of ownership of the 

solution; many families feel uncomfortable asking for assistance from the government. Secondly, include 

small businesses; they may be willing to be part of the solution, but they miss the know-how – the solution 

is to provide training and education for small businesses. Finally, local government should partner with local 

community groups, use the groups as a platform for energy efficiency advocacy, treat energy as a health stress 

and a social issue so that we can get more people willing to hear about it and ensure their wider involvement.   

Implications

This paper sheds light on the link between energy efficiency, thermal comfort, affordable energy and bill 

stresses, satisfaction, the ability to make ends meet and health. The correlation between energy, thermal 

performance and health in housing is recognisable and can be measured in a dollar value. The result from the 

initial assessment based on an energy rebate program from tax returns using the ASVB was that a total net 

annual benefit is almost 23% of the family income for an annual family income of A$80,000. The assessment 

focused on families on the borderline of getting government support if a one member lost their job and how 

reducing energy stress can reduce pressure on income.   

Investing in better energy efficiency and improving thermal comfort have significant positive impacts and 

recognisable socio-economic benefits to low-income families and a considerable benefits to governments 

and business. Having said that, there is still a need for further investigation of parries, opportunities and 

realistic applications. 
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Introduction

Sustainability Victoria, the University of Technology Sydney (UTS) and the Moreland Energy Foundation 

Limited (MEFL) are delivering an ‘Australian first’ program to measure the health benefits of energy efficiency 

retrofits. The Victorian Healthy Homes program will provide warmer and more energy efficient homes to 

low-income individuals who are receiving home and community care service; it will also measure the health, 

comfort and financial co-benefits that can be achieved by improving building thermal performance. As part of 

the Home Energy Assist package, one thousand homes will participate in the research and receive free thermal 

comfort upgrades. The research will assess the relationship between the thermal quality of housing for vulnerable 

occupants and their health outcomes. The data collection will be undertaken across three winters, with control 

and intervention groups in all three cohorts.  All participants receive a home thermal comfort upgrade.

As the lead energy research partner on this project, the Institute for Sustainable Futures (ISF) is responsible for 

measuring changes in residential energy efficiency, energy use and thermal comfort associated with improved 

home energy efficiency and warmth. Statistical modelling will be undertaken to determine whether there 

is a statistically significant difference in the thermal comfort experienced by occupants and the indoor air 

quality for homes that have received a winter thermal comfort upgrade. Thermal comfort will be measured 

using individual surveys and compared with internal temperature and humidity. Temperature and humidity 

data loggers will be used to collect high-resolution data from each home. Energy billing data, physical 

characteristics, socio-demographic information as well as data on the buildings heating system will be collected 

through face-to-face surveys. The information collected will be used to assess whether upgrade measures aimed 

at improving warmth have contributed to changes in internal temperatures and humidity and energy efficiency. 

From this information we will be able to ascertain the types of interventions that may lead to better health 

outcomes for vulnerable occupants. Other sources of information include data from the Bureau of Meteorology 

providing historical weather data over the period of the study, a formal audit of the building envelope efficiency 

through the Victorian Residential Energy Scorecard, and energy meter data for each household for gas and 

electricity consumption over the assessment period. 

Literature review

There are a number of studies that look at the interaction of occupants within a building and their impact on 

energy consumption. A small proportion of these studies have focused on low-income or vulnerable households 

and even fewer have attempted to quantitatively model the human behaviour of vulnerable households 

by taking into account factors such as behaviour, occupancy profiles and other demographic information. 

Qualitative research has largely focused on analysing the impacts of variations to human behaviour in an 

attempt to categorise occupant behaviour and the effectiveness of specific behavioural interventions.
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The factors that contribute to the energy use in buildings can be broadly grouped into two categories: external 

factors and internal factors Jian et al. (2017) identify the building envelope, building systems/equipment and 

climate as the external factors and internal factors being occupant behaviour, operation and maintenance 

and indoor environment conditions. It is widely believed that occupant behaviour is one of the most difficult 

internal factors to model when it comes to energy consumption modelling of a building (Diao, L,. 2017). 

The initial results of the studies by Clevenger and Haymaker (2006) shows a difference of over 150% 

between predicted and actual energy consumption. Similarly, Swan and Ugursal (2009) identify that variation 

in occupant behaviour, amounting to as much as 100% as one of the reasons that makes residential energy 

consumption an undefined energy sink. This disconnect between actual and modelled occupant behaviour 

is also attributed to the fact that many of the studies consider human behaviour as a deterministic feature. 

Furthermore, James and Ambrose (2017) in their study observed that in low-income households an approach 

that focuses on both building retrofits and behavioural change resulted in a reduction of energy consumption 

by 18% as opposed to a much lower 11.6% reduction when only building retrofits were done. 

Proposed methods for analysis

The impact of household upgrades will be assessed using a Randomised Control Trial (RCT) across three key 

criteria (i) energy consumption, (ii) energy efficiency and (iii) thermal comfort. The households participating in 

the study are grouped into two cohorts: an intervention group of n households consisting of homes that will 

receive a full upgrade immediately, and a control group of n households consisting of homes that will not receive 

the thermal upgrades until the conclusion of the assessment period. Participants for the study are selected from 

the eligible vulnerable population; that is, individuals deemed vulnerable to adverse health outcomes. 

Research hypothesis

The main research hypothesis of this study is that improvements to the thermal comfort of dwellings will lead 

to improved health outcomes of the occupants. Dwellings participating in the study will receive upgrades to 

dwelling thermal performance and some will receive upgrades to their heating systems. It is expected that the 

results of the RCT study will demonstrate that upgrades to households in the intervention group will lead to 

improved energy efficiency, improved thermal comfort and lower energy consumption when compared to those 

dwellings that were part of the control. Confirmation of the research hypothesis through this study will provide 

evidence on the effectiveness of the intervention. 

Proposed framework: The causal effects of upgrades on thermal comfort

A graphical depiction of the causal relationship on the potential effects of the upgrades is shown in Figure 1. 

It is our hypothesis that upgrades to the thermal performance of the dwelling or heating system will always 

lead to an improvement in the thermal performance of the dwelling. This hypothesis will be confirmed through 

a direct comparison of the dwelling scorecard assessments completed before and after an upgrade has taken 

place. Whether an upgrade leads to an increase or decrease in internal temperatures is mediated by the effects 

of human behaviour and how the occupant ultimately decides how they wish to benefit from the upgrade that 

is taking place (Kelly, 2012). At one end of the continuum an occupant could decide to maintain temperature 

and humidity at the same levels prior to the intervention, thereby sacrificing thermal comfort in exchange for 

reducing their overall energy consumption and lowering their energy bills. At the other end of the continuum 

an occupant could decide to improve internal temperatures and humidity levels and improve thermal comfort, 

but sacrifices any potential savings from a reduction in energy consumption (i.e. energy consumption increases 

to match pre-intervention levels in order to maintain higher internal temperatures). In reality, occupants will 
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be distributed across this continuum with some occupants choosing more thermal comfort over a reduction 

in energy consumption and other occupants preferring the reverse. This research will aim to estimate the full 

benefits of the intervention across the entire cohort. 

Figure 1: Causal diagram on the effects of dwellings upgrades

Data analysis plans

With regards to choosing an appropriate method for this research project, various statistical methods have been 

deployed using the RCT research design. These include ANCOVA (Howden-Chapman et al., 2007), multilevel 

interrupted time series approach (Poortinga et al., 2017a), meta-regression (Oreszczyn et al., 2006), simple 

repeated measures ANOVA (Poortinga et al., 2017b), and basic regression with sophisticated data processing 

(Webber et al., 2015). Differences in choice of methodology are brought about by differences in the availability 

of data and the desired insight from the analysis.

Preliminary statistical tests

The first tests that will be performed will be standard t-tests to determine if there are any statistically significant 

differences between the means of the intervention group and the control group. It is expected that all covariates 

that have not been directly affected by thermal upgrades, will not be different on a statistically significant 

manner between the two groups due to the random allocation of participating households.

The variables where we do expect to see statistically significant differences between the intervention and 

control group include covariates such as indoor temperatures, humidity, post-intervention perceived thermal 

comforts and energy use amongst others. Differences in these groups will be tested in a more rigorous manner.  

The statistical analyses will be completed using RCT design processes between the intervention and control 

group to determine the size of the effect and its statistical significance. 

Benefits of the research

The quantity and high resolution of data being collected for each home will provide rich insights into the 

relationships between the physical internal conditions of vulnerable households and the thermal comfort that 

is experienced by occupants. Showing a distinct relationship between the physical condition of a home and the 

quality of health outcomes of the occupants will provide a new evidence base that shows that the co-benefits 

of energy efficiency lead to better health and quality of life outcomes for vulnerable households. We hope the 

outcome of this research program will provide a strong evidence base to support new policy and government 

initiatives that aim to improve the quality of homes for vulnerable households. 
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Traditional approaches to marketing and communications are losing their effectiveness (Turner, Shah & 

Jain, 2018), and this is particularly the case in the electricity management arena, whereby energy providers 

have traditionally focused on targeting individual consumers even though electricity is typically consumed 

collectivity at the household level. Often a ‘one-size-fits-all’ approach is deployed for designing messaging 

and communication strategies, which conflicts with recent shifts toward hyper-personalisation. As networks 

and retailers seek to improve levels of customer engagement (what consumers think, feel and do) (Hollebeek, 

2011), this research draws on six household personas (see, Russell-Bennett et al., 2017), defined by household 

decision-making features (i.e., consensus, structure, rules) to identify: 1. How different household personas 

engage with demand management and, 2. How messaging and communications strategies for differing 

household personas can be created. Four co-design workshops lasting approximately 2 hours and 10 minutes 

were conducted (31 households were represented).
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Abstract

The Koorie Energy Efficiency Project (KEEP) project examined Aboriginal households in Victoria, as part of 

the government-funded Low Income Energy Efficiency Program (LIEEP). Self-reported measures of behaviour, 

knowledge and well-being in relation to household energy efficiency were collected to track impact of 

approaches implemented. Respondents were classified into groups using the LIEEP schema data. We examined 

whether the effectiveness of the approaches was moderated by the types of dwellings or households. The results 

show that comfort levels can be improved by improving behaviours and knowledge in small and traditional 

(not energy efficient or modern) dwellings, while these approaches do not drive perceived comfort levels in 

other dwelling types. The results provide two key implications: Firstly, socio-demographic differences do not 

imply different approaches to households for energy efficiency improvement. Secondly, physical attributes of 

the homes make a difference for the effectiveness of behavioural change initiatives.

Introduction and Literature Review

There is a well-established link between energy efficiency behaviours in the home and consequently improved 

health and well-being (Howden-Chapman et al., 2011; Willand, Ridley & Maller, 2015), due to improved 

temperature control, comfort, empowerment and reduced stress from an enhanced ability of managing bills 

and energy use. Aboriginal households in Victoria, Australia, face substantial energy-related disadvantage 

(Consumer Utilities Advocacy Centre, 2011), and display the highest rate of electricity disconnections (Essential 

Services Commission, 2014), which warrants expedited attention to taking action for the purpose of improving 

their situation. 

A social marketing approach (McKenzie-Mohr, 2000) was used aiming to stimulate energy efficiency 

behaviours, with the purpose of improving the energy situation of these households. The approach included 

a selection of behaviours to be targeted, designing strategies to changing these behaviours, and testing these 

strategies for effectiveness (McKenzie-Mohr, 2014). And even though community-based social marketing 

programs have been found to be very effective in achieving behavioural change in vulnerable groups (Flocks 

et al., 2001; Gordon et al., 2006; Athey et al., 2012; Lefebvre & Flora, 1988), the conditions under which 

these instances of behavioural change took effect are usually not investigated in the studies giving account of 

improvements. Cultural (Dahl, Eagle & Low, 2015) as well as other factors (McKenzie-Mohr, 2000; Polonsky, 

Francis & Renzaho, 2015) may inhibit the desired behavioural change, and the exploration of these factors is 

warranted to enhance effectiveness of such program designs. 

Therefore, this paper explores whether and how dwelling configuration, occupancy conditions and other resident 

demographic characteristics influence the effectiveness of social marketing-based behavioural change programs. 

To explore this, respondents are categorised into homogenous groups in terms of dwelling and household 

characteristics, and the effectiveness of approaches to these households is compared across these respondent 

groups to identify whether and to what extent differences of program effectiveness can be diagnosed.
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Methods and Results

Approaches to address household energy efficiency related behavioural change were rolled out aiming at 4500 

Victorian Aboriginal households in the framework of a community-based social marketing program funded 

by the Department of Industries as a Low Income Energy Efficiency (LIEEP) project grant. Approaches to 

Victorian Aboriginal households were implemented by Aboriginal community development officers (CDOs) 

employed by the project partners if the Koorie Energy Efficiency Project (KEEP) consortium. Standard home 

visits (SHV) involving a survey of the home for the purpose of collecting LIEEP schema data, and providing 

explanation and advice to the residents in the home on improving their energy use. The key informant in 

the home was also requested to respond to a survey about their energy-related knowledge, behaviours and 

well-being. Further variants of the standard home visit including an in-home display (S-IHD) and a repeated 

standard home visit 3-6 months later (SHV*2) were implemented for selected households.

Data were collected from 714 of these households in relation to their living conditions, dwelling characteristics 

and self-reported measures of energy-related knowledge, behaviours and well-being. Factor analysis was used 

to explore the dimensions of the perceptions and to confirm validity and reliability of the scales used. The self-

reported measures provided factors of stress, discomfort and energy competency as important dimensions in 

which the respondents perceived their situation in relation to the perceptions of the occupants on the impact of 

energy use on their lives. 

We created groupings based on the LIEEP schema data, using technical specifications of the dwellings, and the 

people living in these dwellings. The classification was done based on two different sets of indices, to establish 

homogenous groups, using cluster analysis. A dwelling grouping was used to establish homogenous groups 

of households using dwelling data, and a home grouping was derived using occupancy data provided by the 

households. Six dwelling types identified were: (1) small modern dwellings (SMD), (2) small traditional houses 

(STH), (3) small traditional apartments (STA), (4) large modern houses (LMH), (5) medium-sized modern 

houses (MMH) and (6) large traditional houses (LTH). Three home types were identified as: (1) densely 

occupied homes (DOH), (2) standard family homes (SFH) and (3) empty nest homes (ENH).

The results of comparisons in terms of behaviour, stress, discomfort and energy competency improvements 

as outcome of the approaches across the groupings (dwelling and home clusters) have demonstrate that 

approaches were not more or less effective across different groups of homes. However, the effectiveness of 

approaches did vary significantly across dwelling types. Table 1 below shows the significance of differences 

between the impact of approaches across dwelling and home types, utilising ANOVA tests.

Table 1: Significance of Impact Differences Across Dwelling and Home Types

Dwelling type Home type

Behaviour n.s. (p=0.115) n.s. (p=0.231)

Stress significant (p=0.003) n.s. (p=0.376)

Discomfort significant (p<0.000) n.s. (p=0.546)

Competency n.s. (p=0.153) n.s. (p=0.251)

The survey responses showed significantly different effectiveness of approaches in terms of stress and 

discomfort across the different dwelling types but not across home types. Stress and discomfort in STH and 

STA were more effectively reduced by the standard home visit approach, compared to other dwelling types. 
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Discussion and Implications

These results identify the augmented effectiveness of approaches for households living in small and traditional 

dwelling types, in terms of reducing discomfort and stress. These households are often DOHs or SFHs, implying 

the increased occupancy by children, and an elevated importance of the quality of dwellings/facilities. The 

most intensely impacted dwellings have also been the small ones (STH, STA), suggesting that energy efficiency 

characteristics of smaller and traditional (non-energy efficient) dwellings cause stress to the homes, which 

requires attention and the people living there benefit from the approach.

The lack of significant differences in the improvement in behaviour, stress, discomfort and competency between 

the categories of homes demonstrates that approaches can be equally useful to all kinds of homes, regardless of 

their specific living circumstances.

Further research is required the particular dwelling groups to ascertain the why and why not the approaches 

have worked. In light of the results, policy-makers and community support organisations may consider specific 

incentives that target these dwelling groups, and – assuming the prevalence of social housing and rental 

property among these dwellings – targeting the property owners to address the substantial upgrading necessary 

to these dwellings.
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In the context of growing interest in the health benefits of residential energy efficiency improvements and 

related thermal comfort gains, this paper reviews methods for collecting and analysing thermal conditions in 

residential energy efficiency projects. Guidelines for collecting and analysing thermal conditions have matured 

over decades but methods that link thermal data to health risks are only now in more earnest development. 

This paper critically reviews methods assessing indoor thermal impacts on human health by examining key 

projects and literature, and through application of key methods to a case study dataset from a Low Income 

Energy Efficiency Project, run in Australia 2013-2016. The paper finds that: no one method provides complete 

understanding of health impacts; further understanding of links between indoor thermal environments and 

health requires comprehensive datasets that compare climatic regions, building characteristics and time; and 

international guidelines are needed to facilitate effective meta-analyses across nations.  
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Integrating Energy Efficiency and Hardship Improvements into the Care at Home 
System – Stakeholder Perspectives

Nicola Willand1

1RMIT University, Melbourne, Victoria, Australia

Research has shown that trust in home care providers encourages the uptake of energy efficiency and hardship 

initiatives with benefits for health, equity and the environment. This evidence has not yet been translated into 

practice.  Using a knowledge translation framework, this study used stakeholder interviews to inform possible 

approaches to relieve energy stress and improve thermal comfort through the Australian Care at Home system.

Semi-structured interviews were conducted with 13 senior policy officers and advisers, senior executives and 

program managers representing 11 national and Victorian organisations.  Deductive thematic analysis was used to 

interpret stakeholder experiences and expectations. Challenges included competing priorities in policy goals, the 

possible diversion of care funding and the reluctance of the health domain to collaborate. Opportunities included 

an ‘Energy Efficiency Supplement’.  Pathways included raising public awareness and provision of evidence through 

a pilot project. The exchange of knowledge across the domains resulted in potentially feasible scenarios.
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Getting Households on Board with Demand Management

James Bulinksi1

1CitySmart, Sustainability Agency, Brisbane, Queensland, Australia 

We hear a lot about energy efficiency, but what about demand management?

CitySmart has been working with electricity networks and retailers to design the best ways to engage customers 

about demand tariffs in order to maximise uptake. CitySmart CEO James Bulinski will share some examples 

and case studies on how these communications have been designed, based partly on insights from CitySmart’s 

own research with QUT on energy consumers undertaken for Energy Consumers Australia. 

James will also discuss some of CitySmart’s other programs in the energy sector, including Wattsavers and 

Reduce Your Juice.
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Energy Efficiency Retrofits to Support Low-Income Households in Victoria – 
Learnings from the Home Energy Assist Affordable Retrofits Trial

Emma Chessell1, Damian Sullivan1, Liam Cranley1, Marie Lakey1, Julianne Tice1, David Bryant1

1 Brotherhood of St Laurence, Melbourne, Victoria, Australia  

The Brotherhood of St Laurence’s Energy Equity and Climate Change team delivered the Home Energy Assist 

Affordable Retrofits Trial in 2018, funded by the Victorian Government Department of the Environment. The 

trial tested a model to deliver co-funded, “deep retrofits” to 88 low-income households. Retrofit options included 

a combination of domestic efficiency retrofits. BSL staff worked with householders to prioritise the interventions 

with the objective of reducing energy costs and/or improving thermal performance. Households received a 

subsidy and assistance arranging installation through pre-selected suppliers. All households made a substantial 

co-contribution to the upgrades. This case study presents a range of key early learnings from this program. 

Specifically, it outlines the program reach (those included and excluded from the model), the interventions chosen 

by participants, vignettes from program participants, the modelled impact of the interventions, and barriers and 

enablers of program delivery (including capacity constraints and technology limitations). 

 

 



138

4 ENERGY, HEALTH AND WELL-BEINGABSTRACTS

Consumer Attitudes and Experiences in Energy Markets 

Lynne Gallager1

1Energy Consumers Australia, Sydney New South Wales, Australia

Energy Consumers Australia received a grant from the Commonwealth to undertake Power Shift, a research 

project to review the findings of the  Low Income Energy Efficiency Program, and undertake research to 

improve our evidence-based understanding of what really works in supporting vulnerable consumers to manage 

their energy bills, as well as identify opportunities for market-led solutions and other initiatives to support 

vulnerable consumers. 

The findings of Power Shift and relevant research were incorporated into Energy Consumers Australia’s 

biannual Energy Consumer Sentiment Survey.  The Survey tracks consumer sentiment and activities on energy 

management, behaviour change and housing. 

This report undertakes new analysis, drawing on:

•  analysis of findings relevant to energy management policies and programs, including households in financial 
stress and low-income households, to assess their willingness and capacity to manage their energy without 
detriment;

•  complementary behavioural research, including work funded through the Energy Consumers Australia Grants 
Program and relevant industry trials.
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Does the Energy Efficiency of a New Dwelling Vary with the Socio-Economic Status 
of the Area in which it is Built?

Melissa James1, Anthony Wright1, Michael Ambrose1

1CSIRO, Melbourne, Victoria, Australia

Introduction

New residential buildings in Australia are subject to the energy efficiency provisions of the National 

Construction Code (NCC). When designed and built they must meet a prescribed minimum standard. Whilst 

the setting of a minimum standard confers some protection to future occupants against poorly performing 

homes, in the interests of energy equity it is worth exploring whether the energy efficiency of dwellings being 

built in areas of lower socio-economic advantage differ at all from those being built in more socio-economically 

advantaged areas. It is more difficult and costly to maintain a comfortable and healthy temperature in a 

dwelling which is less energy efficient. 

Method/Approach

Approximately 71-89% of new residential buildings demonstrate compliance with the NCC energy provisions 

by using a Nationwide House Energy Rating Scheme (NatHERS) accredited software tool (NatHERS 2018, 

James 2018). NatHERS is a star rating system that estimates a home’s energy use for heating and cooling, 

based on its design. Data collected and generated by NatHERS accredited tools is stored in CSIRO’s NatHERS 

Certificates database (James et al. 2016, Ambrose 2018) and is used in this study. Data used includes Star 

Rating, NCC Dwelling Class, State or Territory, Postcode, Floor Area, and Window Area from the 480,672 

Certificates generated between June 2016 and September 2018.

The socio-economic status of the area in which a dwelling is planned to be built was determined using the 

Australian Bureau of Statistics’ Socio-Economic Indexes for Areas (SEIFA) Index of Relative Socio-economic 

Advantage and Disadvantage (IRSAD) (ABS 2016). The IRSAD is based on Census 2016 data and summarises 

variables that indicate either relative advantage or disadvantage. These include variables relating to income, 

education, employment, occupation, housing, and other factors. This index ranks areas on a continuum from 

most disadvantaged to most advantaged. The two datasets were linked using the NatHERS Certificate Postcode 

and the SEIFA Postal Area.

Correlation analysis was conducted to explore the relationships between the variables.

Results and Discussion

Analysis of the data shows that there is no strong relationship between the star rating of a new Class 1 dwelling 

(house or unit) and the socio-economic status of the area in which it is to be located (Table 1). In fact, in Class 

1 dwellings there is a very weak negative correlation in most states and territories. That is, the more advantaged 

(less disadvantaged) the area, the lower the star rating of the new dwelling tends to be.

One possible explanation for this is that the more socio-economically advantaged the area is, the greater is the 

floor area, window area, and window to floor area ratio. Greater floor areas, window areas, and window to 

floor area ratios are associated with lower star ratings.
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Table 1: Star Rating and IRSAD correlation

NCC Class State or Territory Correlation p-value

1 Australia -0.15 <0.0001

1 ACT 0.09 <0.0001

1 NSW -0.15 <0.0001

1 NT -0.19 <0.0001

1 Qld -0.05 <0.0001

1 SA -0.03   0.0014

1 Tas -0.14 <0.0001

1 Vic -0.04 <0.0001

1 WA -0.14 <0.0001

2 Australia -0.02 <0.0001

2 ACT 0.49 <0.0001

2 NSW 0.05 <0.0001

2 NT 0.52 <0.0001

2 Qld 0.00 0.7120

2 SA 0.03 0.4797

2 Tas 0.02 0.7795

2 Vic 0.00 0.6909

2 WA 0.06 0.0357

In most states there is no correlation between the star rating of a new Class 2 dwelling (apartment) and 

the socio-economic status of the area in which it is to be located (Table 1). The ACT and NT show positive 

correlations of 0.49 and 0.52 respectively, indicating that in these territories the more advantaged (less 

disadvantaged) the area, the higher the star rating of the new dwelling tends to be. In both these areas, the 

number of apartments being built is relatively small (1,170 in ACT, 169 in NT) and those that are being built 

tend to be in the higher socio-economic areas.

It is worth noting that the data used in this study do not include any information about who will be living in 

the new dwellings. The socio-economic status of the people who come to live in the new dwellings may be quite 

different from the average socio-economic status of the existing population. 

Conclusion

The energy efficiency of dwellings being built in areas of lower socio-economic advantage do not appear 

to differ significantly from those being built in more socio-economically advantaged areas. As more data is 

accumulated it will be worth revisiting this question.
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Small-Scale Renewable Energy Uptake for Low-Income Households

Oshan Jayawardena1 

1University of Tasmania, Hobart, Tasmania, Australia, Energy Efficiency Conservation Authority, New Zealand 

Introduction

Small-scale renewable energy has the potential to alleviate energy affordability hardship and climate change 

impacts faced by low-income earners. However, small-scale renewable energy is currently constrained for these 

households. Policy-makers should look at a new ways to remove barriers to uptake.  

Energy Affordability and Climate Change Impacts 

Brenda Boardman uses the term ‘fuel poverty’ and defines it in her research as: a household that must spend 

10 per cent of its income to ensure adequate energy services, or when household energy costs are higher than 

those of the median, while pushing households below the poverty line (Boardman, 1991, 2013). The inability to 

afford energy significantly determines poorer social and health outcomes for lower income households (Chester, 

2013). There is significant evidence which notes that the mental and physical health of low-income earners is 

severely impacted through financial stress, caused by anxiety and depression because of an inability to afford 

energy (Gilbertson, Grimsley, Green, & Group, 2012).  

Climate change disproportionately impacts the vulnerable in society, such as individuals who live in low-

income households, because they are the least resourced to adapt to it (Qin et al., 2013). Low-income earners 

are impacted to a greater degree because they have fewer assets, either monetary or material, available to draw 

on in order to recover from climate change impacts (Leichenko & Silva, 2014). Small-scale renewable energy 

has the potential to alleviate energy affordability hardship and climate change impacts faced by low-income 

earners by reducing household energy bills and emissions.  The next section lists three policy recommendations 

to increase uptake of small-scale renewable energy for low-income households. 

Recommendations

Table 1 lists three policy recommendations that governments could undertake to increase small-scale renewable 
energy uptake for low-income households: 

Recommendations Option 

1 Supporting the market (energy retailers) to deliver a successful business model of 
energy-as-a-service.

2 A monetary portion of an Emissions Trading Scheme (ETS) being set aside. 

3 Landlords (owners of rental properties) are given income tax exemptions. 

The next section explores two barriers and three options to increase uptake of small-scale renewable energy for 

low-income households.     

Implications

There can be multiple barriers for low-income households; however, this extended abstract has chosen to focus 

on two: capital cost and tenure issues. 



143

IMPROVING RESIDENTIAL ENERGY  
EFFICIENCY CONFERENCE 2019

The first barrier is capital cost of purchasing and installing small-scale renewable energy (Heiskanen & 

Matschoss, 2017; Reddy & Painuly, 2004). The second is tenure issues, as low-income households can be 

rentals (Ástmarsson, Jensen, & Maslesa, 2013; Reddy & Painuly, 2004). Overcoming these two barriers is 

essential in reducing household energy bills and greenhouse gas emissions. The next section explores the three 

recommended policy options that can overcome these two barriers.    

Option 1 -   Supporting the market (energy retailers) to deliver a successful business model of energy-as-a-

service for small-scale renewable energy. This business model has the potential to provide the capital costs 

for the small-scale renewable technology (i.e. PV panels and batteries) for low-income households. Retailers 

invest in technology, install and maintain it for the householder. The household is provided with the small-scale 

renewable energy technology of PV panels and battery storage through a fixed term contract, and does not pay 

the upfront initial capital costs of purchasing and installing the PV and battery, this is deferred to the energy 

retailer, who recoups a percentage of the capital cost through monthly household energy bills. 

As a result of PV panels and batteries being installed, low-income households pay less for energy and contribute 

less to emissions, along with having the security of still being connected to the energy grid through their energy 

retailer. There is also an added benefit to these households of shifting peak energy demand because of energy 

being stored through the battery that is then available for use during peak demand periods (Hemmati, 2017). 

These periods can occur during winter and summer evenings, where all households at the same time use energy 

to heat or cool their homes. Peak energy demand can impose higher costs on the energy grid, requiring greater 

investment in transmission, distribution and generation infrastructure (Uddin, Romlie, Abdullah, Halim, & 

Kwang, 2017). These higher costs are passed on to consumers through volume-based charges, leading to higher 

winter and summer energy bills. However, retailers will also want to recover their initial capital investment cost 

of the PV panels and batteries, which may lead to households being limited in their choice for energy, either 

locked into unfair or longer-term contracts. Incentivising retailers to provide this option to consumers, along 

with safe guards for consumer choice can increase uptake for low-income households.      

Option 2 -   A monetary portion of an ETS being set aside for funding small-scale renewable energy for low-

income households. A price is set on carbon which companies have to pay for their carbon emissions (Marin, 

Marino, & Pellegrin, 2018). This can provide the initial capital costs of purchasing and installing small-scale 

renewable energy technology for low-income households. However, ongoing costs to maintain the technology 

would need consideration. This could also negate the regressive elements of an ETS such as price increases on 

goods and services for low-income households (Kirchner et al., 2018). Companies having to pay an additional 

price on carbon could pass this on to consumers with low-income households disproportionately affected, as 

they are unable to increase household budgets to accommodate for additional price increases. There is also the 

potential that low-income earners who do not own but rent their homes could be left out.     

Option 3-   Landlords (owners of rental properties) are given income tax exemptions for providing small-scale 

renewable energy. Offering tax emptions overcomes spilt incentives between the landlord and renter. The split 

incentives exist between the landlord and renter where the cost of small-scale renewable energy (solar panels 

and batteries) sits solely with the landlord, with no apparent direct monetary benefit, whereas the renter gains 

the monetary benefit in reduced energy bills (McCabe, Pojani, & van Groenou, 2018). Providing an incentive 

to the landlord has potential to accelerate uptake quickly because of the direct monetary gain it presents 

individuals in lowering their tax burden; however, it may be difficult to ensure that it is offered to landlords 

who have low-income tenants. International studies show that energy efficiency improvements to rental houses 

is lower than owner-occupied houses, even with policies that seek to overcome this spilt incentive fall short 

because of behavioural attitudes of landlords engaging with renewable energy for rental properties (März, 

2018). There is also an issue of inequity as the benefits of tax cuts exclusively go to high-income homeowners 

(Crandall-Hollick & Sherlock, 2014). 
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Regulating to ensure that if landlords were to be given the tax cuts, these rentals were only offered to low-

income earners for a time period could negate this issue. It is also important to note the possibility of landlords 

increasing the price on rentals because of the renewable energy upgrade being seen as a home improvement 

that adds capital value to the overall price of the house. There may need to be a mandated time period for no 

increase on the rental price, or small incremental movement of price allowing for gradual adjustment.    

All three options present potential ways that governments and policy-makers can alleviate energy poverty 

and climate change impacts for low-income households. This extended abstract has not explored the cost 

and benefits of each option and more detailed research into each option’s potential would need further 

investigation. There are also other barriers to renewable energy which these options do not address. However, 

ways to provide small-scale renewables to low-income households could hold the key to addressing inequity in 

society whilst reducing emissions. 
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Low-Income Rental Households and PV: The Reluctant Prosumer

Ellis Judson1

1Centre for Urban Transitions, Swinburne University of Technology, Melbourne, Australia

Over the past decade, with increasing electricity prices, small-scale rooftop solar systems have grown in 

popularity in Australia. However, despite falling costs, PV is largely prohibitive for many households most at 

risk of energy hardship.

To address affordability concerns and potential equity implications, this exploratory case study of eight 

households in Melbourne’s western suburbs uses a mixed-methods research design to investigate the benefits, 

challenges and potential of installing PV in community rental housing by tracking households’ lived experience.

This pilot study highlights the importance of monitoring before and after installation of PV; accessibility 

to household electricity data; and hands-on support to assist households to manage use of solar electricity 

generation. Findings indicate that visualising real-time solar production and consumption using smart phones 

can improve energy literacy of new prosumer households and capacity in managing electricity use, and has 

potential to maximise benefits for low-income households and providers.  
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How Can the Private Rental Sector Participate in the Transition to a Low Carbon 
Future?

Michaela Lang1, Dr Ruth Lane1, Dr Bradley Jorgensen1, Katrina Woolfe2
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Introduction 

The Intergovernmental Panel on Climate Change has identified improving energy efficiency in buildings as one 

of the key pathways to mitigating the risk of climate change, supporting sustainable development and reducing 

poverty (Rogelj et al., 2018, p.142). 

Investment in energy efficiency improvements is lower in the private rental sector (PRS) than in owner-occupied 

housing. This is generally considered to be a split-incentive problem. An emerging body of research highlights 

other relevant factors such as complexities from property and strata management, renters’ disempowerment 

from insecure tenure, and landlords’ moral and service considerations in renting out a home.

Literature review

A review of the PRS in 10 countries found that in nine of those countries, including Australia, the PRS was the 

second largest provider of housing4, following owner-occupation, and is growing (Martin et al., 2017, p. 2). 

Rental tenancy agreements in Australia are regulated at the state level. Regulation across Australia has offered 

tenants minimal protections compared with countries such as Germany or Sweden, where the PRS is more 

heavily regulated. 

Renting was traditionally a transitional housing arrangement for young people who then moved into social 

housing or owner-occupation. However, the Australian PRS is changing. A third of all renters now stay in the 

PRS for at least 10 years (Pawson, Hulse, & Morris, 2017). Increasing numbers of children and middle-aged 

people live in the PRS. Forty per cent of all households in the PRS now include children.

Australia has low differentiation between properties in the PRS and owner-occupied sectors (Martin et al., 

2017, p. 3). Despite this high level of integration, the private rental and owner-occupied sectors contain different 

property types and standards (“2016 Census Quick Stats,” 2017; Baker, Lester, Bentley, & Beer, 2016; Hulse, 

Martin, James, & Stone, 2018, pp. 29-30). Studies have consistently found lower levels of energy efficiency 

features in rental properties than in owner-occupied properties (Charlier, 2015; Davis, 2010; de T’Serclaes & 

Jollands, 2007; Gillingham, Harding, & Rapson, 2012; Melvin, 2018; O’Doherty, Lyons, & Tol, 2008).

Poor housing is associated with adverse mental and physical health outcomes (Baker et al., 2016; Willand, 

Ridley, & Maller, 2015). Poor housing and renting are both associated with adverse health and well-being 

outcomes for children (Dockery, 2011; Evans, Saltzman, & Cooperman, 2001). Older people are at risk in 

thermally inefficient housing because they are particularly vulnerable to the health and mortality impacts from 

heatwaves (Cheng et al., 2018) and cold (Mercer, 2003). 

Renters make up a large proportion of those Australians who are unable to pay energy bills on time (37 per 

cent) or unable to heat their homes (42 per cent) (Azpitarte, Johnson, & Sullivan, 2015, p. vii). When persistent 

energy hardship is considered, renters are even more prevalent. Sixty per cent of households with persistent

 energy bill payment difficulty and sixty seven per cent of households that are persistently unable to heat their 

4 The exception was Germany, where the PRS is the largest provider of housing. 
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homes are rental households (Battling On Persistent Energy Hardship, 2018, p. 20).

Many landlords are dissuaded from making energy efficiency improvements by upfront costs, competing 

priorities, and lack of knowledge about energy efficiency problems and solutions. Those landlords who do 

wish to make improvements face more complex processes than owner-occupiers in similar properties (Gabriel, 

Watson, Ong, Wood, & Wulff, 2010; Hope & Booth, 2014; Horne, Dalton, & Maloney, 2016). Most energy 

efficiency improvements are made in order to attract and retain tenants. For some landlords, service and 

social motives are the primary motivator for owning and managing their property (Allen & McDowell, 1989; 

Andersen, 2008)

In recognition of the range of issues faced in the PRS, various jurisdictions internationally have introduced 

energy efficiency policies targeted to rental properties, including financial incentives, information programs, 

minimum standards for properties and appliances, and concierge-style programs.

Proposed framework/concepts

The proposed framework combines three concepts: niche innovations, inclusive innovation, and reasonably 

achievable emissions reduction (RAER).

Niches are a key feature of the sustainability transitions literature. Niches are insulated spaces where new ways 

of doing things and experimental technologies can develop. Niches are often protected from normal market 

competition. Given the right conditions niche innovations can rise up and transform established regimes (Geels, 

2002). Solar PV is an example of a niche innovation that is challenging the status quo.

Inclusive innovation recognises that, while technological innovations can reduce inequity, they can also 

increase it, particularly if innovations are designed for, and adopted by, the rich. An inclusion lens focuses on 

technological development that is accessible to people with illness, disability or socio-economic disadvantage 

(Siddiqi & Collins, 2017). 

RAER is a consideration of the total technical potential for emissions reduction from the changes that could 

be made at a household level and the behavioural plasticity, or likelihood that each change will be made. The 

RAER approach highlights the importance of one-off investments (such as thermal efficiency improvements) 

rather than the everyday usage behaviours (Dietz, Gardner, Gilligan, Stern, & Vandenberghe, 2009). 

Discussion and implications

One way to accelerate energy transition is to provide protection for niches as they develop. However, the 

focus on niches has been predominantly technology focused. To ensure equitable participation in the energy 

transition requires us to expand the focus from new technologies to encourage the uptake of well-established 

technologies in groups that are at risk of exclusion. For example, increasing access to thermal efficiency 

property improvements and high-efficiency appliances in the PRS.  More research is required to understand 

landlord investment decisions and how policy can accelerate the uptake of energy efficiency retrofits.  
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The Valuation and Security of Smart City Data

Saskia Neale1

1Queensland University of Technology, Brisbane, Queensland, Australia

This research paper analyses and compares the various methodologies used to conduct data valuation and the 

impact that this will have on smart city infrastructure.

Data creation and data collection are two different tasks which lead to the creation of intangible property. Data 

valuations are conducted primarily for the purpose of commercial contract negotiations. 

Intangible property is protected by a framework. The current framework protecting intangible property is 

analysed in relation to data collected by smart city infrastructure. 

In particular, the framework is analysed in terms of its effectiveness and equitable outcomes when applied to 

smart city infrastructure.
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Shifting Power: Improving Choice and Control Through Energy Efficiency Standards 
for Rental Housing in Queensland

Luke Reade1

1Queensland Council of Social Service, Queensland, Australia

QCOSS presents the results of our targeted research and consultation project to identify, assess and prioritise 

several recommended measures that could be specified as a minimum standard to improve energy efficiency for 

rental properties. It concludes by outlining a transition plan that could support the implementation of the changes. 
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Addressing Energy Poverty and Affordability for a Just Transition to Net Zero 
Emissions in the ACT

Su Wild-River1

1ACT Government Environment, Planning and Sustainable Development Directorate (EPSDD), Canberra, ACT, Australia

Introduction and Background

The Australian Capital Territory (ACT) government has adopted a nation-leading target of achieving net zero 

greenhouse gas emissions by 2045. The territory is on track to achieve 100 per cent renewable electricity by 

2020, so from 2021 the policy focus for climate change mitigation is to reduce greenhouse gas emissions from 

natural gas and transport. The ACT is also working to increase adaptation and resilience to climate change so 

that the landscape and community can cope with extreme weather events and other more challenging climatic 

conditions (ACT Government 2017a). All of these initiatives must be delivered cost effectively and consistently 

with whole-of-government priorities of growing healthcare, jobs, schools, services, transport infrastructure and 

support for families (ACT Government 2018a). 

The ACT has relatively high average incomes, but also a high cost of living (ACTCOSS 2018).  The energy 

efficiency upgrades required to achieve climate change targets are a significant challenge for low-income 

households which already spend almost 10% of gross household weekly income on total household energy 

costs. Increasing energy prices add further to the multiple impacts of energy poverty (ACT Government 

2018b). The ACT Government and many community sector organisations prioritise a just transition to net zero 

emissions and target multiple benefits of energy efficiency including improved health, well-being and resilience.  

Space heating and cooling account for the greatest proportion of energy use in Canberra households. Hot 

summers, cold winters, inefficient appliances and poorly insulated homes are key challenges placing indoor 

comfort out of reach for many ACT residents experiencing energy poverty. Over 13,000, or 8% of the ACT’s 

163,000 private dwellings are uninsulated, while a further 63,000 or 41% are under-insulated and at least 

17% lack under-floor insulation (ABS 2016; ACT Government 2019). Thermal envelopes are significantly 

worse in the 28 per cent of homes that are rented. One in twenty ACT properties advertised for sale have 

energy efficiency ratings (EERs) of zero, but one in four rental properties have a zero rating (Fuerst, et al. 2018; 

Dignam 2018). 

Mitigating the ACT’s transport emissions means moving people from car dependence to sustainable transport 

options like walking, cycling, car share, ride share, public transport and electric vehicles. Strong health benefits 

would result from increased active transport and reduced emissions that are envisaged in the ACT’s integrated 

transport strategy (ACT Government 2018c). 

Strategies, Interventions and Outcomes

The ACT has minimised the cost to ACT households of its 100 per cent renewable electricity using a reverse 

auction process but there are still some costs involved. By 2020, the renewable electricity is projected to add 

about $4.90 per week to an average household electricity bill. Renewable electricity contracts also deliver 

additional benefits to the ACT, including a renewable energy innovation fund which is supporting the rollout of 

up to 5,000 battery installations, most of which are coupled with new rooftop solar installations. In turn, these 

installations future proof the energy system against energy bill increases by removing pressure to add costly 

electricity infrastructure to deal with peak loads (Buckman et al. 2018).  
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The ACT Government is reducing energy bills in Canberra’s low-income households through several programs. 

The Energy Efficiency Improvement Scheme (EEIS) is one of two Australian Energy Efficiency Obligation 

(EEO) Schemes to require a specified proportion of energy savings in low-income priority households5 . EEO 

schemes work by requiring energy retailers to cost effectively deliver large-scale roll-outs of energy efficient 

equipment. From 2013 to 2017, EEIS delivered energy efficiency upgrades to over 70,000 households, or 45% 

of all ACT households. Over 20%, or $47m, of savings were delivered in priority households, mostly in the 

form of draught-proofing activities, which directly improve thermal comfort in homes, lighting upgrades and 

the removal of old, inefficient refrigerators (Point Advisory 2018). EEIS is currently delivering high-efficiency 

reverse-cycle air conditioners and heat-pump water heaters in households and a new joint program with 

the EEIS and the ACT’s public housing provider means that over 2,200 of these systems will be delivered 

in Canberra’s most vulnerable households from 2018 to 2020. Average annual savings of about $575 per 

household are expected. For the first time, this initiative is providing space cooling in ACT public houses, 

improving their resilience to heat waves as well as Canberra’s cold winters. 

The ACT’s Actsmart programs also has a focus on low-income households and targets energy-saving activities 

and households that cannot be assisted through the EEIS. To date, more than 10,000 of Canberra’s most 

vulnerable households achieved energy savings through Actsmart programs, receiving free energy assessments, 

curtains, energy efficiency appliances, heated throw rugs, and access to no interest loans for energy efficient 

appliances. The Solar for Low Income program was launched in December 2017, providing subsidies and 

access to interest-free loans for eligible households to install rooftop solar PV. To date over 400 systems have 

been installed, with average annual benefits of $800 for each household.

The ACT’s Transition to Zero Emissions Vehicles Action Plan recognises that about 60% of the ACT’s 

emissions will be from transport once electricity is 100% renewable. Electric cars will remain at higher 

purchase prices than petrol cars for several years yet, and incentives like lower registration and stamp duty 

costs for electric vehicles will not be sufficient for low-income households to make the shift (ACT Government 

2018d). There is some potential for electric bicycles to support a just transition to zero emissions transport. 

These are increasing in popularity and also reducing in price, possibly within range for some low-income 

households. Electric bikes deliver health benefits from incidental exercise in addition to minimal running costs, 

no parking fees or traffic jams and an extended range compared with a normal bicycle (ACT Government 

2018d). The ACT Government is now offering salary sacrifice for electric bikes, and promoting this to 

encourage sustainable transport (Rattenbury 2018). 

Research has shown that exposure to green spaces can be psychologically and physiologically restorative, 

promoting mental and physical health, reducing sedentary leisure time, and increasing participation in, and 

benefits from, physical activity. Experimental research has shown positive effects on memory and attention 

and views of natural settings can reduce crime and aggression and improve recovery from surgery (ACT 

Government 2018e, p. 21; Schirmer and Yabsley 2018). Canberra’s Living Infrastructure Plan aims to enhance 

the plants, soils and water systems that help Canberra to be a beautiful and enjoyable place to live. This can 

benefit low-income households by reducing heat and solar radiation and the impacts of extreme weather events 

as well as delivering other benefits associated with green spaces. (ACT Government 2018e, p. 21). 

Evaluation

Evaluations of the ACT Government’s energy efficiency programs for climate change mitigation indicate 

significant results and clear community support: 

5 The other is the South Australian Retailer Energy Efficiency Scheme. https://www.escosa.sa.gov.au/industry/rees/overview

https://www.escosa.sa.gov.au/industry/rees/overview


154

5 ENERGY JUSTICE AND AFFORDABILITYABSTRACTS

•  The ACT’s renewable electivity initiative is strongly supported by 93 per cent of residents (Buckman et al. 
2018).  

•  The EEIS has delivered a 4:1 benefit to cost ratio, calculated as total lifetime savings of $240m over total 
costs of $70m (Point Advisory 2018, p. 26). The government has agreed to extend the program to 2030, 
strengthening the focus on priority households (ACT Government 2018e).

•  A recent evaluation of some Actsmart programs has shown that participating organisations are well positioned 
to deliver positive sustainability outcomes.

•  Pilot program results from the public housing upgrade program suggest very positive results, with participants 
reporting lower bills and greater comfort.  

In reviewing the EEIS, and preparing for a 10-year extension, the ACT Government proposes to expand 

the scope of priority households so that both of the lowest two income quintiles may qualify for additional 

support through the Priority Household Target. This raises the challenge of how to rigorously identify a 

larger group of low-income households. The EEIS originally defined priority households as those in which at 

least one householder held an eligible Commonwealth Government concession card. In 2018, this definition 

was expanded to take in some additional concession cards, and also include public, disability and aged care 

housing facilities, while allowing specified community organisations to nominate relevant clients for the priority 

household group (ACT Government 2018b). The ACT Government is now seeking ideas for how to rigorously 

identify households in the second lowest income quintile while still ensuring that the most needy households 

are supported to achieve energy efficiency benefits (ACT Government 2018e, pp. 7-9). It costs approximately 

50% more to deliver energy efficient upgrades to priority households, so program costs in the form of weekly 

energy bills will increase slightly as a result of this expansion. This makes it more important to maintain 

alternative support services for any low-income household that misses out on EEIS savings, as part of an 

integrated package to address energy affordability. 

The imperative for governments to deliver a full suite of public services such as healthcare, schools, transport 

infrastructure and other services means that all of these energy efficiency initiatives are evaluated against other 

budget priorities (ACT Government 2018a). The case for energy efficiency investment could be strengthened 

by robust reporting of energy efficiency co-benefits such as physical and mental health, educational potential, 

social inclusion, quality of life and financial productivity (Acil Allen 2017). Quantification of these energy 

efficiency co-benefits is difficult, but some recent studies are making inroads. For instance, one recent 

international study suggests that around 6.5% of deaths in Australia can be attributed to uncomfortably hot or 

cold temperatures, which would mostly occur in low-income households (Gasparrini et al. 2015). The Victorian 

Health Homes Program is working to quantify energy efficiency co-benefits by delivering free home energy 

upgrades to up to 1,000 vulnerable Victorian households while applying rigorous program design to support 

quantification of a wide range of health and social outcomes from energy efficiency (Sustainability Victoria 

2019). Further rigorous research such as this will assist governments to continue allocating scarce resources to 

energy efficiency programs. 

Implications

The ACT Government’s national leading target of net zero emissions by 2045 is underpinned by a range 

of policies and programs which are already delivering strong emission reductions while supporting a high 

proportion of low-income households to transition to renewable and efficient energy use. Additional health, 

quality of life, productivity and other benefits are expected, and quantification of these co-benefits is a key 

research priority.  
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