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Temperature Celsius W/m2  
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Abbreviations 

ABCB – Australian Building Codes Board 

ABGR – Australian Building Greenhouse Rating 

ABS – Australian Bureau of Statistics 

ABSA – Association of Building Sustainability Assessors 

ACTHers – Australian Capital Territory Home Energy Rating Scheme 

ANAC – Australian National Average Conditions 

AS – Australian Standard 

ASHRAE - American Society of Heating, Refrigeration and Air-Conditioning 

ATA – Alternative Technology Association 

AUBRCC – Australian Building Regulations Council 

AUD – Australian dollar 

AWA – Australian Windows Association 

BASIX – Building Sustainability Index 

BDAV – Buildings Designers of Victoria 

BCA – Building Code of Australia, a section of the National Construction Code 

BEIIC - Building Environment Industry Innovation Council (BEIIC) 

BESTEST - a protocol for evaluating building energy simulation software 

CBA – Cost Benefit Analysis 

CFL – compact fluorescent lamp 

CHEENATH - Cooling and Heating Energy Tool for Architects 

COP - coefficient of performance 

CPI - consumer price index 

CPRS – Carbon Pollution Reduction Scheme 

CRC  - Collaborative Research Centre 
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CSIRO – Commonwealth Scientific and Industrial Research Organisation 

DTS – Deemed to Satisfy 

EPC – Energy Performance Certificate 

ESCOSA – Energy Supply Council of South Australia 

EU – European Union 

GDP - gross domestic product 

GHG – greenhouse gas emissions 

HIA – Housing Industry Association 

HER – House Energy Rating 

ICANZ - Insulation  Council of Australia and New Zealand  

IEA - International Energy Agency 

ISO – International Standards Organisation 

LCA – Life Cycle Assessment 

LED – light emitting diode 

LMC – Land Management Corporation 

MBA – Master Builders Association 

Nabers – National Building Energy Rating Scheme 

NatHERs – Nationwide House Energy Rating Scheme 

NCC – National Construction Code 

NFRC – National Fenestration Rating Council 

NSEE – National Strategy on Energy Efficiency 

NZEH – net zero energy home 

NZ – New Zealand 

OBPR - Australian Government Office of Best Practice Regulation 

OECD – Organisation for Economic Development 
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PLC - programmable logic controller 

PV – photovoltaic (solar electricity generation system) 

QLD - Queensland 

RBMD – Residential Building Mandatory Disclosure 

REC – Renewable Energy Certificate 

REES – Residential Energy Efficiency Scheme 

RIS – regulation impact statement 

SA – South Australia 

SAP – Standard Assessment Procedure 

STC - Small-scale Technology Certificate, a class of Renewable Energy Certificate 

TBL – Triple Bottom Line 

TRNSYS – an energy simulation software program 

UK – United Kingdom 

UNFCCC - United Nations Framework Convention on Climate Change 

US or USA – United States of America 

WERS – Window Energy Rating Scheme 

ZEH – Zero Energy House 

ZLEG – Zero and Low Emissions systems 
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Definitions 

Climate change - a change of climate which is attributed directly or indirectly to 

human activity that alters the composition of the global atmosphere and which is in 

addition to natural climate variability observed over comparable time periods (United 

Nations 1992). 

Cost Benefit Analysis - A cost-benefit analysis is a process by which business decisions 

are analyzed. The benefits of a given situation or business-related action are summed, 

and then the costs associated with taking that action are subtracted. 

Embodied energy - the energy used during the entire life cycle of a product including 

the energy used for manufacturing, transporting, and disposing of the product (US 

Department of Energy 2009). 

Human thermal comfort - the condition of the mind that expresses satisfaction with the 

thermal environment (ASHRAE 2010). 

Life cycle assessment - the process of evaluating the potential effects that a product, 

process or service has on the environment over the entire period of its life cycle (Opray, 

Horne & Grant 2005). 

Net present value – the net sum when the discounted present value of all costs are 

deducted from the discounted present value of benefits of a specific policy or project. 

Zero energy home (ZEH) - An energy efficient building that generates sufficient energy 

on-site over the course of a year to supply all expected on-site energy services for the 

building users (Berry, Davidson & Saman 2014). 

Passive solar design – the arrangement of building elements orientated to passively 

collect, store, emit and distribute solar energy and facilitate air movement to maintain 

thermally comfortable indoor conditions and provide natural daylighting. 

Passivhaus – a low energy use house that meets the specific Passivhaus standard, 

including requirements for thermal comfort, primary energy use, heating/cooling 

energy use, and air-tightness (see http://www.passiv.de/en/index.php). 
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Regulation Impact Statement – a statement examining the likely economic and other 

impacts of a proposed regulation and a range of alternative options which could 

meet the government’s policy objectives. 
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Abstract 

This thesis examines adoption of the current 6 star standard in Australia and principally 

South Australia one of the first states to adopt the new standard and from which most 

data sets were drawn. It is relatively recently that minimum energy performance 

standards were introduced for Australian housing, first in 2003 and then with stringency 

increases in 2006 (5 star) and then in 2010/11(6 star) the current standard mandated 

for action under a Council of Australian Governments Agreement (COAG) signed 

earlier in 2009. 

From the literature review it was found that whilst the science of energy and building 

shell physics is a mature field and the human behaviours around energy use for thermal 

comfort are well researched a gap has existed in relation to understanding the 

effectiveness of the current regulations. Using real world energy monitoring data for 

houses across a wide spread of star band ratings and undertaking thermal simulations 

consistent with the rating scheme the effectiveness of the NatHERs regulatory 

approach to the reduction of energy use was demonstrated.  

The cost impacts of moving to a 6 star standard are modelled and findings presented 

from a study of representative housing types. The findings show a modest capital cost 

increase of 1- 2% to reach the new standard measures from the previous less stringent 

5 star standard. A qualitative survey of home builders around the industry adoption of 

6 star was undertaken. Results shows some differences of adaptive measures and cost 

considerations but significantly a pattern of successful transition to the new standard 

in general. 

Older housing stock (pre 2003) suffers the legacy of lack of energy standards and these 

existing Australian homes are sold or rented with little or no measure of energy 

performance disclosure. This thesis has a goal of examining various models for 

residential energy performance disclosure finding that energy labelling or certification 

based on the modelled thermal performance of the building stock is potentially a far 

superior way of gauging energy efficiency, being more useful than using billed 

consumption data due to the wide variation in occupancy behaviours. The studies in 

this thesis propose that human behaviour becomes a more significant factor in milder 

climates such as in South Australia, whereas the building envelope is more important 

in harsher climates. A separate study and analysis has been undertaken and 
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presented on the cost of retrofitting older South Australian homes which show a 

pathway to improve homes to the current 6 star standard and even greater efficiency 

with a logical application of building shell improvements and building sealing.  

Given the next opportunity to implement significant housing energy regulation 

change will not occur until 2019 under the 3 year cycle of building code review and 

mandated existing housing disclosure is uncertain the housing disclosure energy  

studies, 6 star implementation and industry and energy framework analysis presented 

in this thesis informs the national debate on future building energy standards and 

enhances knowledge of the role that residential buildings may play in addressing 

climate change and energy demand challenges. 
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1 Introduction 

 

1.1 Background 

Buildings represent a major contributor to global greenhouse gas emissions.  Over the 

decades, significant technical leaps have been made towards identifying the 

requirements needed to achieve low energy buildings. The background to this 

research is the realization that energy use by households for space heating and 

cooling energy is a major concern and can be readily avoided by better building 

standards, through effective and efficient regulation. This research concerns itself with 

the characteristics of the nexus between regulation and building energy efficiency. 

Although a globally applicable solution, the context of this research is Australian where 

the regulation of energy efficiency of buildings is covered by a range of 

Commonwealth, State and Territory agencies. In April of 2009 specific measures to 

increase energy efficiency of buildings were set out in a Council of Australian 

Governments (COAG 2009) communiqué as proposing: 

• an increase in the stringency of energy efficiency for all classes of 

commercial buildings; 

• mandatory disclosure of energy efficiency for all classes of commercial 

buildings; 

• the phase-in of mandatory disclosure of residential building energy, 

greenhouse and water performance at the time of sale or lease, 

commencing with energy efficiency by 2011; and 

• an increase in energy efficiency requirements for new residential 

buildings to six stars, or equivalent, nationally in the 2010 update of the 

Building Code of Australia with full implementation by all states by 2011. 

The research presented in this thesis aims at examining both the implementation of the 

latter of the proposals which are in the residential sphere, specifically the introduction 

of 6 star for new housing and the as yet implementation (as at 2016) of the proposal 

for mandatory disclosure of residential building energy for existing dwellings.  
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The focus of the research is therefore on the Australian domestic residential industry 

and in the main on the volume market in homes built to the predominant design forms 

found in temperate climate regions of Australia, those particularly South Australia 

where the study was conducted and where data and case studies are found. It is 

focused on identifying additional capital costs associated with improving existing 

house designs to meet the new 6 star standard as per the latter of the four main 

proposals listed above. The research on older homes and cost of retrofitting looks at a 

sample from different eras reflecting typical construction practices and standards of 

the time.  

The study on mandatory disclosure of existing homes touches on various schemes 

internationally to provide a broader base of understanding of housing energy 

performance disclosure. It focuses on the proposed development of a national 

scheme for Australia and analysis of stakeholder comment on the regulation impact 

statement.  

The study into the use of billing monitored energy use for housing in South Australia is 

measured against rating of the building shells thermal performance under NatHERs. 

This provides a useful indicator pointing to the superiority of building envelope 

performance appraisal rather than behavior based consumption data for energy 

labelling of housing stock.  Although the study is Australian focused, the experiences 

and knowledge from around the world are examined and the outcomes identified 

from this study are transferrable to other jurisdictions. 

 

1.1.1. The evolution of building regulation for Energy Efficiency 

The research is set in the background of evolving approaches to building energy 

assessment and particularly the tools and metrics that underpin Australia’s nationwide 

house energy rating scheme (NatHERs). It is recognized that particularly in a wider and 

international context different tools have been developed for different users and uses 

(concept design, full design, as –built and post occupancy as well as energy labelling 

schemes generally). In some jurisdictions around the world a comprehensive life cycle 
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assessment approach is taken whereas in Australia, NatHERs is used for building 

regulation and focused on the heating and cooling requirement of a building.  

This incorporation of NatHERs into the national construction code (NCC) of Australia is 

just over a decade old and the 6 star requirements represent a step change in the 

regulation of house construction to achieve more stringent energy efficiency 

performance levels. Whilst the NCC operates as a defining operational document of 

nationwide building regulatory provisions, standards and performance levels some 

jurisdictional approaches differentiate states and territories.  

For residential energy disclosure of homes built prior to the NCC energy efficiency 

performance requirements the jurisdictional approaches differ substantially and as yet 

in Australia no nationally consistent or mandated scheme has been implemented. A 

variant of NatHERs rating for the sale and lease of housing in the relatively small 

Australian Capital Territory (ACT) has been operating since 1991.  

 

1.1.2 Nationwide House Energy Ratings  

The home energy rating scheme in Australia is the Nationwide Home Energy rating 

scheme (NatHERs). Similar to House Energy Rating Schemes (HERs) in other countries  

such as the UK, USA, Canada and European countries such as Denmark, it is a method 

of rating the energy performance or energy-efficiency of a house by calculating 

(usually incorporating a computer building simulation) the annual energy load and/or 

energy consumption of a dwelling. Inherent in all the methodologies is the assumption 

of ‘typical’ occupant-related factors such as number of people, number and use of 

appliances, and thermostat settings. The climate used in the calculations is also 

standardised for a given location.  

A validation of the building thermal model as used in the NatHERs software was 

conducted by Delsante (2004) as part of the adoption of NatHERs by the Australian 

government. Whilst modelling using the NatHERs software provides a prediction of 

energy demand, its primary purpose is as a comparative tool and starbands are set 

for each climate zone and take into account extremes in local weather patterns. 
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Further research by Wang et al. (2010) indicates a satisfactory outcome of testing of 

the software against international benchmarks which evaluate the ability of design 

and analysis tools to adequately model the envelope dynamics of buildings. 

The examination of the effectiveness of the NatHERs scheme in terms of actual 

measured data and industry experience warrants investigation. 

 

1.1.3 Energy Challenges, Building Optimization and New Technology 

 

Days prior to the submission of this thesis, Australia’s energy ministers met in Melbourne 

for the eighth COAG energy council meeting. It was said that ministers welcomed the 

release of the National Energy Productivity Plan (NEPP) Annual Report 2016. That 

actions taken under the NEPP will improve energy productivity by 40 % to 2030 through 

energy market reforms and energy efficiency measures that make businesses more 

competitive, households better placed to manage their energy costs and result in 

emissions reductions. 

Dr. Finkel, Australia’s chief scientist  updated Ministers on actions taken since the 

blackout events in South Australia on 28 September 2016 to strengthen the security of 

the NEM, Dr. Finkel also noted the declining cost of new renewable energy technology 

and significant innovation occurring in the area of energy storage, including battery 

technologies. The AEMC (2016) report shows that residential electricity prices are 

expected to rise over the next two years to 2018/19, driven by significant increases in 

wholesale costs following the retirement of a large coal-fired power station.  

The changing generation mix as more wind and solar generators enter the market 

and coal-fired generators retire, changes electricity flows across regions and leads to 

variation in residential prices combined with the withdrawal of a coal-fired generator, 

a constrained interconnector, higher gas prices, and cold weather conditions, these  

were all drivers of a period of volatile and high prices. 
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1.2 Aims and Objectives of the Study 

Aim 

The aim of this research program is to investigate the introduction of more stringent 

energy performance regulations principally for new housing that is, the introduction of 

the current 6 star energy performance standard in Australia focusing on South Australia 

and also examine various forms of mandatory disclosure of energy performance for 

existing housing, from a technical and regulatory perspective, and the cost factors in 

upgrading the energy performance of existing homes.  

Principal to this aim is also an understanding of housing energy regulations and policy 

more generally in Australia, their form and feasibility in local Australian climates, and 

the costs and benefits associated with increasing performance expectations as the 

building energy regulatory standards evolve. 

 

Objectives 

The key objectives to meet this aim are: 

• To explore the effect of introducing more stringent energy regulations in 

residential buildings in South Australia and house building industry adoption in SA of 

the 6 star standard introduced in 2010 which is currently the minimum regulated 

standard. 

• To analyse the consumer cost impacts associated with building new homes to 

higher regulatory standards of energy performance, focussing principally on the 

capital costs to achieve 6 star compliance. 

• To investigate the design features and technologies typically available to 

create more energy efficient homes in Australian temperate climate focusing on 

volume housing. 
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• To explore the issues of compliance pathways and industry practice in meeting 

regulatory provisions for housing energy efficiency and examine the reliability of the 

national framework(s) for housing energy efficiency. 

• To examine the introduction of a Residential mandatory Disclosure Scheme for 

older homes drawing on existing proposals for a National scheme and the initiative of 

individual states in Australia. 

• To analyse the relationships between household energy use, building design, 

building fitout and occupants, utilising data available from samples of SA housing 

clusters with both energy ratings and monitored consumption data. 

Many of these themes around housing energy are multi- dimensional and in exploring 

and examining one question or seeking to tackle a research objective the inter 

relationships intertwine and overlap and need to be cross referenced. The objectives 

have been addressed as a set of research tasks of which an outline description follows. 

 

1.3 Research Questions  

Recognising the aim of policy makers and regulators involved in the creation of 

building energy performance standards for new and existing homes the following 

overarching question frames the research challenge: 

What has been the effect of introduction of more stringent regulatory performance 

standards in moving to the 6 star standard, what are the costs to achieve this improved 

energy performance for both new and existing houses and what are the pathways to 

better house energy performance disclosure for Australian housing? 

From this key question and in undertaking the initial task of a comprehensive literature 

review, a number of research challenges are identified. This frames a set of questions 

to be answered in this research study. 

1. How is the regulatory framework for housing energy efficiency structured and 

what are views, perceptions and stakeholder comment on the regulatory changes 

around housing energy efficiency? 
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2. What is the extent of current energy provisions in the national construction code 

and how do energy assessments fit within the code across different jurisdictions in 

Australia? 

3. What are industry stakeholder views on the NatHERs scheme and how does 

modelled energy consumption under the NatHERs scheme compare to actual energy 

use? 

4. What comparisons can be drawn for different housing energy labelling and 

energy disclosure schemes and what is the effectiveness of incorporating user 

consumption data versus evaluation of the building shell and occupant behavior 

more generally? 

5. What are the views of builders on 6 star introduction and levels of awareness 

amongst housing clients?  

6.  What are the capital cost implications of building homes to the newer 6 star 

standard? 

7.  What are the costs associated with key design elements and materials that 

contribute to greater building shell thermal performance in the upgrading of existing 

older houses? 

 

 

1.4 Methodology  

This chapter presents the approach and methods used to undertake the research 

tasks presented later in this section which flow from the objectives and research 

questions outlined in the previous section. This section presents a structure of chapters 

to follow and discusses some limitations whilst highlighting the outcomes of the 

research. The research applies a mixed methods approach (refer figure 1.1) Mixed 

methods investigation draws on both quantitative and qualitative research methods 

to answer one or more related research questions. (Hesse-Biber, 2010;  Brannen, 1995).  

As the objectives have been broken into specific tasks outlined in the introduction the 

methods around each task are further explained applying mixed methods. 
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In developing questionnaires, interview questions and in analysing data, the research 

involved consultation with peers, seeking feedback to the types of questions being 

posed and the language to use. Being multidisciplinary research, input has been 

sought from researchers within the sustainable energy engineering, architecture, 

planning and construction disciplines. The case study approach to specific housing 

clusters of Lochiel Park, Mawson Lakes, Playford North and Mt. Gambier is derived from 

multiple sources and involved meticulous data verification. Case studies are designed 

to bring out the detail from the viewpoint of the participants by using multiple sources 

of data, facilitating triangulation whereby multiple data sources are used to increase 

confidence in the research findings (Tellis1997).  Primarily quantitative data sets were 

extracted from the housing cluster case studies to provide real world energy data. 

Specific sample sizes and selection methodologies are described in the description of 

the associated chapter’s overview in section 1.8 where each data collection process 

is covered in more detail. The qualitative methods relied on applying the essentials of 

good research practice as described by O’Leary, Z (2005). 

• Conducting a survey capable of generating credible data requires thorough 

planning, meticulous instrument construction, comprehensive piloting, reflexive 

redevelopment, deliberate execution, and appropriate analysis. 

• Interviewing involves asking respondents basically open-ended questions. 

Interviews can range from structured to unstructured, formal to informal, and 

can be one-on-one, or involve groups. 

• Conducting an interview that can generate relevant and credible data 

requires thorough planning, considered preparation of an interview schedule 

and recording system, sufficient piloting, reflexive modification, the actual 

interview, and appropriate analysis. 

• The process of document analysis includes thorough planning, broad resource 

gathering, comprehensive review, deliberate interrogation, considered 

reflection and refinement, and appropriate analysis. 
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1.4.1 Research Tasks and Methodology 

 

Task 1: Investigate sustainable housing, passive design and energy efficient housing in 

an Australian building industry context. 

This is addressed as both an analysis of the literature, reports and research that 

underpin the field of study. The method involves first determining what research has 

been undertaken in the area of housing energy efficiency and what the ‘known’ facts 

and proven principles are. This is turn assists in identifying what are the key research 

questions addressing gaps in the knowledge and what is a focus for the main research 

tasks that follow below. 

Task 2: Examine housing energy efficiency policy initiatives and the national 

framework for energy efficiency in buildings and stakeholder views on energy efficient 

housing policy initiatives and direction.  

A comparative content-analytic approach was employed in this study. Qualitative 

data, such as stakeholder opinions, policy options and information on rating schemes 

and tools is analysed. The core analysis covers examination of 89 responses that are 

public submissions across a breadth of housing industry stakeholders published by the 

Senior Officials group on Energy Efficiency in 2010. This task addresses the first research 

question in sect 1.3. Research literature including existing empirical studies, stakeholder 

submissions, policy options and studies on housing energy efficiency provided a 

means for content and textual analysis relevant to the question of what is the likely 

form and effect of a future implementation of residential energy efficiency regulations 

in Australia. 

 

Task 3: Examine current residential energy efficiency building code regulations and 

compliance pathways and examine the NatHERs pathway in post occupancy 

evaluation. 

A set of in-depth Interviews were conducted with key stakeholders at the time of 
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introduction of 6 star in 2010 and building code regulation change, later during the 

course of the project and up to 2015 a number of practitioners and researchers were 

contacted by phone and email with some discussions based on meetings at 

workshops and conferences including where work from the thesis was presented ( refer 

contents pages v-vi for list of publications)  In most cases discussions and questions 

were tailored to their area of expertise and interest in the housing energy efficiency 

field. Mc Namara (1999) stated that ‘Interviews are particularly useful for getting the 

story behind a participant’s experiences. The interviewer can pursue in-depth 

information around the topic’. The responses from the interview were used to construct 

a thematic overview of the energy regulations and industry concerns and issues.  

A Study on NatHERs rating compared to actual monitored data was undertaken by 

obtaining data and undertaking ratings and measurements of house design. The 

fieldwork involved capturing the monitored energy data using sophisticated data 

loggers and electronic recording equipment and is explained in further detail in sect. 

5.3 which presents the work in context. This task addresses both the second and the 

third research questions in sect. 1.3. 

 

Task 4: Examine house ratings and models of housing energy performance disclosure, 

comparing the NatHERs building shell approach to actual measured (billed) energy 

consumption for South Australian houses. This task addresses the fourth research 

question in sect. 1.3. 

A major part of completion of this task has been undertaken by content analysis of a 

Mandatory Disclosure Regulation Impact Statement (RIS) together with analysis of 

some key stakeholder’s points of view through public submissions around the current 

federal government proposals on Residential Building Mandatory Disclosure (RBMD). 

Use of the content analysis approach of existing data and reports is appropriate as 

the research question is forward looking and concerns the future for which no 

definitive data set exists. A systematic process in examination of technical and 

regulatory concerns and issues provides a means to identify the answer to the problem 

of what may lie ahead for the Australian property industry under a residential 

mandatory disclosure regime implemented nationally under current federal 
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government proposals.  

In undertaking the real investigation of energy disclosure of a set of South Australian 

houses, here the experiment was to analyse energy consumption for 2 separate 

clusters of houses, built between 2000 and 2013. The first data was obtained from 

monitoring energy consumption from almost identically constructed dwellings with low 

income tenants whereas the more recent study is of the Lochiel Park(LP) housing 

development in the suburbs of Adelaide of 38 houses over a number of years.  The 

specifics of the monitoring equipment and data collection techniques are discussed 

by Whaley et al. (2013) and Berry et al. (2014). The energy demand monitoring 

system(s) are described in sect 6.3. 

 

Task 5: Investigate home builders and industry adoption of the 6 star standard. 

Survey respondents were recruited by phone book directory listings and membership 

of relevant industry bodies, namely the HIA and MBA as well as ‘find a builder’ online 

search tool. In addition three home builders were interviewed to add some additional 

perspective. This task seeks to address the fifth research question in sect 1.3. 

Saunders, Thornhill and Lewis (2012) consider questionnaire surveys a proven and 

efficient way to collect data from a large respondent sample as a consistent group of 

questions are put to respondents. Three types of data can be delivered by 

questionnaires; opinions, attributes and behaviour. Opinions will provide respondent 

beliefs and attitudes about the topic. Attributes will provide demographic information 

about respondents. Finally, behavioural data provides details about the respondent’s 

knowledge and practice with the topic under review (Dillman 2000) 

Task 6: Investigate the capital cost implications of 6 star compliance. 

 In 2009 a number of home builders involved in a suburban housing development in 

Playford, SA were supported to assist them upgrade their house designs to the new 6 

star standard. From this work a sample of 12 house designs and specifications suitable 

for construction, were obtained from project home builders involved in the Playford 

development.  The modeling of building envelope improved thermal performance 
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was limited in scope to typical temperate climate modifications around the elements 

of wall and roof insulation and glazing as has been shown in a number of recent studies 

to be the key. In addition to the development of the 6 star designs, the cost impact of 

the technology options was systematically investigated for each house design.  This 

task addresses the sixth research question as set out in sect. 1.3. 

 

Task 7: Model the costs of improving the thermal performance of older homes. 

Addressing the final research question (sect 1.3), this study performed house energy 

assessments on six typical houses located within the Adelaide and Adelaide Hills 

climate zones. Details of the houses, simulation tool, assumptions made to create base 

case (as built) models and the cost of retrofitting are discussed in the chapter (8), 

together with progressive remodelling of the base case NatHERs star ratings. This study 

informed the application of NatHERs in any potential housing energy performance 

improvement scheme. 

 

1.4.2 Participants 

The participants for this research project have been accessed form a broad cross 

section of the housing industry, academia, regulators and practitioners. Where 

individuals represent an industry or professional body this is stated and acknowledged. 

For the House Builders Industry Survey participants were recruited by email using 

extensive lists from the master builders associations in the states of South Australia and 

Queensland , the Housing industry association (HIA)and by website search. 

The research by the candidate has also involved collaboration on a number of 

projects in the faculty and Barbara Hardy Institute of the University of South Australia. 

Participants were recruited from the Lochiel park housing development SA, Mawson 

lakes housing development and Playford development through the close association 

of the University with the principle land and housing development authority in South 

Australia, Renewal SA (formerly the Land Management Corporation).  
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The Mount Gambier homes that were part of the study are owned by Housing SA, the 

states principal public housing authority and through this body the participants were 

recruited. 

For structured interviews with industry professionals recruitment was by phone and 

email contact initially, followed by formal request including a participants consent 

(Consent form attached to appendix A). 

1.4.3 Case study data 

This research involves the development of both energy and economic models of 

residential buildings, with the economic model using energy performance information 

extracted from the building energy model.  Data from a case study residential estate 

of higher energy efficiency homes is used to build and validate the energy model. 

The Lochiel Park Green Village represents the current best practice for energy efficient 

homes in Australia, and is considered to be a world leading exemplar sustainable 

housing estate (Saman 2010).  The Lochiel Park Green Village has been chosen as the 

most appropriate case study due to: 

• the relatively large size of the sample set 

• the quality and detail of energy end-use data available 

• the high energy efficiency of minimum 7.5 star rated homes 

The Playford North set represents standardised volume housing in South  

Australia and was chosen for being the first major development subject to the new 6 

star regime 

Mawson Lakes, was also a first attempt innovative housing estate focused on 

sustainability. 

The Mount Gambier data set, as it represents an extreme group being low socio-

economic and low energy efficient homes 
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1.4.4 Data and Analysis Software  

The survey software was Survey Gizmo (basic licence). The thermal modelling software 

was Accurate and First Rate 5 (registered NatHERs software). Statistical analysis was 

undertaken using Microsoft Excel 2013 

 

1.4.5 Ethics  

The requirements of the University Ethics committee were met and all the research was 

conducted in an ethical manner to procedures and guidelines. The consent form used 

in face to face interviews in appended in appendix A. 

The data used in energy related to individual home occupants is de-identified by using 

lot no’s in lieu of physical addresses and participant in studies of Lochiel Park, Mawson 

Lakes and Mount Gambier consented to energy data use collection for research 

purposes. The existing homes used in the retrofitting plans were supplied by home 

owners with appropriate consent.  

 

1.5 Outcomes of the Study 

The most important outcomes from this research are: 

• The expansion of the stakeholder consultation analysis around the introduction 

of both the 6 star regulation and a proposed national scheme for mandatory 

disclosure of housing energy performance for existing Australian homes, framed in 

research questions 1& 2. 

• The utilisation of actual building energy use data and house energy rating data 

to demonstrate both the effectiveness of regulatory thermal models of housing and 

discrete correlations in heating and cooling energy use in Australian homes mainly in 

temperate climates and addressing research question 3. 
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• The identification of billing data use as a problematic and unreliable method 

of house energy disclosure and presentation of further evidenced based analysis of 

the user behavior effect in house energy performance for research question 4.  

• Through the study results in chapter 7 addressing the fifth research question, 

leading to a better understanding of the views of builders on 6 star introduction and 

gauging levels of awareness amongst housing clients on energy efficiency.  

• The quantification of the capital costs associated with introducing of the 

current six star standard for new homes, principally in the South Australian volume 

housing market, addressing research question 6. 

• In tackling the final thesis research question, discrete quantification of the costs 

and benefits associated with modifications to improve thermal performance of a 

representative set of older homes, principally in South Australia. 

 

1.6 Limits of Intended Research 

The research was initially borne of a keen desire to examine the practical 

implementation of energy efficient design principles in the Australian housing market. 

However geography, institutional boundaries, time and funding as any individual PhD 

study limits in areas. 

• Impact limitation limits – much is based mainly on South Australian 

housing data as this is the sample sets available to the researcher. 

• Statistical and data limitations – whilst the overall energy monitoring data 

from Lochiel Park is extensive and high quality, the limitations around detailed 

monitored homes in Lochiel Park, Mawson Lakes and Mount Gambier being 

relatively small housing sets when viewed in the context of the mass volume 

housing market and literally millions of existing homes of varied construction 

type in the country.  

• Study design limitations – dwelling units in Australia comprise multi-unit 

dwellings, apartments and the like however constraints have placed the focus 

on houses and single unit dwellings on blocks, as this is still the pre-dominant 
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housing style in Australia. In terms of a study on residential as high and medium 

densities grow this is beyond the scope of this research. 

• Future Prediction limitations- When considering the capital costs of either 

compliance with or exceeding benchmark performance of energy provisions, 

the question of associated future monetary benefits (dollar savings) influences 

investment decisions. This study has a primary focus on establishing real up front 

capital cost projections required to meet 6 star requirements whereas some 

studies on low carbon housing take a Cost Benefit Analysis (CBA) approach to 

the economic modelling. CBA is discussed in relation to the 6 star Regulation 

Impact Study and as a technique it has its own major limitations due to the 

variability of future predictions across a range of factors, principally discounting 

the future cost of capital. 

 

1.7 Thesis style and publications portfolio 

The style of this thesis is described as a Hybrid Thesis. The thesis document follows a 

traditional chapter by chapter format with conclusions, however work from preceding 

publications in refereed academic journals and peer reviewed referred international 

conferences forms part of the body of work presented and is inherently at the core of 

the thesis. 

There is no one single Data Analysis and/or Research results section and findings are 

distributed in the appropriate chapters as they relate to the analysis or study that is 

presented in the chapter.  

All these papers have been reviewed and published and are entirely by individual sole 

authorship or by the lead authorship of the candidate for PhD with the exception of 

the most recent paper published on retrofitting ( chapter 8) which was lead authored 

by Dr. David Whaley with substantial collaboration and contribution from the 

candidate. 
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1.8 Overview and Summary of Chapters 

This thesis is structured to place the research project in the context of contemporary 

climate change policy, particularly the potential role of higher energy efficient homes 

as a means of carbon emission abatement.  

Following the identification of a suitable conceptual framework to help understand 

the transition to higher energy efficiency homes, and the literature review which 

identifies specific knowledge gaps the thesis will address, the thesis broadly follows the 

research tasks, concluding with a consideration of the implications of the research 

outcomes. 

 

Chapter 1: Introduction, Background and Objectives 

The introductory chapter places the research within the context of addressing 

anthropogenic greenhouse gas emissions, and global moves toward energy efficient 

low carbon building energy standards.  The chapter also establishes the research 

questions and details the key research tasks required to address that research 

questions. 

 

Chapter 2: Literature Review 

The literature review examines the evidence of energy use in residential buildings, the 

key factors driving that energy use, the strategies used to reduce that energy use, and 

the approaches used to model residential energy use.  The chapter also explores the 

concept of low carbon homes and the boundary issues that define that standard. The 

chapter concludes with an investigation of the economic impacts relating to the 

energy use in residential buildings, with specific interest in the treatment of economic 

costs and benefits in building energy regulatory impact assessments. 
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Chapter 3: Energy Efficiency in Australian Housing Industry 

This chapter explores the framework for energy efficiency provisions in housing both in 

a historical context charting the development in Australia of progressively more 

stringent regulations and development of tools and energy efficiency (EE) metrics, the 

development of HERS assessments in Australia and the national goals for energy 

reduction from housing. It includes a published study by the author conducted in 2010-

2012 around a public consultation process on a National buildings EE framework with 

a focus on residential buildings.  

A means to answer the 1st of the research questions listed this, chapter examines the 

economics of housing energy efficiency through analysis of the most recent  

Regulatory Impact Statement concerned with housing energy ( the 6 star RIS) and 

looks at various cost modelling and cost benefit analysis around specific housing EE 

measures. Finally as the research has a specific South Australian focus the measures to 

improve energy efficiency in SA homes largely driven by government incentive rather 

than regulation is examined. 

 

Chapter 4: The provisions of the National Construction Code 

This chapter examines the performance based nature of the Australian National 

Construction Code (NCC) and specifically that which applies to housing, the Building 

Code of Australia (volume 2). The energy efficiency provisions are examined and 

various pathways including non NatHERs rating compliance pathways are examined. 

How the code deals with alterations and extensions to existing buildings and 

differences in approach across states as well as concessional features in the code 

relating to dwellings. Whilst the focus of this thesis is on single unit volume housing the 

code provisions for multi-unit dwellings are examined.  

In answering a 2nd research question using an Action research approach to the code 

provisions and issues identified in the literature review gap analysis a comparative 

exercise is undertaken for a case study house compliance report using alternative 

pathways as identified in the code. This demonstrates the key issue and concern of 
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the house energy experts interviewed in this study. It points to failings and 

disagreement around pathways to demonstrate compliance with energy codes.  

Chapter 5: Nationwide Home Energy Rating Scheme (NatHERs) 

Whereas the evolution of the NatHERs scheme is discussed in chapter 3 and chapter 

4 examines thermal simulation as a compliance pathway, this chapter more 

comprehensively examines and critiques the Australian National HERs scheme. It 

includes a qualitative study based on interview with NatHERs stakeholders from 

government regulatory bodies tasked with developing and implementing the 

scheme.  

The chapter also further investigates the current software and technical issues with 

undertaking software simulation based ratings. Following the literature review and 

stakeholder feedback the common themes of verification and validation and assessor 

training and skills are investigated with reference to larger studies by National bodies 

such as the Association of Building Sustainability Assessors (ABSA) and government 

commissioned reports on the operation of NatHERs and important technical notes 

around complexity in interpreting the correct modelling techniques.  

Finally the chapter presents the results of a comparative study of NatHERs predicted 

energy versus actual monitored energy consumption across two separate sets of 

houses in South Australia providing some qualified answers to the question of the 

reliability of Anthers predictions.  

 

Chapter 6: Energy Labelling and mandatory disclosure 

This chapter in answering the 4th specific research question examines house energy 

labelling as a means to disclose the energy performance of housing. The research 

question that is posed first requires examination of various schemes internationally to 

provide a broader base of understanding of housing energy performance disclosure 

it then focuses on the development of a national scheme for Australia. The chapter 

provides a discrete qualitative study into the current proposals for a national 

Residential Building Mandatory Disclosure Scheme in Australia using a comparative 
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content-analytic approach. The various metrics and format of schemes is examined 

as well as feedback from scheme evaluations and lessons learnt. More recent 

developments with State based initiatives around house labelling are examined as 

proposals that may be introduced by mandating or voluntary uptake. 

The chapter investigates the issue of using energy bill data in disclosure schemes and 

presents the results of a study into the use of billing monitored energy use for clusters 

of housing in South Australia measured against rating of the building shells thermal 

performance under NatHERs.   

 

Chapter 7:  The Introduction of 6 Star and Cost Implications 

This chapter focuses on the direct implementation of the 6 star standard, principally in 

South Australia and the adoption by house builders of the standard. The chapter 

presents the results of a survey of home builders (expanded to include Queensland in 

addition to SA builders) around the issues and feasibility of the higher standard of 

compliance. Barriers to implementation of greater energy efficiency are discussed as 

are observations from various stakeholders not necessarily builders themselves.  

The chapter examines the questions 5 & 6 ( refer sect. 1.3) of what are the cost impacts 

on housing provision from earlier studies modelling the cost of improving existing 5 star 

housing to 6 star housing (being published work refer p. (v) )at the introduction of 6 star 

in 2010)and the aforementioned survey published here with its findings.  

 

Chapter 8: Existing homes, cost and NatHERs performance 

Within the context of the introduction and acceptance of a minimum 6 star standard 

for new homes the chapter also examines the issue of existing homes performance 

using NatHERs tools. There are a range of modifications and improvements that can 

be retrofitted into older existing houses to improve their energy performance. Different 

costs are associated with different types of improvements to bring older homes 

typically rated from 1- 3 stars up to the code minimum of 6 stars and beyond.  
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Chapter 9: Conclusions and Recommendations 

The chapter summarises the research findings from each research task and it reflects 

on the implications of the research outcomes to building energy policy, and points to 

how this research will inform national and international debate on energy efficient 

housing, new and existing dwellings and building energy regulatory standards. 

The chapter concludes by recommending further research to address the ongoing 

and future potential of the NatHERs scheme.  
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2  Literature Review 

2.1 Introduction to review of literature 

This research explores housing energy efficiency set in a context of regulated 

performance standards, the development of tools for energy disclosure and a greater 

focus by many stakeholders in the housing market of what energy efficiency entails in 

monetary terms. Studying the energy performance of homes has been the subject of 

a substantial volume of scientific literature.  

 For example: the scientific communities from architecture and engineering have 

sought to establish relationships between energy use, building design and the type of 

technology used; behavioural scientists have explored the interactions between 

people and buildings, identifying characteristics that influence energy use and 

thermal comfort; policy researchers have identified and examined the effectiveness 

of policy instruments used to facilitate building energy use reductions; and 

construction economists have used various tools and models to breakdown additional 

capital costs and predict market behaviours that respond to the costs and benefits of 

constructing and operating low energy use buildings.  

The framework of examination of the literature will draw on historical perspectives, 

ideas and evidence from inter-related areas of academic thought and discourse 

central to the research themes outlined above and in the background introduction of 

chapter 1. With this in mind, this chapter is structured to investigate four areas of 

scholarly exploration and endeavour, examining the key literature covering:  

(a) sustainable and energy efficient volume housing  

(b) regulatory frameworks, policy, behaviours and energy reduction goals;  

(c) the scheme(s), tools, metrics and disclosure mechanisms for both 
regulation and evaluating of the energy impact of homes,  

(d) housing industry adaption to more stringent energy efficiency provisions 
and the cost impacts  

A review of relevant literature continued throughout the research program, updating 

the body of knowledge about motivators for household energy use and regulation 
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change to reduce carbon emissions. Barriers to the adoption of new performance 

standards have been identified through a review of reports on the uptake of new 

technology and improved house construction specifically designed to reduce carbon 

emissions, while non-technical barriers have been identified through a review of 

literature assessing the effectiveness of policy initiatives, housing regulation and 

assessment practices. The electronic search engines of the world wide web together 

with electronic mail systems and electronic newsletter services have been used to 

keep abreast of international and local activities in this highly dynamic field of 

research. 

2.2 Sustainable and Energy Efficient Volume Housing  

2.2.1 Australian Housing market segmentation 

A definition of what is a typical Australian house is problematic, rather it is the diversity 

of housing styles located in a diversity of suburbs that typifies the Australian housing 

stock. Australian housing characteristics are said to be somewhat unique from other 

parts of the world borne of rapid post war development centred around coastal cities 

and with many variations and property styles to suit diverse climates. The single 

dwelling on one quarter acre block does represent a legacy of expansion of the 

population post WW2 and still to this day single detached or semi-detached dwellings 

on sites allowing garden and outdoor areas and separation from adjacent properties 

are the dominant housing style. Typically housing styles are adapted to climate and 

for energy efficiency related to thermal comfort climate is paramount. 

Through the 1960s and '70s, Australian Modernism was tailored for local culture and 

lifestyle. But by the end of the 1970s, modest homes were out, and featurism was in 

(Ross 2016). With massive street presence and enormous dwellings, the McMansion 

had arrived. More recent available data (ABS 2013) shows the new-build free-standing 

home in Australia is 241m2. This represents a fall in size since house sizes peaked in 2009 

and signals a pull back from the McMansion era of the late 1990’s and first decade of 

the new millennium. Despite this Australian’s are still building some of the biggest 

homes in the world, a bit bigger than the average new home in the US (222m2) , 

Canada (181m2) and Denmark (137m2).  The most recent census (ABS 2011) figures 

reveal that 73.8 % of Australians live in detached houses; this figure is down slightly from 
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the previous census (in 2006 74.6 % of us lived in a house). Correspondingly, more of 

Australians are now living in terraces or townhouses (9.9 %). Whilst house floor areas are 

quite large relative to those of other nations, block or allotment sizes have been 

reducing steadily. The gradual decline in lot sizes (HIA 2014) that has occurred in new 

residential developments over time means that ground floor additions may be less of 

a viable option for households in newer areas. If/when the time comes when 

households in areas with smaller lot sizes wish to expand their living areas, second 

storey additions may be necessary. In energy efficiency terms this brings into play less 

ground level shading or insulation benefits due to ground coupling, and in addition 

the problem of upper floor air temperature stratification on hot days. 

It is estimated that there are approximately 9,000,000 dwellings in Australia and new 

dwelling commencements increased for a third consecutive year in 2014/15 to a 

record high of 211,860 (HIA 2015). On an annual basis residential buildings represent 

$15.19 billion and Alterations and Additions represents $2.02 billion of construction 

activity (ABS 2016 b) Roughly half of the new dwellings being built are apartments (ABS 

2016) and further ABS data reveals the boom in apartment multi – unit dwellings which 

can be smaller and per square metre/capita more efficient they are however prone 

to have an energy intensity due to the need for vertical transportation, common area 

lighting and car parking provisions that single dwellings do not. Multi- unit dwellings 

though not a focus of this study are discussed further in chapter 4. 

 A significant percentage of new detached homes are built by what are termed 

volume house builders   (hereafter simply referred to as ‘volume builders’). At the lower 

end of the scale there are thousands of small individual boutique builders completing 

less than 3 -5 homes each year.  This market segmentation has been a feature 

decades with varying degrees of consolidation and breakup of the top tier home 

builders due to merger and takeover activity. As an example, 36 % of houses started 

in 2009/10 were built by the nation’s top 100 builders in terms of number of building 

starts (Housing Industry Association, 2010), and this proportion has been as  high as 44 

% (in 2000/01) (Housing Industry Association, 2001). 

 Influencing the designs and practices of these larger builders to be more sustainable 

has the potential for significant environmental and social gain by virtue of the sheer 
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volume they produce. It also has potential to influence a much larger number of  

clients  and has significant scope to positively influence the rest of the  housing industry 

by demonstrating sustainable practices,  and by testing and   ‘debugging’ sustainable 

technologies; and by virtue of its scale of operations, the volume housing sector is in a 

powerful position to drive down prices of sustainable building components and 

materials by creating  significant market demand, applying pressure to contractors to 

gain relevant skills,  and allowing for better economies of scale, which may also benefit 

smaller builders. Large-scale transformation of housing stock to be more energy 

efficient and sustainable will not be possible without the engagement of this sector. 

Further, Edwards (2009) argues that as organisations grow larger and more significant 

in terms of their impacts including use of labour and natural resources, their 

responsibility also broadens. 

Increasing total dwelling numbers, the still relatively large floor size of new houses, 

decreasing average occupant numbers, an increased proliferation of appliances 

(including heating and cooling) and easy access to finance has been linked with an 

upward trend for absolute residential energy consumption (ABS, 2009; Newton & 

Tucker, 2009; Pitt & Sherry, 2010). Whilst total residential energy consumption in Australia 

increased by 88% between 1973 and 2009 (Schultz & Petchey, 2011),)  in a most recent 

Residential Energy Baseline Study( Energy Consult 2015)  the modelling suggests that 

after peaking at 385 petajoules (PJ) in 2008, residential energy consumption has fallen 

for five years and will remain at current levels until around 2021. Household occupant 

numbers decreased from 3.1 people per dwelling in 1976 to 2.5 in 2006 (ABS, 2008a), 

however this trend has stabilised (ABS predicts average household size to remain at 

2.6 to 2021. 

 

2.2.2 Sustainable development and passive solar design 

In broad terms, if something is sustainable it means that it is able to be sustained, that 

is, to continue indefinitely in its current state or mode of operation. Thus, sustainable 

development would be development that was able to continue in a similar manner 

indefinitely. Referred to more accurately as ecologically sustainable development, to 

reinforce that the development relies on the environment’s ongoing ability to support 



Literature Review 

 

27 | P a g e  

 

it, one of the best-known definitions comes from the World Commission on Environment 

and Development (1987) Report on Our Common Future, also known as the 

Brundtland report, which defines it as:      

 “….development that meets the needs of the present without compromising 

the ability of future generations to meet their own needs.” (p. 43)  

Whereas the Australian Government has defined ecologically sustainable 

development as:  

      “…using, conserving and enhancing the community’s resources so that 

ecological processes, on which life depends, are maintained and the total 

quality of life, now  and in the future, can be increased” (Department of 

Sustainability, Environment, Water, Population and Communities, 1992).  

The concept of sustainability has, since the 1990s, also become increasingly 

associated with a concept of integrating the economic, social and environmental 

spheres of human activity, also referred to as the ‘triple bottom line’ (Elkington, 1998). 

Elkington’s consultancy company, Sustain Ability, which he founded in 1987, gives a 

big picture description of TBL, as well as an accounting concept. The triple bottom line 

(TBL) focuses corporations not just on the economic value they add, but also on the 

environmental and social value they add—and destroy. At its narrowest, the term 

‘triple bottom line’ is used as a framework for measuring and reporting corporate 

performance against economic, social and environmental parameters (Vanclay, 

2004). The rationale behind this is that an activity can only be considered truly 

‘sustainable’ if due consideration is given to economic viability, social considerations 

and protection of the environment. In the  context of buildings, ‘sustainable’ must 

encompass consideration of not just environmental impacts, but also social impacts 

for builders, neighbours and occupants,  and the need to be economically viable 

during construction but also ongoing operation (Peiffer, E., 2015). 

Many and varied attempts to define sustainable housing have been made. The 

environmental aspects of sustainability continue to be by far the most common aspect 

of sustainability to be considered, as compared to the economic or social benefits of 

a potential construction project (Essa & Fortune, 2008). This in part explains why the 
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terms ‘sustainable’ and ‘green’ are often used seemingly interchangeably.   For 

example, Hoffman and Henn (2008, p. 5) emphasise the environmental dimensions of 

sustainability in their definition of ‘green’ (or sustainable) building noting it is:  

      ‘...a term encompassing strategies, techniques and construction products 

that are less resource-intensive or pollution-producing than “regular” 

construction. In some cases, this involves merely ‘doing without’ extra spaces, 

finishes or appliances. In others, it substitutes a less polluting product for more 

polluting ones (for example, low- VOC paint). More integrated strategies 

reconfigure a space to take advantage of  unique site attributes (for example, 

facing glass towards the sun path to use natural or ‘passive’ solar heat gain 

instead of using natural gas or electricity to heat a space) ‘ 

The definition provided by Kats et al. (2003, p1) is more holistic, suggesting that 

sustainable buildings should be sensitive to:    

“…environment; resource & energy consumption; impact on people (quality   

and healthiness of work environment); financial impact (cost-effectiveness from 

a full financial cost-return perspective); the world at large (a broader set of 

issues, such as ground water recharge and global warming, that a government 

is typically concerned about).” 

Such conceptual definitions, however, provide little practical guidance to assist 

building designers and contractors to actually design and build such homes. 

Government and industry bodies have attempted to increase the uptake of more 

sustainable building practice by fleshing out these definitions, either through regulatory 

mechanisms or sustainable building rating tools which articulate specific elements or 

performance criteria of sustainable buildings. In the residential sphere tools that rate 

performance such as Nabers Home tend to be simple benchmarking of user 

performance based on aggregated energy and water bills. The spreadsheet based 

tools typically provide ‘checklists’ of elements that can be adopted, with a certain 

number of points to be obtained to achieve a particular rating. Rating schemes, tools 

and metric applicable to the Australian residential market are discussed on further in 

section 3.4 of the review. 
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While the various tools and regulatory mechanisms provide somewhat different 

interpretations of sustainability in a context of buildings, there are numerous areas of 

commonality. Kats et al. (2003) claim that there is a broad general agreement of the 

attributes a sustainable building should embody, even if there is still not consensus on 

their exact weightings, which are typically based on consensus best judgement rather 

than scientific determination. Of course, it is extremely difficult to prescribe universal 

criteria or weightings given that different regions will have widely varying climatic 

zones, locally available materials and the like. For example, conservation of water is 

more important in countries with highly variable rainfall such as Australia, than it is in 

places such as Europe.  However, Woolley (2005) notes that few attempts to interpret 

green building are holistic in their approach, and argues that greater harmonisation 

and development of common baseline standards and methods is required before 

promulgating further tools and  assessment methods. Martin and Pears (2005) analysed 

several of the earlier versions of Australian and international sustainable housing rating 

schemes to identify themes and common criteria. 

Despite a number of government and industry programs to promote and encourage  

sustainable’ housing, the growth of a housing sustainability movement and much more 

emphasis in architectural training and academia on sustainability concepts, good 

examples are still the exception rather than the norm both internationally and within 

Australia. For the most part the mainstream housing sector (particularly the volume 

building industry) has been slow to embrace the concept of sustainability and apply 

it to their processes and products. 

Brenda and Robert Vale (1975) first published The Autonomous House, a manifesto 

offering down-to-earth suggestions for building homes that would not pollute the earth 

or squander its resources. Whilst, Birkeland (2008) notes that although resource-

autonomous houses have been around for a long time, they are still relatively scarce. 

Reardon (2009) in his PhD explores the diffusion of Sustainable practices within the 

Australian Housing Industry and the past decade has seen more demonstration ‘green 

villages’ and one off projects. In South Australia significant examples of developments 

emphasising sustainability have included Lochiel Park, Sunday Park at Aldinga, Beyond 

at Victor Harbor and with a more recent focus on medium density the Tonsley and 

Bowden developments (Renewal SA 2016). 
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According to Berry (2014) definitions of sustainable or energy efficient housing differ 

between policies and academic literature sources (Marszal et al, 2011; Riedy, 

Lederwasch, & Ison, 2011). Terms such as ‘green’, ‘sustainable’, ‘renewable’, 

‘integrated’, ‘solar’, ‘zero emission/energy’, ‘low emission/energy’, ‘design for life’, 

‘adaptable’, ‘healthy’, ‘eco’, ‘hybrid’ and ‘autonomous’ have all been used to 

discuss more environmentally friendly housing (Chiras, 2002; Marszal, et al, 2011; 

Newton & Tucker, 2011; Riedy, et al, 2011; Torcellini, Pless, & Deru, 2006; Vale & Vale, 

2010). Berry (2014) suggests that all of these terms have slightly different meanings, and 

even when different authors or organisations use the same term it can be used to 

mean slightly different things (Torcellini, et al, 2006). Key points of difference between 

definitions include life cycle boundary differentiations, the application of different 

assessment methods, and variations in metrics and timeframes (Riedy, et al, 2011). 

The application of solar energy in buildings is not a new phenomenon (Berry 2014); 

throughout history various civilisations have utilised solar energy to improve thermal 

comfort or increase productivity (Butti & Perlin 1980). For example: early in the 

twentieth century, the Massachusetts Institute of Technology in the USA designed, built 

and monitored a series of solar passive houses, some with active solar technologies, 

increasing the scientific understanding of how solar energy could be captured, stored 

and used to maintain thermal comfort and provide other domestic energy services 

(Szokolay 1975).  Lessons from history have also demonstrated that solar energy can 

be utilised in buildings across a variety of climates (Szokolay 1975; Butti & Perlin 1980). 

Passive solar strategies employed to reduce the need for mechanical air conditioning 

are well understood (Szokolay 1975; Anderson & Michal 1978; Mazria 1979; Greenland 

& Szokolay 1985; Ballinger 1988; Reardon 2008). The problem of designing for thermal 

comfort is raised de Dear (2013) who questions how to design for a sufficient degree 

of occupant control over their indoor climate, examining the control exercised over, 

for instance, window opening and thermostats, and the effectiveness of that control 

in relation to its perceived effectiveness.  Many of these authors referred to have 

identified the range of different climatic conditions found in Australia and showcase 

many examples and strategies to maintain thermal comfort through controlling solar 

radiation with fixed and seasonal shading devices, utilising heavy mass and 

lightweight structures, and optimising breeze paths for cross ventilation. The Your Home 
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Technical Guide (Reardon 2008) describes the fundamental passive design strategies 

as:  

• Orientation – to orient elements of the building facade to capture direct and 

indirect solar radiation, to take full advantage of cooling breezes, and to locate rooms 

according to comfort needs (i.e. living spaces with solar gain, bedrooms in cooler 

zones, garages to reduce late afternoon solar gain). 

• High performance glazing - such as double and triple leaf glazing units, with air 

gaps or inert gases between the panes to reduce heat transfer, and sometimes with 

tinting or spectrally selective films or coatings to help manage the transmission of 

certain wavelengths of electromagnetic spectrum. 

• Shading – permanent or movable (seasonal) shade devices, or vegetative 

plantings to reduce the amount of solar radiation entering the building or hitting the 

surface of a building during summer. 

• Insulation – the use of bulk insulation to reduce the amount conducted and 

convected heat entering or leaving a building; or the use of reflective insulation to 

reduce the amount of radiant heat flow through building elements. Some insulation 

products combine bulk and reflective qualities. 

• Air changes – the use of openable windows, controllable vents, draught 

sealing, and thermal chimneys to control the amount of air changes for a building 

space.  In colder climates heat recovery units are sometimes employed to minimise 

the heat lost due to air changes. 

• Thermal mass – heavy weight materials (i.e. concrete and brick), water or 

phase change materials are used to capture and re-radiate solar energy.  Typical 

constructions include polished concrete floors, reverse brick veneer, Trombe walls, 

rammed earth walls, and water tanks. 

Theoretically, passive solar design can eliminate the need for additional heating and 

cooling energy to maintain human thermal comfort in some climates. Autonomous 

buildings in the UK designed by Robert and Brenda Vale have achieved near self-

sufficiency in thermal comfort (Vale & Vale 1975, 2000).  The Solar House in Freiburg, 
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Germany, built by Fraunhofer Institute for Solar Energy Systems, achieved a heating 

load of less than 1 kWh/m2/yr (Voss et al. 1996).  In Australia, the 9 NatHERs star zero 

energy house developed by CSIRO was designed to require less than 7 kWh/m2/yr to 

maintain thermal comfort (AusZEH 2010).   

The Passivhaus standard, popular in parts of Europe and USA, requires individual 

specific heating and cooling demands to be delivered for no more than 15 kW/m2/yr 

(Parker 2009). The monitoring of 100 occupied Passivhaus standard homes in France, 

Germany, Austria, Switzerland and Sweden found savings to heating and cooling 

energy use of greater than 80 % compared to that of conventional new construction 

(Feist et al. 2005; Schnieders & Hermelink 2006). 

Passive solar design is not a static construction focused strategy. Humans play an 

active role in maintaining their own comfort: through moving to a more comfortable 

location; or changing their clothing, their level of activity, the natural conditions in that 

space, opening windows or doors); or by using technology to return the indoor 

conditions to match their perceived needs (Nicol & Humphreys 2002). User perception 

of thermal comfort takes into account air temperature, air speed, mean radiant 

temperature, relative humidity, occupant activity and clothing (Havenith, Holmér & 

Parsons 2002).The further extension of this concept to ‘passive housing’ has been 

particularly impressive in countries such as Germany and Austria, where ‘passivhaus’s’ 

(passive houses) are so well designed and insulated that they do not require active 

heating or cooling systems to maintain a comfortable temperature (Monbiot, 2007).   

  Internationally, noteworthy examples of sustainable housing projects include the 

previously mentioned passivhaus’s in Europe. These are buildings designed to reduce 

heat losses so much that they use some 75 % less energy than standardised 

constructed homes for heating and cooling, whilst ensuring a high level of occupant 

comfort. This is done through features such as high levels of insulation, high 

performance windows with insulated frames, airtight building fabric, construction 

avoiding thermal bridges, and a mechanical ventilation system with efficient heat 

recovery. The result is that a large part of the heating demand can be met by passive 

sources such as the sun, human occupants, appliances and heat from the extracted 

air (Passivhaus Trust, 2016). The EnerPHit standard - for refurbishment and retrofit 
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Passivhaus certification is also possible for very low energy retrofit projects. EnerPHit is 

a slightly relaxed standard for retrofit projects, where the existing architecture and 

conservation issues mean that meeting the Passivhaus standard is not feasible. 

(Passivhaus Trust, 2016). Given the extent of older ‘leaky houses’ and lack of pressure 

testing of new homes in Australia it is the air tightness standards of the passivhaus that 

has been a focus of more recent debate and research study in Australia. In a study of 

125 new houses across state capital cities, average air change rate was very close to 

the upper bound of the assumed air change rate that is used in the regulatory NatHERs 

methodology however several houses recorded air change rates above 30 

ACH@50Pa which is common amongst old poorly sealed houses, but is considered by 

the authors (Ambrose & Syme, 2015) to be unacceptable for a newly constructed 

house. 

2.2.3 Solar generation and grid connectivity 

The uptake of solar photovoltaic for domestic onsite energy generation has been a 

development in the housing market that far exceeded early forecasts. Nowadays, 

there is growing interest towards the area of building integrated photovoltaic (BIPV) 

systems and PV micro grids (MGs) in the field of power generation and distribution 

systems. Whilst solar PV tends to be still ‘after market’ for volume housing the uptake 

has been quite remarkable in the past decade due to government subsidies, feed in 

tariffs and lower module pricing. This brings into play the concept of the net zero 

energy home or home as small scale embedded generator, where energy efficiency 

is a function of net generation after satisfying household demand. 

In Australia, between 2001 and 2010 the growth in the market for solar PV was around 

15% per annum then a period of extremely rapid growth occurred between 2010-2013 

due to government subsidies and generous limited lifespan retail feed in tariffs. 

(Australian PV Institute 2016) The number of monthly installations stabilised through 

2014 and 2015, and now appears to be trending slightly down in the residential sector, 

with an increase in the number of larger (commercial and utility-scale) PV systems 

keeping overall installed capacity growing as a percentage of the grid. As of June 

2016, there are over 1.57 million PV installations in Australia the majority being small 

scale residential systems, with a combined capacity of over 5.4 gigawatts.  
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This is may be considered remarkable, as when solar cells first became available in the 

1960s, a solar cell providing one watt of power cost around $8000. At that rate, a panel 

with barely enough power to run a dim light globe would have cost over $300,000 (ATA 

2014) Things have changed and now a typical 2- 2.5kW system that can generate 

enough energy to offset the consumption of a whole energy-efficient house now costs 

around $3000. Although incentives such as feed-in tariffs and rebates have been 

reduced or removed completely in recent times, the steadily decreasing cost of solar 

photovoltaic (PV) panels combined with the steadily increasing cost of mains 

electricity means that it still makes excellent financial sense to install a solar power 

system for a home. Battery storage technology options are now beginning to impact 

on house PV installations. Due to the declining cost of new smaller scale but more 

efficient lithium ion modules with in-built inverters it is estimated that battery storage 

alone will make solar PV installation on roof tops a compelling economic argument. 

Tesla recently launched its Powerwall 2.0 battery at a price per kWh stored that is less 

than half the price of its first battery released less than 2 years earlier. Not all customers 

will be able to accommodate a suitable PV + battery system and .the economics may 

not be as attractive for customers that are much smaller or much larger than the 4,800 

kWh per year assumed average consumption. Also tenants and those in apartments 

might find it difficult or impossible to take advantage of the opportunity. However the 

current view by many is that PV + battery will be viable for a large part of the residential 

market in the coming years. A consistent theme in the literature is that for full economic 

benefit battery store and discharge must be optimized to usage patterns and 

fluctuating tariffs. (Nottrott et al. 2013) 

Interest in batteries in South Australia is growing due to a late 2016 catastrophic 

extreme weather related sustained power black-out when the entire states 850,000 

power network customers were cut off from the grid has sharply focused both the 

general population and energy network regulators to the importance of domestic 

energy supply, generation and distribution technologies. Within 24 hours post the 

event a solar company director (Renew Economy 2016) was quoting a 228% increase 

in enquiries from customers in South Australia wanting to know more about battery 

power, and in areas the event did not impact due to national media coverage this 

trend swept across the country with a 148% increase on enquiries Australia wide 
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Marszal et al. (2011) notes that the zero energy building literature includes many 

examples of self-sufficient buildings and those connected to the electricity, gas and 

even district heat infrastructure, and that the calculation methodology should allow 

all connection options. The issue of grid connection and interaction with the building 

relates to energy storage, the size of renewable technologies, and the economics of 

the total built product (Marszal et al. 2011). Autonomous houses are self-sufficient in 

energy, and therefore match local generation and energy storage to the highest 

seasonal load.  This may result in the installation of relatively large renewable energy 

systems with excess generation in low demand seasons.  Connection to the local 

energy infrastructure is not limited to electricity and natural gas connections.  For 

example, district heat systems allow the generation and transfer of heat energy 

between buildings. Riedy, Lederwasch and Ison (2011) suggested that grid connection 

be allowed but not required.  Sartori et al (2012) suggest a grid interaction index which 

represents the variability of the energy flow (net export) within a 12 month period, 

indicating the relative impact of the building on the local energy grid.  Newton and 

Tucker (2009) raise concern about the maturity of the local energy market and the 

capacity to export surplus electricity into the local grid.  
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2.2.4 Literature Summary and Knowledge Gap  

Typically Australian housing styles which have evolved since the days of early 

settlement should primarily be adapted to climate of which Australia has many 

regional variations. Living on a detached house on a quarter acre block is fast 

diminishing as the predominant housing style and smaller block sizes and densification 

of housing brings challenges to energy efficient design yet opportunities to improve 

thermal comfort through more sustainable building practices. The passive design of 

homes is one of the key factors in determining household energy use and, whilst there 

are a range of retrofit measures, more fundamental improvements, through improved 

building standards which are only more recently introduced, is a long term proposition 

due to the slow turnover of the building stock.  

A significant percentage of new detached homes are built by what are termed 

volume house builders.  Influencing the designs and practices of these larger builders 

to be more sustainable has the potential for significant environmental and social gain 

by virtue of the sheer volume they produce. Large-scale transformation of housing 

stock to be more energy efficient and sustainable will not be possible without the 

engagement of this sector. In the  context of building houses, ‘sustainable’ must 

encompass consideration of not just environmental impacts, but also social impacts 

for builders, neighbours and occupants,  and the need to be economically viable 

during construction but also ongoing operation. 

There are some encouraging signs in housing energy use data as the current modelling 

suggests that after peaking at 385 petajoules (PJ) in 2008, residential energy 

consumption has fallen for five years and will remain at current levels until around 2021.  

Passive solar strategies employed to reduce the need for mechanical air conditioning 

are well understood as are dozens of different construction techniques and design 

strategies from around the world to utilise solar energy, store that energy in the 

building, control its release, and use convection currents to maintain thermal comfort. 

Australian housing experts have identified the range of different climatic conditions 

found in Australia and showcase many examples and strategies to maintain thermal 

comfort through controlling solar radiation with fixed and seasonal shading devices, 

utilising heavy mass and lightweight structures, and optimising breeze paths for cross 

ventilation. There is a diffusion of sustainable practices within the Australian Housing 
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Industry and the past decade has seen more demonstration ‘green villages’ and one 

off projects however the basic volume housing market and stock product is minimum 

code complaint and that is the bigger opportunity to move energy efficiency forward. 

There is a gap in the knowledge as to the true extent of sustainable design practices 

and the improvements in thermal performance that can be attributed to changes in 

codes and practices. 

There is increasing evidence of self-sufficient buildings or near net zero energy due to 

solar photo voltaic installations and the emergence of lower cost battery energy 

storage technology. The issue of grid connection and interaction with the building is 

of increasing importance as it relates to energy storage, the size of renewable 

technologies, and the energy life cycle economics of the house.  Autonomous houses 

are self-sufficient in energy, and therefore match local generation and energy storage 

to the highest seasonal load.  Recent SA power blackouts have brought this 

technology option for on-site renewable energy generation and storage to the 

forefront.  However, electricity generation and storage should not be viewed as a 

substitute for energy efficient buildings. 

 

 

 

2.3 National framework, climate policy and energy reduction goals 

2.3.1 Climate change policy and pathways to building energy reductions 

The importance of the built environment in mitigating greenhouse gas emissions has 

been identified by a number of authors, for example Ding (2008), IPCC (2007a), Jones, 

Patterson, and Lannon (2007), Newton and Tucker (2011) and Ortiz, Castells, and 

Sonnemann (2009). A limiting of the impact from human induced climate change is 

perhaps the most critical issue currently facing mankind (Garnaut, 2008; Stern, 2007). 

A Statement on Global Climate Change the American Chemical Society: states:    

"There is now general agreement among scientific experts that the recent 

warming trend is real (and particularly strong within the past 20 years), that most 

of the observed warming is likely due to increased atmospheric greenhouse gas 
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concentrations, and that climate change could have serious adverse effects 

by the end of this century." (July 2004)  

The Australian federal government is committed under the Paris climate change 

agreement (Climate Council 2016) to lowering these greenhouse emissions. The Paris 

Agreement entered into force on 4 November 2016, and parties are legally bound to 

reducing greenhouse gas emissions. Australia’s commitment is to reduce emissions to 

26-28 % on 2005 levels by 2030. This target represents a 50-52 % reduction in emissions 

per capita and a 64-65 % reduction in the emissions intensity of the economy between 

2005 and 2030. (Australian Government, 2016). It has been identified that a significant 

proportion of this reduction will be required to come from changes to energy 

production, with the energy sector the largest greenhouse gas emitter in Australia 

(Australian Government, 2010a; Wood et al, 2012).  

In 2010-11 coal accounted for about two‑thirds of Australia’s electricity generation, 

followed by gas (19 %) and renewables (10 %). Renewables were predominantly 

hydro, with contributions from bioenergy, wind and solar photovoltaic (PV). This 

contrast with 2007–08, when coal accounted for three‑quarters of Australia’s 

electricity generation, followed by 16 % for gas and 7 % for renewables, most of which 

was hydro (Geoscience Australia and BREE, 2014). Whilst the increase in renewable 

sources is significant these statistics highlight the significant challenge it will be to 

transition to a low carbon energy future in Australia, where fossil fuel energy production 

is the dominant energy paradigm. 

Globally, the built environment, which includes the housing sector, is a significant 

contributor to anthropogenic climate change, primarily through increasing demand 

for fossil fuel energy. Energy consumed in the built environment accounts for 40% of 

worldwide energy use and one third of greenhouse gas emissions (Kolokotsa et al, 

2011; van Lente et al, 2011). Specifically the residential sector is responsible for 

consumption of 14% of total delivered energy (EIA, 2011). In Australia, the residential 

sector is responsible for 12% of total final energy consumption and 13% of greenhouse 

gas emissions (Schultz & Petchey, 2011; Wang, Chen, & Ren, 2010). 

House size increased from an average floor area of 162.4 m2 in 1984 to 248.0 m2 in 

2009, representing a 52.7% increase (ABS, 2010c), however as discussed earlier in 
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section 2.2 this has peaked and residential energy consumption has fallen for five years 

and will remain at current levels until around 2021( Ryan 2015). Later in the 2020s, the 

increased energy use due to increasing housing numbers is expected to exceed the 

savings in energy from decreased use per dwelling, so total energy use is expected to 

start to slowly grow again. This increase in the 2020s follows from the model using a 

conservative assumption that no new regulatory driven changes will occur to drive 

further significant energy efficiency improvements. Space conditioning contributes 

the greatest amount to the decline in total energy use per dwelling, followed by 

lighting and then appliances and water heating. These energy reductions are due to 

improvements in product energy efficiency, changes in the technologies being used 

and fuel switching.  

Over recent decades a range of government approaches to addressing energy use 

and greenhouse gas emissions in the residential sector have been applied in Australia 

and internationally. Falling broadly under the banner of ecological modernisation, 

these policy initiatives typically entail technical change designed to lead to desired 

environmental and economic outcomes (Mol & Sonnenfeld, 2000; Pearce, et al, 1989). 

Approaches include the provision of rebates for sustainable technology development 

and resale, the setting of minimum heating and cooling energy standards for 

appliances and for the thermal energy performance of the building envelope (figure 

2.1 below) , as well as initiatives to address occupant behaviour (Greene & Pears, 

2003) which are discussed later in section 2.3.3. To date these approaches have 

primarily focused on improving energy efficiency with a more limited focus on energy 

demand and generation issues (Míguez et al, 2006; Smith, 2007). 
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Figure 2.1: Projections for building shell efficiency in Australia to 2020 Source: DEWHA 

The setting of minimum building energy performance standards has arguably had the 

greatest effect in addressing energy use in new housing (Ekins & Lees, 2008; Horne & 

Hayles, 2008; IEA, 2010a). Such standards invariably aim to address a market failure 

preventing improved sustainability in new housing (Beerepoot & Beerepoot, 2007; 

Choguill, 2007; Clinch & Healy, 2000b; Lee & Yik, 2004; Oikonomou et al, 2009). As a 

United Kingdom (UK) Government report (cited in Berry 2014) states: 

‘In a perfect world, well informed home buyers, in full awareness of the threat 

of climate change, would create a strong demand for highly energy efficient 

homes. House builders would need to build to those standards in order to 

compete; and this would place an equally strong imperative on the supply 

chain, thus promoting innovation, development and continuous improvement. 

The most reluctant suppliers would be driven to participate by the need to 

deliver for their investors.’ 
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In the real world, some home buyers are aware of the value of energy efficiency (Berry 

2014) but this translates only weakly into buying preferences: it ranks well behind the 

key requirements for price, size and location. This is insufficient to motivate house 

builders or, through them, the rest of the market.  

Furthermore, researchers such as Bergman et al. (2007) and Crabtree and Hes (2009) 

argue that the building industry is slow to change and that it has historically only done 

so when required to meet government regulations or to make use of subsidies. In this 

way minimum energy performance building regulations create a level playing field for 

all new dwellings to meet set standards, driving both building industry and consumer 

change (Pickvance, 2009). More broadly, regulations have been identified as a 

significant driver of reducing greenhouse gas emissions and facilitating an uptake of 

low carbon energy generation as discussed in the following section (2.3.2) of this 

review. 

2.3.2 Housing regulation for energy efficiency 

Regulation to ensure more energy efficient forms of housing is widespread in terms of 

building and planning controls, essentially aimed at individual dwellings or groups of 

dwellings. (Bunker et al., 2005). Prior to the consolidation of building laws and 

regulations into the Building Code of Australia, there were various editions of the 

Uniform Building Regulations which directed and defined building laws adopted by 

states from post war 1945 to 1980 however without any reference to building energy 

efficiency. In 1980, the Local Government Ministerial Council agreed to the formation 

of the Australian Building Regulations Coordinating Council (AUBRCC) which led to the 

production of the first edition of the Building Code of Australia (BCA) in 1988. The BCA 

was further refined and a new edition was released in 1990. States and Territories 

progressively adopted this edition of the BCA during the early 1990s however it was 

not 2003 that nationally consistent minimum energy performance provisions were 

introduced.  

The introduction of the BCA is attributed with reducing many of the regulatory 

differences across jurisdictions and for establishing a performance based regulatory 

regime with a strong emphasis on technical evidence to inform building requirements. 

Nevertheless the national regime does allow for jurisdictions to add additional building 
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requirements and other related controls such as energy efficiency standards. Various 

states in Australia have had some form of minimum energy performance requirements 

in place since 1993 (Building Commission, 2011) some jurisdictions, such as Victoria, 

have actively worked to minimise their state specific provisions and COAG 

agreements seek national consistency (COAG 2009). 

Regulation to ensure more energy efficient forms of housing has typically targeted 

improving heating and cooling energy requirements in new housing, an approach 

which has been common in other developed countries (Greene & Pears, 2003; Lee & 

Yik, 2004; Míguez, et al, 2006). These standards have been informed not only by 

environmental considerations, but by undertaking cost - benefit analysis (CBA) of 

possible policy outcomes which is discussed in greater depth in sect 2.5 of this review.  

Engineering based building energy assessment such as NatHERs is used in many 

countries to demonstrate building regulatory compliance (Donn et al. 1995; Hong, 

Chou & Bong 2000; BRE 2010), and has shaped building regulatory standards (ABCB , 

2006, 2009; DCLG 2010). Building industry response to measures to improve the 

sustainability of housing is also covered in more depth in sect 2.5 of this review however 

fairly consistent industry perception is the issue of regulatory inflation, which is widely 

acknowledged in Western countries and has been discussed by researchers such as 

Deighton-Smith (2004). In Australia the housing sector points to areas of concern that 

include energy efficiency, sound installation, accessibility and occupational health 

and safety. According to HIA (2005): 

‘HIA believes that much of this regulation is unjustified. A fundamental problem 

is that the issues purportedly being addressed by these regulatory requirements 

go far beyond the core role of building regulation in ensuring the safety and 

durability of the built environment.’ 

In the literature there is some acknowledgment that housing regulation for energy 

efficiency may not always achieve good outcomes where the consequences of 

practices lead to adverse outcomes. For example in Australia (ABCB 2014) building 

condensation issues may arise in cases of improved shell tightness without adequate 

ventilation provision. In the UK, the Department of Communities and Local 

Government investigated the issue of overheating in residential buildings (UK 
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Government 2012). Regulators are concerned to understand current risks of 

overheating in existing and new build dwellings; how these risks may increase or 

decrease following action to mitigate carbon dioxide emissions through better energy 

efficiency; and how they are likely to change with the move towards zero carbon new 

homes from 2016. 

Earlier reviews of outcomes in the Australian context have found that minimum energy 

performance regulations have achieved significant improvements to energy 

efficiency of the new housing stock. For example, the introduction of the Building 

Code of Australia minimum energy performance “5 star” standards in 2005 in Victoria 

led to a reduction in greenhouse gas emissions of about 20% (Wilkenfeld G & 

Associates, 2007). Despite this, increasing house floor size and an increase in appliance 

numbers and use meant that actual greenhouse gas emissions increased by 6% 

compared to existing dwellings. However in the absence of the 5 star regulation, 

energy consumption would have risen by 33% (Wilkenfeld G & Associates, 2007). This 

increase in total energy and greenhouse gas emissions despite an increase in energy 

efficiency has also been documented in international research (Güneralp & Seto, 

2012).   

A CSIRO 2013 study of energy use in 414 homes in Adelaide, Melbourne and Brisbane, 

with star ratings ranging from 3.5 to 6.5 stars, evaluating the introduction of the 5 star 

standard was inconclusive in its findings (Ambrose et al, 2013). The results of this study 

found that improvements in the building shell efficiency of the dwellings, in the study, 

as estimated by AccuRate, did not relate to savings in space conditioning energy use 

in Brisbane or Adelaide, and only related to heating energy use in Melbourne homes. 

CSIRO notes that there was a range of factors that impacted on the conduct of the 

study that make it difficult to draw robust conclusions about differences in lower and 

higher rated houses that could be applied across Australia.  

While it does achieve improvements in energy efficiency, the current approach which 

focuses primarily on improving heating and cooling energy efficiencies, has significant 

limitations in that it addresses less than half of household energy consumption in 

Australia (DEWHA, 2008). Depending upon local climate and household 

demographics, the portion of energy use ascribed to household appliances, 
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electronics, lighting and other non-space heating and cooling services is significant, 

accounting for 50% or more of total household energy consumption. Minimum energy 

performance regulations typically do not address these aspects. Furthermore there is 

a failure to consider energy generation and wider social dimensions within the current 

regulatory approach (Golubchikov & Deda, 2012; Pickvance, 2009). 

Examples of these wider social dimensions and benefits include improved occupant 

health and comfort, reduced living affordability issues, protection from energy price 

increases, added resale value, and improved social cohesion outcomes through a 

reduction in social inequity (Golubchikov & Deda, 2012; Jones, et al, 2007; Nevin & 

Watson, 1998; Vale & Vale, 2000; Wells et al, 2007; Williamson et al, 2009). Some authors 

such as Golubchikov and Deda (2012) believe that on such social benefits alone there 

is a case for policy approaches to improve housing sustainability, aside from economic 

and environmental rationales for doing so. 

In recognition of the limitation of current regulatory approaches, several international 

jurisdictions have begun implementing a range of innovative policy approaches. 

These policy innovations include attempts to account for environmental, economic 

and social elements as well as addressing household energy consumption (Cato, 2011; 

Scorse, 2010). Countries such as the UK have developed pathways to achieve zero 

emission housing (ZEH) standards based upon these wider considerations (DCLG, 

2006a).  Whilst ZEH standards are increasingly considered international best practice, 

this thesis starts from an examination of current regulation (6 star) and incentive to 

directly raise the level of energy efficiency of volume housing and impact on the 

energy reduction goals more broadly. 

Some research highlights criticism of house energy performance regulation based on 

rating schemes (for details of schemes see sect 2.4), that they fail to accurately predict 

the specific energy consumption of a given product or house. Pitt & Sherry (2016) find 

it is helpful to compare house energy performance regulation with another energy use 

(motor vehicle fuel consumption) that is required to be tested under Australian 

Standards as per; 

‘We accept that the fuel consumption values shown on labels are based on a 

model of reality, which give us valuable information about the relative fuel 
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efficiency of different models, while we are responsible for deciding where and 

how we use individual vehicles, and therefore for their fuel consumption in the 

real world.’ 

Whilst building regulations, i.e. building codes are the principal regulatory means of 

mandating housing energy efficiency requirements the role of planning controls and 

policies should not be overlooked. Council plans will often include objectives of 

achieving development designed and orientated to take advantage of natural 

features in climate control and energy conservation. Numerous examples exist where 

government encourages the use of the planning system to promote the use of 

renewables and sustainable principles, for example through documents such as 

Planning Policy Statements and Regional Development Plans (SA Government 2010). 

These require local authorities to develop policies for mitigation of climate change, 

and give guidance to the implementation of low carbon technologies, but do not set 

mandatory targets in the way a building code performance requirement would. 

2.3.3 Housing occupancy and Energy Behaviour  

Occupant behaviour which is examined in chapter 6 has been identified as the 

principal cause of monitored energy use variation between otherwise identical 

homes, and between building energy models and actual use (Lutzenhiser 1993; Filippin 

1999; Westergren, Högberg & Norlén 1999; Saman et al. 2008; Stephenson et al. 2010; 

Gill et al. 2011; Morley & Hazas 2011; Yun & Steemers 2011). A distinction is drawn 

between behaviour and use by Kanis, (1998). Behaviour is typically defined as all the 

activities that people perform in the house, while use refers to the direct interaction 

between an occupant and an action to achieve a goal. In this study, behaviour was 

instead defined as the use of space, systems and other amenities within the house that 

can influence energy consumption for space and water heating, such as the use of 

heating and ventilation systems, opening windows and grilles, bathing and showering 

frequency, use of space and use of heat-generating appliances and electronics. In 

buildings occupant behaviour (Santin 2010) is believed to be influenced by household 

characteristics, lifestyle, and cognitive variables (motivation, values and attitudes). But 

it can also be influenced by the interaction between the user and the building and 

the thermal properties of the building.  
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According to Brounen et al. (2012) much of the current debate regarding energy 

efficiency in the housing market focuses on the physical and technical determinants 

of energy consumption, neglecting the role of the economic behaviour of resident 

households. Their study of 3,000 Dutch homes includes a more detailed analysis of the 

sensitivity of energy consumption to variations in household composition where they 

found in the Netherlands that elderly households use substantially more energy than 

other family types, and usage is highly responsive to the thermal quality of homes as 

reflected in the period when they were constructed.  A study by Fan et al. (2015) for 

Sydney housing shows the underlying composition and drivers of household energy 

demand are only poorly understood. The drivers are many, varied, and complex, 

including local climate, household demographics, household behaviour, building 

stock and the type and number of appliances. There is considerable variation across 

households and, until recently, often a lack of good data to analyse. 

In a separate study by Mavrogianni et al. (2014) on excess indoor temperature 

exposure risk during heatwaves, rankings obtained for dwellings occupied by a family 

with children at school and dwellings occupied by pensioners were broadly similar for 

combinations of behaviour and the majority of overheating metrics used in the study. 

The behavioural impact on energy use in Swedish homes was investigated by Hiller 

(2015 )were it was shown the higher consumption of what are termed ‘spenders’ is 

characterised by performing activities with long operating times, in combination with 

high, and fairly high, typical power ratings. In a wide ranging paper that looked at 

developing more understanding of housing occupancy feedback and reviewing a 

number of key studies in the field by Stevenson & Leaman, (2010)  various key lessons 

emerge across the themes of;  

• feedback, post occupancy evaluation and user control of buildings ( 

Van Dam, 2010)   

• lifestyle choices and cultural context ( Shove, et al 2008, Cole et al 2012) 

• regulations and standards impact on dwellings and occupants 

(Williamson  et al 2010) 

• housing management issues.   
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The research strongly suggests that human behaviour challenges building 

performance evaluations and that recognition of the diversity of inhabitants and 

comfort scenarios is required when considering regulation and standards. Housing 

occupants can use three or more times as much energy for heating as their neighbour, 

while living in exactly the same type of home. This suggests that even if the building 

fabric is robust and well insulated with suitable thermal mass, and the home has an 

efficient energy source, it will still be the inhabitant who ultimately determines how 

energy efficient a home will be. Even if the amount of energy consumed by the 

building for heating and cooling space is low, occupants will still be free to use as 

much energy as they like for other appliances and hot water systems.   

These studies are able to use consumption data to identify and categorise different 

behaviour groups, however what is evident is that by measuring energy use using 

consumption data the behavioural factors can readily outweigh the housing design 

characteristics. Therefore, using consumption data to compare the energy efficiency 

of the building shell of a home can prove unreliable. Identified below are key points 

drawn from the literature for policy makers and for intermediaries (for example local 

authorities, third sector groups or energy advisers) who are developing campaigns or 

other interventions with householders to encourage them to invest in technologies or 

alter the way they use energy.  

The means, motive and opportunity for change need to, in combination, overcome 

whatever barriers exist – whether they arise from finance, time, habits, routines, 

established  Intervention should focus on specific behaviours, not attitudes, 

knowledge, or energy-related behaviour in general. Behaviours range from everyday 

habits to complex and expensive one-off investments.  

• The means is the technology (a characteristic of the building fabric or services) 

or behaviour that will lead to reduced carbon dioxide (CO2) emissions. 

(Broadbent 2008, Wood & Newborough 2007,  Uneo et al. 2002, ) 

• The motive is the reason why households will want to make the change.( Pierce 

et al. 2010, Steg, 2008 Ayres et al. 2012) 
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• The opportunity is the resource (for example time, space or money) to make 

the change.( Jackob, 2007 Stießa, & Dunkelbergb ,  2013) 

Means: There are various options for combinations and sequencing of individual 

behaviours; the elements should be phased appropriately to manage the 

effectiveness of measures, their cost and the risk of unwelcome side effects. To 

encourage change, householders need sufficient information about each means to 

make informed choices. Householders can also benefit from: direct feedback to 

identify where excessive energy is being used and to monitor the success of attempts 

to reduce use (for example using smart meters, real time displays or billing that provides 

historic or peer group comparisons); personal familiarity with the technology in 

question (for example through local ‘champions’, demonstration projects, placement 

of products in popular materials or furnishing stores, or regulatory changes for new 

homes)  Good technology can itself encourage change, for example controlling the 

heating will be promoted by clear, intuitive control systems. Broadbent (2007) cites the 

oft-promoted wisdom that says 'if you can't measure it, you can't manage it’, which 

when translated to building energy systems operates at the interface between energy 

retailers and energy household customers. It is here that technology advances in smart 

metering and home energy monitoring are argued to have measureable and positive 

impacts on energy demand reduction in homes. (Wood & Newborough 2007, Uneo 

et al. 2002,) 

Motive: For many households, climate change and CO2 are not sufficient reasons for 

change: additional motives need to be found. The various motives should not be used 

in a manipulative fashion: the aim should be to understand people and present 

options in a way that is in tune with their aims and values. Householders, even if they 

are motivated directly by CO2 savings, may not find CO2 statistics meaningful unless 

they are put in a relevant context (for example average daily use per person, or an 

equivalent number of cups of water boiled). Failure of improvement measures can 

result in demotivation and a reluctance to make further changes. It is, therefore, 

important to identify and manage risks so that householders can make changes with 

confidence. 
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Opportunity:  Money (especially capital investment) is important but householders also 

need time and space to make the change. Conversely, they need to minimise lack of 

time and space (often called ‘hassle factor’) and loss of time and space (generally 

perceived as ‘disruption’). A virtuous circle is created where savings on energy 

expenditure pay for a capital cost but this in itself is not always sufficient. Time can 

include the time to work out what is worth doing, to manage a purchase and 

installation, and ‘transactional’ time (for example to obtain planning approval) Space 

includes both having the space to make the change (for example to install a heat 

pump) and more complex considerations of preferences for use of space in the home. 

Some literature points to the so-called rebound effect when a drop in the price of 

using an energy service causes a rise in demand. Williamson cited by Thomas (2010) 

describes ‘comfort creep’ as factor in higher insulation levels possibility increasing 

energy consumption however the review of the research generally says that because 

people respond more strongly to price than to efficiency cues when deciding how 

much energy the direct rebound effect for efficiency alone should be nearer the low 

end or around 5–10% to expected energy savings ( Gillingham et. al, 2013 Jessoe, K. & 

Rapson, D 2012). Likewise Pears ( 2010) in noting that the rebound effect has an 

element of truth underpinning it, overall it is not a significant game changer in 

changing better energy behaviours. 

 

2.3.4 Literature Summary and Knowledge Gap 

The recent signing of the Paris Climate change agreement ensures Australia’s 

commitment to lowering greenhouse gas emissions and as a significant contributor to 

energy demand the policy settings and goals for the building sector continue on a 

path to energy reduction strategies. Increased energy use due to increasing housing 

numbers is expected to exceed the savings in energy from decreased use per 

dwelling. As a consequence of the improved quality of thermal properties of buildings 

due to energy regulations, overall energy use associated with building characteristics 

is decreasing, making the role of the occupant more important.  
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Whilst there are different approaches and policy initiatives for housing these 

approaches have primarily focused on improving energy efficiency with a more 

limited focus on energy demand and generation issues. Energy efficiency measures 

directly reduce consumer operational costs and can therefore provide significant 

benefit, however the building industry is concerned that relentlessly pursuing ever 

higher energy efficiency star ratings in building with no consideration of the up-front 

capital costs simply creates political pressures to achieve incorrect economic targets. 

Their argument is that is amounts to assuming that energy savings can be achieved at 

no resource cost or ignores the other important half of the optimal resource use 

equation. 

Occupant behaviour is believed to be influenced by household characteristics, 

lifestyle, and cognitive variables (means, motive and opportunity). But it can also be 

influenced by the interaction between the user and the building and for comfort the 

thermal properties of the building. The rebound effect or what is termed ‘comfort 

creep’ is not considered to be of significance however some argue that energy saving 

measures may be lost to occupants adjusting to higher comfort levels over time.  

Studies have also shown that occupant behaviour plays a prominent role in the 

variation in energy consumption in different households in similar housing types but the 

extent of such influence is unknown. Using consumption data then to compare the 

energy efficiency of homes can prove unreliable. The impact of the building’s thermal 

characteristics on space heating demand has been well studied. Therefore there is a 

lack of understanding as to whether consumption data can adequately be used to 

infer energy efficiency of a building, particularly in the Australian context. This research 

focuses on the regulation of improvements to the building shell and household 

characteristics that influence occupant behaviour are recognised as factors to be 

considered in the studies of star rating of houses. 

 

2.4 Rating Schemes, tools and metrics 

2.4.1 Thermal Modelling, NatHERs ratings  

The use of thermal comfort assessment tools to develop building energy and carbon 

models is widespread in the literature (Farahbakhsh, Ugursal & Fung 1998; Fung et al. 
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2000; Huang & Brodrick 2000; Hens, Verbeeck & Verdonck 2001).  Kavgic et al. (2010) 

provides an appraisal of many of the most popular bottom-up physics based models 

using various simulation engines including BREDEM in the UK, HOT200 Batch energy 

simulation program in Canada, DOE-2 in the United States, and VerbCO2M in Belgium.  

Earlier research (some 15 years ago) demonstrated a number of shortcomings in the 

Australian rating schemes, which mean that they were been unable to reach the 

desired objectives of sustainability (Stein and Meier, 2000; Williamson, 2000). These 

shortcomings and improvements in current versions, namely the accuracy of NatHERs 

ratings, standardised occupancy scenarios and the reliability for evaluating the 

thermal performance of houses, are discussed in section 3.6 . 

Validation of the models is crucial to ensure the accuracy of output energy use 

calculations, not only in the application of building physics but also the assumptions of 

building user behaviour (Ryan & Sanquist 2012).  Ryan and Sanquist (2012) note that 

building energy models are very sensitive to occupant behaviours and often do not 

accurately represent monitored behaviours. Critics of NatHERs tools have questioned 

the accuracy of the models, the behavioural and internal load assumptions, and even 

the value of the scheme for improving household energy performance (Williamson, 

O'Shea & Menadue 2001; Kordjamshidi, King & Prasad 2006; Szokolay 2006).  Whilst 

these critics have focused attention on the difficulty of predicting actual energy use 

for any particular household and period, 2nd generation NatHERs tools have been 

successfully used in predicting average energy use across large populations (Energy 

Efficient Strategies 2004). Other researchers have argued that accuracy issues for 

thermal comfort assessment tools can be addressed by calibrating the simulation 

predictions with monitored energy use data, therefore improving accuracy and 

integrating elements of energy use behaviour (Reddy, Maor & Panjapornpon 2007; 

Raftery, Keane & Costa 2009; Berry 2010). 

 Berry (2014) describes research on  bottom-up engineering modelling using thermal 

comfort assessment tools to determine likely energy use and carbon impact which has 

been used extensively in Australia (Newton & Tucker 2009; Peterkin 2009; McLeod & 

Fay 2010; Moore 2010; Morrissey, Moore & Horne 2011; Wang, Chen & Ren 2011). 

Newton and Tucker (2009) use the second generation NatHERs tool AccuRate to 

examine the heating and cooling loads of four building types at four performance 
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levels.  Morrissey, Moore and Horne (2011) use the AccuRate energy simulation tool 

with a set of 81 detached dwelling designs in order to assess the implications of 

orientation on thermal energy use.  Moore (2010) used the same sample of houses 

designs to test the impact of multi-star upgrades.  Peterkin (2009) applied the same 

NatHERs tool to 34 house designs to test the relative impact of passive solar design on 

energy use in Western Australian climates.  McLeod and Fay (2010) use AccuRate 

assessments for two house plans to build a cost curve for improving performance to 10 

stars.  Wang, Chen and Ren (2011) also use AccuRate to model expected changes to 

household energy use in selected Australian cities due to global climate change.  

The NatHERs scheme uses a set of published assumptions on the way buildings are 

constructed and operated (Delsante 2003). Research has found that actual building 

energy performance varies greatly when compared to the theoretical models (Saman 

et al. 2008; Williamson, Soebarto & Radford 2010). Validation of the NatHERs building 

energy model has infrequently occurred as few large post-occupancy energy use 

studies have been undertaken in relevant climates to the required technical standard, 

and validation has been limited to comparisons with results from other building energy 

models, individual buildings without households, or small samples of buildings with 

households (Delsante 2004, 2005a; Moghtaderi et al. 2005; Saman et al. 2008; 

Dewsbury et al. 2009). These validation exercises have involved a range of 

construction types (timber, brick veneer, cavity brick, and mud brick) and been 

conducted in a variety of climates including cool temperate, temperate, warm 

temperate and hot humid climates.  These validation exercises have found that in 

general NatHERs tools are reasonably accurate at assessing the indoor environment 

and estimating the energy required to maintain thermal comfort for the occupants, 

although Saman et al. (2008) found that AccuRate appreciably underestimates 

cooling loads. Validation processes on both 1st and 2nd generation NatHERs tools 

have also been conducted using the BESTEST protocol, developed by the International 

Energy Agency for evaluating building energy simulation software (Delsante 2004). The 

BESTEST process compares the results of simulation runs against the results produced 

by eight benchmark software tools, and NatHERs tools have been found to be 

consistent with the benchmark tools within the protocol’s acceptable tolerances. 
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As in Berry (2014) the bottom-up engineering approach using thermal simulation tools 

is particularly useful for testing the impact of specific technologies and building 

designs, and can provide an insight at both single and multiple building scale, but is 

dependent on the accuracy of the building energy model, the validity of the climate 

data and behavioural assumptions, and the limitations of model functionality 

(Williamson 2000; Karlsson, Rohdin & Persson 2007; Kavgic et al. 2010).  Kavgic et al. 

(2010) point out that the simulation tool approach fails to deal with the socio-technical 

interactions which result in energy system use, and in particular, the models are limited 

because they assume standardised household behaviour rather than describe the 

impact of likely behaviours. The use of bottom-up engineering approaches has 

sometimes been extended beyond thermal comfort. Newton and Tucker (2009) start 

with national average energy use numbers for water heating, cooking, lighting and 

plug-in appliances as the baseline for energy use, to model the expected energy and 

carbon performance of four house types at various NatHERs thermal comfort 

performance levels.  Each performance level was matched with nominated sets of 

appliances and equipment with assumed average efficiency levels. Moore (2010) 

used Australian Government published national average appliance and equipment 

energy use data to combine with NatHERs thermal comfort energy predictions to 

examine the likely costs and benefits of zero emission homes.  Neither of these 

approaches incorporates behavioural impacts related to the interaction between 

households and the specific technologies, and neither approach is based on the 

monitored performance of appliances and equipment found in new or low energy 

housing stock. 

A combination of two approaches, whereby a ‘bottom-up’ stock model built from 

predictive household energy use modelling is reconciled with top-down sectoral 

energy data, has been used to estimate the energy and carbon emission impact of 

large buildings stocks (Australian Greenhouse Office 1999; Energy Efficient Strategies 

2002; Boardman et al. 2005; Boardman 2007a; Department of the Environment Water 

Heritage and the Arts 2008; Gupta & Chandiwala 2009).  In Australia, building energy 

models using NatHERs outputs to describe annual heating and cooling loads 

integrated with estimates of appliance, lighting and hot water energy loads, have 

been developed to predict the energy and carbon emission impact of the housing 

stock (Australian Greenhouse Office 1999b, 2000; Energy Efficient Strategies 2004; 
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Department of the Environment Water Heritage and the Arts 2008b).  This methodology 

provides both the ability to test the impact of specific technologies and behaviours, 

and the ability to test policy and other macro-economic impacts, but is still limited by 

the use of prescribed behavioural patterns and cannot accurately reflect the socio-

technical interplay between technology, institutions and households as noted by 

Kavgic et al. (2010). 

In an International Comparison of Sustainable Rating Tools, Reed et al. (2009) citing a 

study by BRE (2008) concluded that there are high levels of variation between the 

systems for the same ‘grade’ or ‘rating’ than might be expected. In Australia, software 

tools from the Nationwide House Energy Rating Scheme (NatHERs) are used in the 

building regulatory framework to predict annual heating and cooling energy loads 

(Australian Building Codes Board 2006c), in a similar way to SAP in the UK.  NatHERs 

tools differ from SAP in that 2nd generation NatHERs tools incorporate a full thermal 

simulation model whilst SAP is a simple heat balance calculator which does not take 

into account the dynamic interaction of climate, building characteristics and 

occupants (Clarke et al. 2009).  NatHERs tools use standardised climate data and 

household user behaviour patterns to allow fair comparison between dwellings at the 

building approval stage by demonstrating the theoretical benefits of one design 

scenario against another (Cassell & Ballinger 1996; Delsante 2003, 2005b). 

The Nationwide House Energy Rating Scheme Service Charter describes a user guide 

under development and as part of a calendar of the 2016-17 communication 

activities citing a ‘user guide is currently under development. It is designed to be a 

resource for assessors when undertaking assessments in any software (NatHERs 2016). 

Chapter 4 of this thesis discusses and outlines the assessor training requirements noting 

that in Australia the system that has developed is for one consistent qualification the 

Certificate IV in NatHERs Assessment, but with two registered accredited training 

organisations ABSA and BDAV. A NatHERs Benchmark study (NatHERs 2014) as part of 

its findings says software tools could be further improved to minimise error rates. A 

number of participants in the survey argued that some building designs are more 

complex and require a higher level of skill and more sophisticated understanding of 

the software programs to rate accurately as per; 
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 ‘There is a strong case for two levels of qualifications for NatHERs assessors. One 

qualification that is focused on developing the technical and generic 

competencies required to conduct assessments of planned residential buildings and 

a qualification for advanced practitioners that addresses matters such as: assessing 

residential buildings with complex design features, assessing the thermal 

performance of existing buildings, and providing advice on thermal performance to 

other building professionals during the building design stage’ 

Integration and Consistency between NatHERs tools has been identified in the 

literature and to counter earlier negative press including social media posts, prior to 

the 6 star implementation ABSA therefore evaluated whether the ratings of all three 

2nd generation software products demonstrated the same divergence as those 

reported in the original article. ABSA (2009) engaged expert assessors in each tool and 

audited these ratings to make sure that interpretation of the plan and adherence to 

rating protocols was identical between the three assessors. ABSA found that the 

differences between the BERSPro and AccuRate were much less than found in the 

original publication. In general differences were under half a star and this may be 

overestimated due to the differences in reporting star ratings: BERSPro reports only half 

stars and AccuRate reports decimal stars. The report went on further to state that 

comparison between AccuRate and BERSPro and FirstRate5 energy loads shows an 

excellent level of correlation. The R2 value for both tools is over 0.98 (where 1.0 is 

perfect correlation). Further investigation by (Berry & Marker (2015): demonstrate the 

performance of AccuRate in calculating internal dwelling temperatures based on the 

occupant behaviour assumptions in the software have produced satisfactory or better 

outcomes. with an older version of the NatHERs software which may give slightly 

different results to later versions. 

 

2.4.2 Governance, Monitoring, Assessment Practices and Training 

As the reliance on rating tools to achieve compliance with more stringent energy 

efficiency standards increases, so too does the importance of good governance of 

rating schemes. A ‘minimum standard setting ‘approach is evident in the literature 
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around regulatory frameworks and some key themes emerge in setting building 

standards, such as;  

• regulatory measures are subject to regulatory impact analysis; (ABCB, 

2008 

• the varying characteristics, including functions, scale and construction, 

of different building types are taken into account;  (Department of Housing 

and Public Works, QLD, 2010) 

• standards applying in particular locations facilitate cost-effective 

compliance by accommodating local construction practices and climate 

conditions; ( Cole 2000) 

• standards support efficient use of natural resources and energy; 

(Greening  et al. 2000) 

• comfortable and safe conditions for building occupants are maintained; 

(National Academy Press , 2001) 

• climatic variation across Australia, both currently and potentially with 

projected climate change, is taken into account; (O'Brien, K & Selboe E  2015) 

• improvement and innovation in building design and technologies are 

encouraged; (Oster, S & . Quigley, M  1977, ) 

• voluntary action to improve building sustainability beyond minimum 

standards is encouraged;   (Lee, W &  Yik F 2004) 

In Australia there are two major government-managed building rating schemes used 

for assessing energy efficiency. As discussed previously for residential buildings, 

NatHERs is used for assessing compliance of a building design with the thermal 

performance requirements in the NCC; however for commercial buildings, NABERS 

Energy tool is used for regulatory programs such as the Commercial Building Disclosure 

(CBD) program and for other government programs around Australia in relation to 

assessing operational energy use. These tools can also be used for non-regulatory 

purposes, for example to assist in the design of new buildings, and to rate existing 

buildings (NatHERs is used for the mandatory disclosure of residential building ratings in 

the ACT).  
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Due to their different focus and use, at present each rating scheme has somewhat 

different administrative/reporting arrangements. However, the broad administrative 

elements of NatHERs and NABERS Energy are quite similar comprising a Steering 

Committee of inter-jurisdictional representatives, a Technical (or Stakeholder) Advisory 

Group and a National Administrator. According to ACIL Allen (2016) the national 

governance arrangements for these rating tools need to consider:  

• ensuring all assessors have the latest rating tool versions and are kept up-
to-date with the latest developments in tool governance and related 
programs;  

• setting minimum standards for qualifications, ongoing training and 
professional development of assessors;  

• monitoring and quality control;  

• compliance and enforcement;  

• data collection and analysis of overall trends in the application of rating 
tools and building performance; and  

• informing program evaluation and policy development.  

To ensure adequate representation of all jurisdictions, all jurisdictions should be 

involved and contribute to the governance of each tool through a national steering 

committee. Where possible, existing committees should be used to govern any new 

tools. The Framework seeks to achieve concerted whole-of-government leadership 

and coordination in ensuring that increasingly stringent building standards are 

developed, understood and complied with.  Governance in the context of the 

Framework is about ensuring administrative arrangements effectively support the 

development, implementation and evaluation of standards for building performance 

in a well-coordinated, transparent and accountable manner.  

Effective delivery of the Framework relies on sound partnerships between all 

governments, multiple agencies, and a range of industry and community players. The 

Framework with its longer-term delivery over the next decade will require a regular 

review of the effectiveness of its governance arrangements (NSEE 2012).  Since all 

governments have important roles to play in developing and implementing the 
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Framework, their roles and responsibilities need to be well articulated to improve the 

transparency and acceptance of the Framework by industry stakeholders. The 

literature supports the proposition that it would therefore be beneficial to have one 

national body, that reports to a ministerial council, to coordinate the implementation 

of the Framework.  

2.4.3 Disclosure schemes and House Energy labelling 

The European Union (EU) responses to the 2010 Energy Performance of Buildings 

Directive (EPBD) has seen Energy Performance Certification introduced in various 

forms across individual member states. In Germany a two tiered system of Energy 

Performance Certification (EPC) for housing exists with an operational rating 

(“Verbrauchsausweis” in German) measuring the energy performance based on the 

past energy consumption of occupants using actual household energy data. 

Denmark began requiring energy disclosure on new and resale residential and 

commercial buildings in 1997. As described by Laustsen and Lorenzen (2003) the 

decade old Danish rating scheme includes a rating, plan for savings, and direct 

consumption information. Denmark has shown sustained success with its consistent 

message with a decrease in energy costs per home of almost 20% since 1997,   Miguez, 

et al.  2006. In the UK, Simcock et al. (2013) argue that actual household energy data 

can only be one of a range of factors that influence householder perceptions of 

domestic energy information.   

Overall these schemes do use actual household energy data as just one component 

of evaluating the overall energy performance of the house, and therefore do not 

solely rely on consumption data.  Heating and cooling metered energy for a 

household is a function of four factors: the building shell, the efficiency of the heating 

and cooling equipment, behaviour and climate.  It can be argued that to  use 

metered energy use data in determining the energy efficiency of the building shell in 

maintaining thermal comfort, requires that metered data is strongly correlated to 

heating and cooling energy use, which is related to climate. Furthermore, it requires 

that the building shell is the dominant factor affecting heating and cooling energy use 

rather than behaviour.  Finally, metered data needs to properly account for the 

efficiency of heating and cooling equipment to evaluate the efficiency of the building 
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shell. A feature of the European approach is a common certification using a 7 point 

alphabetic scale where A is optimum and G is worst performance rather than the 10 

point star bands of the NatHERs scheme. Whilst the member state schemes are shown 

to be at least moderately effective in energy reduction goals (Amecke, H 2012; 

Murphy 2014) a comprehensive report from the Building Performance Institute shows 

significant differences across jurisdictions, (BPIE, 2010), their report findings stating; 

‘A lot of the implementation problems and difficulties experienced are 

inherent in the complexity of implementing Energy Performance Certificates. 

Different national backgrounds and circumstances in Member States lead to 

varying implementation solutions, particularly with respect to the chosen 

calculation methods, the registration procedures, promotional activities 

undertaken, quality control mechanisms and enforcement systems. This 

inevitably leads to significant differences between countries in the ultimate 

effectiveness of Energy Performance Certificates in bringing about real change 

in energy efficiency in the building stock.’ 

The only current Australian disclosure scheme for existing homes is the ACT scheme 

examined in more depth in section 6.2.3. It uses a NatHERs based thermal shell 

evaluation and so is a rating of the fabric consistent with the star ratings of new homes. 

There was the sort lived and failed Home Sustainability declaration scheme (appendix 

F) introduced briefly, 5 years ago, by the Queensland government ( Bryant & Eves, 

2011). Problems identified in that very basic disclosure scheme included a lack of 

engagement, as a survey of real estate agents showed that whilst a high level of 

compliance with the provision of declaration existed there was widespread 

disengagement with the sustainability declaration process from both sellers and 

buyers. In fact the survey they undertook indicated that 98% of buyers did not ask for 

a copy of the sustainability declaration at any time during the sales process.  

The elements of ‘whole of house’ energy consumption/greenhouse gas emissions in 

principle include:  

• Space conditioning energy consumption/emissions, which (in addition to 

behavioural choices) in turn reflect:  

• The thermal integrity/performance of the dwelling’s shell or envelope,  
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• The energy efficiency of space conditioning devices, and  

• The greenhouse intensity of the fuels consumed;  

• Fixed appliance energy consumption including  

• Hot water services,  

• Fixed lighting,  

• Pool and spa pumps,  

• Fixed kitchen and cooking equipment (oven, cooktops, extractor 

fans/rangehoods, dishwashers);  

• Portable appliances including  

• Whitegoods (clothes washers, refrigerators, microwave ovens, etc.)  

• Blackgoods (TVs, stereos)  

• Entertainment/education equipment (gaming computers, other computing 

equipment)  

• Lamps  

• Other portable cooking devices such as BBQs  

• Other appliances (electric blankets, hair dryers, etc.)  

• PV  

The whole of house approach particularly in a European context is debated in the 

literature (Franzittaa et al. 2011; Mahapatraa 2013) but practically it is unlikely that any 

scheme captures all of this in a consistent and readily useable manner. Still seen as the 

‘holy grail’ of a house assessment tool is to factor in all of these items. The research in 

this thesis if grounded in assessment of the thermal performance of the building shell 

for comfort energy which NatHERs is most suited to. 

A common feature of some energy disclosure schemes are that they may offer 

assessments also of costs and benefits of improvements. The UK EPC scheme (refer 

appendix E for certificate example) is based on a cost and potential savings 

assessment methodology Therefore the estimated costs shown on EPC’s can be wildly 

different to what the present occupier actually pays. Jacob (2006) is one who 

challenges elements of present investment decision-making regarding the 
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refurbishment of existing buildings due to the inherent difficulty in assessing marginal 

costs of energy efficiency measures whereas  under the Australian Government ill-

fated Green Loans program assessment homeowners were encouraged to choose 

the recommendations that best suited their situation and budget (Kortt M & Dollery B, 

2012) . Homeowners undertaking assessments were encouraged to (a) choose how 

you will finance your home improvements. (b) opt to use their own funds to purchase 

and install the recommendations, or, (c) for the Green Loan Eligible items listed take 

advantage of the interest free loan of up to $10,000. The work in chapter 6 examines 

this aspect of ‘potential savings’ in more detail as more current Australian literature 

suggests that Victoria and NSW will implement housing energy disclosure schemes as 

advised in a recent NSW Government (2016) press release stating the government will 

encourage landlords to invest in energy productivity and improve living standards for 

renters. Potential actions announced include:  

• provide ratings for homes at the point of sale or lease to help renters 

and buyers know which properties would be cheaper to run and more 

comfortable to live in  

• improve energy performance of tenanted homes to make them more 

affordable and liveable for renters. 

• investigate opportunities to work with other jurisdictions on common 

approaches to energy efficiency in rental properties. 

In relation to these mooted Australian RBMD scheme(s) Pears (2016) notes;  

‘…. In principle, this is a great idea. It can potentially hold designers, builders 

and landlords to account. The danger is that we’ll get a weak scheme that 

adds to costs while not helping buyers and tenants with meaningful information. 

Tenants and homebuyers need to know if the major appliances and equipment 

will be expensive to run, as well as whether the building is well-insulated. So just 

having a simplified house energy rating, as already operates in the ACT, is 

inadequate. And we should really take the opportunity to check water effi-

ciency and other important issues, too. For example, is the greywater system still 

working? A sustainability disclosure scheme could be much more valuable’ 
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2.4.4 Literature Summary and Knowledge Gap 

There are a number of approaches and key points of difference between thermal 

comfort assessment tools. Differences occur in definitions, life cycle boundary 

differentiations, the application of different assessment methods, and variations in 

metrics and timeframes. Earlier research has demonstrated a number of shortcomings 

in house energy rating schemes. Critics of NatHERs tools have questioned the 

accuracy of the models, the behavioural and internal load assumptions, and even the 

value of the scheme for improving household energy performance. However as the 

focus of this research study is on the widespread implementation of the 6 star 

Nationwide House Energy rating Scheme a more detailed critique of the current 

Australian scheme and new 2nd generation accredited software with improved 

thermal calculation engine is presented in chapters 4 & 5. 

Following the COAG declaration on building energy efficiency measures in 2009 and 

the formation of a National Energy Efficiency strategy a framework for governance of 

the two major government managed building rating schemes used for assessing 

energy efficiency NatHERs (residential) and NABERS(commercial), which use post 

occupancy evaluation, has been established. These rating schemes and tools can 

also be used for non-regulatory purposes, for example to assist in the design of new 

buildings, and to rate existing buildings (NatHERs is used for the mandatory disclosure 

of residential building ratings in the ACT). Effective delivery of the rating and 

assessment framework relies on sound partnerships between all governments, multiple 

agencies, and a range of industry and community players. 

Energy disclosure schemes for existing housing are well established particularly in 

Europe under a 2010 Energy Performance Buildings Directive. Despite the Australian 

COAG declaration of 2009 they are not implemented here except the 

aforementioned limited ACT state scheme. The literature suggests that Victoria and 

NSW are however soon to implement disclosure schemes perhaps as early as 2017. 

These mooted schemes are examined as is housing energy disclosure generally in 

chapter 6. There is concern expressed in the literature to avoid schemes that are weak 

and that adds to costs while not helping buyers and tenants with meaningful 
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information. Tenants and homebuyers need to know if the major appliances and 

equipment will be expensive to run, as well as whether the building is well-insulated. A 

simplified house energy rating, as already operates in the ACT is seen by some as 

inadequate. Home buyer and real estate industry engagement with any disclosure 

scheme is paramount to successful adoption. 

Whilst proper integration and consistency between the tools that are used in rating 

houses is a common goal of administrators and the literature points to improvements 

in this area a major finding of the review is that the majority of studies investigating 

housing energy use in Australia model expected energy or carbon impact rather than 

monitor actual performance. Limited post occupancy data exists for NatHERs houses.  

No real monitored data studies exist other than the CSIRO study of 2013 which 

although over a narrow band of stars evaluating the 5 star implementation and having 

some surprising results (higher cooling use in higher rated homes in some climates) and 

lower cost to build 5 star from 4 star. Consequently, further post occupancy 

evaluations are needed for NatHERs.  The more relevant real world data we have, the 

greater the confidence we can have in models and in projections of the future. The 

literature suggests that data without structured analysis, which will often include 

modelling, can remain incoherent information, so models and real world data are not 

alternatives to each other, but complement each other such as the work presented 

in this study (in chapters 5 & 6). 

 

2.5 Housing industry innovation, adaption, barriers and cost impacts  

 

2.5.1 Review of industry adaption and barriers  

Several characteristics of the housing industry are said to contribute to barriers to 

energy efficiency and sustainable housing as a type of innovation, Hoffman & Henn 

(2008, p.3). As the barriers to sustainable construction have become a topic of 

increasing research effort in recent times, authors such as Häkkinen & Belloni (2011) 

claim that obstacles now faced by the green building movement are no longer 

primarily technological and economic, but rather social and psychological. The social 

barriers to innovation encompass organisational and institutional barriers. An outcome 
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of this is what was first conceptualised by Cadman (2000, cited in Martin, 2013) as a 

circle of blame which consists of; 

• ‘occupiers who would like to have sustainable buildings but who argue 

that there are very few available;  

•  constructors who can build sustainable buildings but who argue that the 

developers do   not ask for them;  

•  developers who would ask for sustainable buildings but argue that the 

investors will  not pay for them; and   investors who would invest in 

sustainable buildings but who argue  that there is no demand for them.’ 

 

A range of barriers specific to sustainable construction, which contribute to this vicious 

cycle, were identified in the literature. These include:   

• Increased capital costs (or perception thereof); ( Banfi, et. al)  

• Lack of customer/public interest or willingness-to-pay (or perception thereof);   

• Increased risk (or perception thereof); ( Ahn et al. 2013) 

• Increased time  ( Dalton et.al 2011) 

• Insufficient understanding, technical information, skills or tools; (MBA 2010) 

• Inappropriate or inadequately enforced regulatory requirements; (Revell, A., & 

Blackburn R., 2005) 

• Incomplete integration within and between projects and supply chain issues; 

Khalfan, et. al 2015) 

• Aesthetics of sustainable houses and landscapes (Zenga et. al 2011) 

The greatest barrier may be the complexity and fragmentation of the construction 

industry and its network of wider stakeholders (Dubois & Gadde 2002), as well as of the 

construction process itself whether through pre-fabrication or on-site activities (Hook & 

Stehn, 2005). The level of skills and training required to build to higher standards is by 

cited by MBA (2010) as per; 

‘Construction of new, more energy efficient buildings and the retrofitting of existing 

buildings will require a more skilled workforce. Government assistance is needed to 
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overcome structural skills shortages in the building industry and to train workers in the 

new green building techniques that will be required.’ 

Koebel & Cavell (2006, cited in Martin, 2013) claim that for innovations to be readily 

adopted within large house building organisations they need to be compatible within 

social networks and must be accepted by the managers, site supervisors, 

subcontractors, lenders and insurers. Despite this, they claim there has been a lack of 

research on how these relationships work or the consequences for innovation. The act 

of building a house requires a large number of tradespeople and other    stakeholders 

to work together cooperatively through the entire duration of a process. In   addition, 

the composition of project teams is likely to vary from one project to the next  (Palmer 

et. al, 2006), with one of the consequences being that for an innovation to be adopted 

successfully by the industry throughout the country “…potentially requires that many 

thousands of people become aware of the innovation (i.e., add it to their knowledge   

base) and choose to use it and even to recommend it to others (i.e., to the decision 

agent or the influence agent)” (Hassell et al., 2003, p. 21). Further, as Wadick (2010, p. 

112) notes, impeding this possibility is the fact that: “…many subcontractors are in such 

a hurry to get in, finish, and get out, that they may not consider other people who 

depend on them.”  

Coupled with the complexity of the house building process itself, it becomes 

apparent why driving any changes, including adoption of more sustainable practices 

or technologies, can be extremely difficult. Toole (1998, cited in Koebel & Cavell, 2006) 

noted that the variability and complexity of residential structures, site variability and 

the time frames required for production, can act as a barrier to innovation more 

broadly. This complexity has also been claimed to act as a potential barrier to quality 

control (Emmitt et al., 2012) and to the safety of other subcontractors (Wadick, 2010). 

Whereas, increases in the time between commencement and completion of new 

houses (Dalton et.al 2011) lead to negative outcomes such as higher costs. 

While there are conflicting claims, it is fair to say that the housing industry does not 

generally receive glowing endorsements of its track record of innovating (Martin 2013) 

Criticisms that the construction industry, and particularly the house building industry, 

lags in innovation compared to other industries, are common (for example, Ball, 1999; 

Barlow, 1999; Koebel & Cavell, 2006).  In a similarly negative tone, Mitchell (2000, p.79) 

comments that others have noted that“...a peg-board chart or a type-written 
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schedule count in the literature as newsworthy management innovations”. Barlow 

(1999) attributes this perceived lack of innovation to the fact that housing is 

manufactured using craft skills and a low-wage, unskilled workforce, while Koebel and  

Cavell (2006) suggest that it may be in part because the construction industry is made 

up mostly of small firms which may not have the resources for innovative strategies or 

investment.  

 

However, others including Hassell et al. (2003) dispute this contention, arguing that 

there is limited data to support the claim that the rate of innovation is slow compared 

to that in  other industries, with conclusions often based on small sample sizes or 

anecdotal  evidence. Koebel and Cavell (2006) note that the construction industry, at 

least until recently, has tended to be under-represented in the wider literature on 

diffusion of  innovation, in part because, as Hassell et al. (2003) argue, early studies of 

innovation tended to focus more on high-tech industries such as semi-conductors or 

radars, and adoption by organisations with well-developed research and 

development programs, while Nam & Tatum (1997) have also noted that much of the 

literature on innovation has  typically relied on other industries with very different 

characteristics, such as  manufacturing.  

Hassell et al. (2003 cited in Martin, 2013 p.90) contend that there are numerous 

examples of innovation by the  housing industry over the last 100 years, ranging from 

the installation of electricity and air- conditioning, to the use of standardised building 

products (such as 2x4s and roof trusses),  to the inclusion of factory-made components 

such as kitchen cabinets. They also cite related innovations adopted within the wider 

industry context, such as in housing   financing which has boosted home ownership 

rates in the United States; or in the regulatory environment, with the development and 

implementation of performance-based building codes, resulting in better houses. 

Mitchell (2000) similarly notes that Australian house builders today use a wide range of 

materials and processes that were not in use in the 1940s, such as steel framing, plastic 

cladding, fire-resistant insulation, prepainted roof iron and the use of specialist labour 

for building or installing particular components. In contrast, Ball (1999) points out that 

successful examples of innovation in housebuilding tend to be piecemeal 

improvements, typically of building elements, rather than radical transformation. 
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Unlike the commercial construction sector, where clients can be significant drivers 

for innovation, particularly if they have strong experience with construction projects 

(Barlow, 2000; Kulatunga et al., 2011), most customers in the detached housing market 

are not equipped to influence the process significantly as they typically only use the 

construction  industry occasionally. Consequently, they usually lack knowledge and 

experience of technical standards, and tend to have direct and less formal dealings 

with contractors rather than designers, making it difficult for them to assess 

construction quality (Forsythe, 2008). Their already limited power also varies with the 

boom and bust cycles of the housing industry. In times of high demand, competition 

may force them to settle for either what they can afford or can purchase before 

someone else does, and they may make a number of compromises in the process. 

Further, there is considerable variability in the ways in which customers enter the 

homebuilding process, which can be prior to design commencing right up until after 

the home has been fully constructed. Even when involved from the design phase, 

customers’ level of involvement will vary depending on the degree of customisation 

which is allowable (which in the case of project homes, will be relatively minimal and 

primarily cosmetic), and also the degree of knowledge of the buyer and their 

willingness to defer to the expertise of the home designer (Koebel & Cavell, 2006). 

Koebel & McCoy (2006, cited in Koebel & Cavell, 2006) claim that client involvement 

in home building only occurs in the high end of the market. 

The regulatory framework can act as a barrier to adoption of innovations, 

particularly if it increases costs and uncertainty (Koebel & Cavell, 2006). In relation to 

the federal system of government in Australia, Manley (2008) notes that having this 

level of government can pose a challenge to innovation more widely, as it may be 

difficult to match products to codes or obtain approvals in an efficient way given the 

clashes and duplications caused by different standards in the various States. 

Regulatory officials enforcing existing regulations and codes may also prefer more 

familiar designs, materials and products rather than innovative approaches, and 

where they are making decisions on whether to allow innovative processes, the extra 

time taken may undermine the potential time or cost benefits of adopting a particular 

innovation (Hassell et al., 2003). 

However, regulations can also positively impact on technological innovations and 

provide competitive advantage (Gann and Salter, 2000). Koebel et al. (2003, cited in 
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Koebel & Cavell, 2006) found that more builders disagreed than agreed that codes 

and regulations were a barrier to technology diffusion. Similarly, in the UK, Jowit (2012) 

describes two large construction companies which claimed that regulation was not a 

significant barrier to new home building, and that instead government should focus 

on facilitating financing processes for small developers and homebuyers to borrow 

money; reforming planning and freeing up more publicly-owned land. They also 

claimed that lowering standards could be counterproductive, making it harder to 

convince local communities to release land if they weren’t going to be building well-

designed, well-built homes, with the Chief Executive Officer of one of the largest home 

builders in the UK noting that as a house needed to last 100 years, society should be 

demanding very high standards (Jowit, 2012).  

 

2.5.2 Regulation Impact models and cost benefit analysis 

As noted earlier in this review (section 2.3.2) the requirement for an Impact 

Assessment, including a full cost benefit analysis for significant proposed amendments 

to Building Codes is standard practice and provides the principal driver for cost 

reviews. In Australia an agency is required to contact the Office of Best Practice 

Regulation (OBPR) to seek advice on whether a Regulation Impact Statement (RIS) is 

required for decisions made by Council of Australian Governments’ (COAG) Councils 

and national standard-setting bodies ( Commonwealth of Australia, 2014) The 

selection of values for the cost benefit analysis component of a RIS is seen as critical 

and that there is a clear obligation to base analysis on the best possible data and 

projections. 

CBA is a process for evaluating and comparing impacts of policies, typically from 

the point of view of the wider society rather than that of the individual (Australian 

Government, 2007; De Rus, 2010; Goodstein, 2008; Moore, 2012). It is undertaken by 

systematically analysing total cost inputs against total expected outcomes (benefits) 

of various policy options compared to a BAU approach (Boardman et al, 2011; 

Campbell & Brown, 2003; Mishan & Quah, 2007). The analysis turns inputs and outputs 

into a common metric to allow comparison. Typically, this metric is expressed as value 

in present day dollar amounts (Commonwealth of Australia, 2006).  
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Moore (2012) notes that earlier CBA failed to include wider social and environmental 

costs and benefits, and the methods of CBA have evolved in response to criticisms 

citing amongst others Dobes, (2008). In particular the work by Pearce (Pearce, 1993; 

Pearce & Barbier, 2000; Pearce, et al, 1989) since the late 1980s, has been critical in 

the development and evolution of environmental CBA The inclusion of values for 

certain intangible elements has arguably allowed analysis to target wider social and 

environmental issues with greater accuracy in addition to the Our Common Future 

report (Brundtland, 1987), type of CBA are the climate change reviews completed by 

Stern (2007) and Garnaut (2008).  Some research (Livermore & Revesz, 2013) suggest 

a more globalised approach to CBA though also pointing to marked differences in 

such things as labour markets that impede direct comparisons and approaches across 

nation states. 

The ability to place a ‘value’ on non-market goods and services, such as the 

environment, represents an ongoing criticism of the CBA approach (Kuosmanena, & 

Kortelainenb, 2007) and despite methodological advances, the use of CBA remains 

contested (Gezelius & Refsgaard, 2007). Ackerman and Heinzerling (2001, p. 1) state 

that:  

‘cost-benefit analysis is a deeply flawed method that repeatedly leads to biased 

and misleading results…cost-benefit analysis cannot produce more efficient decisions 

because the process of reducing life, health, and the natural world to monetary values 

is inherently flawed’. 

CBA presents policy makers with quantitative data about potential impacts from 

regulatory proposal across time. It assumes it is possible to place a value on things. 

Where a market does not exist, as is the case for many environmental elements, the 

process of assigning values can be problematic and contentious. It presents data in a 

common metric, which allows comparison between various policy approaches in 

order to find the most cost- effective approaches. It sets a level of consistency. Not 

every element is able to be defined in terms of a cost or benefit, which can mean 

important elements are left out of the analysis, resulting in outcomes that are 

incomplete.  

Data integrity issues are ever present in CBA and though first popular in the early 

days of computer programming the adage ‘garbage in equals garbage out’ for 
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results of CBA has been cited by many authors ( Bailey 2013, Howard 2013, Moran 

2016), however often a  subjective comment on analyses they differ on. CBA requires 

policy makers to consider positive and negative impacts for wider elements, 

communities and approaches traditionally not considered in policy development. 

Design weakness creates a margin of error whereby any errors in selected alternative 

scenarios can impact on the output of the analysis. Energy & Development Research 

Centre (2000) at the University of Cape Town the major challenge in collecting the 

input data for the CBA is the level of disaggregation – i.e. by region, fuel, income group 

and end-use  where no single data set exists which considers all the above factors at 

once. It is often necessary to combine data from a number of different sources to 

approximate the desired level of detail. In some instances, this limitation lies in the fact 

that data is simply not recorded or analysed at this level of disaggregation in national 

studies. A further limitation of CBA is seen in uncertainty for costs and benefits including 

what discounting rates to use which can lead to inaccurate projections. However 

uncertainty about the future is seen as no reason to avoid a CBA (Deloitte, 2014). In 

fact they argue that uncertainty about the future makes the case for undertaking 

rigorous and transparent CBA even stronger.  

In the context of a RIS, (Pitt & Sherry 2016) benefit cost analysis is generally used to 

“...measure the economic and social impact of government action by reference to 

the 'net social benefits' that action might produce”. The guidelines do not require that 

real world data be used as the measurement standard. Indeed they note that “The 

values included in a CBA are the 'most likely' or 'best' estimates”, and they recommend 

that uncertainty about key values is handled through sensitivity analysis. Also, the 

guidelines note that “obtaining and analysing information also incurs costs...The more 

significant a proposal and the greater the likely economic and social implications, the 

more expenditure on a CBA can be justified.” 

So while the literature raises a number of concerns about the use of CBA, there are 

steps which can be taken to minimise the limitations highlighted by CBA critics (Hanley 

& Shogren, 2005). Steps such as undertaking sensitivity analysis on results can help to 

reduce critiques of CBA by testing what impacts differences in key assumptions can 

have on outcomes (Boardman, et al, 2011). CBA outcomes lead to a determination 

of the ‘feasibility’ of the analysis options. The concept of feasibility is one that is linked 

to the broader idea of possibility (Moran, et al, 2008). In other words, the question is 
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posed, is it possible for the proposed policy or scenario to be undertaken? In terms of 

a CBA it is possible, therefore feasible, when the benefits outweigh the costs of a 

scenario compared to a BAU approach (De Rus, 2010). 

Construction Cost Consultants (Quantity Surveyors) are generally best placed to 

help with cost modelling required for accuracy in building RIS’s. Davis Langdon (2008) 

use the life Cycle methodology in their study of Scottish eco homes using baseline and 

time shifted cost data, including assumptions on dwelling design, specification, 

configuration etc. Locational issues must to be factored into the models including 

choices of discount rates for the lifecycle costing analysis, residual value calculation 

basis, costs to be included/excluded from the lifecycle cost models. They show there 

are considerable cost savings in the long run that offset the higher initial investment in 

better building standards. In order for the concept to be accepted in the housing 

market though, there is a need for public awareness building and marketing 

campaign as well as for education of all stakeholders. Generally, a cost benefit 

analysis should take into account the following data related to a particular countries 

housing stock, (a) any binding international carbon abatement requirements; (b) the 

legal and regulatory framework related to energy and environment; (c) the level of 

household energy consumption in total and average; (d) housing construction market; 

and (e) demand and supply market for energy efficient technologies and products. 

The following elements have to be identified and analysed by Krstić H &  Čulo K ( 2008) 

for housing life cycle analysis and CBA studies; 

• construction costs,  maintenance and repair costs; 

• house life cycle period; 

• cost of house demolition and rubble disposal 

• savings in energy consumption; 

• energy efficiency of appliances used in households; 

• local and global impact on the environment; 

• reduction of gas emission into atmosphere; 

• choice of the discount rate for calculation of the NPV; 

• relative comfort of house users; 
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• health issues; 

Whilst the literature proposes the built environment to have highly favourable cost-

benefit ratios compared to other sectors for cost-effective greenhouse gas emission 

reduction through a reduction of energy consumption, improvements to energy 

efficiency and a viable utilisation of low carbon energy sources (Higgins, Foliente, & 

McNamara, 2011; IPCC, 2007b; Kolokotsa, et al, 2011; van Lente, et al, 2011),  research 

by others suggest that there are significant negative cost opportunities to reduce 

building emissions through increased regulation (Australian Government 2010; 

McKinsey & Company 2008). The 6 star RIS itself modelled the net impact of the 

proposed 2010 BCA amendments as a net cost of about $259 million with the 

combined building shell and lighting measures have a BCR of 0.88. This was evaluated 

with a 7 % real discount, which proved highly controversial and is the basis of further 

analysis in section 7.1 which investigates costs to 6 star compliance. 

Other sources suggest that the apparent negative costs of energy efficient 

measures may not be correct when other rational factors, such as time, effort and 

opportunity costs, are taken into account (CERA 2008, p 1; Garnaut 2008a).Outcomes 

of CBA, while highlighting the most feasible option, do not determine if this option is 

the ‘right’ or most appropriate policy approach (Gezelius & Refsgaard, 2007; Peterson, 

2009). Wider considerations, as discussed earlier, must be factored in to any policy 

development process. Housing is a unique product, whereby the physical space is 

laced with values of the home and sense of place. 

Residential building codes intended to promote health and safety may produce 

unintended countervailing risks by adding to the cost of construction. Higher 

construction costs increase the price of new homes and may increase health and 

safety risks through “income” and “stock” effects. The negative income effect is 

expressed by the HIA in its submissions on energy regulations (HIA 2012);  

‘And this entails costs that many consumers would prefer to forego. The justification 

for many current and proposed energy regulations rests increasingly on asserted 

benefits in terms of greenhouse gas reductions. However, even abstracting from the 

uncertain nature of such benefits, it must be underlined that these societal benefits 

are being purchased at the cost of the new home owner alone, without any 

consideration of capacity to pay. It is therefore discriminatory and moreover tends to 
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impact on younger people buying their first home, who are likely to be among the less 

wealthy members of society and in many cases have lower than average incomes.’ 

The income effect arises because households that purchase a new home have less 

income remaining for spending on other goods that contribute to health and safety. 

The stock effect arises because suppression of new-home construction leads to slower 

replacement of less safe housing units. Talk about health issues in Building Regulation 

Impact Statements should address the societal benefits of regulations designed to 

reduce the risk of physical harm. The health benefits of more energy efficient housing 

has been recognised in more recent studies. Comfort effects have been closely linked 

to health outcomes in the research, (Edwards & Pocock, 2011; Bills & Soebarto 2015  ) 

and, in future, expectations of a warmer climate with extended periods of extreme 

heat may need to be explicitly recognised in building Regulatory Impact and CBA, 

with costs for the consequences of not addressing health impacts.  

 

2.5.3 Literature Summary and Knowledge Gap 

Several characteristics of the housing industry are said to contribute to barriers to 

energy efficiency and sustainable housing as a type of innovation. Considering the 

fragmentation of the housing industry coupled with the complexity of the house 

building process itself, it becomes apparent why driving any changes, including 

adoption of more sustainable practices or technologies to increase energy efficiency, 

can be extremely difficult. Increased energy efficiency itself may be considered as 

simply one type of innovation or just a different approach to a pre-existing practices 

and norms. Many examples of  sustainable construction techniques, for example 

passive solar design or photo voltaic cells, are not ‘objectively’ new, yet by this 

definition they can still be considered to be an  innovation if new to a specific 

individual or organisation.   

While there are conflicting claims, it is fair to say that the housing industry does not 

generally receive glowing endorsements of its track record of innovating. Criticisms 

that the construction industry, and particularly the house building industry, lags in 

innovation compared to other industries, are common. From the literature review there 

is a picture of consistently the Housing Industry Association, the peak body for housing 
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industry being mostly critical of RIS and CBA modelling for energy efficiency. Here 

citing what it terms the detailed examination of the Productivity Commission’s 

assessment of these regulatory requirements expressed in finding 10.2: (HIA 2005) 

‘There is considerable uncertainty about the extent to which building standards 

have reduced energy consumption and emissions. In addition, it is doubtful that the 

net financial benefits predicted in regulation impact assessments have been 

achieved in practice. The limited available evidence suggests that the costs of current 

standards have been much higher than were predicted’ 

CBA itself is seen as problematic, ‘garbage in equal’s garbage out’ and some 

outwardly impressive spreadsheets and visual charts can hide a fundamentally flawed 

analysis. The limitations of Life Cycle Costing and the evolution of CBA to include more 

externalities and counting the cost of carbon abatement are evident in the literature. 

Risk and Sensitivity analysis is vital to the bigger picture analysis as is the whole concept 

of  ‘feasibility’ as something might be feasible i.e. but whether it is a net benefit or net 

loss or neutral depends on perspectives. 

The full detailed jurisdictional evaluation of the 6 star RIS and residential disclosure 

RIS modelling conducted in 2010/11 is not a part of this review however the analysis 

and discussion on the economics of increased stringency of energy efficiency 

measures are linked to the analysis in chapters 5, 6 and 7.   What is most apparent in 

some of the industry literature is the vocal opposition of the Housing Industry 

association to moving beyond 6 star. It sees costs to build a more energy efficient 

house are costs some consumers might prefer to fore go as money is tight and the 

opportunity cost is in present features rather than a hard to see future benefit. This 

aversion in the industry to increase standards also links to the behavioural aspects of 

occupancy and energy use and motivations and means as discussed in section 2.3.3 

on housing consumer behaviours.  Clearly, further understanding of the stakeholders 

involved in the energy efficient regulation is needed. 
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2.6 Literature review – final conclusions, gap analysis 

The benefits of, and drivers for energy efficient and thermally comfortable housing 

were summarised previously which also suggested that sustainable and energy 

efficient housing continues to be far from the norm. Given the many purported 

benefits and the efforts of numerous stakeholders to greater energy efficiency in 

housing, the question to ask is why this remains the case? To help in answering this 

question it is understanding the  performance benefits under the NatHERs scheme of 

higher star homes and the barriers to adoption of new energy performance standards 

by builders that is critical in formulating effective strategies to encourage improved 

energy performance and effective disclosure for Australian dwellings, of which 

annually over 200,000 are newly created. 

Whilst building energy models based on NatHERs assessments, through their use in 

calculating potential energy savings, have been instrumental in shaping the 

stringency levels for energy efficiency provisions of the Building Code of Australia in a 

research context fundamentally, the majority of studies investigating housing energy 

use in Australia model expected energy or carbon impact rather than monitor actual 

performance. Without testing the model assumptions against monitored energy use in 

homes, these studies provide little empirical evidence that the proposed design 

strategies will achieve the expected energy use reductions. This is a significant gap in 

the understanding of the energy performance of the nation’s housing stock. 

A NatHERs rating is a function of four factors: the building shell, the efficiency of the 

heating and cooling equipment, behaviour and climate. The NatHERs software itself is 

evolving; changing to become more user friendly, adding further features requested 

by assessors (and to fix bugs) or to keep ahead of future requirements. Whilst 

benchmarking has been undertaken by NatHERs itself one gap is the lag between 

assessments and compliance checking, i.e. has the builder delivered what has been 

rated? Though actual compliance checking or post occupancy ratings of new 6 star 

homes are not a part of this study the monitored energy use studies and building shell 

improvement costings close a gap in the area of evaluations of effectiveness of higher 

performance standards under the NatHERs regulatory scheme. The work presented in 

this study (with a focus on current 6 star requirements) and the papers published 
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around monitored energy use in NatHERs rated homes adds to evidence based 

evaluation of the rating scheme and regulations. 

A serious tension in building policy is still the gap between design intent and delivered 

performance. Whilst the portion of typical energy use ascribed to household 

appliances, electronics, lighting and other non-space heating and cooling services is 

significant, accounting for 50% or more of total household energy consumption, the 

energy consumption of householders in maintaining thermal comfort is significant and 

the efficiency of the building shell which is a focus of NatHERs and this study is critical.  

It does seems very difficult to establish relationships between behavioural patterns and 

household groups on the one hand and energy consumption on the other and 

coupled with the failure to implement a national housing mandated energy disclosure 

scheme this leaves a large gap in evaluating the energy performance improvement 

potential of homes built pre-introduction of the minimum building code regulations 14 

years ago. The costings study in chapter 8 provides a contribution to the gap in this 

area by selectively mapping a least cost pathway for achieving a desired star rating 

or to at least a current 6 star minimum. The studies in chapter 6 and 7 show the benefit 

of higher star homes as well as the cost implications of the 2010-11 move from minimum 

5 star to current 6 star. 

Whilst both costings and cost benefit analyses are often highly contested areas the 

economic tests used to examine the energy efficiency provisions in the Building Code 

of Australia have been limited by the available evidence, the quality of the building 

energy models in use at that time, and have predominantly focused on future 

projections of anticipated increased construction costs This research is significant 

because it documents the experience of residential volume builders ( SA and QLD) at 

the introduction of 6 star regulations and helps to fill what was, and still largely remains, 

a gap in the literature within the volume housing sector and the Australian housing 

market post 6 star introduction. It should be noted that 6 star remains the minimum 

standard to date since its introduction in 2010/11. 

Whilst the history of Australian Housing Energy provisions is well documented as 

relatively short that history is, the views of stakeholders and the housing industry are not 

so well documented or analysed. Submissions on RIS’s to introduce energy regulations 
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and develop national frameworks for energy assessment have been analysed in the 

studies presented here to close gap in this area. Mostly it appears that individual 

builders rely on their peak body’s to formulate responses to regulatory changes that 

affect their operations and energy efficiency is no different, what is evident from the 

analysis of both the literature and the stakeholder interviews, submissions and survey 

in later chapters is that the housing industry has transitioned to the 6 star standard at 

least cost and far less confusion and concern than peak body expressions leading up 

and at the time of regulation change.  

From the literature review a specific set of knowledge gaps have been identified that 

lead to key research questions(sect. 1.3) and the task(s) of finding answers; 

• There is a gap in the knowledge as to the true extent of sustainable design 

practices and the improvements in thermal performance that can be 

attributed to changes in codes and practices. 

• There is a lack of understanding as to whether consumption data can 

adequately be used to infer energy efficiency of a building, particularly in the 

Australian context. 

• A gap due to limited post occupancy data for NatHERs rated houses, i.e. real 

monitored data studies showing expected improvements in seasonal energy 

performance. 

• Further understanding of the views of stakeholders involved in residential energy 

efficient regulation is needed to a fill a particular knowledge gap around the 

implementation of 6 star regulations. 

• A knowledge gaps existing in relation to what have been the building capital 

cost implications of moving from a 5 star to a 6 star minimum standard on 

2010/2011. 

• Some pathways to more cost effective retrofitting of older homes are poorly 

understood due to limited understanding of costs and benefits attributed to 

housing upgrades. 
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3  Energy Efficiency and the Australian Housing Industry 

This chapter examines the framework for energy efficiency provisions in housing both 

in a brief historical context, charting the development of housing energy regulations 

and energy efficiency schemes of the building fabric around the national goals for 

energy reduction from housing. It includes a study by the author published at the Bond 

University Pacific Rim Proper conference in Bond University in early 2011 around a 

public consultation process on a National Buildings Energy standards and assessment 

framework with a focus on residential buildings. This addresses the very first research 

question as to the structure of the regulatory framework and establishes the views and 

perceptions amongst stakeholders of current energy efficiency standards. 

The chapter also gives an introduction to the Nationwide House Energy Rating Scheme 

(NatHERs, 2010) from which house star ratings are derived. There is also a short 

discussion on consumer targeted home energy efficiency measures (outside of 

NatHERs) that have been adopted in SA (other states have similar) through market 

incentives, subsidies and interventions as these play an important part in home energy 

efficiency.  

3.1 Historical map of Australian Housing Energy provisions   

The Five Star Design Rating (FSDR) was an award developed in the 1980s for "high 

efficiency through excellence in design and construction" which assisted builders in 

marketing energy efficient home designs. Originally funded by Federal and State 

governments (NSW, SA, Tasmania, Victoria) and by some private investors the 

certification was developed by the Glass, Mass and Insulation Council of Australia 

(GMI Council) together with CSIRO Division of Building Research (Willrath, 1992). Under 

FSDR, the basic elements of glass, mass and insulation were the basis of the design 

principles of a five star home (Ballinger 1998). The scheme was not widely adopted or 

a success and in the 1990s, individual states developed their own home energy rating 

schemes. The Victorian scheme, based on a computer program called CHEETAH, was 

eventually accepted as the most effective. The development of a Nationwide House 

Energy Rating Scheme (NatHERs) began in 1993, based on the Victorian scheme, using 
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the CHEENATH engine developed at the CSIRO whose research and development in 

building energy modelling went back to 1950’s. In 2000 the Australian government 

published a feasibility study of a National Approach to Energy efficiency Measures for 

Houses (AGO 2000) including consultations with experts drawn from academia and 

industry.  The document was an overarching attempt to incorporate expert opinion 

around the various issues and technical challenges of setting minimum housing 

thermal performance measures in the BCA.  The study concluded that the BCA could 

be amended to set minimum energy efficiency levels in new buildings, resulting in 

meaningful reductions in greenhouse gas emissions in the building sector. However, it 

further concluded that developing and implementing such amendments would 

neither be easy or quick. 

 There was a significant feeling at the time that the proposed regulations should simply 

be tied to a computation method such as NatHERs though many acknowledged the 

limitations and weaknesses of this software. Generally it was thought to have real 

potential, with some further development, to be an excellent tool for rating the 

thermal performance of dwellings for all climates. The limitations of NatHERs 

assessment noted by experts in thermal modelling for free-running buildings in warmer 

climates (buildings which maximise natural ventilation, perhaps supplemented by 

ceiling fans or evaporative coolers) were widely apparent but thought to be solvable. 

Comments were made that there were accuracy problems with the software 

because it was not properly calibrated against actual occupant behaviour. 

Mandated minimum Energy efficiency requirements for new housing were first 

introduced into the Building Code of Australia (BCA) Housing Provisions in 2003 (fig 3.1 

below). 
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Figure 3-1: Timeline of energy efficiency requirements to BCA (Source:  ABCB) 

The primary objective was to reduce energy use and hence greenhouse gas emissions 

and this has given the nation the star rating scheme that in 2010 was increased to a 6 

star requirement and remains as the standard in the more recent update of the 2016 

National Construction Code (NCC). 

3.2 Energy productivity and the building industry 

In October 2008, the Council of Australian Governments (COAG) agreed to develop 

a National Strategy on Energy Efficiency (NSEE) to accelerate energy efficiency 

efforts, streamline roles and responsibilities across levels of governments, and help 

households and businesses prepare for the introduction of a mooted Carbon Pollution 

Reduction Scheme (CPRS). Following the COAG agreement and declaration of 2009 

on specific measures for the building sector as per the thesis introduction, in the 

following year 2010, the Australian Government established a Prime Minister’s Task 

Group on Energy Efficiency to look for options to: 

• deliver a step-change improvement in Australia’s energy efficiency by 

2020, and 

• place Australia at the forefront of OECD energy efficiency improvement, 

The Report of the Task Group recognised that barriers to energy efficiency could lead 

to an ‘energy efficiency gap’ in Australia implying that investment in energy efficiency 

might be less than optimal. The Report stated that: 
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‘Australia’s historical record of energy efficiency improvement has been poor 

compared to that of other countries. Currently we sit in the middle of the pack 

compared to other OECD countries. But our rate of improvement is falling 

behind [...]. Paradoxically, our history of poor performance has left Australia with 

a wealth of opportunities to improve our energy efficiency performance’ 

(Commmonwealth of Australia, 2010) 

The report went further on to state that the existence of an energy efficiency gap 

would suggest that some energy users are consuming more energy than they would 

in the absence of barriers that impede the adoption of energy efficiency 

improvements. Consuming energy at a greater than optimal level might also have a 

negative impact on other energy customers because the costs to supply energy, and 

the price at which it is sold, may be inflated, increasing energy costs for everyone. On 

an aggregate level, using more energy than necessary to provide the goods and 

services we consume diverts scarce economic resources from potentially more 

productive activities. 

COAG (2015) further released a National Energy Productivity Plan 2015 – 2030 with a 

goal of improving the nation’s energy productivity by 40%. The economy-wide energy 

productivity will be measured as national gross domestic product (GDP, in millions of 

dollars) divided by petajoules (PJ) of primary energy (a measure of the total energy 

supplied within the economy). This is a common international measure (fig 3.2) that is 

used to compare energy productivity between other countries. 

 

Figure 3-2 : National measurement of Energy productivity. Source NSEE 

 

In the building sector the COAG Council recognised that many homeowners and 

tenants are choosing homes to buy or rent or are renovating their homes without 

adequate information about their expected energy performance, comfort and likely 
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future energy costs. The Council’s goal is to work with the buildings sector to research 

options and consider a range of different tools and measures to improve information 

for residential buildings, including the costs and benefits of disclosure requirements. 

This would include consideration in any scheme(s) of the impacts of new technologies 

in building energy performance, such as distributed generation, storage, advanced 

metering or other energy related fixed appliances and equipment. The latest review 

in 2016 undertaken by the Commonwealth working through the international Buildings 

Energy Efficiency Task (BEET) group of the International Partnership for Energy Efficiency 

Cooperation is discussed in the literature review (sect. 2.3.1) 

 

3.3 The National Building Energy Rating Framework 

The Australian National Building Energy Standard-Setting, Assessment and Rating 

Framework is included in the NSEE to address a subset of building-related measures, in 

particular (a) minimum building fabric energy efficiency standards; and (b) building 

assessment and rating processes that can be used in minimum building standards and 

other policies. 

The NSEE (2010) then stated that “All jurisdictions will work together to develop a 

consistent outcomes-based National Building Energy Standard Setting, Assessment 

and Rating Framework for driving significant improvement in the energy efficiency of 

Australia’s building stock – to be implemented in 2011.” 

 

3.4 Study Analysis of Building Energy Standard Framework Consultations 

Here follows a study of the framework set out in a public consultation paper released 

in March 2010 titled ‘National Building Energy Standard-Setting, Assessment and Rating 

Framework by a body known as the Senior Officials Group on Energy Efficiency which 

is the government appointed body tasked by COAG to oversee the implementation 

of the NSEE aims. A set of questions as below forms the basis of stakeholder responses 

(made public) and from which a content analysis study was conducted and published 

in 2011. 
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• Should every rating tool used for regulatory purposes use a 10-star rating 

scale? 

• Should there be only one rating tool specified for compliance with 

building standards that require a minimum star rating? 

• Should residential building standards be harmonised across all 

jurisdictions? 

• Could any changes to existing governance arrangements improve the 

development and administration of rating tools used under the Framework? 

• Do you agree the approach taken by Pitt & Sherry in determining the 

quantitative goals? What goals should be set for future energy efficiency 

standards in 2015 and 2020? 

• General/overall comments on the Draft National Building Energy 

Standard-Setting, Assessment and Rating Framework. 

 

3.4.1 Introduction and Data Collection Method 

Submissions to the department were invited from across the spectrum of individuals, 

institutions and corporations with experience and active involvement in the residential 

and commercial building sector. Submissions became public documents unless 

marked confidential, respondents could choose to remain anonymous though the 

vast majority did not giving the authors study a broad scope and coverage. The 

analysis of the responses was from emails and attached reports made available to the 

researcher. Some 89 responses were published by the Senior Officials group in July and 

these submissions provide a breadth and depth to the issues and debate around 

setting Energy Efficiency targets and ratings framework for buildings in Australia. A 

breakdown by industry grouping and geographical base is provided in tables 3.1 and 

3.2 below.  
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Table 3-1: Respondents by Industry/professional group 

Group type No of 
responses 

% 
responses 

University/Research groups 8 9 

Trade and Industry Associations 16 18 

Professional Bodies 12 13 

Manufacturers/Suppliers  8  9 

Developers/builders  3 3.5 

Design Consultants/Energy Assessors   26    29 

Local Associations (citizen and local government) 6 6.5 

State Government bodies 2 2.5 

National Green alliances/federal agencies 3 3.5 

Energy retailers and Suppliers 3 3.5 

Anonymous 2 2.5 

Total 89 100% 

  Table 3-2:  Respondents by location 

Location No of 
responses 

% 
responses 

   

Australia Wide Body/ National Organisation 47 53  

NSW 5 5.5 

Queensland 4 4.5 

Victoria 8 9 

South Australia    6    6.5 

Western Australia 6 6.5 

Tasmania 6 6.5 

ACT 2 2.5 

NT 0 0 

International/Global Organisation 3 3.5 

Anonymous 

 

2 2.5 

Total 89 100% 
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Whilst as noted the tables above reveal a breadth of responses across industry 

stakeholders there is a somewhat marked lack of individual responses from largescale 

developers and builders. A lack of individual response from even the large volume 

residential developers suggests however that the builders and developers would 

expect a national co-ordinated response from their peak bodies i.e. the HIA and MBA, 

and these organisations do indeed make significant submissions. The only state or 

territory which is not represented in a state only response is the Northern Territory which 

historically has shown a tendency to variance to the national building code due to 

size, remoteness and a somewhat unique climate .  More than half of responses where 

from National industry bodies and associations and in terms of the groups most willing 

or able to provide a response it is building designers and energy assessors that are the 

predominant group, in fact making up almost one third of responses. 

 

Responses to the framework under the broad classifications that follow are examined 

and reported with a view to distilling both common threads and major differences of 

views and approaches going forward. 

• The house energy rating schemes, metrics and tools, assessors, governance, 

training and accreditation issues. (3.4.2) 

• Overall sustainability, incorporating embodied energy, lifecycle of materials, 

water use and waste treatment. (3.4.3) 

• Accounting for climate variation, use of climate data and future climate 

change scenarios. (3.4.4) 

• Economic cost/benefit evaluation ,  existing housing stock, consumer 

behaviour, appliance use, etc.(3.4.5 & 6) 
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3.4.2 The Rating schemes, tools used for assessment, governance and training of 

assessors 

Commonly, concern is expressed in responses that there exists little consistency 

between the tools used to rate buildings for energy efficiency. Figure 3.3 provides an 

illustration of their variation in coverage. Some focus specifically on products 

(Ecospecifier), some on specific parts of a building, others on the building and its 

occupants (GreenStar). Some take a comprehensive life cycle assessment (LCA) focus 

for example  (LCADesign). Others are restricted to the energy efficiency of heating 

and cooling during the operation of a building (NatHERs , FirstRate5, AccuRate, 

BERSPro, ABGR) and a number take a broader approach incorporating a range of 

planning related issues (BASIX, VicBEST, STEP).  

 

Figure 3-3 : Classification of rating schemes and tools for environmental assessment 

of buildings and related components  Source:  FWPA 2005, 

  

The different assessment tools tend to focus on different issues and metrics; some are 

single issue focused such as recycling of materials, whilst virtually all address energy in 
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one form or another. Only a few include greenhouse gas (GHG) measures or take a 

broader life cycle analysis (LCA) approach. Around a third of the tools available can 

be categorised as ‘assessment’ tools which provide quantitative performance 

indicators to help make decisions on design alternatives while the other two thirds are 

‘rating’ tools which determine the performance level of a building against agreed 

(often subjective) standards. Some tools also utilise a ‘predictive performance’ 

approach, others a ‘measured performance’ approach. 

  

The current residential software tools of the National Home Energy Rating Scheme 

(NatHERs) i.e. AccuRate, FirstRate5 and BERSPro utilise a predictive performance 

approach, modelling and rating the thermal performance of a home’s building shell 

against agreed star bands, whilst NABERS Home assesses the actual operational 

environmental performance. NABERS Energy undertakes a similar operational 

assessment of existing commercial buildings. The most widely used commercial design-

based tool at present is the Green Building Council’s GreenStar tool, which focuses on 

9 categories: indoor environment quality, energy, transport, water, materials, land use 

& ecology, emissions, management, and innovation.  

 

Though not in any of the submissions it is worth consideration that in the context of 

NatHERs protocols for energy rating of houses 2 out of the 3 residential software 

applications i.e. both BERSPro and Firstrate had received provisional accreditation 

only at that time, whereas they are now fully accredited . Also the Administrator of 

NatHERs (2011) had called an expression of interest for a new committee to comprise 

government and technical experts so that the technical merit of NatHERs software 

could be adequately maintained and supported. Again there is no mention of this 

initiative in the submissions perhaps as a function of the cut off timing to the 

consultation process, having being just only recently announced.  

While it is recognised that different tools are developed for different users and uses 

(concept design, pre-design, and full-design) it is also clear that there is a need for the 

adoption of a consistent basis and methodology. The need for a benchmarking 
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process is also important to ensure that the tools provide a consistent and unbiased 

assessment so that they cannot be misused to present market driven ‘green-washed’ 

positions.  All tools should be able to accommodate and account for the variations in 

climate throughout Australia and allow for fair comparison of lightweight or mass 

construction and different usage and occupancy behaviour patterns.  

In terms of measurement and evaluation metrics, greenhouse gas (GHG) emissions are 

seen as critical as they relate to the overarching goals of the nation though some other 

targets such as low embodied energy or low peak load energy are also deemed 

important. Essentially a move away from measures of energy in mega joules and 

kilowatts to Carbon Output per building gross floor area or a similar carbon normalised 

measurement metric per unit of building function was proposed, though this is not a 

feature of NatHERs . 

One perceived problem in the area of home energy ratings is that for code 

compliance, the star rating serves only to enable jurisdictions to signal the stringency 

that they wish to pursue in their regulation and that say a 5-star rating varies 9-fold 

between climate zones for the energy performance that it enforces and 14-fold when 

converted to an approximate CO2-e basis. Although there is some correlation 

between the heating requirements and climate (expressed as heating degree days) 

there is no correlation for the cooling requirements (to cooling degree days). 

Moreover, the standard is relatively lenient in the harshest climates and relatively 

stringent is inherently more benign climates. If the same standard were enforced 

everywhere (for a particular building type) then the regulation would enforce higher 

performance in the climates where it is most needed. 

 

The Building Environment Industry Innovation Council (BEIIC) in its submission supports 

the use of predictive / modelling based rating tools for new buildings. With regard to 

the measurement metrics the BEIIC supports Option 1 a normalised measurement 

metric per floor area which aligns internationally with the proposed United Nations 

Framework Convention on Climate Changes (UNFCCC) common carbon metric and 

differentiates between residential and commercial buildings, and is suitable for both 

new and existing buildings.  
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In comments regarding the accreditation and training of assessors there is a view that 

state differences make for an inefficient rating scheme which inhibits assessors working 

across borders. Whilst their currently is one national umbrella organisation for home 

energy rating(HER) assessors, the software tools used and training in such is not 

distributed evenly across state borders and individual states have different assessor 

registration systems. Generally it is felt that at a national level a robust and effective 

administrative and governance system should also be implemented to oversee the 

design and use of rating tools based on an agreed standard or protocol.  

 

3.4.3 Overall sustainability, incorporating embodied energy, lifecycle of materials, 

water use 

Submitted comments support the evolution from a focus on energy efficiency to one 

that covers broader sustainability elements’ and promotes holistic Life Cycle 

Assessment (LCA) of buildings. Expanding the framework to cover broader 

sustainability elements over time deserves support as the energy/greenhouse gas 

imperative diminishes and other issues increase in prominence. These include water 

resource management, but might also include the impacts of materials, products and 

services and their full range of impacts for human health, ecological impact and 

resource depletion. Soil and water are seen as important environmental issues and 

should be addressed as part of strategic and statutory planning and well as the BCA 

(these are still not energy standard matters) and other issues should not be overlooked 

such as, eco and human toxicity, photochemical oxidation, etc.  

A few respondents mention the ‘zero carbon’ approaches of the United Kingdom (UK) 

code for sustainable homes (Communities and Local Government, 2006). It is noted 

by a number of respondents that a study by DEWHA (2007) into the measures for 

improving the environmental sustainability of building materials recommended ‘life 

cycle assessment’ as the “most useful approach for the assessment of energy and 

materials flows impacts in whole building tools.”  A proposed evolution of the 

approach to building assessment is set out in figure 3.4 below. 
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Figure 3-4: Evolution of the approach to building assessment (Source: A3P – Australian 

Plantation Products Public Discussion Paper Submission, May 2010) 

 

Not all respondents agree on the need for wider environmental or LCA assessments, 

such as one peak building organisation contends that it is far too difficult to include 

water management in the framework. Instead it recommends the continued use and 

expansion of Australia’s water efficiency labelling scheme (WELS) which allows 

consumers to compare the water efficiency of different products in the home. Others 

believe that the BCA is not the appropriate vehicle for regulating water consumption 

and more specific state-based water regulations, unrelated to the building process, 

would be more effective. Notwithstanding, in the longer term some would not oppose 

the regulation of water consumption by a National Construction Code, in a manner 

similar to the NSW BASIX approach, if there were strong community and industry 

support for this approach. One argument put forward is that, although the BCA is an 

appropriate vehicle for regulating energy use and greenhouse emissions in buildings, 
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it is not an appropriate vehicle for regulating the other environmental considerations 

as listed below:  

• Air quality, air changes, VOCs, airborne toxins etc. – These are best dealt with 

by national health regulations.  

• Water quality, eutrophication, waterborne toxins etc. – These are best dealt 

with by national water quality regulations, with regional and/or catchment 

qualifications  

• Land use, waste disposal, recycling etc. – These are best dealt with by regional 

planning regulations.  

 

Noted by one timber industry respondent that the Australian Greenhouse Office 

(AGO) in their initial assessment of the introduction of energy efficiency measures in 

1999 recommended the use of an ‘adjustment factor’ for residential building energy 

ratings to account for embodied energy, as per; 

 “In policy terms, embodied energy may be addressed by building in some 

factor into say a HERS scheme, if implemented. For example, a four star house 

(operational energy) using low embodied energy materials (for example, 

timber) may rate as equivalent to a five star house (operational energy) using 

higher embodied energy materials (for example, concrete and clay brick).”  

 

3.4.4 Accounting for climate variation, climate data, future climate change 

For residential buildings (DEWHA 2008) states the performance requirement for the 

energy efficiency of the building shell is expressed in terms of a single star rating under 

the NatHERs scheme. The framework document presents 3 possible options as per 

below, where option 1 represents the current scheme. 
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1. Adjust the rating scale according to climate zone 

2. A rating scale that is consistent across the country 

3. A consistent rating scale (as per 2) but different standards  for different 

climate zones 

 

Option 1 has general support where the underlying star banding figures (i.e. MJ/m2 

per annum) in NatHERs vary by climate zone, so for example a six star house in Darwin 

has quite a different predicted thermal performance to a six star house in Hobart. 

Option 2, a rating scale that is consistent across the country (that is, an X star building 

has the same performance requirements no matter where it is located) is less well 

supported by those who feel that any political difficulties in dealing with more 

challenging climates should be dealt with separately to the rating schemes and are 

of the view that the current situation of variations is not well understood. 

 

Option 3 has limited support whereby any scheme might vary the stringency 

depending not only on major climate zone, use, occupancy, and whether new build 

or renovation. This is seen as enabling regulators to tailor the requirements to suit the 

circumstances, without interfering with any simulation software used in the rating 

assessment. One comment was made that the number of climate zones to be used in 

any revised scheme must be reasonable and rational( there are currently 8 major 

climate zones in the BCA) and any  database used in determining zones for the 

scheme must be consistent among all programs for home energy ratings software. 

 

The issue of climate zone variability and proper representation is seen as extremely 

important in a number of respondents where questions are being asked as to the 

appropriateness of current modelling for homes in warm-to-hot climates (Qld, NSW 

(northern), NT, and WA). Stakeholders from these states believe that the current 

protocols do not adequately address the way people live in these areas and that 

more appropriate user behaviour patterns need to be developed. There are some 
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concerns that the current NatHERs Star Bands and occupant behaviour patterns do 

not accurately represent warm-hot climate areas and concerns with the accuracy of 

weather data which have been separately raised in a recent article (The Australian, 

2010) quoting leading technical experts and academics in the field. 

On the issue of taking account of future climate change some respondents feel that 

not adjusting data used in models to account for future climate conditions may limit 

the benefits of the framework in future years. It is felt that adjusting the data for future 

climate conditions based on the highest probability trajectory within the timeframe of 

this scheme would allow industry to begin to develop innovative solutions and 

potentially ‘future proof’ long term building investments. A minority feel that 

accounting for future climate change is unreasonable and finding a point to draw the 

line in this regard appears very difficult. That there is considerable uncertainty in the 

forecast effects of climate change over the timescales for review of measures under 

this Framework, so the preferred approach would be to adjust existing climate data to 

favour more recent, hotter years. One options suggested is not to include now but to 

establish a framework that allows adjustments to targets if this proves to be an issue in 

the future. Where it is the quantification of future climate change effects that would 

be unreasonable, designers can still be mindful of future impacts of climate change 

so design housing to be efficient and sustainable now.  

3.4.5 Economic benefits and consumer behaviour 

The importance that the framework promotes an affordable cost outcome is 

recognised throughout the responses though there is a wide disparity of views on the 

question of the measure of costs and benefits. Representatives of the home building 

and property development industry and are far more critical of the costs involved in 

increasing stringency measures. Some industry bodies are scathing of the current 

economic modelling around the Regulatory Impact Statement (RIS) on increasing 

energy efficiency standards in the BCA. They have noted that previous RISs in this area 

have indicated that significant cost-effectiveness of building fabric improvements are 

difficult to justify, with a contention that should there be no change in occupant 

behaviour, then there is no benefit.  As the submission from the Property Council states; 
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“In respect of the proposed (and subsequently agreed) 2010 changes to the 

BCA, we note that ABCB RIS 2009-3 (housing) indicated a variable benefit/cost 

ratio of the BCA initiatives, and in many cases less than one (i.e. the cost is 

greater than the benefit). From ABCB RIS 2009-4 (other buildings), we note that 

the benefit/cost ratio was on average only 2.05.  This indicates that the often-

stated assumption, of “significant savings in greenhouse emissions in building, 

at relatively little cost”, is erroneous. Although there are reductions to be made, 

they will be won at real and significant cost; and even then, only when there is 

significant change in occupancy behaviour.”  

Some respondents allude to the difficulties of establishing the true costs of EE measures 

as it is felt that builders will not disclose ‘additional cost’ of EE measures and that this 

cost could erode their margins.  That unique site specific solar passive design is not cost 

effective for the volume builder/developer reliant on standard designs.  The 

Association of Sustainability Assessors (ABSA) contends that achieving the current 6 

star standard can be built with little or no impact on cost if well designed and 

orientated.  These ‘lower order’ costs to build to increased levels of efficiency having 

been addressed in the then recent findings of research by Constructive Concepts 

(2009) and Belusko and O’Leary (2010) and as now published in this thesis.  

In one submission from the air-conditioning industry the RIS is dismissed as not having 

provided the actual raw data modelled in supporting the benefit to cost ratio to the 

community and that the RIS did not also model the existing building stock adequately. 

Further criticism of the RIS has come from the property industry (Verwer 2010) citing 

that a key failure of the RIS is not only to account for   behaviour of building occupants 

but that a key element has been overlooked, in the timing gap between capital 

investment required and the return received by investors, particularly in relation to the 

refurbishment of existing stock. 

Notwithstanding these comments many respondents agree that the improvement in 

stringency is worth the cost however with some reservations as it is felt that there is 

limited market ROI (Return on Investment), therefore the federal or state governments 

will have to make available significant incentives and other funding mechanisms. An 

independent housing sustainability assessor makes the point from his experience that 
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there is an upper limit to what people will pay for a home and that individual site 

specific (i.e. non volume) solar passive design is not cost effective for the 

builder/developer. 

One respondent a Real Estate professor observes that whilst cost is mentioned several 

times in the framework discussion paper, there is no mention of ‘value’. Also, a 

perceived problem to be addressed by the framework is that of poor information 

dissemination on the benefits of sustainability. That this might be solved by embedding 

this in the teaching of property professionals where sustainability should be seen as 

adding capital value as the prime motivator in property development including 

housing provision is financial. 

3.4.6 Existing building stock and appliances 

Some respondents make the point about an existing building stock making up the bulk 

of buildings whereas the energy efficiency provisions of buildings codes for example 

the 6 star standard deals only with new construction. Most respondents agree that the 

future framework needs to cover the assessment and rating of both new and existing 

residential buildings however are less clear as to what actions are required for a future 

‘mandatory disclosure of building performance at sale’ type system bringing the 

existing housing stock into the equation. A question is raised as to the reason for any 

regulated minimum acceptable performance needed to be harmonised with 

Mandatory Disclosure because they are seen as performing different functions as 

instruments of change. However, since homebuyers and tenants may be choosing 

between new and existing homes to invest in or occupy, there may well be a need for 

an equivalent prediction of the performance of new buildings to that for existing 

buildings under Mandatory Disclosure ( later developments discussed in sect. 6.2 & 

6.4). A clear message from the responses is that a consistent comparison approach is 

needed for all buildings throughout Australia (new and existing) and that the base 

metric should be GHG reduction. 

This could be generated as an extension to the existing tools for code compliance of 

new buildings by making assumptions about typical equipment loads, occupancy 

and use of the buildings. This aspect may require significant research (similar to the 

HEEP research conducted in New Zealand or the Energy Efficiency Best Practice 
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programme in the early 90’s in the UK.) Some further suggestions by sustainability 

assessors ABSA (2010a) are that; 

‘• Improvements can be "hard-wired" by not allowing a house to be sold at a 

lower star rating than it was purchased or built.  

• If the NatHERs tool is used for star ratings in the first instance, then when CSIRO 

produces their proposed sustainability tool, to be based on the AccuRate 

engine, this can be seamlessly introduced as one common tool for new and 

existing house ratings. 

• This would essentially mean a Dual Star Rating i.e. one for the building itself 

and one for fixed appliances. This approach may also help to drive change in 

the manufacture, installation and sale of fixed appliances as the energy 

efficiency of their products become more transparent and subject to 

substitution etc. This may also assist to drive rapid innovation in this area which 

in turn has export potential. ’ 

Whilst it is also recognised that plug-in appliances are a significant contributor to 

residential GHG emissions (35-49%) a number of submissions support the position that 

they not be a focus of the future framework given that they are difficult to regulate 

through the BCA, their usage is highly variable, they are easily changed depending 

on the building occupant, and their efficiency can be addressed through other 

complementary approaches such as the current Mandatory Energy performance 

Standards (MEPS) scheme( see http://www.energyrating.gov.au)  

The idea proposed in the discussion paper whereby data is collected on appliance 

use and efficiency is generally supported. One proposal being that at construction, 

sale or lease, to record brand and model number of fixed gas and electrical 

appliances currently in the property using an "Appliance schedule". Include items such 

as heating and cooling, hot water heaters, lighting, pool pumps and filters, central 

controllers, PVs and solar systems. Then using a Green Loans style calculator and data 

from the national appliance energy rating system provide an appliance potential 

energy use rating to the property. 

http://www.energyrating.gov.au/
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3.5 HERs schemes leading to a national rating scheme (NatHERs )       

As per the chapter introduction, during the 1990s, a number of state and territory 

governments attempted to develop their own HERS. Given the variety of Australian 

climatic conditions and the seeming benefits of national consistency, however, the 

then Australian and New Zealand Minerals and Energy Council decided to establish a 

Nationwide HERS (NatHERs ) in 1993.  

According to the Department of the Environment, Water, Heritage and the Arts 

(DEWHA 2008c), the current administrators of the scheme, NatHERs provides ‘a 

framework that allows various computer software tools to rate the potential energy 

efficiency of Australian homes. NatHERs defines the minimum set of information that 

must be used by all software tools seeking accreditation under NatHERs (fig. 3.5). 

Area correction factor 

Climate zones 

Internal heat loads 

Occupancy settings 

Cooling thermostat settings 

Building material performance 

characteristics 

Design interpretation guidelines 

Star rating scale 

Weather files 

Figure 3-5 NatHERs — minimum set of information  Source: DEWHA 2008c. 

In 2006, ‘NatHERs was improved to require a more powerful second generation of 

software tools’ (DEWHA, 2008c). These ‘can use 69 different climate files (compared 

to 28 for the first generation)’ and provide an energy efficiency rating based on an 

expanded 10 star scale. The first generation of software tools have subsequently been 

phased out and are no longer valid under the Scheme. Accredited second 

generation software tools include: Accurate; BERS Professional and FirstRate 5.  

All States and Territories require that all new residential buildings meet minimum energy 

efficiency standards. NatHERs provides the framework for verifying most of these 

standards. For example:  the BCA currently requires new Class 1 and 10 buildings to 

achieve a nominal level of energy efficiency equivalent to 6 stars (NT exception) under 
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the NatHERs scheme and in New South Wales, BASIX accepts certain NatHERs software 

results as one way of meeting its separate targets for the heating and cooling 

performance of the building shell (DEWHA 2008c). 

 The NatHERs scheme uses a set of published assumptions on the way buildings are 

constructed and operated (Delsante 2004). NatHERs predicts a thermal heating and 

cooling load (the latter is sensible and latent), based on house properties, climate zone 

TMY data, and assumed occupancy profiles. The development of a set of software 

simulation tools authored to agreed protocols based on the rules of the scheme 

began several decades ago using the CHEETAH / CHEENATH building thermal 

simulation software engine developed at the Commonwealth Scientific and Industrial 

Research Organisation (CSIRO). 

In more recent times the advent of 2nd Generation software tools such as Accurate®, 

First Rate® and BersPro® has included modifications and improvements to the 

Cheenath engine (NatHERs 2014) utilising data from post occupancy studies and an 

expansion of climate zones and climate data.  HERs rating using the software are 

increasingly used as evidence of compliance with the minimum energy efficiency 

requirements for building code compliance for new houses. In NatHERs, the total 

thermal energy must be determined for heating and cooling, based on the predicted 

annual conditioned Energy Load for a dwelling set out in the Principles for Ratings in 

Regulation Mode developed by the CSIRO. The total annual Energy Load must be 

calculated using Equation 1 below and be reported using the Star Band Criteria in 

which it falls.  

Equation 1:  EL = ((HL+CL)/CFA)*AAF  

Where:  EL = Total Energy Load (MJ/m2 conditioned floor area/annum) 

 HL = Total heating load (MJ/annum)  

CL = Total cooling load (i.e. the sum of the sensible and latent cooling loads) 
(MJ/.annum)  

CFA = Conditioned Floor Area (m2) AAF = Area Adjustment Factor 
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There are 69 individual climate regions covering the entire country in NatHERs of which 

a sample covering state capital and major regional locations are shown in table 3.3 

below; 

Table 3-3  Star rating criteria for heating and cooling loads in Mj/m2 conditioned floor 

area per annum. 

 

Within NatHERs Australia is divided into many regions of similar climate, that is, regions 

where local climate conditions are unlikely to require significant house design 

differences. The number of climate zones is limited by the number of locations of 

appropriate quality climate data, and locations which are sufficiently unique to 

warrant separation from nearby zones.  One or more postcodes are linked to a 

particular climate zone, except where there is likely to be a topographical or other 

feature that impacts the local climate and alternative zones are offered for the same 

postcode. For example; if a postcode includes a mountainous area, an alternative 

climate zone better representing the local climate above a certain altitude may be 

offered 

                  

1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
1 Darw in 773 648 555 480 413 349 285 222 164 119
5 Tow nsville 309 259 218 183 153 127 103 81 61 44
6 Alice Springs 562 385 269 196 148 113 84 56 29 7
7 Rockhampton 295 222 171 136 110 90 71 54 38 24

10 Brisbane 203 139 97 71 55 43 34 25 17 10
11 Coffs Harbour 232 153 103 73 55 44 34 24 15 7

13 Perth 387 251 167 118 89 70 52 34 17 4
16 Adelaide 480 325 227 165 125 96 70 46 22 3
17 Sydney 230 148 98 68 50 39 30 22 13 6
21 Melbourne 559 384 271 198 149 114 83 54 25 2
24 Canberra 792 547 387 284 216 165 120 77 35 2
26 Hobart 723 498 354 262 202 155 113 71 31 0
61 Mt Gambier 702 484 341 250 189 144 105 67 31 1
69 Thredbo 1238 888 655 499 387 298 216 136 61 1

Star Energy RatingClimate 
Region

Location
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3.6 NatHERs software and Assessor Training 

3.6.1 Software Improvements  

It is beyond the scope of this study to undertake a software benchmarking and 

evaluation exercise however as mentioned in introduction sect 1.the author undertook 

formal training in Accurate and through the purchase of an academic version of the 

FirstRate program and with on-line support and some mentoring from HERs assessor 

competency in the FR5 program. Development of the software tools has been 

ongoing and NatHERs has strengthened the software accreditation rules, such as; 

• Improved protocols 

 – MOU with Australian Building Codes Board 

– Evaluating the protocol for assessor accrediting organisations 

• Strengthened interactions with industry 

– Technical advisory panel 

– New materials inclusion pathway 

– Publication of research reports on website 

Whilst individual vendors may change program interface and functionality in line with 

bug reporting and changes to operating systems the software must at all times meet 

the NatHERs protocols and incorporate NatHERs technical guidance. The most recent 

and relevant major change was implemented on 1 October 2014. This was the 

introduction to the new software Chenath version 3.13 engine release and a new 

software output certificate (see appendix for sample cert). The changes relate to;  

• Improved air flow model that better handles simulations with permanent 

openings 

• Improved eave (included horizontal eave length and position) and wing wall 

(included wing wall vertical height) modelling 
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• Improved subfloor and roof space modelling with variable heat transfer 

coefficients 

• Improved glazing model suitable for Australian Fenestration Rating Council 

(AFRC) standards 

 

3.6.2 Assessor training and skills – with SA perspective 

Currently there are two recognised NatHERs accredited AAOs in Australia: 

•Australian Building Sustainability Association (ABSA) 

•Building Designers Association of Victoria (BDAV) 

Requirements on who can undertake assessments of building design thermal energy 

ratings for regulatory compliance purposes vary from jurisdiction to jurisdiction. While 

some States and Territories require ratings to be conducted by accredited assessors, 

others do not. South Australia until mid-2016 maintained a HERs register which grew to 

some 140 members, however this register is no longer operational.  The wording from 

DPTI website in relation to assessment is the following  

‘Energy efficiency compliance can be certified by a person with the necessary 

skills, software program, expertise and knowledge including: 

• architects 

• building designers 

• builders 

• building surveyors 

• energy consultants 

An individual certifying energy efficiency compliance will need to satisfy the 

council or private certifier that they have not been involved in the design of the 

house and have appropriate qualifications to act as an independent technical 

expert under Regulation 85 of the Development Regulations 2008. 
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Accreditation is not required in order to certify energy efficiency compliance, 

however accreditation with an Assessor Accrediting Organisation (AAO) under the 

Nationwide House Energy Rating Scheme (NatHERs) may assist in demonstrating 

that a person meets the requirements for recognition as an independent technical 

expert.’ 

In practice ratings are more likely to be required to be conducted by accredited 

assessors in those jurisdictions in which a number of professionals or paraprofessionals 

in the building chain are required to be accredited, registered or licensed and less 

likely to be required to be conducted by accredited assessors in those jurisdictions in 

which few professionals or paraprofessionals in the building chain are required to be 

accredited, registered or licensed. 

Where assessors are required to be accredited, the accreditation and auditing of 

assessors is undertaken by AAOs. The NatHERs Administrator currently accredits 

organisations as AAOs under the March 2016 Protocol for Assessor Accrediting 

Organisations and nationally as of 1 January 2016, all assessors were required to hold 

a Certificate IV in NatHERs Assessment to maintain their accreditation as an Assessor. 

Star rating accuracy is the most important element of a NatHERs assessment as this is 

directly related to compliance with building regulations and the National Construction 

Code (NCC). Assessors enter thousands of individual data items to establish the rating 

of a house. Each data item has a different effect on the rating, so the extent of 

accuracy required by assessors for each data item in order to maintain an accurate 

assessment also varies. The NATHERS benchmark study (Floyd 2014) was the largest 

attempt to get a national picture on assessor skills and behaviours. A key benefit for 

assessor participation was to improve the standard of their ratings. On completion of 

the study, assessors were given access to the report and/or report summary as well as 

the solution sets for all houses. The study found that around 21% of assessments 

obtained the correct rating around 37% of ratings were within 0.25 stars, 58% within 0.5 

stars and 77% were within 1 star (Table 1). Alternatively, 64% of assessors had an error 

greater than 0.25 of a star. Assessor errors increased significantly with the increasing 

complexity of design and documentation. 
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NatHERs Software Tools could be further improved to minimise error rates. This includes 

improvements such as automatic calculation of ceiling penetration area, better 

guidance on the allocation of zone occupancy types and the application of heating 

and cooling, automatic calculation of waffle pod slab R values and simplifying data 

entry for overshadowing. The calculation of NCFA is not consistent across tools and 

should be harmonised as the rating is determined on the basis of this area. NatHERs 

provides a no of technical notes to assist in interpretations. The 2 assessor accrediting 

organisations are ABSA and BDAV and since the major changes of 2014 have 

undertaken webinars and training for members. 

 

3.7 Inclusion of Energy Generation in Building Energy Efficiency Standards 

As introduced in section 3.2, development work on the Framework has flagged the 

possibility that building standards for both new residential and commercial buildings 

should allow offsets for the energy use of the building by the use of energy generated 

by zero and low emission energy (ZLEG) systems that supply the building. This is outside 

of the NatHERs current remit though the stakeholder analysis shows some 

concordance with this possibility. 

  It is also noted that the earlier final RIS for the 2010 revision of the energy efficiency 

requirements of the BCA demonstrated that the move to 6 stars was justified in 

particular circumstances there were some stakeholders who took a different view with 

work carried out for Master Builders Australia (CIE, 2010) and found that it is not cost 

effective to seek a 6 star rating through modification to the building shell.  

Several stakeholders then were of the opinion that a full analysis of impacts of both 

energy efficiency improvements and ZLEG options is needed to determine the optimal 

balance between building energy efficiency and building-connected generation.  

Subsequent to this thesis study (sect 3.4) the formerly named department of Climate 

Change and Energy Efficiency undertook a separate study around the Inclusion of 

Energy Generation in Building Energy Efficiency Standards (Australian Government, 

2012) 
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The stakeholders consulted during the preparation of that report were clear in their 

views, that improvements to the thermal performance of the building shell and to the 

energy efficiency of fixed appliances should come before considerations of building-

connected generation. The common view amongst stakeholders was that energy 

efficiency improvements must not be sacrificed by allowing renewable generation to 

displace energy efficiency when seeking to achieve a performance target. It should 

also be noted and discussed further in chapter 4 that whilst in Queensland a one star 

offset is permissible for on-site solar PV and in South Australia, remote and transportable 

homes also receive an on-site renewables concession this remains a principle of house 

energy regulation in 2016. The 2012 DCCEE report found that; 

‘ZLEG technologies will have an impact on the power networks should the BCA 

encourage wider deployment of ZLEG in either the residential or the business sector. 

These impacts are both opportunities and threats. ZLEG, particularly cogeneration 

and trigeneration, offers a means to defer capital expenditure that would otherwise 

be used to expand the networks. The situation with solar PV is less clear as the output 

of solar panels is often quite low at the time of a typical afternoon peak demand for 

electricity. Certain types of renewable energy generation such as solar PV can also 

give rise to problems with the quality of electricity on the network’ 

Advice on using onsite renewable and reclaimed energy sources is published by the 

ABCB ( 2016) and in South Australia a state with the highest residential PV installations 

per capita a specific advisory notice ( DPTI, 2016) has been issued to underpin the very 

limited concessions to the minimum energy requirements for solar offsets, stating 

emphatically that the department does not support ‘alternative solutions’ which allow 

the use of solar offsets in order to achieve compliance outside of the limited criteria 

and individuals or businesses that claim otherwise are incorrect and appropriate 

action would be taken against them. 

 

3.8 Home Energy market mechanisms for consumers 

NSW has an energy saving scheme (http://www.ess.nsw.gov.au/Home) and Victoria 

operates a similar energy target scheme( www.veet.vic.gov.au).  South Australia's 

http://www.ess.nsw.gov.au/Home
http://www.veet.vic.gov.au/
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Strategic Plan includes a target of improving the energy efficiency of dwellings by 15% 

by 2020, with a milestone of 10% by 2014. Reporting progress in 2012-13, the energy 

efficiency of South Australian dwellings had improved by 23.62% from the 2003-04 

baseline, exceeding the 2014 milestone and the 2020 target. This has been achieved 

through: 

• managing air conditioner energy use 

• introducing water heater installation requirements 

• implementing six star energy efficiency requirements for new 

homes through the National Energy Efficient Building Project 

• providing energy efficiency information and advice to 

households 

• the Retailer Energy Efficiency Scheme. 

The Retailer Energy Efficiency Scheme (REES) is a South Australian government initiative 

that requires energy retailers to help households and businesses save on energy use 

and costs, and lower their greenhouse gas emissions. 

(www.escosa.sa.gov.au/industry/rees/overview). This is done by setting energy 

efficiency and audit targets for energy retailers to meet. Retailers with a large number 

of residential customers are set additional targets that ensure a certain amount of the 

energy savings activities they do are delivered to low-income households. 

The South Australian Residential Energy Efficiency Scheme (REES) commenced on 1 

January 2009, with an initial lifespan of six years. On 29 November 2013, the Minister for 

Mineral Resources and Energy announced that the government would extend the 

scheme to 2020 and expanded it to include small businesses. The name of the scheme 

was changed from Residential Energy Efficiency Scheme to Retailer Energy Efficiency 

Scheme (REES). 

Fundamentally these state based schemes are designed for small-to-medium-sized 

businesses, and individual households to encourage and incentivise 'demand-side 

management' solutions that they can use to save energy, and money and are outside 

such regulatory schemes as NatHERs. 
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3.9 Chapter conclusion 

Conclusions from the framework consultations study reveal that the broader aspects 

of sustainability beyond building shell energy performance are recognised in many 

submissions that cover aspects of life cycle analysis, embodied energy, water use and 

waste treatment. Dealing with climate change, climate variability and future scenarios 

is see as problematic, however whilst some debate on the science of the data is 

evident the main concern is for any future scheme to be flexible enough to account 

for the regional variations in climate across Australia when rating houses for energy 

efficiency. 

The analysis reveals a general support for the Building Code of Australia (BCA) as the 

principle mechanism for implementation of building energy efficiency performance, 

though with debate and disagreement on the various software tools and ratings 

systems currently in use. It was generally held that any new assessment and rating tools 

must be flexible enough to accommodate both new and existing buildings, innovative 

materials and systems development, and should be able to provide assessment details 

for buildings under the requirements of the government’s proposed future Mandatory 

Disclosure Initiative. There is some confusion or lack of agreement on what form a 

disclosure scheme for existing homes should take and noting the study was conducted 

in 2011 the analysis in Chapter 6 will detail more recent developments in this area. 

There is a recognition by stakeholders that the final outcome of the Framework may 

be that ratings and standards have broader coverage than just energy efficiency, 

particularly greenhouse gas emissions and that this deserves support not just because 

greenhouse gas emissions are connected to energy use (and other causes), but 

because climate change is a key issue of concern internationally and Australia must 

play its part in reducing its emissions. Measures that assist in assessing all environmental 

impacts of a building over its full life are seen as key planks in any future expansion or 

revision to the current framework 

The chapter has mapped a snapshot around the timing in 2010/11 of introduction of 6 

star and a history of consultation on frameworks for the introduction of energy 

efficiency standards and whilst many measures under the NSEE are progressing well 

some such as mandatory disclosure have been delayed due to complexity regulatory 
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procedure and changing jurisdictional priorities which will be examined in later 

chapters on this thesis. 
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4  Energy Efficiency provisions of the NCC  

4.1 Introduction  

As discussed in the preceding chapter the primary regulatory mechanism for building 

controls within which energy efficiency falls is the National Construction Code 

(formerly the BCA). This chapter now examine the extent of these energy provisions 

and investigates how energy assessments fit within the code across different 

jurisdictions? 

This chapter examines not only the current regulations across the broader spectrum of 

methods of demonstrating compliance, NSW alternative BASIX assessment, different 

approaches to alterations, extensions and multi- unit dwellings, but also concessional 

arrangements as adopted by states in Australia (more specifically SA) to the 

implementation of the code. NatHERs and the development of a software assessment 

approach to a buildings fabric performance sits within a regulatory instrument that has 

alternative verification pathways to demonstrate energy efficiency compliance.  

The regulatory approach to Energy efficiency is generally to measure compliance by 

adhering to prescriptive deemed to satisfy (DTS) provisions around elements of the 

building or by formulation a performance based alternative solution that fits the 

objectives of the code or a combination of both as below: 

• Deemed-to-Satisfy — BCA Elemental Provisions Method 

• Deemed-to-Satisfy — Thermal Calculation Star Rating Method 

• Alternative Solution — Verification using a Reference Building 

There are a range of scenarios for housing design to do with compliance that an 

energy assessor might be faced with, including but not limited to consulting with 

clients, designers, builders and the local regulatory approval authority on what is the 

desired outcome in terms of the final design. In understanding energy efficiency 

provisions for housing the primary performance requirement is P2.6.1 – Building in Part 

2.6 Energy Efficiency for which the ABCB has authored several Awareness Resource 

Kits (ABCB 2010)  



Energy Efficiency provisions of the NCC 

 

109 | P a g e  

 

Whilst the overarching mantra from the ABCB is that building regulation takes a 

performance based approach the verification for residential energy efficiency is 

practically achieved by using the deemed to satisfy approach either by meeting the 

requirements of part 2.6 provisions or by a NatHERs six star rating, refer table 4.1 below.  

Part 3.12 of NCC vol. 2 explains the pathways (hereafter termed options 1 & 2) to 

achieving compliance either by an Elemental Solution or a house Energy rating. 

Table 4 1: Options for alternative pathways to compliance, Elemental v rating. 

OPTION 1  OPTION 2 

  

Energy Rating Solution  Elemental Solution 

 
Energy Rating  3.12.1 for Fabric 

Specific 3.12.1 clauses 3.12.2 for Glazing 

3.12.5 for domestic services 3.12.3 for Sealing 

 3.12.4 for Air Movement 

 3.12.5 for Domestic services 

  

 

Reardon (2009) p.276 describes his experiences around the adoption of the 5-star, 

working with house designers in WA where  it became apparent that their 

understanding of the complex interactive relationship of thermal performance 

variables was limited and many felt threatened by having their buildings rated by a 

ratings assessor – preferring instead, the tedious but in-house path of DTS compliance. 

However seven years on and with the refinement of software CSIRO (2015) estimates 

that at least 70% of all new house energy performance compliance assessments are 

undertaken using NatHERs -accredited tools. 
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4.2 Option 1 Software Simulation – Energy Rating (DTS) 

Using the Thermal Calculation method, a building is compliant if it does not exceed an 

annual energy allowance based on heating and cooling loads measured in mega 

joules per m2. Depending on location the energy usage calculation of the building is 

given a Star Rating between 1 and 10 stars to reflect the overall thermal performance 

of the building. It is an assessment of the whole building, considering the entire building 

shell rather than individual elements as in the Deemed-to-Satisfy Elemental Provisions 

method. More factors are considered holistically: like flooring, walling, roofing, glazing 

size / type and location, shading, occupancy, orientation, infiltration and ventilation 

(both natural and mechanical) as explained in sect 3.5. Currently the minimum 

compliance requirement across Australia is 6 stars apart from the Northern Territory 

where it is 5 stars. These levels are only minimum requirements; the software programs 

provide results up to 10 stars which for most climate zones equates to no heating or 

cooling required. A thermal calculation (Star Rating) can be produced using 

AccuRate, FirstRate5 or BERS Pro software, which are all accredited for this purpose. 

Software tools differ in interface and libraries however the basic inputs for a rating are 

a zoning of the house (this invokes conditioned and un-conditioned rooms and times), 

the wall, floor, ceiling and roof elements with their associated openings. For openings 

there are all the window types available from the default window list provided by the 

Australian Fenestration Rating Council (AFRC) which allows an assessor to select which 

windows they want to use in the rating. Software allows custom windows from the 

Window Energy Rating Scheme (WERS) database to be used (www.wers.net). Shading 

and air movement (such as fans) are also input and the buildings orientation is set by 

reference to due north.  In non-regulation mode (non NatHERs settings) the software 

allows you to turn off all heating and cooling, to analyse comfort using internal 

temperature graphs. 

Using Energy rating, the design in addition must comply with specific energy saving 

features such as the testing and installation of insulation, thermal breaks, 

compensation for downlights, floor edge insulation and building sealing. Chapter 5 

provides a more in depth evaluation of the simulation approach in a description and 

evaluation of NatHERs and a study of actual house energy ratings against measured 

energy. In the software once the data for a house has been entered and the building 

http://www.wers.net/
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simulated the report features of the software can be used to generate two specific 

reports as listed below: (refer to appendix E for an example software rating report with 

associated NatHERs rating certificate). 

• A summary report listing the project, client and rating assessor details. The 

heating and cooling requirements (MJ/m2) and most fundamentally a star rating 

in compliance with the BCA/NatHERs protocol. 

• A more detailed Building Data Report which lists data on the construction 

elements for individual zones, sizes, openings etc. 

Where compliance with the elemental DTS Provisions for glazing seems too 

demanding, the whole-of-house energy rating approach may prove to be more 

flexible as stated by HERs assessors (Johannsson 2016). It allows the trading of 

performance between building elements and could make simpler glazing 

arrangements viable. Early resolution of the glazing design, including the size, 

orientation and shading of glazing elements, is critical as high-performance glazing 

alone may no longer be relied on to achieve compliance. Free running or tropical 

designs ( sect 4.9.1.1 ) are problematic and subject to a ABCB ( 2016) technical note 

and there are further limitations of energy rating software  related to the following 

design features which cannot be rated with the currently approved software:   

• trombe walls (utilising masonry or water tanks for storing radiant heat 

gains) 

• solar heated rock walls 

• insulating shutters on windows. 

• Solar heated rock storage 

So it is not possible to take into account every feature of dwelling design with the 

currently approved software, although most residential construction methods can be 

rated in this way in cases where dwellings contain the above features an Alternative 

Solution will need to be provided. With further improvements in the software these 

limitations could be overcome. 
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4.3 Option 2 Elemental Solution (DTS provisions) 

This method involves checking the building against a standard set of parameters that 

meet the BCA requirements. There are both advantages and disadvantages or 

perhaps better described as limitations to this method which prior to the introduction 

of NatHERs software was the standard procedure by which building certifiers checked 

compliance similar to the typical fashion of checking requirements referenced in 

tables and standards for other features such as fire safety, access and egress etc.  

One advantage is that it can make building assessment relatively quick and easy 

being a set of standard parameters.  However on the flip side, if the building isn’t 

achieving compliance, this method can make it harder to integrate necessary 

improvements.  This approach can also create problems when innovative building 

products are specified, or when the construction cannot meet minimum requirements 

due to site, project budget or design restrictions.  

One of the criticisms prior to the development of a more advanced glazing 

calculation for the 2010 BCA changes was that the glazing calculation did not have 

a separation of winter(heating) and summer (cooling) requirements , that the benefit 

of winter solar gains had not been allowed for. This has been addressed by the later 

release of a more advanced glazing calculation spreadsheet now used by assessors, 

however assessors have pointed to further issues with DTS elemental provisions ; 

 

• Actual ventilation of a house will depend on the orientation of openings to 

prevailing breezes and not simply the area of openings, 

• The flow resistance to ventilation is more complex than the simple limit to the 

length of the ventilation path provided in the regulations, 

• The impact of solar gains on cooling loads is NOT proportional to total gain but 

depends on other factors such as air temperature for example an east window may 

have the same solar gains as a west window but the cooler morning temperatures 

mean that this gain has a lower impact on air conditioning energy use, 



Energy Efficiency provisions of the NCC 

 

113 | P a g e  

 

• Heat losses through a floor depend on the ventilation rate under the floor. In 

rating tools floors with partially enclosed subfloors are distinguished from fully open 

or enclosed and have a heat loss level in between these two extremes. The 

regulation only differentiates between the two extreme cases. 

• The impact of solar gains depends on the amount of thermal mass in the house 

but the regulations give only two selections: timber floor and slab floor. In reality the 

extent of carpet and the presence of internal masonry walls will have a substantial 

effect on the impact of these solar gains on actual energy use but this is not 

accounted for by the regulation. 

• The impact of overshadowing buildings may mean that the radiation figures in 

the regulations are grossly overestimated 

 

One of the ways in which the Elemental DTS provides some flexibility is by allowing 

trade-offs between certain elements such between walling and glazing. The 

stringency of the BCA Volume Two glazing provisions were increased in BCA 2010 as 

part of the move to a nominal 6-star equivalent for the elemental DtS Provisions, and 

a new glazing calculation methodology was applied for buildings in climate zones 2 

to 8. The combined effect of these changes is that it may be challenging to design a 

complying glazing solution using the elemental DtS Provisions and associated glazing 

calculator. 

 

For external glazing, aggregate conductance and solar heat gain must not exceed 

the allowances for each floor level. As set out the NCC Volume two table 3.12.2.1 

shown below;   
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Table 4 2:     The minimum conductance and solar heat gain allowances for the current 

provisions, table 3.12.2.1 (Source ABCB) 

 

Finally, a word of caution is provided in the ABCB handbooks for assessors using the 

elemental option as per; 

‘The calculator is provided "as is" and without any representation or warranty of 

any kind, including that it is fit for purpose or of merchantable quality, or 

function as intended or at all. Your use of the Glazing Calculator is entirely at 

your own risk and the ABCB accepts no liability of any kind’ 

4.4 Alternative (performance based) solutions 

The Verification using a Reference Building assessment method. This alternative gives 

you flexibility to meet energy efficiency compliance by using both the Deemed-to-

Satisfy Elemental Provisions method and the thermal modelling software. The 

Verification using a Reference Building assessment method uses the Elemental 

Provisions as a compliance benchmark. A building is modelled with the Elemental 

Provisions using thermal modelling software to create a target annual energy 

consumption. The building is then designed with the desired specification and this 

proposed building is also modelled in the thermal software.  If your proposed building 



Energy Efficiency provisions of the NCC 

 

115 | P a g e  

 

uses the same or less energy than the reference target then it is deemed to comply. 

This process gives builders, architects and designers the freedom to design buildings 

that meet (or exceed) specifications while also being cost effective and compliant. 

(Sustainability House, 2015) 

(SA Assessor) ‘If I model a project and with full roof, walls and upper floor (if 

applicable) insulation and nominal glazing and it gets 5.7 or 5.8 stars, it generally 

should be fairly simple to then get to 6 stars by way of some single glazed energy 

glass. I tend to use the verification method if an unsuitable result is gained by both 6 

star method or BCA Deemed to Comply method if it is applicable (when I mean 

applicable, that is if a glazing calculation can be achieved even if it is all double 

glazed as at least it can still be modelled back into the software as part of the 

reference building calculation). I also confirm that for the verification method 

assessment to work, the glazing assessment is critical – if you cannot get a glazing 

calculation to work then you cannot use the verification method as your building 

cannot achieve a BCA Deemed to comply result that is needed for modelling. The 

other problems with verification method assessment as where solid external walls are 

used (i.e. no cavity and no provision for battening) as in almost all cases external 

walls require some added insulation for BCA Deemed to comply and then for 

modelling of the reference building.’ 

In a Deemed-to-Satisfy report, elemental trading beyond the limited provisions 

outlined in the code is not possible because every separate element needs to perform 

the same or better than the minimum Code requirements. However, to comply with 

an alternative performance based assessment, only the Annual Energy Consumption 

of the proposed building as a whole needs to be less than the Reference building. This 

lets you trade the benefits between elements – an assessor can choose elements 

which perform better than the DTS minimum requirements in one area and use that to 

offset other elements that are less than DTS minimum requirements. For example, it’s 

possible to achieve a Building Solution by trading non-compliant DTS insulation for: 

• Better than DTS-compliant glazing 

• Better than DTS surface solar absorptance 

• Better than DTS in available thermal mass 
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Despite having a non-DTS complying element, the proposed building can still comply 

with NCC Performance Requirement if the Annual Energy Consumption is less than the 

Reference Building. This means a Verification Method assessment may offer substantial 

savings in construction costs, though on a case by case basis. See appendix F for a 

South Australian house achieving compliance using this method. 

4.5 BASIX Assessment NSW 

You will need a BASIX certificate if you are lodging a development application in New 

South Wales for a new home or for any alteration and addition, of $50,000 or more to 

an existing home (Building Sustainability Index: BASIX 2004). If a proposal successfully 

meets the prescribed targets relating to water consumption, greenhouse gas emissions 

and thermal performance, the applicant achieves a pass BASIX Certificate (see 

appendix D for sample inputs sheet) As BASIX is jurisdictionally outside the scope of this 

research based in South Australia only a brief description is warranted, focused on the 

thermal performance aspects of the scheme. 

Criticisms of BASIX when introduced in 2004/5) is that it places NSW outside the ABCB - 

BCA nationally consistent regulatory framework adding to division and competition 

between certifying authorities and adding complexity for practitioners. For the 

purpose of conducting simulations for the thermal comfort section the separate BASIX 

thermal comfort protocol which does invoke a Mega Joule/m2 metric must be 

referred to at all times. Whilst the thermal simulation references the tools and technical 

notes of NatHERs, the protocol which has been updated no less than four times in the 

past five years establishes the hierarchy of interpreting the requirements whereby all 

differences in requirements described in the BASIX thermal comfort protocol take 

precedence over NatHERs.  A significant departure from NatHERs is that as heating 

and cooling loads may be handled by differing heating or air-conditioning equipment 

the efficiency of the equipment and the fuel type is assessed in the Energy section of 

BASIX.  

An even more controversial departure is that the authors of BASIX the NSW Department 

of Planning (DoP) devised a third alternative compliance option called Do It Yourself 

(DIY) which lies somewhere between the modified NCC volume 2, DTS method (called 

“Rapid”) and a more accurate simulation method using the 2nd generation NatHERs 
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tools. The Do-It-Yourself (DIY) method is a web-based Deemed-to-Satisfy method for 

completing the Thermal Comfort section of BASIX. Any single dwelling (detached, 

attached or granny flat) can be assessed using the DIY method. D.I.Y. allows you to 

group windows together (up to 15 grouped window descriptions), as long as they all 

have the same orientation sector, overshadowing, construction type, frame and 

shading device. Only certain types of shading are available in the DIY method, and 

overshadowing can only be counted if it is directly in front of the base of the glazing. 

The DIY outputs three main results as per; 

• direction as to the minimum acceptable added insulation to the walls, 

roof and floor constructions chosen and combinations of glazing types and 

shading; 

• a pass/fail on the Thermal Comfort requirements (established by 

comparing its notional annual MJ/m² results against the Heating and Cooling 

Caps set for each relevant BCA climate zone); and 

• a combined heating and cooling annual energy “consumption” which 

is added to other estimated energy consumptions of the proposed dwelling to 

be compared with a target value set statistically as 40% less than the average 

for a dwelling with the same number of bedrooms in the same statistical district 

(as defined by the Australian Bureau of Statistics (ABS)). 

A previous report (Energy Partners, 2005) showed that the DIY method gave vastly 

different results to the accepted simulation method using the NatHERs program. In the 

report’s findings the cases was made that the simplistic DIY tool is not a device that 

can competently evaluate thermal performance of any other than a simple structure 

in an archetypal climate.  The advice was that the NSW Department of Planning 

should either remove the DIY tool from their BASIX scheme or, in the very least, limit its 

use to simple house designs and size to contain the potential it has for delivering to 

NSW the worst energy efficiency and thermal comfort in new housing in the whole 

country. In 2009 the protocol was updated to align with the introduction of 2nd 

generation NatHERs and the introduction of 6 stars in BCA 2010. The updated protocol 

aims to improve the consistency with the NatHERs Technical Notes. However, a 

number of differences still exist between the BASIX thermal comfort protocol and the 

NatHERs Technical Notes. Major differences include: 
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• Definitions of conditioned and unconditioned zones/ areas: BASIX 

definitions need to be used for the purpose of conducting Simulations  

• Criteria for using results for a dwelling in a unit building for another unit 

dwelling in the same building; 

• Lighting plan may not be required when conducting Simulations for the 

Thermal Comfort Index. Refer to the Protocol on details to account for the loss 

of ceiling insulation from recessed luminaires; 

• Roof colour specifications; 

• Adjacent buildings; 

• Average heating and cooling on the Assessor Stamps for Class 2 

dwellings may not be identical to the weighted average values in BASIX.  

It is outside the scope of this theses to undertake detailed comparisons of the NSW 

approach and tools not used in SA where this study is largely based, however it is noted 

by the author that Assessor concerns of a decade ago in the literature appear to have 

subsided and that 2007 saw BASIX win an Australian Institute of Energy award for 

"Energy in Society - For contributing to policy, law and the community". In 2014 the 

NSW Government introduced changes that increased the energy target by 10% for 

detached houses and this impact has been modelled in a report by the Allen 

Consulting Group (2013). The analysis has shown that: 

 ‘for the most part, the proposed changes can be made at ‘negative cost ‘. 

That is, the value of the savings in energy and water consumption exceed any 

outlays required to comply with the proposed increases. The improvements in 

energy and water efficiency result in a decrease in energy and water 

consumption, the benefits of which exceed the capital costs incurred for 

compliance with BASIX.’ 

4.6 Alterations and Extensions 

There are various methods of making an addition/extension comply with the energy 

efficiency provisions of the housing NCC, Volume 2: 

1. Rate the extension itself; if this cannot comply then 

2. Rate the extension plus the existing house; if it still does not comply then 
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3. Rate the whole house and include whatever is reasonably necessary to make 

it comply (such as applying the new glazing to the whole house) but then only require 

the extension to be constructed accordingly 

The last approach essentially designs the whole house for a 6-star rating and then 

amputates the extension that is to be constructed. This recognizes that the rest of the 

house already exists (but could be upgraded at some time in the future). In 

determining the level of compliance required for alterations and additions, a council 

or private certifier will need to assess against each of the above criteria to ascertain 

the appropriate level of compliance. In some cases it may be more appropriate to 

consider compliance ‘to the degree necessary’ under Performance Requirements 

2.6.1 and 2.6.2. The Building Rules Assessment Commission (BRAC) can provide an 

opinion on a proposed solution and whether it meets the performance requirements. 

The most comprehensive study nationally of both Compliance and Consistency across 

Additions and Alterations was conducted by Sustainability Houses (2016) released 

under the National Energy Efficient Building Project (phase 2). In their review it is noted 

that NCC requirements apply to all new buildings but do not universally apply to the 

existing building and so each State and Territory has developed differing guidelines 

and/or regulations. That this has led to confusion in part due some ill definition to the 

discretionary powers of certifiers as per table 4.3 below 

Table 4-3: Jurisdictional Discretionary Powers of Certifiers, Source Sustainability house, 

Adelaide, SA

 



Energy Efficiency provisions of the NCC 

 

120 | P a g e  

 

In South Australia to assist designers and private certifiers, a separate Advisory Notice 

03/12 (DPTI, 2012) provides guidance on the application of the provisions to existing 

buildings. Additions and alterations of one or more habitable rooms must comply with 

the deemed-to-satisfy provisions required for the building fabric (walls, floors, roofs and 

windows). Although non-habitable rooms do not need to comply, consideration 

should be given to maintaining continuity of the insulating barriers to habitable rooms 

(walls, floors, roofs). Where a habitable room is increased in size the extended portion 

must comply with the deemed-to-satisfy provisions (walls, floors, roofs and windows) 

and it is reasonable to expect that the roof insulation will be carried back into the 

house at least sufficient to completely cover the room being extended. The overriding 

consideration is that the energy efficiency of the roof/ceiling, walls, floor and glazing 

of the addition should be not less than the energy efficiency of the building before the 

addition. (See table 4.4 below) 

Table 4-4: Energy Efficiency – Class 1 alterations and additions, compliance 

requirements matrix check.  Source: SA DPTI Advisory Note 

 

Glazing in Alterations and Additions get a special mention according to ABCB (2010) 

‘It may be very costly or even impossible for new glazing in an alteration or addition to 
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compensate for the poor performance of existing glazing, especially for an alteration 

or addition that does not have any north-facing glazing in a cooler climate.’ 

 

Whilst in some jurisdictions there are guidelines of how to assess the existing building in 

an alterations and/or additions scenario energy assessors make incorrect assumptions. 

Survey feedback from certifiers (Sustainability Houses 2016) indicated that they 

exercise these powers in a number of circumstances including: 

• heritage buildings where requirements cannot be implement 

• minor alterations such as internal changes to one window 

• when the requirement seems unreasonable; 

• where jurisdictional regulations and guidelines allow them to, which may 

extend to all aspects of new building works and existing structure 

According to ABCB (2014) the energy efficiency provisions have been developed on 

a basis of saving energy and long term cost effectiveness for the building owner. On 

the same basis, when determining whether a dispensation from the energy efficiency 

provisions should be granted, it may be reasonable to ask “Is it cost effective?” 

Examples that may not be considered to be cost effective: · Removing a window 

which has a significant service life and replacing it with a double glazed window. 

· Walls which don’t need an internal lining or external cladding removed can be 

insulated with blown in product, but may be from 2 to 4 times more expensive.  

· Insulating a skillion roof where the roof deck must be removed is about 2-3 times 

more expensive than in an attic. 

· Insulating a suspended timber floor with very limited clearance and access can 

be 2 to 3 times more expensive. 

· A slab floor can be up to double the cost of a timber floor in comparison 

depending on site access and soil conditions. 
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4.7 Multi unit dwellings 

As noted earlier the focus of this research is Class 1 single unit housing, however the 

Performance Requirements for new multi-residential buildings that are clearly a large 

and growing market in our capital cities is referenced in Volume 1 of the NCC. These 

requirements are similar to housing whereby the Deemed to Satisfy Provisions are used. 

The principle difference is that the whole collection of apartments are assessed. 

Specifically, the required level of thermal performance for Class 2 sole-occupancy 

units and Class 4 parts of buildings (with residences above) can be achieved by: 

• reducing the heating and cooling loads (verified by energy rating 

software). Sole-occupancy units must individually achieve an energy rating 

of at least 5 stars and collectively achieve an average energy rating of 6 stars, 

and; 

• complying with specific DtS Provisions including installation of insulation, 

thermal breaks, compensation for downlights, floor edge insulation and 

building sealing. Additionally there are some requirements for the services 

used by a sole-occupancy unit or Class 4 part of a building, such as for 

artificial lighting. 

Generally any development application that includes multiple dwellings must be 

accompanied by only one Assessor Certificate that includes details of all dwellings 

that are included in that application. To issue a multi-unit Assessor Certificate Assessors 

must conduct software assessments of each dwelling (or group of identical dwellings). 

Units may be considered identical if there is less than 5% variation in all of the building 

variables below: 

•  orientation 

• areas of the same material that are part of the building envelope; 

• area of envelope adjacent to a neighbour; 

• floor, external wall, internal wall and ceiling areas; 

• areas of zones; 
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• window areas, openable proportion and extent of shading, and window 

orientation; 

• area of external colours. 

• overshadowing by adjacent buildings or other structure 

According to Hogg (2015) you are more limited in your orientation options with 

apartments 

‘So another thing that's key for compliance that we found in our analyses is 

actually the size of the apartment. There seems to be a cut-off point of around 

50 square metres. Anything less than that and you're really badly penalised and 

this is mainly to do with the way that the NatHERs assessment actually associates 

the internal gains of the space. It's not only the size of the apartment but 

actually the layout and the shape of it. If you have a deep plan apartment 

where your exposure is actually quite a small part of your floor area, then it is 

much easier to comply versus where you've got a really large exposed area 

compared with that floor plate. Unfortunately, windows are not your friend in a 

NatHERs assessment and 100% of the time you will get a better score in NatHERs 

if you get rid of all your windows.’ 

Isolated apartment modelling commonly results in the need to install multiple glass 

specifications across one residential tower due to the site specific idiosyncrasies (for 

example shading from adjacent structures, varying wind loads and solar exposure). 

The outcome is often disjointed aesthetics and issues with glass procurement, not to 

mention potential confusion during the installation. It is unclear whether the NatHERs 

thermal modelling approach as examined in this thesis will remain relevant to multi-

unit buildings, as recently announced major funding by federal and state 

governments for a new environmental performance rating tool for apartment 

buildings Australia-wide was been announced. From a NCC compliance perspective 

the future NCC 2019 provisions may include more verification methods for these types 

of buildings which have the issues in NatHERs rating as discussed here. 

 



Energy Efficiency provisions of the NCC 

 

124 | P a g e  

 

4.8 Concessional buildings 

Notwithstanding that all new houses and renovations to existing houses in the Northern 

Territory (NT) must achieve only a 5-star NatHERs energy rating. The following section 

describes state based variations to the energy efficiency requirements of the code 

that have been discussed earlier in this chapter.  

 

4.8.1 Buildings eligible for energy efficiency concessions in SA 

In South Australia certain requirements apply to all new elevated Class 1 buildings with 

a lightweight flooring system and are capable of being moved (including 

transportable buildings), regardless of whether they are constructed on or off-site:  

Houses with a floor area of 60 square metres or more will be eligible for a 5-star 

concession subject to a number of conditions: 

(i) They are located in: a) Climate Zone 4 as defined in the Building Code 

of Australia (see figure 4.1 )or specific local government areas  

 

(ii) the additional energy consumed by a 5-star transportable house must 

be offset by the installation of a renewable energy source, such as an 

appropriately sized photovoltaic system. The size (kilowatt hours per m2) of 

the renewable energy source required is determined by Minister's 

Specification SA 3.12.0.1 (a) - 24.6 KB. 

Table 4 5: Required minimum level of energy generated by an onsite renewable 

energy source KWhrs m2 per annum. Source:  SA buildings Advisory notice  

 

https://www.sa.gov.au/__data/assets/pdf_file/0018/8703/Heating_and_cooling_loads_for_elevated_buildings_with_a_lightweight_framed_flooring_system_and_transportable_buildings.pdf
https://www.sa.gov.au/__data/assets/pdf_file/0018/8703/Heating_and_cooling_loads_for_elevated_buildings_with_a_lightweight_framed_flooring_system_and_transportable_buildings.pdf
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A renewable energy source includes, but is not limited to, solar, wind, hydroelectric, 

wave action and geothermal. The renewable energy source must be designed and 

installed to optimise the performance of the system. For example, where a solar 

photovoltaic system is proposed to generate the level of energy required, the panels 

must be orientated and angled to maximise access to sunlight hours. 

1. Houses with a floor area less than 60 square metres, regardless of their 

location, will be eligible for a 5-star concession and will not be required to offset 

the additional energy consumed.    

2. Houses not covered by 1. Or 2. must meet 6-star energy efficiency 

requirements and must not offset the star rating difference with solar panels in 

order to achieve compliance. 

A map showing energy efficiency concession areas - 2.2 MB is available to help 

determine if a concession is applicable as in fig 4. Below where the light colored 

regions are the concessional areas and green areas must meet the 6 star requirement. 

 

Figure 4-1:  Map showing eligible concession areas in SA (light coloured) Source: DPTI 

https://www.sa.gov.au/__data/assets/pdf_file/0008/15974/energy_efficiency_concession_areas.pdf
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4.8.2  Concessions in other states 

Queensland has a range of compliance options have been developed to help 

achieve the 6-star requirement. These options outlined in the Queensland 

Development Code 4.1—Sustainable buildings, take into account design aspects for 

Queensland’s unique climate. To use the nominal credits, buildings need to meet a 

minimum ‘baseline’ star rating (using energy assessment software) of either 4.5 stars (in 

climate zones 1, 2 and 5) or 5 stars (climate zone 3). Nominal credits must then be 

added to the ‘baseline’ to reach a total of 6 stars. A combination of the following 

credits may be used: 

 • outdoor living areas—a nominal credit of up to 1 star is available for houses 

and townhouses that include a covered outdoor living area, such as a deck, 

verandah or pergola with minimum floor area of 12m2. 

• photovoltaic (solar) energy systems—a new nominal credit of 1 star is 

available for houses and townhouses that include a photovoltaic (solar) energy 

system with a minimum of 1 kilowatt capacity.  

 The inclusion of optional credits for these design features does not extend the 

Nationwide House Energy Rating Scheme (NatHERs ) star range beyond 10 stars. A 

house therefore cannot be promoted as achieving greater than the 6-star standard 

where the additional stars are based on the inclusion of the optional credits. For 

example, if a house achieves a 6-star building shell rating (as per its Universal 

Certificate), the inclusion of an outdoor living area with fan and a photovoltaic (solar) 

energy system does not increase the house rating to 8 stars. When marketing a house 

or townhouse above the required 6-star standard, any advertising material should not 

add any extra stars from the inclusion of optional credits. NSW under the BASIX scheme 

or Victoria do not currently operate a concessional approach in their adoption of 

energy performance regulations.  

4.9 Investigating equivalence in compliance pathways 

Sections 4.2 & 4.3 detail compliance options and option 1 for example NatHERs 

software simulation is reported by HERs assessors as more flexible than the elemental 

DTS. This is because the software assesses the whole building rather than the 
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constituent parts. However one question that has occupied assessors and stakeholders 

is the question of equivalence? The early work that was done was by Anderson ( 2009) 

used the Bers Pro software with just 3 house model variations in different BCA climate 

zones and with orientations N, NW, W and SW. His findings suggest that some houses 

with enclosed (to the ground) timber floors appear to need at least masonry walls to 

achieve 6 star equivalence. In Perth and Adelaide (Climate Zone 5) one house did not 

achieve 6 stars in the software with either High air movement or ceiling fans. 

A building that passes with a star rating is not obliged to match all of the acceptable 

construction provisions of the Deemed-to-Satisfy Elemental Provisions method, as the 

star rating shows that the building achieves the required benchmark for thermal 

performance as set out by the Australian Government and each state and territory 

government. However there are some additional requirements that must be met 

which are independent of the star rating results. 

‘The equivalence to “Six Stars” was agreed to be interpreted as an average of 

6.0 Stars across the variability of tested building designs, air movement, 

locations and orientations. To retain a nominal stringency average of 6.0 Stars 

across the building stock for all tested Climate Zones, it was considered 

reasonable therefore that some designs could be no less than 5.0 Stars. In 

addition, some designs would be expected to be no more than 7.0 Stars 

provided there was no significant cost disadvantage compared to other house 

designs in the same Climate Zone. Therefore, 5 to 7 Stars was the “equivalence 

range”. Where a design configuration deviated from the 5 to 7 Stars range, this 

was to be flagged for possible further investigation or possible additional 

consideration needed to be included in the proposed DTS 

measures.’(Anderson, 2009) 

 

Appendix E shows a sample of an Independent Technical expert assessment for a 

single storey house of 187 m2 in suburban Adelaide which shows an energy rating result 

of 6.7 stars (option 1) and a pass in the glazing calculator(option 2). A listing of 

considerations drawn from discussions and email correspondence with a number of 

SA based HERs assessors is presented. It provides a practitioners guide and perspective 
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of the two DtS options though separate lighting and services requirements are not 

discussed as this thesis is focussed on building thermal performance measures. Building 

Element size and proportions can be a factor in choosing which option, were designs 

that are too cumbersome or too complex to model in the software are more easily 

dealt with using the elemental approach. The following is a commentary on issues that 

are known by assessors as differences in pathways that impact the rating/assessment 

and is by no means an exhaustive critique. 

 

4.9.1  Design Considerations 

4.9.1.1 Zoning and Net Conditioned Floor Area  

The software identifies living areas affected by elements surrounding those zones. The 

elemental assessment has no relationship to zones of the house. There is also an area 

adjustment factor in NatHERs software as noted in section 3.5 (see equation 1), 

whereas the elemental works on the basis of the ratio of glazing area to floor area. 

Glazed Area as a Proportion of Net Conditioned Floor Area is an important 

consideration in the elemental method whereas in simulation theoretically larger areas 

of windows are allowed if they are sufficient performance or are offset by other 

features.  An early study (Energy Efficient Strategies, 2002) found that for the sample 

examined, as the glazed area as a proportion of the net conditioned area is increased 

the average performance declines and fewer houses in the sample (after application 

of all of the improvement measures) will meet the target performance level. For 

example, 15% of detached concrete floored housing in the Melbourne climate zone 

failed to meet the 5 star performance target after application of all of the 

improvement measures. This non- compliance rate fell to 13% when the glazed area 

to NCFA ratio was limited to a maximum of 30%, 10% when limited to 25% and 8% when 

limited to 20% respectively. 
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4.9.1.2 Modelling of reflective air spaces (thermal breaks) 

The principles and underlying relationships used in NatHERs software tools for the 

determination of heat flows through air gaps are derived from experimental data by 

Robinson and Powlich (Smart rate 2015) Air gaps have a thermal resistance to heat 

flow that is represented by an R-Value with the optimum or best R-Value achieved for 

a gap of 20- 30mm. Wider air gaps do not achieve higher R-Values. The R-Value 

achieved by an air gap is dependent on the emittance of the surfaces on either side 

of the gap. The type of surface determines the emittance value used to calculate the 

air gap R-Value. High emittance surfaces have little or no resistance to heat flow and 

as a result the air gap has a low R-Value. Low emittance surfaces on one or both sides 

of an air gap result in air gaps with higher R-Values. Foil surfaces have a low emittance 

and are modelled in NatHERs tools with an emittance of 0.05. Antiglare foil has a 

medium emittance and is modelled in NatHERs tools with an emittance of 0.4. All other 

surfaces are considered under NatHERs to have a high emittance of 0.9. The elemental 

option 2 uses a table which describes the emittance value added by reflective 

insulation which is said to be difficult to interpret with different values to the software 

which is more easy to use as the software has a ‘wall builder’ feature where gaps are 

more easily modelled. 

 

4.9.1.3 Glazing  

Glazing presents the biggest challenge in thermal envelope performance which is the 

basis of energy efficiency assessment. Here the contracting approaches are a stark 

reminder of the ‘all or nothing’ approach of the Elemental method. Fail in one and 

you fail in all. With the software the ability to compensate for underperformance in 

one area by over performance in another can be as discrete as a choice of one 

particular window selection over another. A feature of the 2010 BCA Energy Efficiency 

changes was the development of a more robust glazing calculator method in the 

Elemental assessment, for example the use of the calculator spreadsheet tool (refer 

sect 4.2) 
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Simulation method limitations arise if an assessor does not know what’s been used in 

software default windows as AFR glazing has been different to WERS listings for some 

time. Some assessors use a dual approach with the glazing element as commented 

by one SA HERs assessor  

‘You can tell early on whether conductance is way too high for a glazing unit if 

it’s under 1.5 1.8 u value  do it more accurately in software , first rate 4 used to 

model the elevations, FR5 you can’t really tell.. in FR5 start to look at each room 

where the temperature issue is and work on worst case first, in calculate’  (HERs 

Assessor) 

Prior to October 2014 existing NFRC values (based on ANAC conditions) in the software 

did not align with the new NFRC values. The mismatch has been addressed in recent 

changes and software releases. The change to NFRC values required major changes 

to the Chenath engine and there are now 88 default windows with 2 operating groups 

Group A Windows Awnings, Casements, Bi-fold, Tilt and Turn 

Doors  –Bi-fold, Entry, Hinged and French  

Group B Windows - Sliding, Fixed, Louvre and Double or Single Hung 

Doors  - Sliding and Stacker 

 

The main difference between Group A and Group B is the frame fraction which in turn 

determines the System U and SHGC, this is not a consideration of the default window 

values in the Elemental method. 

 

4.9.1.4 Slab edge Insulation 

In the software the insulating effect of slab edge insulation cannot currently be 

modelled although there is research work by Chen (2013) of a new ground model for 

incorporating in the model. External air film resistance can be considered and can 
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potentially account for horizontal edge insulation (but this needs further testing and 

confirmation) under a CSIRO collaboration with University of Newcastle to improve 

edge slab insulation modelling. 

4.9.1.5 Ceiling Penetrations, 

Essentially the issue is that the application of the principles in NatHERs for the loss of 

ceiling insulation due to ceiling penetrations is inconsistent as it is modelled in the 

software for any penetration however within the elemental approach the R value of 

the insulation of the remainder must be increased once the “free allowance” of 0.5% 

of uninsulated ceiling area is exceeded.  

 

4.9.1.6 Ventilation, Ceiling Fans 

When it comes to the Deemed-To-Satisfy assessment method particularly for warmer 

climates if you have a heat load problem ceiling fans reduce the ventilation 

requirement as per Table 3.12.4.1. In the Glazing Calculator, more ventilation from 

openings & ceiling fans increases the glazing allowance. In simple terms then under 

DTS, adding ceiling fans means you can have more glass. NatHERs has a number of 

modelling assumptions around ceiling fans and ventilation   (i.e. opening of a window) 

there isn’t much credit in ‘star increment’ compared to what can be achieved in 

Elemental under ‘air movement’.  

4.9.1.7 Shading 

In option 2 (Elemental) shade concessions are provided for climate zones 6 to 8 as the 

conditioning requirement is heating dominated, so shade would not be as beneficial 

as it would reduce the amount of solar gain received. This concession is not a feature 

of the software. A further difference is that option 2 does not pick up shading from 

wing walls which are modelled for their effect in the software (option 1). 
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4.9.1.8 Thermal Mass 

Both options are an assessment of the building fabric resistance to heat flows and 

conductance of solar radiation however this is generally recognised as the strength of 

the software simulation approach over a prescriptive elemental check list. It is only by 

holistic modelling of the building that the true effect of thermal mass can be assessed.  

This is not a unique feature of the Australian approach as internationally thermal 

simulation by software modelling is the accepted means where a variety of 

construction and options can be tested and results analysed (Kendrick et al. 2012) 

4.9.2 Climate zone – Location 

The simulation and elemental methods have differing location parameters. 

4.9.2.1 BCA versus NatHERs zones 

An important distinction between the 2 pathways is the differing systems of climate 

location. The following list broadly describes the current NCC climate zones; 

• Zones 1 and 2 are assigned to locations with hot or warm and humid 

summers and warm or mild winters where a desire for cooling is likely for most 

of the year.  

• Zones 3 and 4 have hot dry summers and warm or cool winters so that 

both cooling and heating may be desirable.  

• Zone 4, a need for heating is for more of the year than a need for 

cooling.  

• Zone 5 is considered a warm temperate climate with limited need for 

cooling or heating although, in balance, the need for heating is likely to be 

greater.  

• Zones 6 and 7 are considered to be cool temperate climates 

respectively, with the winter cold enough to require significant heating.  

•  Zone 8 is an alpine climate where heating is the predominant need. 

NatHERs as previously described in sect 3.5 divides Australia into 69 climate zones. This 

allows the software to appropriately consider the effects of Australia’s diverse climate 

when modelling the heating and cooling requirements of a home. Weather files have 
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been compiled from Bureau of Meteorology records for each NatHERs climate zone 

and include information on air temperature, humidity, solar radiation and wind speed 

and direction. The weather file for each climate zone, called the Reference 

Meteorological Year (RMY), is compiled from at least 25 years of Bureau records. When 

conducting a NatHERs rating, the software uses the weather files to assess the impact 

of weather on the building’s internal temperature. This impact is calculated for every 

hour in a full 12 month period.  

Climate zones are generally aligned with postcode boundaries for convenience, 

except where there is likely to be a topographical or other feature within the postcode 

area that impacts the local climate. In this scenario, alternative zones are offered for 

the same postcode. For example, if a postcode includes a mountainous area, an 

alternative climate zone may be used above a certain altitude. The Climate regions 

of the Elemental DTS system are attribute by the ABCB are also based on BOM climate 

data however as this is a different set of weather records some variation is expected. 

This impact has not been fully measured but anecdotal evidence from HERs suggests 

that there are some unintended consequences or anomalies in the fit of NatHERs 

climate zones to ABCB climate regions. For example in South Australia input the 

postcode for Victor harbor (5211) a major coastal town and the software assigns 

NatHERs zone 16, Adelaide. 

However using the Climate zone map designation for Elemental assessment the 

location of Victor Harbor is BCA Climate Zone 6 (cool temperate) and not the Zone 5 

(warm temperate) Adelaide zone that is assigned under the software. In effect a 

higher specification requirement for the adverse winter performance in zone 6 can be 

gamed by choosing the software route that models the house under a milder climate 

of the Adelaide metropolitan region. It is worth noting that Victor Harbor is colder in 

the winter months consistently and would have a longer more intense heating season 

than Adelaide. What this means is that in these instances of postcode to BCA zone 

misalignment the choice of method and hence zone may suit a particular design that 

is better performing in heating rather than cooling and vice versa.  In Western Australia 

a spreadsheet has been developed by the regulating government department as a 

‘workaround’ to the NatHERs Technical protocol on choosing climate location as a 

work around solution where the address of the site does not first align with the NatHERs 
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climate zone map. No other state currently does this as a requirement for assessments 

and it is left to assessors to specify the correct zone. (Fig 4.2) 

 

Figure 4-2:   Workflow for NatHERs Climate Zone Selection in Western Australia (Source: 

WA Government, Department of Finance, WA Technical Advisory Committee) 

4.9.2.2 Weather files 

The extent to which there is marked discrimination or issues within the NatHERs weather 

files is somewhat an unknown, however the performance of NatHERs in extreme hot 

weather was reported (Hatvani-Kovacs et. al 2015) NCC zones used in Elemental DTS 

assessment were developed well before NatHERs, and they are independent. NatHERs 

zones just provide Typical Meteorological Year (TMY). They geographically fit but are 

used in a different way. The original BCA zones are based on ASHRAE descriptions of 
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locations, which is based on heating and cooling degree days. These descriptions are 

old, and the zones are a legacy and a perceived weakness of the option 2 approach 

leaving designers less flexibility to design for climate appropriately. (NatHERs 2016) 

‘Climate types and extremes – the current eight NCC climate zones for DTS 

are claimed to be adequate. We believe these zones are too “coarse” and 

that some more representative zones of the 69 zones of AccuRate need to be 

incorporated in the NCC due to some different climates with large numbers of 

dwellings being included the same NCC zone (for example Darwin and 

Cairns/Townsville, Western Sydney (Richmond) and all three Melbourne 

climates). We note that climate modelling suggests that increasing 

temperatures will change the pattern of heating/cooling requirements in most 

parts of Australia which means that greenhouse gas reduction goals will be 

better achieved by dwelling designs appropriate to the future climate.’ 

4.9.3 Free running – tropical homes 

According to ABCB (2016) Instead of artificial cooling systems, free-running dwellings 

facilitate human comfort by including features such as the following: 

• Extensive use of large openable windows, doors, and screen systems to 
encourage natural air flow. 

• 100% openable windows, such as louvers or casement windows. 

• Well shaded walls and openings. 

• Using areas or levels of the dwelling as a means for migrating& releasing heat. 

As discussed earlier in the literature review, lightweight dwellings appear to be 

disadvantaged unnecessarily under the current energy load rating scheme (Boland, 

2004). Depending on the time of occupation, a lightweight dwelling shows better 

performance because it responds more quickly to temperature changes. This 

attribute, for relevant short period occupation, particularly in hot summer, is an 

advantage which is not apparent in a fixed “17 hour’s occupancy scenario” under 

NatHERs settings. Kordjamshidi (2006) argues for the separation of free running (un-

conditioned) houses of the tropics from the assessment of typical temperate and 

colder climate air conditioned homes that are the vast majority of the housing stock. 
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The modelling presented in his work points to shortcomings in NatHERs ratings that are 

not based on free running performance and simplified comfort parameters. Free-

running dwellings are designed to use air movement from fans, roof ventilators, stack 

ventilation and cross-ventilation, instead of artificial cooling. They are typically 

constructed in hot climates where there is no need for heating.  ABCB (2016) practice 

note suggests that for free-running dwellings, a Performance Solution is likely to be the 

only option to satisfy Performance Requirement P2.6.1.a Free-running dwellings could 

be considered to meet the primary objective within the energy provisions because 

they do not require, and are unlikely to require the installation of artificial cooling and 

there are no associated greenhouse gas emissions. 

 

Figure 4-3: A typical free running open dwelling for Northern climates 

 

 

 

4.10  Chapter Conclusion 

There are several compliance pathways to demonstrate meeting the current minimum 

energy performance regulations. NatHERs accredited software provides one of the 

three mechanisms for demonstrating that the thermal performance of a residential 

building meets the minimum performance requirements, as set out in jurisdictional 

instruments that reference the NCC. It is important that methods are consistently 

accurate to ensure compliance with building regulations.  
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The NCC is undergoing regulation reforms and the alignment between the NCC and 

NatHERs is changing , with potentially a more structured and longer transition for the 

upgrading of NatHERs software where used for NCC compliance. There are also likely 

to be expanded pathways for verifying compliance with the NCC energy efficiency 

requirements which might move the NatHERs option to that of one of several 

verification methods.  

A review of the application of NCC energy efficiency requirements for alterations and 

additions to Class 1 and 10 buildings found that there is confusion and inconsistency in 

how requirements apply in each jurisdiction throughout Australia and choices of 

compliance can be influenced by costs and commercial realities. However with an 

increasingly difficult to interpret set of elemental provisions and skilled NatHERs 

assessors over 70% of assessments are via software modelling with benefits such as; 

• Built-in thermal performance diagnostics, enabling an assessor to look at 

each room see where the temperature issues are after looking at the glazing 

calculator first to see if there is a problem windows. i.e. using up a high % of your 

allowance 

• In the software you can make changes and see if it effects heating and 

cooling and is it logical with the principles of passive solar design 

• The ‘minimum’ to satisfy approach of the elemental does not lend itself 

to highlight the superior above 6 star performance in a design, other than 

perhaps saying something like ‘ we have double the minimum insulation’ 

• there are qualifications and registrations available to become an 

accredited House Energy Rating Assessor through the Department of Local 

Government but, at the end of the day anyone can conduct an energy 

efficiency assessment using the Deemed to Satisfy provisions of the BCA or, 

using the current software and present it as part of the documentation 

submitted to Building Rules Assessment 

Once you deviate from volume housing styles typical of the Australian market and into 

small remote or transportable buildings, into tropical free running buildings as well as 

alterations and additions work the principles of NatHERs ratings are challenged 

technically and administratively. In NSW houses can be assessed on a DIY thermal 
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comfort model which is not a full rating under the NatHERs protocols, a feature of non- 

alignment of states on housing energy efficiency which has been identified elsewhere 

in this study. Despite this the National Construction Code (formerly the BCA) is generally 

regarded as a successful document and set of regulatory provisions that can regulate 

if not demonstrate better energy performance in buildings.  
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5  NatHERs Stakeholder and Effectiveness study 

The evolution and features of NatHERs has been discussed in Chapter 3 and the 

application in regulatory mode in Chapter 4 whereas this chapter presents more 

detailed commentary and stakeholder analysis of the scheme. In order to answer the 

third key research question, as to what are industry stakeholder views on NatHERs and 

how does modelled energy consumption under the scheme compare to actual 

energy use 

As described in the methodology (sect 2.1) a series of in-depth interviews were 

conducted to examine issues and elicit views on energy efficiency regulation and the 

NatHERs scheme. In addition throughout the study, the researcher had more informal 

discussion with practitioners and other stakeholders in government and industry as 

listed in 5.1 below.  

The chapter also presents a high impact study which is published research in the 

journal Energy and Buildings which measured data from Mawson Lakes and Lochiel 

Park residential developments in Adelaide. The work that is presented demonstrates 

the effectiveness of the NatHERs software path under the NCC options to reducing 

household energy consumption.  

5.1 Interviews with NatHERs stakeholders 

In 2010 with the specific aim of capturing views on the proposed 6 star introduction 

the author conducted interviews in SA and visited Canberra in the ACT and 

conducted face to face interviews with a number of NatHERs stakeholders including: 

• A - The Senior Officer in charge of Administering the NatHERs scheme 

within the then Department of Climate Change now the department of 

Industry. 

• B - Senior Technical Officer (Energy Efficiency) of the Australian Building 

Codes board who had prior industry experience in glass manufacturing and 

the national Windows Energy Rating Scheme(Wers). 
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• C -  Senior Board member of the Master Builders Association who is a 

Chartered Engineer and member of the Australian Institute of Building 

Surveyors. 

• D - Senior research fellow of Pitt & Sherry Consultants who authored 

several reports to government on both the implementation of NatHERs and 

the ACT energy disclosure scheme for existing homes ACTHers. 

• E - Director of  a leading Energy Assessment company, a board member 

and founding member of the lead HERs Assessor Accrediting Organisation(e) 

• F - Representative of the Insulation Manufacturing Industry and member 

of the peak body the Insulation  Council of Australia and New Zealand 

(ICANZ). 

In addition to the above who were interviewed in 2010 at the 6 star introduction and 

building code regulation change, later during the course of the project and up to 2015 

a number of practitioners and researchers were contacted by phone and email with 

some discussions based on meetings at workshops and conferences (see sect 2.2). In 

most cases discussions and questions were tailored to their area of expertise and 

interest in the housing energy efficiency field. These more informal participants 

included:  

• A no of South Australian based HERS assessors 

• Senior CSIRO researchers  

• SA departmental staff ( DPTI – buildings branch) and Land Management 

Corporation (LMC) now Renewal SA 

• Building industry representatives, quantity surveyors and architects 

 The analysis and discussion of the stakeholder and practitioner comment is set out in 

3 key themes as below; 

• Theme 1  NatHERs Policy and Regulations  

• Theme 2 NatHERs Assessment, Rating and Metrics 

• Theme 3 NatHERs and Economics( 6 star) and Industry Adoption 
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As per the literature review some key reports of the time that describe NatHERs based 

energy assessment and map the economic projections of both 6 star specifically and 

low carbon housing more generally also formed the basis of discussions and interviews 

being: 

• The 6 star Regulation Impact Statement – Allen Consulting 

• Energy Efficient Building code star ratings – CIE 

• Identifying Cost Savings through Building Redesign for Achieving 

Residential Building Energy Efficiency Standards – Sustainability House 

• Economic evaluation of energy efficiency standards in the Building 

Code of Australia, Centre for International Economics, Canberra. 

Refer to appendix A for sample questions lists used in interviewing in a semi-structured 

approach and the following table 5.1 in six pages provide an accumulated 

summary(roughly a page per participant) and record of discussions and opinions from 

the key stakeholders interviews. The style of presentation is more informal than 

structured however the 3 themes are readily identified with some crossover. The 

comments are best viewed from a perspective of earlier chapters particularly the 

literature review and descriptions of both NatHERs and the Australian national EE 

framework (chapter 3). Drawn from the interviews and discussions and outlined in 

more detail in the following summaries around the themes are some key areas that 

link to the work in this thesis. 

• Regulation practices that deliver positive outcomes and measurable 

improvement in energy efficiency ( chapter 3) 

• The National Construction Code as an overarching national regulation 

document and compliance methods ( chapter 4) 

• Cost effectiveness in moving to greater stringency in energy efficiency ( 

chapters 7,8) 

• The maintenance and promotion of the NatHERs scheme, software tools and 

assessor competence and training ( chapter 5) 

• Addressing the existing housing stock legacy and energy disclosure 

mechanisms beyond NatHERs( chapters 6,8) 
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Table 5-1; Interviewee comments around EE and 6 star (Policy and Regulation; Assessment and Rating; Economics and Industry 

Adaption 

 Theme 1 Policy and Regulation Theme 2 Assessment, rating and metrics Theme3  Economics and Industry 
adoption 

A The Energy Efficiency provisions for 
housing are within a very difficult 
document to untangle (i.e. the BCA) 
that gets called up in 8 separate ways 
under the enabling legislation of each 
state and territory. Builders often confuse 
the regulation as a ‘maximum’ when it is 
only a minimum requirement. NSW uses 
their own version i.e. BASIX which at this 
point in time doesn’t have a 6 star 
equivalent requirement. Tasmania and 
NT still on the 2009 BCA indicative of 
quite a bit of national inconsistency. The 
impetus for improving energy efficiency 
is via the NSEE and agreement of heads 
of government (COAG). The framework 
agreement is that higher levels (i.e. 
above 6 star) will be progressively 
achieved in future years, wait and see as 
the document is being recrafted by 
states. People at the policy level are 
attracted to the NSW model of including 
some of the major home energy 
appliances in the regulations and tools. 

Highlights the problem of ‘timing’ and 
chain of planning and design where 
months have been spent arguing over 
say where a window should go and then 
when the energy assessment is 
conducted this is not able to be 
changed. The 6 star requirement now 
focusing designers/builders on 
orientation considerations, no longer just 
a case of adding greater levels of 
insulation material. Sees example of 7 
stars and above in some developments. 
Rating concession of ‘outdoor area’ is 
flawed if the shaded effect of this 
outdoor space is detrimental to solar 
gain. There had been some incorrect 
media in relation to perceived 
inaccuracies in ‘climate files’ whereas 
these were media references to 
software modelling commercial 
buildings and not residential. 

 

What we know is that when 5 star was 
the standard some builders in the 
Melbourne market as a ‘point of 
difference’ were offering a ‘6 star’ 
product.  

Critical of the RIS as ‘voodoo 
economics’ , poor selection of discount 
rate for modelling a product that lasts at 
least 60 years and the selectivity of some 
of the studies (ABCB) undertaken for the 
RIS. 

Critical of builders approach to taking a 
poorly designed house (i.e. 3 stars) and 
saying that the only way to achieve 6 
stars is expensive glazing, whereas 
starting point for improvements required 
to achieve 6 star would be a min 5 star 
design.  

Project homes on smaller blocks are 
missing some of the fundamental rules of 
living space orientation to the north and 
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just ‘bulking’ up insulation levels to get 
compliance. 

B The BCA changes in section 3.12 that 
were introduced in 2010 were to better 
align the DTS with the 6 stars NatHERs 
standard. Prior to this there had been 
both public and industry associations 
comment around the mis-alignment of 
the 5 star standard and the BCA 
provisions.  

Discussed the impact of a decision via 
national competition and free trade 
policy to adopt a different standard for 
performance testing of windows. Prior to 
6 star and the advent of 2nd generation 
NatHERs software windows rated under 
Average Australian conditions whereas 
now the data based on environmental 
conditions in a modified Australian 
Fenestration rating.(AFRC) 

Often manufacturers are ahead of the 
game in terms of regulation and have 
changed their processes and/or 
products to meet anticipated regulatory 
changes such as in the glazing industry 

WERs integration with the software is a 
very important aspect of the tools. A 
product which has a WERs certificate 
can inform the rater of its performance. 
Interviewee had conducted many 
simulations using the BERs Pro NatHERs 
tool. 

The 6 star measures are to better reward 
solar passive design and the rating will 
suffer if windows that have too low a 
SHGC for the particular orientation are 
used. The 2010 6 star changed the 
assessment in that now u-value 
conductance and solar heat gain 
elements are now linked 

Made the point that 69 climate zones 
were a good basis to model and assess 
under and in the case of the USA for 
such a large country they were 
modelling in 3 zones only. Having a large 
windows database in the software and 
knowing the availability of the products 
can be a problem for assessors, some 
who might prefer a smaller more generic 
list to work from.  

2009 AWA survey shows 75% of 
fabricators have access to a window 
with significant performance in U Value 
and SHGC. The changes to the energy 
efficiency stringency will require 
fabricators to have access to these 
products. From the response it would 
suggest there is availability to most 
fabricators for higher performing 
products than are currently the norm for 
the industry. 

The cost of glazing is harder to model or 
predict as unlike such ‘universal’ type 
products such as insulation, window 
manufacturer has more localised 
considerations and what works in one 
city or zone is different than another. The 
market has greater cost variances, for 
example the cost of double glazing in 
the NT much higher than in a bigger 
market such as Melbourne or Sydney. In 
the regulation for energy efficiency in 
the building code there is a 
methodology that allows the user to 
meet requirements in a cost effective 
manner. 



NatHERs Stakeholder and Effectiveness study 

 

145 | P a g e  

 

 
C Cited the lengthy time frames around 

changes to Building Regulations. For 
example had worked for some 20 years 
on the acceptance into the BCA of high 
rise timber framed buildings and many 
studies and attempts to convince 
regulators of the acceptability of some 
construction solutions. Nevertheless the 
problem with the BCA which of itself has 
no legal standing has been its success! 
Having a national reference document 
despite some state variation is a good 
thing. Problem is that some local 
councils can do what they want 
including more stringent energy 
efficiency requirements. Because it’s 
one of the few national documents in 
the industry perhaps a tendency for 
politicians to introduce ‘pet projects’ 
with unintended consequences. 

Regulation can have benefits but 
builders and the community at large 
pay the price of poor regulations. 

Regulations cannot eliminate every risk, 
nor should it but what is often required is 
better rather than more regulation. 

 

AccuRate models conditioning energy 
required to be added or removed to 
achieve comfort. The actual amount of 
conditioning energy used depends on 
electricity (grid or renewables) and gas 
used by the conditioning appliances, 
which in turn depends on household 
practices and the energy efficiency of 
the conditioning appliances. In addition, 
significant other energy use occurs 
during the operation of a house. 
Diminishing marginal energy reduction 
benefits from each incremental increase 
in a building’s star rating. 

Spoke about orientation as very 
restricting now and penalising the 
building of larger homes on increasingly 
smaller allotments. 

The economic efficiency of pursuing star 
ratings and the economic optimum of 
any star rating are complex issues. The 
economic dimensions of relentlessly 
pursuing higher star ratings are poorly 
understood politically and within 
government.  

The worry or concern about future 
regulations is that increasing marginal 
costs mean that the marginal cost of 
moving from seven stars to eight stars is 
greater than the marginal cost of 
moving from six stars to seven stars and 
so on. Any future increases in the 
minimum energy efficiency 
requirements for new homes will result in 
larger and larger costs and smaller and 
smaller benefits. The net cost to the 
community will therefore increase 
significantly with each incremental 
increase in the minimum energy 
efficiency requirements for new homes. 

MBA surveyed members at time of 6 star 
RIS and its members indicated that for 
most scenarios costs that were modelled 
should be increased by a factor of two 
at a minimum. 
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D If you are going to have energy 
standards you need to demonstrate 
some relationship that they work 

Because the ACT had the pre- existing 
ACTHers scheme and lots of data then 
this could be used in the modelling of 
the 6 star RIS. Work was done and $50k 
spent on transposing data from ACT 
ratings by the ABS statistical division. The 
ACT government chose pre 1996 houses 
as that was when 4 star in ACT was 
introduced and the issue of non -
compliance after 4 star could embarrass 
the ACT government. 

The government Treasury approach to 
hands off regulation and reliance on 
simply the market is not a good thing in 
housing energy policy and so supportive 
of the policy to meet more stringent 
energy performance targets. 

We have come a long way from where 
a builder could build an electrically 
unsafe house or a house with defective 
plumbing and sewerage and just now 
we realise that climate impacts of 
buildings are just as important and are 

Because NatHERs uses zones with 
different star bands based on climate, 
parts of the country actually are not well 
represented as lines of the map do not 
align with state jurisdictions. The concept 
of a neat and tidy climate zone 
differentiation is problematic. The BCA 
climate zones are too broad say 
Melbourne and Western Sydney are 
under the same rules but if applied in 
Accurate software it wouldn’t work for 
the Melbourne zone. 

Whilst NatHERs software modelling was 
not intended for use on existing houses 
which required house plans to be 
developed post construction it was 
useful in such cases as the Moreland ( 
VIC) retrofit study on older homes 
ranging from 1 – 3 stars. 

Air Infiltration needs to be looked at as 
the model assumes a certain rate, but is 
it being achieved in new builds. 

The heat flow modelling shows that there 
are definite drop off in thermal 
performance improvements beyond say 
R4.0 in ceilings and R2.5 in walls. 

Was there in 2002 when 4 star was 
introduced and the HIA was telling 
everyone that it would add $15k to the 
price of a house when it didn’t 

Through hedonic analysis of the factors 
in the sale price of a house in the ACT it 
was found that the star rating was 
important. 

As per the MBA the modelling by Trevor 
Lee on cost impact of higher stars shows 
less ‘bang for buck’ as you go past 5 
stars, that perhaps the most effort should 
be on existing housing stock and 
benefits of getting these from 1 or 2 stars 
to 4 or 5 is an argument he accords with 
however for climate change it’s 
important to move to higher stringency. 

If you went to 7 stars you might be able 
to justify it in such places as Canberra, 
Melbourne and Hobart but not in other 
climates 

However once you start modelling in 
‘learnings’ such as lowering the cost of 
solar PV the  benefit to cost ratios are 
higher. 
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getting to a place in the regulations that 
factor this in. 

Compliance is a big issue and in the ACT 
moves to police the Energy Assessors  

 

The concrete ground slab is a bit of a no 
brainer in terms of the timber industry 
complaints to regulators, timber just 
doesn’t perform as well. Of course if you 
have been forced to build on a sloping 
site and with timber as suspended 
concrete is expensive then how easy is it 
to get in under that timber floor and 
insulate well. 

The software simulation approach allows 
the builder to model the least cost 
options so get over the DTS provisions 
and DTS approaches.   

Perception of industry that would be 
happy for people to live in a cardboard 
box with no double glazing but with 
granite benchtops in the kitchen! 

The cost of energy, electricity and gas is 
increasing 

The reality is that you can achieve 5 stars 
with just about anything and 6 stars is 
achievable with minor improvements 
and adjustments which might be no 
more than a bit better glazing in the 
house. 

 
E Policy and regulation is slow but 6 star 

introduction is step forward is only a 
‘minimum level of mandated 
performance.  

Scope for a national approach to map 
out a full building typology as in some 
European countries  

Believes that tools based on the NatHERs 
benchmark software are good tools and 
recent negative articles in press typically 
reflect vested interests, rather than 
inherent flaws in the assessment or 
regulatory process.  

However, there is scope to further refine 
these tools, At present the majority of 
NatHERs assessments are conducted 
with no quality assurance. As per the 
ABSA studies many of the issues being 
identified may be simply due to poorly 

Developing cost effective solutions for 
their clients at higher stringency levels for 
BCA 2010, potential increase of 2-300% 
in the volume of ratings to be done from 
2010 onwards due to the significant 
tightening of the prescriptive elemental 
regulations. The company has 
developed on the back of more energy 
assessment work both in the domestic 
and commercial areas. 

Good client relationships with builders 
allow for optimal solutions and re-design 
where required.  
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conducted assessments and not the 
software. 

 
F The insulation of the ceilings of all new 

dwellings in Australia has effectively 
been mandatory since 2005 (longer in 
some jurisdictions such as Victoria and 
the ACT). Such practice is common 
throughout the developed world. ICANZ 
believes that all governments should 
continue to include higher EE stringency 
in new homes and ceiling insulation 
retrofit as a key policy measure for 
reducing residential energy use. 

Carbon pricing will affect the modelling 
and anticipated benefits, as yet the 
price of carbon under mooted scheme 
unknown.  

Agrees that with regulation must also 
come compliance checks which are 
not happening and a significant issue 
nationally across the industry 

(R3 – R4) to otherwise uninsulated 
dwellings will increase the star rating of 
the dwelling on average by 2.2 stars. The 
star ratings of existing uninsulated homes 
is extremely poor sample dwellings 
exhibited a range of performances from 
0.5 stars (lightweight single storey 
detached dwelling on a timber floor in 
Queensland) to 2.9 stars (heavyweight 
semidetached dwelling on concrete 
floor in NSW, SA and WA). An ICANZ 
study showed the weighted national 
average performance for dwellings with 
uninsulated ceilings was 1.1 stars. 

The modelling clearly shows the 
‘heating’ reductions for colder climates 
of TAS, VIC and ACT greatest benefits 

With the home insulation scheme the 
capacity of the industry was clearly 
overstretched and, unsurprisingly, less 
than optimal outcomes resulted. The 
rapid growth in demand for labour (a 
goal of the program in the context of the 
global financial crisis) led to some poor 
outcomes in terms of opportunistic 
business practices and reduced levels of 
staff training. 

In the ACT, where mandatory disclosure 
of residential building energy 
performance has been required since 
1999 when dwellings are advertised for 
sale, an improvement of 2 stars in energy 
rating would be expected to add 
significantly to the sale price. Value of 
the Avoided Generating and Network 
capacity needs to be factored into 
economic modelling 

 



5.1.1 Theme 1 Discussion:  NatHERs Policy and Regulations 

The stakeholders were asked to address policy development and building regulation 

for energy efficiency. Evident in the discussions with stakeholders on policy and 

regulation where lessons to be learnt from past versions of the scheme as well as 

highlighting the potential to improve both scheme governance and implementation. 

The literature review in sections 3.2 -3.4 further examines these issues that have vexed 

the minds of stakeholders since the introduction of EE measures in the past decade. 

Consistent with the literature and reporting on EE measures in the Building Code the 

Building industry had not favoured going above 5 stars and had now resisted 6 stars. 

The resistance to moving to 6 stars was not evident in others though, in fact a widely 

held view was that 6 stars was a fairly minimum performance target and not difficult 

to achieve compliance with. There is a gap then around the implementation of 6 star 

which is addressed as a task of this research (chapter 8).  

The in depth interviews were conducted prior to the ABCB moved to a 3 year cycle 

for amendments and there was both praise for and criticism of the NCC (then the 

BCA) as a regulatory document. Some viewed its complexity as difficult to untangle 

and that NCC and NatHERs needed to be better aligned. The adoption by states of 

the 6 star regulation had been problematic, with some states lagging behind or in the 

case of NT not adopting it at all. Several practitioners had invested a lot of their own 

time and effort in obtaining high level skills in building thermal assessments and it was 

evident that they supported the continued evolution of both the software and the 

scheme.  

In terms of evidence based policy initiatives in housing there is concern expressed of 

a lack of consolidated data on the energy ratings being performed across Australia 

and the features of new housing that is contributing to these ratings. This is seen as 

hampering policy analysis and development regarding NatHERs and residential 

building energy efficiency in general. This also speaks to an issue of lack of substantial 

government and private investment and research around both the software engine 

and tools, but also of the governance processes of the NatHERs scheme. However 

there is praise or agreement in areas that Building Energy policy at federal and state 

level has developed in the past 7 years whilst some frustration of stakeholders that the 

stringency levels for new housing in the NCC have not changed. Some of the 

information failures around energy efficiency are less of a concern due to 
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governments both locally and nationally embarking on what are considered 

improved programs which were discussed in sect. 4.8 of this thesis. 

 As mentioned earlier the continued development and promotion of the NatHERs 

scheme is seen as crucial to support the improvement of the energy efficiency of 

Australian residential buildings through the availability of scientifically valid, cost 

effective and, reliable thermal performance rating tools. The building industry though 

critical of NatHERs evidenced in the stakeholder analysis and particularly prior to 6 star 

introduction is seen as acting more responsibly, through programs like Greensmart and 

the development industry’s Enviro-development branding and training which brings 

added awareness of thermal performance in housing. How successfully NatHERs itself 

can be integrated across the building design, compliance, construction and 

renovation cycle is a key question and the studies in this thesis seek to help close this 

knowledge gap. 

From the interviews it was evident that the construction industry felt that there had 

not been enough consultation around 6 star introduction and that submissions to the 

ABCB should be public documents. Some negative comments such as “When you 

take out the lighting and hot water from 6 star Regulation impact the ‘building shell’ 

number are negative $M 444  so there is a bad case for 6 star”(MBA 2010). The MBA 

had also complained that the RIS consultation was based on a lack of transparency 

were the Minister’s forum did not agree in session but out of meeting and the final RIS 

was buried away on back site of ABCB. 

 

 

5.1.2 Theme 2 Discussion:  Assessment Rating and metrics 

From the interviews stakeholders raised a number of critical issues in relation to rating 

and metrics. If undertaking a rating was not the only way to achieve compliance the 

system could be gamed felt some. Chapter 5 has discussed this and explored the 2 

NCC options outside of the third less common reference building method. One HERS 
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assessor pointed to the Code of Practice for South Australian practitioners and the 

requirement that NatHERs rating should be at arm’s length, that the assessor must not 

be the designer. Compliance concerns were to the fore including a HERS assessor 

dubious as to compliance with a code of practice that included a proviso that if a 

house was being rated and was not achieving the minimum 6 stars then the assessor 

would not design the change. 

These in-depth interviews had been competed prior to both the completion of the 

important NatHERs Benchmark study (2014) and completion led by the South 

Australian government as project manager of the final report of the National Energy 

Efficient Building Project whose results were released in late 2014. Importantly this later 

report does add valuable knowledge and analysis of the key systemic and process 

issues that may be contributing to non-compliance with the energy performance 

requirements in the NCC. Code), From the NatHERs Benchmark study which 

interviewees would not have yet read yet expresses some concerns , in testing NatHERs 

about one in five of assessments were exactly correct, with another 45% achieving a 

score within the regulated tolerance for accuracy. However about 15% were too high 

by 1 or more stars and around 21% were too low by 1 or more stars. On average 2 out 

3 assessors had answered questions correctly in the benchmarking test. So 3-4 years 

on from the interviews some information was available as to assessment veracity and 

reliability. 

The later practitioner interviews show fairly widespread negativity to the software 

evident prior to 6 star has abated, with updating of product libraries (importantly 

glazing being one), improving communication with the industry on technical issues, 

better user interfaces and productivity features. Over time perhaps the software 

coverage can be extended beyond thermal performance to the full spectrum of 

energy efficiency and sustainability indicators. Perhaps interestingly though many in 

the industry overlooked or fully understood the climate change prerogative the metric 

being energy MJ/m2 is still considered a good indicator when converted to star rating. 

A postscript to the stakeholder interviews is that the full impact of the recent national 

adoption of a standardised NatHERs universal certificate for compliance has yet to be 
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evaluated. The NatHERs Universal Certificate has since 2016 been a compulsorily part 

of the software licence agreement and completing assessments without the Universal 

Certificate is a breach of a licence agreement. The new certificate gives complete 

building description information including all assumptions made in the assessment and 

therefore the assessment is transparent. Being available from a website for verification, 

prevents forged or reused certificates. Plans supplied for the assessment must be 

stamped and returned with the assessment report. This establishes the design that 

achieves the assessment results and design variations can be identified by 

comparison. In an earlier study by ABSA (2011) scoping the implementation of this 

universal certificate it was established by survey that 21% of respondents do not use 

NatHERs software for regulatory compliance at all and this extent of non-regulatory 

work may have been underestimated in the past. 

A frequent issue raised was how to factor in the diminishing marginal energy 

reduction benefits from each incremental increase in a building’s star rating. The heat 

flow modelling shows that there are definite drop offs in thermal performance 

improvements beyond say R4.0 in ceilings and R2.5 in walls. This emphasis on insulation 

may be overemphasised by some stakeholders as the effect alone of insulation levels 

is not a pre-determining factors in achieving higher star ratings. In the studies presented 

in this thesis (sect. 6.3) several of the 7.5 star houses of Lochiel Park had just R3.0 in 

ceilings.  

Some more recent consideration by stakeholders has been given to the issue of less 

benefits if a climate zone is dominated in a cooling or heating demand scenario that 

does not match the fabric improvement. Currently separation of heating and cooling 

requirements is not in the NCC code (though the elemental approach does set 

minimum winter conductance and summer heat gain values for the glazing element). 

One HERs assessor remarked that the starbands (1-10) could for each climate region 

show a separate heating and cooling load target figure. This might help designers and 

better align NatHERs with the challenge of designing houses that perform well in every 

season though in may introduce some further complexity. There is some inference from 

the lack of comment by stakeholders and the NatHERs administration itself that the 
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conversation of a house thermal load calculation in mega joules to a 10 point 

starband rating scale is considered a good fit for the scheme. 

 

5.1.3 Theme 3 Discussion:  Economics and Industry adaption 

An important theme discussed was the cost impact of increased star rating as well as 

the challenge of the industry adapting to the new more stringent regulations which 

has provided a challenge and motivation for work conducted in this thesis as per the 

primary aim and objectives set out in chapter one. Many of the stakeholders 

interviewed were aware of the reports and economic modelling not only of 6 star 

regulations but of the earlier 5 star RIS in 2005. 5 star introduction had raised a lot of 

noise in the industry and a media campaign by the building industry focused on 

negative portrayals of over regulation, bad building science and negative economic 

impacts of more stringent energy regulations. 

If the earlier 5 star was seen as a bare minimum in terms of energy performance then 

6 star (with the exception of builder’s organisations) was deemed easily achievable if 

good design principles were followed. But a question being asked is, what is good 

design in the volume housing context? Consumers wanting stone benchtops, offices, 

studios and a large house brimming with ‘features’ but on price sacrificing thermal 

mass or adequate glazing performance is still a major concern.   As evidenced by the 

literature review cost benefit analysis is often seen as problematic and not 

uncommonly open to several interpretations. The ‘voodoo economics’ comment of 

stakeholder A stems from the Net Negative Benefit position of the 6 star RIS where a 

discount rate of 7% and 5% was used. A choice of lower discount rate (say 3%) which 

more aligns with the cost of capital in today’s terms and enhance the value 

proposition of future savings of energy reduction measures and led to a more positive 

ration of benefit to cost.   

Builders singularly pointed to the RIS and their own commissioned reports showing 

negative benefits above 5 star and reinforcing a general opposition and distrust of the 

both the 6 star regulation and the way it was being implemented by policymakers and 
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regulators behind closed doors, in their view. Some acknowledgement generally by 

stakeholders that ‘bang for buck ‘ was harder to achieve as you go past 5 stars 

however some designer and assessor comment that cost impacts were negligible for 

6 star and in fact through better design and orientation the house could achieve 

higher performance at lower costs. Whilst it was felt that establishing the costs is one 

thing and involves quantity surveyor skill in market assessments, the longer term 

monetised benefits are another issue and much harder to predict. 

As the star rating thermal performance was seen as a diminishing marginal value 

proposition (as the star rating increases the absolute energy reduction values 

decrease per added star), one view was that ‘the marginal cost of moving from seven 

stars to eight stars is greater than the marginal cost of moving from six stars to seven 

stars and so on’ (MBA representative.)  The case presented by the builders is that in 

order to achieve ever higher star ratings requires deploying increasingly expensive 

energy-saving technologies as per the Centre for International Economics (CIE) 2010;  

• to achieve a 6 star rating (from 5 stars), requiring a move to double glazing and 

additional wall insulation, would impose a net cost of $40 per square metre;  

• to achieve a 7 star rating (from 5), requiring additional floor insulation, would 

impose a net cost of $70 per square metre;  

• to achieve a star rating of 8 (from 5), by adding improved ducting and external 

shading, would impose a net cost of $190 per square metre.  

This study looks at CAPITAL costs only from 5 to 6 star and challenges the MBA 

cost/benefits. The Playford 5 – 6 star study which was peer reviewed by Construction 

Economists (AJCEB) showed an average capital cost increase based on normalising 

the cost to the average floor area of 171 m2 was $3,150 which is a lower $18.42 m2 

than the MBA’s $40/m2. HOWEVER this importantly does not factor in the benefit of 

reduced energy demand that is part of the MBA’s calculation. MBA appears to 

overstate the negative effect of construction and materials cost increases severely in 

modelling any future increases in the minimum star regulation.        

The house designs used for the 2009 RIS reflected typical house designs prior to the 

introduction of energy regulation, and the RIS noted the absence of market 
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adaptation to regulation. Industry learning and new technologies should have driven 

design adaptation by 2009 so that the step from 5-Star to 6-Star should have been 

available at lower cost than estimated in the RIS, This is a significant knowledge gap in 

building regulation that the independent studies (Non peak builder organisations) on 

5 - 6 star, such as in the study in this thesis can address. 

It was of course up to individual states to adopt the regulations and state variation to 

regulations was a concern expressed in the comments about industry adaption with 

the larger home builders operating across state boundaries. The house building 

industry survey presented in this thesis is of South Australian and Queensland listed  

builders though a few respondents indicated they were building in Victoria and NSW, 

these two states had delayed adoption of 6 star to 2011 to give their building industry 

more time to prepare. There is no Australian house building industry study specifically 

examining builder’s adoption of the new regulation which gives the study presented 

in chapter 8 a value in the knowledge gap around the implementation of the current 

regulation.  

How a home builder for sales appeal could positively leverage the NatHERs rating and 

make a ‘point of difference’ was raised by some. Western Australian was said by one 

assessor to be a state where builders promoted the star rating more vigorously citing 

several examples of advertisements with the star rating. There is a range of promotional 

material with no mention of star rating or energy performance. Not much evidence in 

South Australia of star rating promotion. NatHERs itself has released on its website ‘7 

star’ designs and some assessors report a larger volume of ratings work indicating that 

the industry uptake of ratings has been achieved and around 70 percent of new 

houses and apartments are currently being rated using a NatHERs tool to show 

compliance with the NCC. 

 

5.2 NatHERs verification and validation techniques 

Validation of the NatHERs building energy model has infrequently occurred as few 

large post-occupancy energy use studies have been undertaken in relevant climates 
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to the required technical standard, and validation has been limited to comparisons 

with results from other building energy models, individual buildings without households, 

or small samples of buildings with households (Delsante 2005; Saman et al. 2008; 

Dewsbury et al. 2009).  These validation exercises which have been discussed in the 

literature review (sect 2.4.1) have involved a range of construction types (timber, brick 

veneer, cavity brick, and mud brick) and been conducted in a variety of climates 

including cool temperate, temperate, warm temperate and hot humid climates.   

These validation exercises have found that in general NatHERs tools are reasonably 

accurate at assessing the indoor environment and estimating the energy required to 

maintain thermal comfort for the occupants, although Saman et al. (2008) found that 

AccuRate appreciably underestimates cooling loads. Validation processes on both 

1st and 2nd generation NatHERs tools have also been conducted using the BESTEST 

protocol, developed by the International Energy Agency for evaluating building 

energy simulation software (Delsante 2004). The BESTEST process compares the results 

of simulation runs against the results produced by eight benchmark software tools, and 

NatHERs tools have been found to be consistent with the benchmark tools within the 

protocol’s acceptable tolerances. 

In Australia there are few studies which evaluate predictive models of household 

energy consumption, however work by Williamson et al. (2006) has focused on the lack 

of correlation between the predicted values from the software and data on actual 

energy use.  In a study of 31 houses in South Australia the NatHERs energy load (MJ/m2) 

predicted values are plotted against the actual average annual household energy 

consumption from billed data from the appropriate electricity, gas and oil retailers 

over at least a 3 year period for each dwelling.  The authors find that no significant 

correlation is observed as shown in figure 6.1.  However as stated earlier, if heating and 

cooling represents a minority of total household energy use, other household energy 

appliances will affect the data, and a correlation may not occur.  The researchers 

attempted to extract heating and cooling data from the consumption data and 

produced the right side chart in fig. 5.1. This figure does show a correlation but it is very 

weak.  However, the extraction method involved correlating bill data with heating and 

cooling degree days, rather than direct measurement of energy used by the heating 
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and cooling equipment.  This method doesn’t consider the impact of solar radiation 

and humidity on the heating/cooling load and does not consider the different 

efficiencies of the equipment between houses, as well as how the efficiency changes 

with temperature. Therefore the findings shown in Fig. 5.1 are uncertain. 

 

Figure 5-1:   NatHERs (MJ/m2) vs Total Household Consumption for Heating & Cooling 

(left) and total Household Heating and Cooling per Conditioned Floor Area (right) 

Source: Williamson et al. (2006) 

In a more recent study (Saman et al. 2014) which addressed the performance of 

housing during heatwaves in Australia, data revealed that having a more energy-

efficient house design measured by a higher NatHERs rating generally improved the 

occupants’ thermal comfort and reduced heating and cooling energy use. In earlier 

studies by Saman & Halawa (2004) and Saman and Mudge (2003) a group of homes 

with improved NatHERs star ratings were also shown to use less energy. The work 

presented in this study in sect 6.3 below builds on this evaluation and improved 

understanding of NatHERs in real world use. 
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5.3 SA Study of NatHERs modelled v monitored 

5.3.1 Introduction  

As identified in the literature review thermal comfort and housing energy consumption 

are quite extensively covered areas of built environment research however some 

difficulties with obtaining in-situ real time measured energy consumption data prevail 

as heating and cooling appliances generally do not record consumption and overall 

house energy metered data is aggregated over billing cycles and multiple energy 

demand sources. 

Filling this research gap for Australian conditions the study presented here and 

published in the journal Energy and Buildings involves two new housing clusters in South 

Australia that have been subject of house energy assessment and monitoring in post-

occupancy modes. The houses under study in the first development are within the 

suburb of Mawson Lakes (ML) a major housing development some 15kms north of the 

Adelaide CBD. Houses generally single storey were built between 2002 -2003 as a joint 

partnership between the South Australian Government, the local Salisbury Council, 

and the development company Delfin Lend Lease with input from the University of 

South Australia around energy and housing sustainability targets.  

The houses were built before the introduction of 5 star energy requirements in South 

Australia and a subsequent increase to minimum 6 stars in late 2010. The second 

housing cluster is a more recent development at Lochiel Park (LP) some 8 kms. north-

east of the Adelaide CBD which is considered as an exemplar world class green village 

with comprehensive Urban Sustainable design guidelines developed by UNISA.  These 

sustainable development encumbrances were enforced through the State 

Government’s Land Management Corporation (LMC) body with selected builders 

required to demonstrate ability to construct homes to well above minimum energy 

performance standards.  

At Mawson Lakes the overall energy reduction target was facilitated by using an 

energy rating scoresheet for every home built to ensure compliance with the minimum 

energy efficiency standards. The scoresheet awarded a number of positive and 
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negative points for design features, building materials and major fixed appliances. The 

scoresheet was devised on the basis of mathematical modelling of heating, cooling, 

hot water, lighting and other energy consuming appliances. Energy monitoring was 

undertaken in the housing development to validate the effectiveness of this tool in 

reducing household energy consumption. Of significance to this research study a 

subset of 6 houses at Mawson Lakes had energy monitoring equipment installed and 

these houses were monitored over a 2 year period between 2003 and 2004. Detailed 

monitoring of the six individual houses was conducted in which all electrical circuits 

were individually monitored in each of these houses, with values recorded at 15 minute 

intervals. The total gas consumption of major gas appliances used in these houses was 

also measured on a daily basis. The group of six houses that were monitored are 

located within larger networks, in which gas and electricity consumption was also 

monitored. 

The Lochiel Park houses were built later in 2010-2015 and data was used in studies to 

investigate energy use in the context of the green village and low carbon living. The 

103 dwelling development, which comprises 80 detached dwellings and 23 

apartments, requires energy efficient designs, including high levels of thermal comfort 

of at least 7.5 stars whereas 6 stars is the current building code national minimum 

standard. The houses also have solar water heating, photovoltaic electricity 

generation linked to the size of the dwelling, energy-efficient lighting and appliances, 

a load management system to control peak demand, energy and water use 

feedback monitors, rainwater water harvesting, and the recycling of stormwater for 

toilet flushing. 

5.3.2 Housing, Occupant, Monitoring and Appliance Characteristics 

Houses on both the Lochiel Park and the Mawson lakes development are of the typical 

mass housing market in South Australia however with definable differences in floor 

area. Two of the Mawson lakes houses were comparatively smaller homes less than 

120m2 whereas typically the Lochiel park houses were at or slightly above the 204 m2 

average for South Australian homes. The Lochiel Park houses are typically 2 storey 
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detached dwellings on small allotments. Figure 5.2 shows a typical design 

configuration with basic specification details listed here.  

To achieve the required minimum 7.5 NatHERs rating improvements such as higher 

performance glazing or additional insulation were added to the base specification. 

• External walls -  Solid   Brick 110 mm or  Hebel Panel 75 mm. Stone veneers 

to front elevations  or similar. Lightweight walls of Weathertex® weatherboard  

or Custom Orb Colorbond + 40 mm air gap. 

• Windows and Doors - A&L: Aluminium windows – Double Glazed: 3mm 

Clear/12 mm air gap/3 mm Clear U 3.51   SHGC 0.67, Weather seals to windows. 

•  Roof - Colorbond steel on timber frames with Sislation ( aluminium foils) 

• Lower Floors - Concrete slab on ground.  Hard surface to Family, meals, 

entry and wet areas. Carpet Living room.  

• Upper Floors – Low emission 22 mm particle board. Hard surface to wet 

areas. Timber/Carpet to bedrooms, retreats and passages.  

• Ceiling - Plasterboard on steel furring channels, 13 mm to both levels. 

Glasswool insulation R4.0 to under roof ceilings. Glasswool or Rockwool 

insulation R3.0 to under floor ceilings. 

• Internal walls - Plasterboard 10 mm  Rockwool insulation R3.0 to external 

living areas 

• External shading Metal louvre or mesh shade canopies to sliding doors 

and, generally up to a 600 mm wide main roof eave. Timber screens to upper 

level windows if required. Metal louvre or mesh shade canopies if required or 

extend eave of roof. 
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Figure 5-2:  Typical house design at Lochiel Park 

Although each house has been created to meet the unique needs of the clients, most 

designs were initiated from a set of template floor plans developed by each builder 

to meet the requirements of the Lochiel Park Urban Design Guidelines developed by 

the Land Management Corporation. In house design above is representative of the 

detailed monitored homes used to establish many of the energy end-use relationships 

for thermal comfort, lighting, water heating, and non-regulatory loads.  

Given the effect of appliance type and efficiency on end energy use in this study it is 

important to identify the type of equipment used in heating and cooling as per table 

5.2 overleaf. 
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Table 5-2: Reverse Cycle AC (Ducted and splits) capacity, COP and EER averages 

 
 Heating Cooling Average 

 

Outdoor 

unit 

Heating 

Capacity 

(kW) 

Input 

Power 

(kW) 

COP 

Cooling 

Capacity 

(kW) 

Input 

Power 

(kW) 

EER COP EER 

ML 1[3] 1 8.26 2.24 3.69 7.80 2.57 3.04 3.69 3.04 

ML 4[3] 1 10.40 3.20 3.25 9.70 3.19 3.04 3.25 3.04 

ML 5[3] 
1 9.50 3.30 2.88 8.6 3.1 2.77 

2.91 2.78 
2 2.80 0.95 2.95 2.65 0.95 2.79 

ML 6[5] 1 17.70 5.50 3.22 16.9 5.7 2.96 3.22 2.96 

LP 1[3] 1 12.82 3.91 3.28 11.85 4.27 2.78 3.28 2.78 

LP 2[1] 1 12.16 3.3 3.68 12.27 3.68 3.33 3.68 3.33 

LP 3[2] 1 10.64 3.25 3.27 9.84 3.58 2.75 3.27 2.75 

LP 5[2] 1 12.82 3.91 3.28 11.85 4.27 2.78 3.28 2.78 

LP 6[2] 1 9.4 1.93 4.87 8.00 2.19 3.65 4.87 3.65 

LP 9[4] 
1 6.96 2.03 3.43 5.75 1.96 2.93 

3.91 3.36 
2 9.6 2.19 4.38 8.00 2.11 3.79 

LP 11[4] 
1 8.6 1.95 4.41 7.10 1.93 3.68 

4.41 3.68 
2 8.6 1.95 4.41 7.10 1.93 3.68 

 

Only those homes with similar heating and cooling equipment were selected for the 

comparison to eliminate this factor as a variable, therefore (as table 5.2 ) only 4 of the 

6 detailed monitored houses at ML and only 7 of the 11 LP houses are presented for 

this analysis. The Mawson lakes houses use greater capacity equipment with lower 

COPs as they were installed prior to the availability of variable speed Inverter 

technology installed in the LP houses. Furthermore as the efficiency of air conditioners 

can vary up to 30% from rated conditions and can also vary with temperature, building 

air tightness, and possible ducting losses, the study does not propose that thermal 

loads for the houses were determined by applying the rated conversion efficiency.  

What is evident from the equipment profile shown in table 5.2 is an improvement in 
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efficiency for Lochiel Park (LP) houses, explained by some mandated restrictions in the 

total capacity of input power below 4kW (some houses such as LP 9 exceed this 

marginally).  

A summary of the types and technical details of analogue meters and digital sensors 

used is presented in a more detailed report on monitoring of Lochiel Park by Saman et 

al. (2014) and by Whaley et al (2010). To extract the energy attributed to heating and 

cooling demand in the case study houses the energy (kWh) readings minus standby 

were obtained. This is then converted to thermal energy demand knowing the RCAC 

thermal performance parameters where internal air temperature readings show either 

a cooling or heating energy use. The importance of removing standby energy when 

measuring actual thermal energy consumption is highlighted by others such as (Law 

et al. 2014). In study of air-conditioner use across major capital cities in Australia it was 

found for climates such as Adelaide were 40 appliances were tested over a season 

up to 17% of energy consumed is simply attributed to leaving the equipment to switch 

on and switch off automatically in standby mode. 

Across the set of houses there is an average of 3 occupants which is a typical scenario 

for South Australian dwellings whereas one LP house is single occupied and another 

two have as many as 4 occupants. The house which has the greatest level of 

occupancy with 5 persons is at Mawson lakes being ML 6 house. As previously stated  

occupant behaviour has been identified as the principal cause of monitored energy 

use variation in housing energy studies however this study on NatHERs energy ratings 

does not seek to isolate or identify all of or any likely factors discussed in the AIRAH ( 

Law et al. 2014) study. The scheme is not intended to take account of perturbing 

influences such as: occupant air conditioning usage/ thermal preferences; household 

appliance efficiency, age and maintenance; differences in occupant controlled heat 

loads and lifestyle factors and actual weather. These factors are known to have a 

potentially overwhelming impact on the achieved benefits that would be obtained 

from the design of a thermally efficient house. A high-star-rating house does not 

compensate for a profligate use of energy-consuming appliances. 
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The approach adopted in this study is to state and provide analysis of all the major 

factors that can effect and the cause differences in measured energy usage. In 

relation to the air-conditioning energy consumption focussing solely on houses that 

have RCAC comparable systems with known EER and COP ratings gives a measure of 

certainty that thermal energy demand is being met in a reasonably similar fashion 

across the two sets of houses over a typical meteorological year for the Adelaide.  

5.3.3 Weather Data and Climate 

The NatHERs energy value is based on the TMY, however the monitored data set is a 

function of the actual weather experienced over the years of measurement. As 

described previously both sets of houses fall within the Greater Adelaide metropolitan 

area, the locations are in low lying areas approximately 7 – 10 km to the coast. For 

NatHERs the relevant climate zone for both developments is Adelaide (zone 16). The 

relevant actual weather data for the study period(s) is shown in figure 5.3 and table 

5.2 below, showing daily minimum and maximums that adhere to the NatHERs typical 

meteorological year (TMY) profile for Adelaide. 

  

Figure 5-3:   Temperature histograms for (a) minimum, and (b) maximum for each year 

of monitoring. 

As NatHERs uses TMY data to evaluate the energy required for heating and cooling, 

for any given year, the TMY is not likely to match exactly the weather from that year.  

However, in order to be able to correlate the NatHERs rating to the measured data, 

the weather of the measured years applied to ML and LP should be similar.   
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Table 5-3: Summary of the six year monitoring with dry bulb air temperature statistics. 

  
Daily Minimum Temp. (°C) Daily Maximum Temp. (°C) 
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. 
-0.8 0.4 1.3 2.2 3.6 0.9 12.4 10.2 11.4 10.8 11.9 10.9 

 

Av

g. 
11.3 11.1 12.8 12.3 13.1 12.8 23.7 22.8 22.7 22.8 23.5 23.5 

 

Ma

x. 
26.2 30.0 28.7 29.2 27.3 29.9 46.4 44.7 42.9 42.0 45.0 45.1 

 

Me

dia

n 

11.1 10.6 12.2 11.7 12.7 12.6 22.9 21.7 21.9 21.7 21.9 23.0 

 

Std. 

De

v. 

5.4 5.3 4.8 5.1 4.7 4.9 7.2 7.1 6.3 7.0 6.9 7.1 

Pe
rc

en
til

e 

5% 2.3 3.7 5.9 5.4 6.2 5.7 14.9 14.1 14.4 14.0 15.0 14.0 

10% 4.1 4.7 7.1 6.6 7.8 6.4 15.7 15.0 15.1 14.7 15.7 15.4 

25% 7.8 7.6 9.5 8.5 10.1 9.5 17.5 16.7 17.4 16.9 17.7 17.9 

50% 11.0 10.6 12.2 11.7 12.7 12.6 22.8 21.7 21.9 21.7 21.9 22.9 

75% 14.3 14.3 16.1 15.1 15.6 15.9 28.5 27.3 27.1 28.0 28.1 27.9 

90% 18.4 18.1 19.2 19.3 20.0 19.5 33.4 33.6 32.1 33.1 33.8 33.1 

95% 21.1 21.4 21.5 22.4 23.0 21.6 38.2 36.4 34.5 35.7 36.7 36.7 
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Figures 5.4 & 5.5 below present the histograms of the daily temperatures derived from 

Australian Bureau of Meteorological (BOM) data for all years.  The data shows that the 

number of days of the ML years shows a very similar distribution to the LP years.  Fig 5.4 

below shows the number of days where the maximum temperature is above 32 deg. 

C, which is reflective of cooling demand, and the number of days where the max 

temp is below 18 deg. C, which is reflective of heating demand.   

 

Figure 5-4: Number of days the maximum ambient air temperature was (left) < 18°C, 

and (right) > 32°C for each year of study( yr 1&2 ML, yr 3-6 LP) 

 

Figure 5-5: Combined days the maximum ambient air temperature was (left) < 18°C, 

and (right) > 32°C for each year of study for each housing development 

When we look at the days above 32C maximum and below 18C minimum separately 

for each housing development as seen in figure 5.5 above the variation across all years 
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is small, and the average of the ML years 1 and 2 is similar to the average of the LP 

years 4 - 6.  Therefore importantly the impact of weather variation between the LP and 

ML data sets over the years is likely to be limited. 

5.3.4 Results Monitored Energy Data and NatHERs Comparisons 

The measured results of actual thermal energy consumption are presented in tables 

6.3, 6.4 and 6.5 together with the corresponding figures for regression analysis 

measuring correlation of the calculated NatHERs energy load and the actual 

measured thermal loads. Both the total annual thermal loads (MJ/m2) are compared 

as are separate annual loads for Heating and for Cooling.  

Table 5-4:  NatHERs v monitored thermal for each housing set (LP and ML) in MJ/m2 

 
ML LP    

 

Year 1 Year 2 Year 3 Year 4 Year 5 
Year 

6 
   

Start 
Apr-

2002 

Apr-

2003 

Jan-

2011 

Jan-

2012 

Jan-

2013 

Jan-

2014 
   

End 
Mar-

2003 

Mar-

2004 

Dec-

2011 

Dec-

2012 

Dec-

2013 

Dec-

2014 
AVG 

Std 

dev 

NatH

ERs  

ML 1 111.48 140.79 - - - - 126.14 20.72 205.8 

ML 4 177.15 190.60 - - - - 183.88 9.51 144.4 

ML 5 163.26 168.58 - - - - 165.92 3.76 188.3 

ML 6 248.34 223.68 - - - - 236.01 17.44 205.1 

LP 1 - - 23.35 8.62 7.44 11.13 12.64 7.31 59.30 

LP 2 - - - - - 40.82 40.82 n/a 61.10 

LP 3 - - - 70.22 69.92 - 70.07 0.21 61.50 

LP 5 - - - 63.90 61.87 67.84 64.54 3.04 63.70 

LP 6 - - 123.61 61.44 36.15 41.97 65.79 40.03 57.80 

LP 9 - - 83.94 - - - 83.94 n/a 58.80 

LP 

11 
- - 124.95 - 131.70 

172.9

3 
143.19 25.97 60.50 
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Figure 5-6: NatHERs v monitored thermal for each housing set (LP and ML) in MJ/m2 

Figure 5.6 presents the thermal building load as determined from the Accurate 

software and as measured actual consumption. The figure clearly demonstrates the 

higher energy demand of Mawson Lakes houses in comparison to Lochiel Park houses, 

consistent with the lower star rating. The data shows a substantial reduction of the 

energy requirements through improving the thermal characteristics of the building 

envelope by improving the star rating in NatHERs.  However it is worth mentioning 

again, that in interpreting the results of the study the overriding occupancy factor 

remains that it is people that use energy rather than buildings themselves and this 

warrants further investigation.  

The results show a wide variation in energy demand across the 2 sets of houses, most 

notably in the Lochiel Park set of highly rated homes, particularly  

• LP 1 average annual monitored consumption measured over 4 years is 

showing approximately one fifth only of NatHERs calculated load 
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• LP 11 average annual monitored consumption measured over 3 years is 

showing approximately 2.5 times more than expected NatHERs calculated 

load. 

 

Further investigations in a separate study by O’Leary et al. (2015)  and within the I-grid 

report on the Lochiel Park houses( Saman et al. 2011) focussing on the behavioural 

side showed Lot 11 to be high consumers, being a house with 4 occupants and a 

studio occupied by a young adult. Furthermore it is a house with two RCAC units 

whereas typically houses in the study have one unit only. LP 1 house occupants are 

regarded as very high energy conservers and in addition spent time away from their 

residence over and above normal occupancy ranges. 

To investigate the discrepancies further a separate analysis is provided for heating only 

(figure 5.7) and cooling only (figure 5.8). The heating shows less of a correlation than 

the cooling, while the cooling shows a strong relationship between the NatHERs value 

of energy demand and the value determined from the monitored energy data. 

Further attention should be paid to houses LP 6 and LP 11, which had the highest 

heating energy.  

The uncharacteristically high energy consumption for air-conditioning in these houses  

appears to relate primarily to a behavioural based propensity toward sustained, 

relatively high indoor air temperatures with more detailed analysis of the data it was 

revealed that the resident did not appear to be absent for extended times during this 

period. This observation appears to support earlier suggestions in the i-grid report, 

(Saman et al. 2011) that these households are inclined toward higher indoor air 

temperatures, based on analysis of summer AC usage data, resulting in lower cooling 

energy demand. 
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Table 5-5: NatHERs Heating calc. load v monitored heating thermal energy 

 
ML LP    

 
Year 1 Year 2 Year 3 Year 4 Year 5 Year 6    

Star

t 

Apr-

2002 

Apr-

2003 

Jan-

2011 

Jan-

2012 

Jan-

2013 

Jan-

2014 
   

End 
Mar-

2003 

Mar-

2004 

Dec-

2011 

Dec-

2012 

Dec-

2013 

Dec-

2014 
AVG 

Std 

dev 

NatHE

Rs  

ML 

1 
51.34 102.22 - - - - 76.78 35.98 161.73 

ML 

4 
56.57 107.95 - - - - 82.26 36.33 88.98 

ML 

5 
82.16 97.30 - - - - 89.73 10.71 147.47 

ML 

6 
128.79 137.62 - - - - 

133.2

1 
6.24 112.86 

LP 1 - - 13.09 0.34 0.10 3.96 4.37 6.07 33.00 

LP 2 - - - - 32.96 21.35 27.15 8.21 36.40 

LP 3 - - - 21.34 17.73 - 19.54 2.56 28.10 

LP 5 - - 14.02 14.02 9.61 8.98 11.66 2.74 32.30 

LP 6 - - 119.39 57.49 34.37 34.17 61.35 40.21 17.30 

LP 9 - - 40.99 - 43.35 - 42.17 1.67 26.90 

LP 

11 
- - 96.38 130.82 84.75 127.92 

109.9

7 
22.93 28.50 
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Figure 5-7: NatHERs Heating load v monitored heating thermal energy (LP and ML) 

With regard to cooling performance specific attention should be paid to houses LP 1 

and particularly LP 6 which have the lowest cooling energy over the entire cooling 

season. The uncharacteristically low energy consumption for air-conditioning in these 

houses appears to relate primarily to a behavioural based propensity towards 

tolerance of higher temperatures as highlighted in the iGrid report.  

The R2 value for cooling is 0.546 and a gradient of 1.288 demonstrating a strong casual 

effect.   
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Table 5-6:   NatHERs Cooling calculated load v monitored cooling thermal for each 

housing set (LP and ML) 

 
ML LP    

 

Year 1 
Year 

2 
Year 3 Year 4 Year 5 

Year 

6 
   

Start 
Apr-

2002 

Apr-

2003 

Jan-

2011 

Jan-

2012 

Jan-

2013 

Jan-

2014 
   

End 
Mar-

2003 

Mar-

2004 

Dec-

2011 

Dec-

2012 

Dec-

2013 

Dec-

2014 
AVG 

Std 

dev 
NatHERs  

ML 1 60.14 38.56 - - - - 49.35 15.26 40.33 

ML 4 120.58 82.66 - - - - 101.62 26.82 55.48 

ML 5 81.10 71.28 - - - - 76.19 6.95 40.85 

ML 6 119.55 86.06 - - - - 102.80 23.68 92.19 

LP 1 - - 10.26 8.28 7.35 7.16 8.26 1.42 26.40 

LP 2 - - - - - 19.47 19.47 n/a 24.60 

LP 3 - - 45.33 48.88 52.19 - 48.80 3.43 33.40 

LP 5 - - - 51.08 52.26 58.86 54.07 4.19 31.40 

LP 6 - - 4.23 3.95 1.78 7.80 4.44 2.49 40.50 

LP 9 - - 42.94 49.61 - - 46.28 4.71 31.90 

LP 

11 
- - 28.56 - 46.95 45.01 40.18 10.10 32.00 

 

This result is consistent with the Adelaide climate. Cooling demand generally only 

occurs on hot days and on these days, differences in behaviour across households is 

less as people are more likely to use air conditioning.   

Since the air conditioner applies convection heating, the occupant is susceptible to 

draft effects which can result in more energy being used, depending on the internal 

layout of the building.  Finally, the houses in LP being two storey promote thermal 

stratification which can result in additional heating downstairs.  Downstairs heating will 

occur depending on how the building is occupied which will vary between 
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households. Although the heating season is longer than the cooling season, it is less 

intense. Therefore variation between how much heating is needed between 

households can be expected as behavioural differences are more significant than for 

the shorter cooling season. 

 

 

Figure 5-8:   NatHERs Cooling calculated load v monitored cooling thermal for each 

housing set (LP and ML) 

 

Considering the data for total thermal heating and cooling for each house and across 

housing sets, the average derived from the absolute values presented in table 4 for 

annual energy for a Mawson lakes house is 178 MJ per m2 floor area whereas for 

Lochiel Park the average is 71.45 MJ/m2. This is a factor reduction of 60% or stated in 

other terms the ML houses use approximately 2.5 times the thermal energy of a LP 

house. NatHERs calculates an average value for annual thermal loads of 185.9 MJ for 

Mawson Lakes and only 60.4 MJ for Lochiel Park houses. The study demonstrates that 

NatHERs evaluated thermal loads based on the many considerations that go to make 

a star rating do closely correlate with the monitored energy figures across several years 
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of data. There is a significant energy demand reduction of as much as 60% less energy 

when a building is improved from 4 stars to 7.5 stars is anticipated in NatHERs ratings 

values.  

Furthermore, it shows a reasonable correlation to the NatHERs value with an R2 value 

of 0.61 and a gradient of 0.815 demonstrating a strong causal effect.  This result 

presents a significantly greater effect of star rating than that presented for Adelaide 

in the CSIRO 5 star evaluation report mentioned in the literature review (sect. 3.3.2) 

which had a larger set of Adelaide homes but across a much narrower star band 

range (CSIRO 2013).  It is acknowledged that the 4 houses in Mawson lakes in this study 

are a relatively small sample and the question remains are they representative of the 

wider development.  For Lochiel Park the NatHERs rated energy consumption data is 

available for a total of 41 houses. A comparison of the 7 LP study houses as 

representative against the larger set in shown in figure 6.9 below. NatHERs derived 

Heating and Cooling Load for the larger set of 41 houses are shown where the spread 

of averages for the 7 detailed monitored houses closely matches the larger sample 

set. 

 

Figure 5-9: Lochiel Park 7 no. detailed monitored houses against larger set of 41. 
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5.3.5 Study Conclusion 

The data presented correlates the actual energy used by the heating and cooling 

equipment with the NatHERs value.  Although the correlation is less strong, when all 

factors are included, the data does show that this objective has been achieved. This 

was able to be achieved since the range of star ratings being considered is larger than 

the other study. Higher star houses in this study do use less energy for heating and 

cooling than lower rated houses, though somewhat less evident is the energy 

performance of the heating and cooling systems as described in detail in the 

published paper (refer page v, list of publications). 

Observations from the case study of these energy rated houses in South Australia 

where detailed energy monitoring has taken place is both in variation in individual 

household energy use patterns and importantly the correlation between energy use 

and star rating across markedly different sets of houses .  

 The improvement in the building stock can be observed at this level. Despite the 

limitations that there appears a benefit to building houses to higher star ratings but 

further research is needed. The data also confirms the dual heating and cooling load 

profile of South Australian dwellings. At higher star ratings the predicted heating and 

cooling loads are more closer matched, lower star homes in Adelaide tend to be 

heating load dominant, with heating loads in some cases as much as 2 or 3 times the 

predicted cooling requirements.  

The study is based on a statistically small sample and highlights the need for extensive 

national energy consumption data collection and research.  Additional comparisons 

of NatHERs rated homes combined with detailed monitoring including different 

locations and a range of housing occupant profiles will be necessary to improve the 

statistical validity of this work. 
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5.4 Chapter Conclusion 

NatHERs accredited software can be used to comply with certain building regulations 

including the energy efficiency (thermal performance) requirements for houses and 

apartments in the National Construction Code (NCC). The success of NatHERs is 

contingent upon accurate, consistent and reliable ratings being achieved through 

ongoing enhancement and validation of the rating software, the correct use of tools 

by assessors and quality assurance of ratings. As part of development of a realistic 

thermal comfort model, multiple occupants’ scenarios and seasonal occupants’ 

behaviours could perhaps be taken into account to enhance the accuracy of the 

rating scheme. Although a building may need just a single score for both compliance 

and marketing purposes, the potential contribution of a rating scheme to reduce 

energy consumption can increase with the use of multiple occupancy scenarios for 

both the refined calculation of such a score, and as a consequence of better 

information about likely real world performance generated by the rating process. The 

study conclusions as presented in sect. 6.3 are positive in terms of the effectiveness of 

the scheme though based on limited data. 

It is important that NatHERs assessments are consistently accurate to ensure 

compliance with building regulations, effectiveness in saving energy, for the 

reputation of the industry and to ensure consumers get the service they pay for. The 

requirement that all assessors complete the Certificate IV in NatHERs Assessment by 1 

July 2015 is an important step towards improving the skills of assessors in addition to a 

valid prior recognition of equivalent skills for assessors. 

At the heart of consideration of energy performance in housing is the relationship 

between built form and occupant behaviour and the self-evident truth that buildings 

do not in themselves use energy rather it is people that do so. In the context of a 

scientific thermal comfort and energy load modelling regulatory tool for Australian 

conditions, NatHERs is a rating system that can show relative improvements across 

housing sets. It models a thermal heating and cooling load (the latter is both sensible 

and latent), based on house properties, climate zone TMY data, and assumed 

occupancy profiles. Clearly there are numerous factors which affect the correlation 

between the actual thermal load of a building and the NatHERs evaluated load.  The 
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significance of a star rating is only applicable if the other factors outside the 

parameters of the schemes modelling assumptions which affect the heating and 

cooling energy are not as dominant. 

Determining the impact of all these factors on the correlation is beyond the scope of 

this study nor is it wholly quantifiable however by comparing the estimated thermal 

load from monitored data to the evaluated NatHERs load, over a large NatHERs 

starband range it has clearly shown that the NatHERs rating had a significant impact.  

This correlation was not shown in an earlier study on Australian NatHERs rated houses 

across a much narrower starband rating of that set of homes under investigation. 

The purposes of the NatHERs scheme is to set minimum regulatory targets for energy 

demand from housing and ultimately to achieve lower running costs for heating and 

cooling for households  through the process of improving the energy efficiency of the 

building envelope, with all other factors affecting the impact.    
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6  House Energy Labelling and billed energy disclosure 

This chapter examines house energy labelling as a means to disclose the energy 

performance of the existing housing stock. The investigation and published study is 

centred on the key question of what comparisons can be drawn for different housing 

energy labelling and energy disclosure schemes and what is the effectiveness of 

incorporating user consumption data versus evaluation of the building shell and 

occupant behavior more generally? 

It first examines various schemes internationally to provide a broader base of 

understanding of housing energy performance disclosure it then focuses on the 

development of a national scheme for Australia.  

The chapter provides a qualitative study into the proposals for a national Residential 

Building Mandatory Disclosure Scheme in Australia using a comparative content-

analytic approach drawn from publically released stakeholder submissions. The 

various metrics and format of schemes are examined as well as feedback from 

scheme evaluations and lessons learnt.  

Based on the earlier literature review and gap analysis knowledge identification of user 

behaviour dominance it addresses the question of the validity of using consumer’s 

energy bills for the disclosure of house energy performance. It also presents the results 

of a study published in Energy and Buildings in 2015 into the use of billing monitored 

energy use for clusters of housing in South Australia measured against rating of the 

building shells thermal performance under NatHERs. 

Both of these studies are published works as per the list of publications. Finally, more 

recent state based initiatives around house labelling are examined as proposals that 

may be introduced by mandating or voluntary uptake. 
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6.1 International Energy Labelling Schemes and Practices 

Energy Performance Certification (EPC) has been a feature of housing transactions in 

the European Union for nearly a decade. Individual European states have 

implemented various models of what has been also termed as energy labelling in the 

housing market. In a recent study by Brounen & Kok (2011) on housing transaction in 

the Netherlands it was estimated that more than 100,000 residential homes (rental and 

owner-occupied) had been energy certified. The Dutch scheme is not fully mandatory 

as homebuyers are allowed to sign a waiver that obviates the seller’s obligation to 

provide a certificate. The labelling system in use corresponds to a model developed 

for UK housing where A is very efficient and G is the lowest rating indicating poor 

energy efficiency based on assessment of the dwellings basic thermal characteristics 

such as quality of insulation and heating systems. Using a sample of labelled dwellings 

the study found that about one third of the transactions had been awarded a “green” 

label corresponding to the higher ratings of A, B and C. The study also found a 

geographic variation to the adoption of ‘energy labelling’ as “green” voters were 

more likely to have the energy label for their house. 

In England and Wales the EPC also displays a second rating called the Environmental 

Impact Rating. This is based on the predicted carbon emissions(CO2) resulting from 

using fuel to heat, light and provide domestic hot water in the property. The energy 

rating and the environmental impact ratings are linked, but as earlier discussed in the 

paper the greenhouse intensity of fuels is different so the relationship between the two 

ratings will vary depending on which fuels are being consumed in the house. The 

current UK derived EPC has been in use since 2007 and whilst it has many positive 

features, consumer research suggests that it is not always readily understood by the 

public which in turn makes it less likely that they will decide to implement some or all 

of the energy efficiency recommendations. The UK Department of Communities and 

Local Government (DCLG 2011) commissioned a redesign of the content and format 

of the EPC leading to a revised version of the EPC (see Appendix E) has now been 

developed and will be introduced in April 2012.  

The Scottish government to which powers have been devolved have adopted a 

separate model of EPC format utilising the training and protocols developed by the 
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Royal Institution of Chartered Surveyors (RICS). In order to produce EPCs in Scotland 

you must use a software program approved for use in Scotland of which there are 

currently four - Elmhurst, Quest, Handheld and Xit2. Ireland has a similar Building Energy 

Rating (BER) rating system using software based tools that underpin and assessment of 

the house energy performance.  

In the USA energy rating and certification is administered and legislated at local 

government level and varies in requirements from state to state. In April 1995, the 

National Association of State Energy Officials and Energy Rated Homes of America 

founded the Residential Energy Services Network (RESNET) to develop a national 

market for home energy rating systems and energy efficient mortgages. RESNET's 

standards are officially recognized by the federal government for verification of 

building energy performance for such programs as federal tax incentives and the 

Environmental Protection Agency (EPA) ENERGY STAR program which is a voluntary 

home energy improvement and education program. 

Some local counties and regional authorities in the USA have enacted point of sale 

mandatory disclosure schemes, for example the State of Maryland under its Empower 

Act in 2008, where before signing a contract for a home the vendor must provide the 

buyer with information, to assist home buyers in making energy-conservation related 

decisions.  This information includes details of the benefits of home energy audits and 

energy-efficiency improvements (for example, insulation, home sealing, heating and 

cooling, lighting energy-efficiency, and financing options). In addition the vendor must 

provide copies of applicable electrical, gas, and/or home heating oil bills, or a cost 

and usage history for the 12 months immediately prior to the sale of the single-family 

home.  If the home was occupied for less than 12 months prior to the sale, the seller 

must provide the buyer with the required information for any part of the 12 months, if 

any, that the home was occupied. 

New Zealand currently does not have a mandatory disclosure scheme, however for 

regulatory purposes for new homes and renovations work, an energy rating system 

(HERS) has developed alongside the Australian NatHERs model. A version of the 

Accurate software for thermal assessment of housing in New Zealand climate zones 
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exists and could be part of any thermal assessment toolbox for energy performance 

certification of existing houses in the manner of the Australian ACTHers scheme that 

exists in the Australian Capital Territory which is discussed later in section 6.2.3. 

6.1.1 Scheme Metrics, Evaluation and Disclosure 

The Literature Review in section 2.4.3 identified many of the attributes of these schemes 

including features of a ‘whole of house’ approach, elements of which were part of 

the brief( 2009-2010) and ill-fated introduction in Australia of a ‘Green Loans’ program 

of house assessments.   

Underpinning the rationale of most housing energy disclosure schemes are two 

objectives namely (1)  better energy performance ( or lowering energy consumption) 

and (2) reducing greenhouse gas emissions attributed to the housing ( lowering CO2). 

Evaluation is based on what can be measured. Current building rating schemes 

generally assume that a house with less energy usage is the most energy efficient 

house.  However, low energy use does not necessarily correlate with energy efficiency. 

As per Kordjamshidi and King (2009) energy minimization is related to the efficiency of 

appliances as much as it is to the fabric of the building. It has been argued and 

demonstrated that a simple normalized energy based rating is not sufficient to convey 

the credibility of an energy efficient design.  

In the UK, the requirement for an EPC has been the law since 2008 (2009 in Scotland), 

meaning that if your home has been let or sold since then it should have one. They 

remain valid for 10 years. In the UK there is a national register of EPCs, unless a 

householder opts out, where you can take a look at a property's previous certificates 

(as well as viewing similar properties in the neighbourhood for a comparison of how 

energy efficient a particular home is).  

 

6.1.2 Housing Energy Behaviour and Occupancy 

Consistent within the literature review is that for evaluations of occupancy and built 

form what can be observed by international studies is the significant variation in 
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household energy use patterns even for similar house types. Behavioural scientists such 

as Schipper et al. (1989) and Lutzenhiser (1993) point to studies of almost identical 

buildings in the same climate, with an almost identical fitout, which due to user 

behaviour result in energy end-use differences of up to 300%. However, in a separate 

study (Mavrogianni et al. 2014) on excess indoor temperature exposure risk during 

heatwaves, rankings obtained for dwellings occupied by a family with children at 

school and dwellings occupied by pensioners were broadly similar for combinations of 

behaviour and the majority of overheating metrics used in the study.  

The behavioural impact on energy use in Swedish homes was investigated by Hiller 

(2015) were it was shown the higher consumption of what are termed ‘spenders’ is 

characterised by performing activities with long operating times, in combination with 

high, and fairly high, typical power ratings. In a wide ranging paper that looked at 

developing more understanding of housing occupancy feedback and reviewing a 

number of key studies in the field by Stevenson  & Leaman, (2010)  various key lessons 

emerge across the themes of;  

• feedback, post occupancy evaluation and user control of buildings 

(Van Dam, 2010)   

• lifestyle choices and cultural context (Shove et. al 2008 and Cole et. al 

2010) 

• regulations and standards impact on dwellings and occupants 

(Williamson 2010) 

• housing management issues.   

The research strongly suggests that human behaviour challenges building 

performance evaluations and that recognition of the diversity of inhabitants and 

comfort scenarios is required when considering regulation and standards. The studies 

suggest that even if the building fabric is robust and well insulated with suitable thermal 

mass, and the home has an efficient energy source, it will still be the inhabitant who 

ultimately determines how energy efficient a home will be. Even if the amount of 

energy consumed by the building for heating and cooling space is low, occupants will 

still be free to use as much energy as they like for other appliances and hot water 
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systems.  It can be argued that any energy efficient evaluation of a building fabric 

should be independent of behaviour and trend towards the average behaviour. 

These studies are able to use consumption data to identify and categorise different 

behaviour groups, however what is evident is that by measuring energy use using 

consumption data the behavioural factors can readily outweigh the housing design 

characteristics. Therefore, using consumption data to compare the energy efficiency 

of the building shell of a home can prove unreliable. Ultimately, any disclosure metric 

is meant to offer the prospective user information about the energy performance of 

the building, and being independent of the particularities of the previous householder 

presents a reasonable proposition. 

6.1.3 Incorporating Costs and Benefit calculations 

A common feature of some energy disclosure schemes are that they may offer 

assessments also of costs and benefits of improvements that the prospective 

inhabitant could undertake. In a study by Jackob (2006) challenging present 

investment decision-making regarding energy efficiency of new buildings and the 

refurbishment of existing buildings are related to both the difficulty in assessing 

marginal costs of energy efficiency measures and incomplete knowledge of investors 

and architects about pricing, co-benefits and new technologies. The cost-benefit 

analysis includes newly developed technologies that show large variations in prices 

due to pioneer market pricing, add-on of learning costs and risk components of the 

installers. Consequently, cost/benefit of potential improvements represents an 

important but challenging process. 

The UK EPC scheme (refer appendix E for certificate example) is based on a cost and 

potential savings assessment methodology. Its use as a comparative tool is perhaps 

not clearly explained enough within the Certificate as the EPC is produced on the 

assumption of ‘typical’ energy usage depending on the number of ‘habitable’ rooms 

within the subject property that are assumed to be heated to certain temperatures for 

certain hours on week days and weekends. Location is also factored in. Therefore the 

estimated costs shown on EPC’s can be wildly different to what the present occupier 

actually pays. It is when using these figures comparatively that they become effective, 
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A home estimated to cost £1,000 per year to heat can be seen to relatively cost twice 

as much than one that is estimated to cost £500 per year to heat, regardless of what 

the present occupiers actually pay 

The figures in the example presented in table 6.1 below are provided to enable 

prospective buyers and tenants to compare the fuel costs and carbon emissions of 

one home with another. To enable this comparison the figures have been calculated 

using standardised running conditions (heating periods, room temperature, and so 

on.) that are applied to all homes, consequently they are unlikely to match an 

occupier's actual fuel bills and carbon emissions.  Another problem is that fuel prices 

can change over time and energy saving recommendations will evolve. 

The figures also do not include the impacts of the fuels used for cooking or running 

appliances, such as TV and fridges, nor do they reflect the costs associated with 

service, maintenance or safety inspections.  

Table 6-1:  UK Energy Assessment (EPC) estimated saving potential of home energy 

use 

 

The Renewable Heat Incentive (RHI) is a UK Government scheme set up to encourage 

uptake of renewable heat technologies amongst householders, communities and 

businesses through financial incentives. It is the first of its kind in the world and the UK 

Government expects the RHI to contribute towards the 2020 ambition of 12% of 

heating coming from renewable sources. The domestic RHI was launched on 9th April 

2014 and provides financial support to the owner of the renewable heating system for 

seven years. The scheme covers England, Wales and Scotland and is targeted at - but 

not limited to non-gas households. 
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In Australia such schemes as Energy makeover’s  Sustainability & Efficiency Evaluation 

of Dwellings (SEED), Synergy’s Energy Efficient Home Renovator Your Energy Savings 

(building and renovating section) and Nabers home rating, rebadged as Energy 

Explorer are bill comparison tools. Energy retail comparison sites use this as a lure to 

switch consumers over to their products. These systems typically involve assessments 

that can be completed by occupiers with general knowledge of their home. They are 

typically free on-line calculators that cover whole of house energy consumption. They 

provide outputs in the form of performance metrics or benchmarks and advice on 

behaviour and low-cost savings options. 

Overall, any cost/benefit analysis in a disclosure mechanism should be considered 

in a manner which adequately informs the new householder without bias. Whilst it is 

useful for a householder to understand and compare say their electricity bill the 

assessment should be of the house and not the householder as the study presented in 

section 6.3 addresses. 

 

6.2 An Australian mandatory disclosure scheme  

The following section is based on a study conducted into the COAG (2009) initiated 

proposal to implement a national residential mandatory disclosure scheme in Australia 

to which public consultation was held in 2011 and includes the review of some 20 of 

the 137 public responses that were selected as being those from national industry 

bodies or nationally significant organisations . 

6.2.1 Examination of current NATIONAL proposals 

Discussion around current housing energy use and reporting does exist through the 

arguments of policymakers, housing industry stakeholders and property industry 

analysts. However, there is a significant gap in the research that provides a national 

context and that links the various studies on existing schemes and tools to most recent 

developments in disclosing energy efficiency of dwellings in Australia. Some only 

recent state based initiatives around voluntary assessments that have not yet been 

implemented are discussed briefly in section 6.4. 
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This research study promotes a greater body of knowledge through comparison, 

commentary and linking current proposals to views and considerations between 

policy makers and industry. It further defines issues around the topic and questions 

associated with gaining a better understanding of both the technical considerations 

and policy goals around the future implementation nationally of a mandatory 

disclosure scheme for housing energy efficiency in Australia.    

 

6.2.2 Australian HERS approach and energy efficiency 

According to Reardon (2005) rating tools for Australian households that have been 

developed to fall into two broad types, although some combine both approaches. 

 

• “Those that predict performance at the design stage, such as house 

energy rating tools.” 

• “Those that measure the actual performance of the building, including 

behaviour and appliances.”  

This distinction between the two types is important because it defines how the tools 

can be used in a disclosure framework. Predictive tools that have standardised user 

profiles may be used for regulatory purposes by providing a comparison between 

buildings that assumes similar behaviour patterns. These tools attempt to predict the 

future performance of new or existing buildings by eliminating the influence of current 

user behaviour. These are the NatHERs software tools discussed in the literature review 

and chapters 3, 4 & 5. Currently available HERS do not include the energy use of 

appliances or the embodied energy of building materials. NSW uses a variation of 

NatHERs called the Building Sustainability Index (BASIX) which is an online, predictive 

assessment tool which does ask for a  The designer of a house or unit enters data about 

the dwelling into the BASIX tool. Requested information includes ‘site location, house 

size, type of building materials, and fittings for hot water, cooling and heating’ (NSW 
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Department of Planning, 2006). After analysing this data, the BASIX tool provides a 

score for the design against its water, thermal and energy performance. 

Tools that provide feedback on how people are actually using a given building are 

more valuable for examining how occupant behaviour might be changed to reduce 

a building’s impact on the environment, but these tools cannot be readily used for 

regulatory purposes. These tools are particularly useful at tracking improvements to the 

environmental management of a building. Aspects of building environmental 

performance that can be rated include:  

 

• Performance of individual appliances and fixtures such as fridges, 

shower heads, gas heaters etc. 

• Performance of individual building elements such as windows. 

• Performance of a combination of elements such as the building 

envelope. 

• Performance of a whole building  

6.2.3 ACT mandatory energy disclosure scheme  

The Australian Capital Territory (ACT) first introduced a scheme in 1999 later revised 

under the Civil Law (Sale of Residential Property) Act 2003. The scheme which seeks 

disclosure of properties energy efficiency operates independently from the Australia 

Building code and the ACT state planning and building approvals processes. No 

mandatory minimum level of an existing house’s rated energy efficiency applies such 

as it does in the adoption by states of the six star standard for new housing. Initially 

when introduced  the star rating scale was a 1 – 6 stars scale due to the use of the first 

generation assessment NATHERS based software tools outlined in the previous section 

however since the introduction of 2nd generation thermal assessment modelling it now 

uses the 1 – 10 star model corresponding to the current NatHERs starbands.  

All ACT ratings are under one climate zone, climate zone no. 24 Canberra, ACT. 

Essentially in the Australian Capital Territory if as a vendor you are about to sell a 
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dwelling you occupy or on that is occupied or rented to tenants, you need to disclose 

to prospective purchasers the current level of energy performance of the dwelling. 

Real Estate Agents, vendors and energy assessors will need to ensure that advertised 

EERs comply with the Civil Law (Sale of Residential Property) Act however the direct 

responsibility is with the vendor for the provision of the EER certificate. Section 20A of 

the Residential Sales Act authorises the ACT Planning and Land Authority (ACTPLA) to 

make guidelines for the preparation of EER statements (the Guidelines). As a vendor 

under the ACT EER scheme you need to: 

1. include the EER value in all sales advertising of the property; for example, 

EER 3 

2. provide a copy of the EER Statement to the purchaser 

3. ensure that the EER Statement forms part of the contract for sale 

The Queensland government in 2010 introduced a somewhat more holistic however 

less technically rigorous ‘sustainability declaration’ method of disclosing information 

on a properties energy systems. The sustainability declaration is a compulsory checklist 

that must be completed by the seller (vendor) when selling a house, townhouse or 

unit. The checklist is designed to identify the property’s environmental and social 

sustainability features in these key areas: energy, water, safety and access.  The 

declaration is designed to be completed by the property owner or a delegated 

individual. If an owner is unable to complete the form, they can seek help from another 

person to complete it on their behalf as long as the owner signs it. A copy of the 

completed sustainability declaration must also be conspicuously displayed whenever 

a home is open for inspection by the seller, such as an open house as it is the 

responsibility of the agent to disclose where a declaration can be obtained. The 

scheme is due to be scrapped in July 2012 under proposals of the newly formed 

Queensland coalition government with no replacement scheme currently under 

consideration. 

In South Australia no mandatory disclosure scheme currently exists for sales of existing 

homes however as part of the requirements to show vendor information under the 

relevant legislation as direct by the SA Office of Consumer Affairs (2010) the following 
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question is required to be addressed in some fashion; “ How energy efficient is the 

home, including appliances and lighting? What energy sources (for example 

electricity, gas) are available” This is part of the Form R3 the standard form for statutory 

disclosures used in real estate transactions in South Australia. 

6.2.4 The proposed new national model residential mandatory disclosure scheme 

July 2011 saw the release of a consultation Regulation Impact Statement (RIS) for 

mandatory disclosure of residential building energy, greenhouse and water 

performance with a following consultation period for industry stakeholders, groups and 

individuals to comment on proposals. The latter half of 2011 has marked the stage in 

the policy development process initiated by the COAG declaration of 2009 whereby 

measures or various options to disclosure energy efficiency of existing dwellings are 

both tested for regulatory implementation, consumer and market acceptance as well 

as national and state level cost benefit analyses.  

The options (Allen Group 2011) proposed are broadly classified as; 

• regulatory options ( choice of  options, no’s 1 -4 ) 

• non-regulatory options ( option 5) 

• assessment opt-out ( option 6 ) 

• base case – maintain current approach 

The proposed options ( see table 6.2) would apply to the sale and/or lease of all types 

of residential buildings (separate houses, semi-detached houses, flats, units and 

apartments), with the possible exception of housing associated with shops and offices, 

mobile homes, hospices and aged care accommodation as well as social and remote 

housing. The preliminary findings of the RIS study based on information that was at 

hand indicates that there are regulatory and non-regulatory options for intervention 

where the community would be better off with intervention than without it. That is, 

there are a number of options where on the basis of the modelling undertaken the 

benefits exceed the costs. The question of costs and benefits is contested. Residential 

Building Mandatory Disclosure is characterised by a mandated aspect, which drives 

the costs, and a voluntary aspect, which drives the benefits.  Given this fact, the 
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estimated costs are fairly certain, whereas estimated benefits are inherently uncertain. 

In particular, the benefits are largely driven by the assumed voluntary investment 

response (or uptake rate). There is not enough information to measure the level of 

uncertainty around the assumed uptake rate, but it is likely to be large.  

 Table 6-2  Comparison of regulatory options – RBMD RIS , the Allen Group 

 Option 1 
(Full thermal 
assessment) 

Option 2 
(Simplified thermal 
assessment) 

Option 3 
(Self assessment – 
online tool) 

Option 4 
(Self assessment – 
checklist) 

Assessment method Full thermal 
performance 
simulation + other 
building component 
information 

Simplified thermal 
performance 
assessment + other 
building component 
information 

Simple online thermal 
performance 
assessment + other 
building component 
information 

Checklist of building 
component 
information 

Drawings required? Full floor plan drawing 
required f 

No No No 

Data collection 
requirement 

High complexity & 
high volume g 

Mid complexity & mid 
volume h 

Low complexity  Limited 

Compliance 
approach 

Mandatory Mandatory Mandatory Mandatory 

Rating provided? Yes Yes Yes No 

Rating type Quantitative Quantitative Quantitative Binary (present or not 
present) 

Assessor 
requirements 

Approved assessor Approved assessor Unskilled (non 
trained) for example 
householder or agent 

Unskilled (non 
trained) for example 
householder or agent 

Registration 
required? 

Certificate lodgement 
required 

Certificate lodgement 
required 

Certificate lodgement 
required 

No 

Assessment costa $774 – Assessor b 
$50 – Householder 
waiting cost c 

$172.50 – Assessor b 
$25 – Householder 
waiting cost c 

$68 – Self-assess d 
$165 – Assessor b,e 
$18 – Householder 
waiting cost e 

$41 – Self-assess d 
$150 – Assessor b,e 
$14 – Householder 
waiting cost e 

Level of information 
provided 

• Comprehensive 
assessment of a 
building’s thermal 
performance.  

• High level of 
accuracy about 
thermal 
performance of a 
building’s 
components. 

• Ratings for the 
various components 
of the overall 
building 
performance. 

• Simplified 
assessment of a 
building’s thermal 
performance.  

• Mid level of 
accuracy about 
thermal 
performance of a 
building’s 
components. 

• Ratings for the 
various components 
of the overall 
building 
performance. 

• Low level of 
accuracy about 
thermal 
performance of a 
building’s 
components. 

• Ratings for the 
various components 
of the overall 
building 
performance. 

• Information about 
the various 
components of the 
overall performance 
provided in a 
checklist format 
without a rating. 
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Thermal efficiency assessment as described in section 3.5 on HERS requires adequate 

and accurate knowledge of the thermal mass, insulation levels and zoning of a 

dwelling and this in turn is reliant on adequate and accurate knowledge of the 

construction materials and any thermal barriers or insulation within the wall structure. 

Such a high level of assessment as proposed in Option 1 is arguably only feasible and 

cost-effective in newer homes for which current, accurately drawn floor plans exist. 

Option 2 provides a more simplified assessment of the thermal performance of the 

building shell and less detailed analysis of the components (appliances) related to 

energy efficiency and due to its much lower cost is modelled as the most desirable 

from a cost/benefit standpoint. Not a great amount of detail is provided as to what 

real level of assessment is required for both the building and its components however 

some have pointed to the type of assessment carried out under the now defunct 

Commonwealth government green loans scheme which contained little information 

on the building elements.  It must be noted that, for most existing housing, house plans 

either no longer exist, are not held by the current home-owner, and in the case of 

Councils and other regulatory authorities, have often be lost or at best archived and 

are thus not readily accessible so the question of whether house plans are needed is 

a clear ‘game changer’ in the scenarios of option 1 versus 2. 

 

Further options proposed (listed as options 3 and 4) use a self- assessment method to 

achieve the desired outcomes. Whether  home owners will either not perform any such 

assessment accurately – for the same reasons of perception of potential loss as are 

applicable to lessees and real estate agents, or they will simply get it wrong is a key 

question surrounding these options. Human nature being what it is, vendors have a 

vested interest in not spending any money on a property they intend to sell. 

Additionally, they have no incentive to highlight potentially price-sensitive failings of 

their property. For that reason, there is an argument that the provision of assessments 

must not be performed by vendors, lessees or real estate agents as all have a vested 

interest in minimising the true situation. This would be akin to allowing vendors to 

provide ‘building construction’ examinations, or ‘pest examinations’ such as those 

currently required by most lending authorities and which are paid for by purchasers.   
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Option 5 is a non-regulatory option, which addresses the government’s objective to 

tackle the market failure associated with a lack of information through a public 

education program and publicity campaign. Under this option of voluntary uptake 

through public education and publicity campaigns government would conduct a 

public education program and publicity campaign to increase awareness of the 

importance of improving the energy, greenhouse and water performance for 

residential buildings, and the opportunities that home owners, tenants and landlords 

have to improve the performance of buildings. This option could adopt a voluntary 

checklist approach similar to that outlined in Option 4. Option 5 appears designed to 

some extent, take advantage of the existing trained assessors such as Green Loans 

and for Professional development of real estate agents under this public information 

approach would be of significantly less magnitude than options 1 to 4.  

Option 6, the ‘opt-out’ approach would appear to still require agents to receive 

training on the regime in order to fully inform clients of their obligations and opt-out 

choice. Those not wishing to have a zero rating – potentially the majority - would still 

need to be taken through the disclosure reporting documentation so the professional 

development impact would not differ greatly from options 3 and 4. 

The RBMD consultation RIS envisages that social housing would be treated somewhat 

differently to other residential property types under a mandatory disclosure scheme 

however it does not specifically identify how the treatment of social housing would 

differ, recommending that this should be a matter for separate analysis.  Tenants in 

social housing, as in the market generally, are responsible for paying ongoing energy 

and water bills and it is envisaged that residential mandatory disclosure can provide 

information to tenants to foster investment in energy efficiency measures following 

occupation of the building.  Because they are not the owners of the property (either 

the building envelope or the major fixed appliances), and because they tend to have 

lower than average incomes, there may be little capacity for such investment by 

social housing tenants. 

In summary, any mandatory disclosure scheme would need to require on an 

independent evaluation method to be considered objective and fair to all parties. 
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6.2.5 Residential mandatory disclosure --- problem identification and stakeholder 

perceptions 

The Australian RBMD regulatory impact study does state that “the market for residential 

buildings suffers from information problems”. Specifically it states that there is a “market 

failure” in the housing market leading to “information asymmetry (unevenness)” with 

the following undesirable outcomes being observed today, it states:  

• “It is difficult to distinguish between high and low quality buildings (in 

relation to energy, water and greenhouse performance) at the time of 

purchase/lease”  

• “Adverse selection (the market for lemons)” 

• “High quality products driven out of the market”  

ABSA (2011a) in its publically available submission agrees that the problem of building 

inefficiency is created by information asymmetry and missing information, however, 

they believe that in addition to these two issues, “that the problem is further 

complicated because the market doesn’t value the information, nor understand what 

to do with such information”. ABSA believes that “you can’t manage what you can’t 

measure” and results from surveys such that commissioned by the Clean Energy 

Council (2011) clearly indicate that the problem is more complex than information 

asymmetry: Australians it seems, want to take action regarding energy efficiency, and 

are prevented from doing so by lack of information and support through the change 

process. While 95 % of people surveyed said they were concerned by rising energy 

costs and 89 % said they were willing to take action to use less energy, half knew little 

or nothing at all about the key aspects of their energy use. 73 % of respondents said 

they would welcome more information on how they could use less energy or use it 

more efficiently.  

ABSA favours options 1 and 2 that invoke thermal assessment and contends that a 

good rating scheme should encourage innovation by providing flexible compliance 

paths and not be overly prescriptive. Also that it should have the capacity to 

benchmark higher performance and be able to measure both minimum mandated 

and better performance. It should integrate the use of current rating tools and allow 
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more impact categories to be added as housing and its impact on the environment 

become more understood for instance in relation to the question of embodied energy. 

The Residential Development Council (2011) in its submission to the RIS consultation 

suggests that the implementation of a mandatory disclosure scheme will have a long 

term impact and as such it is important to get the policy right and that any scheme 

requiring mandatory disclosure of energy, greenhouse and water performance should 

“include a public education program and publicity campaign to increase consumer 

awareness about the importance of improving the environmental performance of all 

residential buildings (existing and new)” and “secure the national implementation of a 

single scheme with a consistent method of assessment and measurement” with a 

further goal to “end consumer confusion and 'star overload' in the residential sector, 

especially regarding energy efficiency”; 

ABSA (2011b) estimates there are over 2000 home energy assessors trained in “2nd 

Generation” software and that numbers are reasonably well spread across Australia, 

particularly in NSW, Vic, Qld and WA but are concentrated in capital cities.  Wide 

geographical spread is not essential as assessors receive most plans electronically and 

can work from anywhere.  Numbers are well distributed across the three software 

packages available under the National Software Protocol: AccuRate, FirstRate and 

BERSPro. Green Gurus (2011) contend that real estate agents and property managers 

are at the front line in the housing sector when people are choosing to buy or rent a 

home and are the missing link so far in optimising the flow of information on energy 

and water efficient homes. They conducted a study in WA where participating agents 

confirmed that marketing strategies which highlight the benefits of sustainability 

concepts, products and their services will be paramount to increasing demand for 

sustainability advice. The study found that informed real estate professionals are able 

to identify cost savings including subsidies available for the properties they 

manage/sell and communicate these to their client. They have also started to include 

sustainability information in their marketing material to promote the green credentials 

of the properties they are selling. And most remarkably, some agents are simply 

providing action based information such as ‘top 10 ways to reduce energy use’ and 

‘Energy Action Plans’ to the greater community.  
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Research by Bryant & Eves, (2012) in a survey of real estate agents operating under 

the Queensland sustainability declaration model found that whilst a high level of 

compliance with the provision of declaration existed there was widespread 

disengagement with the sustainability declaration process from both sellers and 

buyers. In fact the survey they undertook indicated that a massive 98% of buyers do 

not ask for a copy of the sustainability declaration at any time during the sales process.  

In Queensland a secondary market  developed in online ‘ sustainability declaration’ 

providers who for a fee as low as $100  would help the owner generate the necessary 

declaration based on self- assessment of their properties features in the 4 key areas.  

The RBMD RIS cost benefit analysis was notable in that the choice of the most efficient 

option may differ when viewed from the perspective of different jurisdictions.  

Table 6.3 overleaf provides the modelled costs and benefits for South Australia. 
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Table 6-3 RBMD RIS modelled costs and benefits for South Australia 

 Option 1 Option 2 Option 3 Option 4 Option 5 

Costs      

Households      

   Assessments $348.0 $79.5 $53.1 $23.2 $0.0 

   Investments (net of rebates) $32.5 $28.2 $21.7 $16.3 $1.6 

   Time during assessment $25.2 $12.6 $4.6 $0.7 $0.2 

Subtotal $405.8 $120.3 $79.4 $40.1 $1.8 

Industry      

   Real estate agent’s time $5.1 $5.1 $2.5 $0.5 $0.0 

   Training and insurance $3.8 $1.5 $0.6 $0.2 $0.0 

Subtotal $8.9 $6.6 $3.2 $0.7 $0.0 

Government      

   Increased demand for 

rebates $1.8 $1.6 $1.2 $0.9 $0.1 

   Administrative costs $15.1 $13.1 $14.5 $7.6 $1.2 

Subtotal $16.9 $14.7 $15.8 $8.6 $1.3 

Total $431.6 $141.5 $98.3 $49.4 $3.1 

Benefits      

Households      

   Utility bill savings $192.0 $166.4 $128.0 $96.0 $9.2 

Society      

   Greenhouse gas savings $8.2 $7.1 $5.5 $4.1 $0.4 

Total $200.1 $173.5 $133.5 $100.1 $9.6 

Net benefits -$231.5 $31.9 $35.2 $50.7 $6.6 

Payback period (Years) 30 17 15 10 7 

Benefit/cost ratio 0.5 1.2 1.4 2.0 3.1 

 

Importantly for all States the model suggests that option 1 which invokes a full thermal 

simulation is negative benefit. What appears to be needed to make this work as a 

national scheme is a simplified metric that still evaluates the building but is performed 
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at a lower cost than the $400 (2011 prices) suggested by the RIS. On-line checklists and 

house evaluations by householders with no real assessment of the building fabric 

appear of little worth as demonstrated by the Queensland sustainability declaration. 

Furthermore, assessments that are based on utility bills give us the problem of ‘rating 

the user and not the house’, examined and studied in the next section of this thesis. 

 

6.3 Study into billing data use as a disclosure measure 

The role of billing data such as in some USA schemes has been investigated earlier in 

South Australia in a report by Sustainable Focus (2010) commissioned for the 

government in anticipation of adoption of a RBMD scheme. The report proposes that 

billing data be used as a check against whatever tool(s) are selected to determine 

household energy performance. In the opinion of the report’s authors the question of 

a role for energy billing data in Mandatory Disclosure appeared to be missing from the 

current national debate or proposed models of RBMD. In their view it is critical that 

information be provided that is useful to the new owner/lessee and/or the 

vendor/lessor. This information will be useful if it can enable the comparison of different 

dwellings likely energy performance and provide practical guidance on how to 

improve energy performance. The information must also be usable by real estate 

agents, so it should highlight both good and bad features, and possibly flag options 

for improvement that might be feasible in the sale process. 

In this review of ABS analysis of billing data in SA since 1990 indicates that quite a 

wealth of information can be obtained on baseline residential energy use from bills; 

including average annual energy use per appliance and % breakdown of energy by 

end-use. This information can be provided as a function of household occupancy, 

area, income etc. Initial discussions with the ABS indicate the possibility of identifying 

how to quantify behaviour in regression analysis and it is recommended that this type 

of analysis be followed up in future. Clearly, the potential of using billing data requires 

investigation 
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To examine the reliability of consumption data to evaluate the energy efficiency of 

the building shell of a house, a separate study has been conducted by the author 

using data on household annual energy use from 2000 up to 2013. Here, the energy 

consumption for each set of homes which had relatively similar profiles of occupancy, 

income and house type was analysed. The first data was obtained from monitoring 

energy consumption from almost identically constructed dwellings with low income 

tenants of public housing in Mt. Gambier, SA. The more recent study is of the Lochiel 

Park (LP) housing development in the suburbs of Adelaide, which included 33 homes 

over 12 months with reliable gas and electricity data for occupants with above 

average income and education. Mt Gambier and Lochiel Park homes are identical in 

nature and are also conditioned with the same type of equipment. Also they are 

occupied by a similar social-economic group.  Therefore the impact of behaviour can 

be investigated, including the aspect of responses to the different climates of each 

cluster as Lochiel park is a more moderate climate (NCC zone 5) with warmer winters 

than Mt Gambier (NCC zone 6).  

The Lochiel Park (LP) green village located eight kilometres from the Adelaide CBD, is 

a world-class ecologically sustainable development. The development’s planners set 

ambitious ecological targets to be delivered through a comprehensive set of design 

guidelines including high levels of thermal comfort based on NatHERs ratings of at least 

7.5 stars, solar water heating, photovoltaic electricity generation linked to the size of 

the dwelling, energy-efficient lighting and appliances, a load management system to 

control peak demand, energy and water use feedback monitors, rainwater water 

harvesting, and the recycling of stormwater for toilet flushing.  For this study the impact 

of solar PV is excluded and all used energy by the house is analysed.  

 Guerra-Santin and Tweed (2015) discuss both the variability of techniques to monitor 

building energy performance and advances in monitoring techniques due to the 

availability of more affordable sensors and meters. The specifics of the monitoring 

equipment and data collection techniques used in the study are discussed by Whaley 

et al. (2013) and Berry et al. (2014). The energy demand monitoring system(s) are 

described in figure 5.1 below. A smaller subset of the 9 houses had more detailed 

monitoring as explained in section 5.3. 
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Figure 6-1:  Overview of Lochiel park monitoring systems 

Whilst energy use data typically exists in the form of periodic energy bills from service 

providers the monitoring of energy consumption from the Lochiel Park houses via an 

intelligent system allowed both daily consumption figures to be recorded and 

adjustment for gross energy demand where solar panels provided electricity at certain 

times of the day. The occupants own interactions with the in–house monitoring systems 

was studied  by Whaley et al., (2013)  through structured interviews and informal 

discussions indicating some evidence that systems with easy to read feedback 

displays assist households to reduce their energy use and identify energy system faults, 

although the quantum of energy saving is difficult to ascertain. 

A separate study of occupants at Lochiel Park was conducted by Edwards and 

Pocock (2011). Though conducted during the early stages of the development and 

first years of occupancy, some key findings were that; 

• Thermal comfort is very important to the research participants. 
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• Houses in Lochiel Park need artificial heating and cooling to generate 

thermal comfort. Cooling is especially needed, since upstairs rooms become 

uncomfortable in hot weather. 

• Switching on an air-conditioner is an end result of reasoning and 

evaluation, not an automatic response. People use other means of heating and 

cooling before resorting to air-conditioning, and a range of factors influence 

when an air-conditioner is switched on and how long it is used. 

• All participants had a tipping point precipitating the use of air-

conditioners to maintain comfort. This tipping point is affected by such factors 

as, heatwaves, sleeping patterns, children’s needs and health concerns. 

The second study includes data from 13 homes in the city of Mount Gambier, a 

regional centre some 400km south of Adelaide. The climate is cooler with a longer 

heating season than Adelaide.  The public housing authority of SA was implementing 

a policy of providing heating equipment to tenants, and the main purpose of the study 

was to determine the specifications of heaters to minimise household heating costs.  

This was achieved through direct monitoring of heating equipment in homes.  

However the first stage of the project was to correlate heating costs against heating 

system for similar households.  

 Gas and electricity quarterly bill data was obtained for over 200 houses from the 

energy utility, and it was found that the variation across similar houses was so large 

that no valid correlation was obtainable. The sub-set of 13 houses that are from Mount 

Gambier with energy consumption data represent similar houses out of a the larger 

set of 200.  

These homes are essentially identical in design, insulation levels and heating systems, 

and can be considered as being of low energy efficiency.  Furthermore, they are each 

occupied by 3 people, the makeup of which is unknown, apart from them having the 

same low income socio-economic status. There were no formal occupancy surveys 

undertaken for this development, however feedback and informal comment had 

been communicated through maintenance and service requests to the housing 

authority. The importance of thermal comfort for occupants particularly in winter 
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months and the need for efficient heating appliances led to the development of a 

more formalised Heating policy for Housing by the South Australian Housing Trust 

(2010). 

Table 6-4: House style, location and occupancy attribute for studied houses LP and  

 Lochiel Park(LP) 38 

homes 

Mount Gambier(MG) 13 

homes 

House style  2 storey townhouse 

(modern) 

Single storey, 2 bed unit 

Age of Construction Less than 8 years old 50-60 years old 

Av floor area 197m2 135m2 (all similar) 

Climate Zone (Building 

Code) 

5 6 

NatHERs star rating 

(thermal load, MJ/m2) 

7.5 – 7.7 (58 – 53)                                                 estimated at less than 3 

stars  

Occupancy profile (avg) 2 – 5 (2.7) persons 3 persons 

Major Appliances Gas-boosted solar water 

heaters and Mainly 

electric (ducted and 

Split system) a/c s  

Electric off-peak storage 

heaters, gas wall furnaces 

Table 6.4 provides a housing characteristics profile of the two data sets,  the 

differentiation in rated performance, which varies between 7.5 -7.7 stars for Lochiel 

Park and estimated at less than 3 stars for Mount Gambier which is typical of older 

houses built before the introduction of mandatory energy efficiency measures. Of 

significance the two clusters are not rated in the same climate area and as such the 

NatHERs star bands rating accounts for the higher energy demand of the cooler (more 

heating dominated) region of Mount Gambier.   
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To compare households, the primary energy of the bill data was determined, to 

enable a direct comparison of household energy. The calculation of primary energy 

demand from the bill data for gas and electricity was determined as per the equation 

below: 

 PE   =  G/ + E/ηe 

Where PE  = primary energy in Mega joules (MJ) 

G   =  gas usage in MJ 

E   =  electricity usage in MJ 

ηe  = 35% (power station efficiency) 

 

 

 

 

 

Figures 6.2 and 6.3 below report the annual primary energy loads for the houses in the 

study showing wide variation in energy per household. 
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Figure 6-2: Annual Primary Energy use for sample LP houses (2012- 2013) ESCOSA 

average is 84 GJ. 

The average annual primary energy for Lochiel Park is 184 MJ/day whereas for Mount 

Gambier it is 488 MJ/day.  In annual terms which can be compared with state 

averages the average household primary energy us is 65 Giga joules and for Mount 

Gambier it is 179 Giga joules. 

 

Figure 6-3:  Annual Primary Energy use for sample Mount Gambier houses (2001 -2002)  
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Figure 6.4 compares the spread of energy consumption for the two groups in both 

absolute and normalised primary energy consumption (GJ/yr), showing that there is 

greater variation in the Lochiel Park homes with a standard deviation of 45 % 

compared with that of the Mt Gambier houses which has a standard deviation of 24 

%.   Figure 6.6 shows this again for Lochiel Park normalised by various metrics, including 

habitable floor area (square metre), number of persons, floor area and person. This 

shows that regardless of which metric is used, there is a significant spread of primary 

energy consumption with a greater spread for Lochiel Park. 

To account for the climate variation, a 7.5 star rated home (Lochiel Park) versus a 3 

star rated home (Mount Gambier), requires under the software predication a heating 

and cooling load of 86 and 341 MJ/m2, respectively.  This is a 75% reduction, and is 

similar to the actual difference in primary energy consumption of 63%.  Therefore whilst 

the rating is an assessment of energy for heating and cooling only, it is another 

example of how a higher star rated home can outperform a lower star rated home.   

 

Figure 6-4 Spread of Mount Gambier and Lochiel Park primary energy consumption 

(a) in GJ/yr, and (b) normalised relative to the average for each data set. Each chart 

shows the minimum, maximum and average, together with error bars that represent 

the standard deviation  

Figure 6.4 shows that there is even a crossover of primary energy use, where some 

Lochiel Park homes use the same energy as some Mount Gambier homes. In this case, 

had energy bills been used it is possible that some of the Mount  Gambier homes could 
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be viewed as delivering a lower energy consumption than some of the Lochiel Park 

homes.  It should also be noted that there are some significant differences between 

houses that were monitored in Lochiel Park than in Mount Gambier, and awareness of 

these differences will help to place the comparisons into a more appropriate context. 

The Mount Gambier data was collected approximately twelve years before 

monitoring at Lochiel Park, when there were significant differences in the availability 

and market penetration of certain technologies, such as plasma and LCD televisions 

and energy efficient lighting. 

It could also be argued that the resident’s energy use patterns and their level of 

awareness of environmental sustainability issues also make a direct comparison 

difficult. Never the less, a comparison was considered useful to demonstrate 

differences in energy across both clusters and the greater variability for the more 

moderate climate of Lochiel Park ( figure 6.4 normalised average LP v MG). 

 

 

Figure 6-5:   Summary of the Lochiel Park house spread of normalised primary energy 

consumption data, showing the minimum, average, maximum and standard 

deviation using various metrics.  
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heating and cooling is conducted, there is significant variation in the primary energy 

use.   This variation highlights the significant impact of behaviour when it comes to 

heating and cooling use. 

 

Figure 6-6:  Summary of monthly minimum, average and maximum primary energy 

consumption per Lochiel Park household. The error bars correspond to one standard 

deviation, centred on the average (mean). 

Overall the data presents two sets of near identical house types and households.  For 

the Mount Gambier group the variation is less than the Lochiel Park group.  This can 

be explained by the Mount Gambier group of homes being in a harsher climate, and 

in an inefficient home where heating and cooling is more dominant in the energy bill.  

Ultimately, in this case a standard deviation of 24% existed. This variation was such that 

in using bill data some Mount Gambier homes used less energy than Lochiel Park 

homes.   

Therefore even where heating and cooling is more significant, bill data is a poor 

indicator of the energy performance of the building shell.  In the case of Lochiel Park, 

the standard deviation per house was 45%.  The variation in summer and winter was 

only marginally different, clearly demonstrating the dominance of behaviour and 

other energy demands in the house.  Consequently, for more energy efficient homes, 

consumption data is more unreliable as an indicator of the energy efficiency of the 

building shell.    
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6.4 Current proposals for Voluntary Disclosure schemes  

As discussed earlier the Australian approach to HERs disclosure is represented by an 

older mandated scheme in the ACT still operating and the quick demise of an ill-

considered and rudimentary sustainability declaration in QLD. In a separate 

development to the adoption of a national mandatory scheme some states have 

moved more recently to voluntary residential building energy disclosure schemes. As 

yet to be fully implemented and restricted to Victoria and NSW. The NSW government 

(OEH 2016) sets out some basic policy principles that voluntary rating system must 

deliver: 

 

Efficiency - Minimise administrative and transaction costs, particularly for the 

property owner  

Effectiveness - Be easy to use, recognise and understand for consumers  

Administrative simplicity - Impose the least administrative burden on customers, 

industry and Government  

Avoid duplication - Be consistent with existing Government policy and existing 

Government intellectual properties (for example BASIX) where appropriate and 

leverage existing service providers and their training and accreditation 

frameworks  

Harmonisation - Flexible to allow a nationally consistent rating system to be 

developed in the future  

Third party delivery - Minimise Government investment and ongoing recurrent 

costs and adopt market-based delivery where possible.  

This mooted scheme is under development and draws largely for its scope on a project 

(Adams et al. 2016) funded by the CRC for Low Carbon Living, ‘Enhancing the market 
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for low-carbon homes at point of sale and lease’ (EnergyFit Project RP3016).  What is 

interesting in the description of these mooted schemes is the absence of assessments 

based on energy bills which as the study has shown are proving unreliable as indicators 

of the thermal performance of the house. 

 

Figure 6-7: Key NSW requirements for a voluntary disclosure system – HE performance 

The components of the system set out in Fig 6.7 are a generalized model of a housing 

energy information system that is designed to measure, benchmark and 

communicate ratings that would meet the three key components for an acceptable 

scheme: 

 a means of measuring the energy performance of a home in a reliable 

and repeatable way; 

 a means of using the measurements to benchmark the performance of 

home relative to equivalent homes; and 

 a means of communicating the energy performance of the home to 

third parties in a universally trusted way. This can be used for a range of 

purposes, including: 
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o rating the home and comparing its performance with other 

homes; 

o using the measurement and benchmark components to describe 

a minimum standard for home energy performance, which can then be 

used in a voluntary or mandatory capacity.  

o using the rating to understand the financial aspects of home 

energy use and energy efficiency improvements 

o using the rating to identify energy saving opportunities 

The NSW government (OEH 2016) believe that there are four key competencies 

required for the successful implementation of any rating system that can deliver 

customers for the rating, a valid calculation and methodology for the rating which 

must be both reliable and repeatable and finally a high degree of integrity in the 

system to provide meaningful and understandable information to customers who 

have confidence in the system. The EnergyFit project specifically tested a range of 

rating types with consumers in focus groups and online message testing, including a 

star rating, the European A-G scale, and “gold/silver/bronze” ratings. The star rating 

and European A-G scale rating performed well, while the “gold/silver/bronze” rating 

performed relatively poorly. When these ratings types were presented in isolation (i.e. 

without a Liveability Real Estate Framework message), more people recollect the star 

rating than the European A-G scale, and of those that did recollect the images, a 

greater percentage of those recalling the star rating were said it made a positive 

difference to the appeal of the home.   

Focus groups identified star ratings as a familiar and visual compelling communication 

device for performance, however it was noted that additional information to justify 

and explain the assumptions was needed. Message testing found that consumers 

consistently valued homes with four (out of five) stars significantly higher than 

equivalent homes with no energy efficiency rating information. Consumers were 

further asked to identity the features of their ideal home, and then compare a home 

with those features to an equivalent four star home without those features. Under 

certain message frames (typically combinations of energy ratings and Liveability Real 

Estate Framework style message framing), consumers stated they were more willing to 
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visit the four star home, found the four star home more appealing, and stated they 

would be very willing to pay their estimated price for the four star home. The other 

visual communication devices tested were not effective. The results of the message 

testing suggest that the most effective communication approach of all, was the 

combination of star ratings or European A-G scale ratings with Liveability Real Estate 

Framework style message framing, tailored to different consumer segments.   

The majority of stakeholders believe that some form of formally certified ratings is 

required for effective communication of home energy efficiency at the point of sale 

and lease. They believe an endorsed assessor, accredited by a credible governance 

body, must provide the certificate.   

Some stakeholders believe that a range of certificate types might be desirable, 

including for example 

• A free online assessment for research purposes that is not certified 

• A low cost and less accurate (while highly repeatable) formal 

assessment that is officially certified to suit most homes 

For these reasons the known benefits of a star ratings system outweigh the potential 

risks of brand confusion with compliance ratings. The schemes proponent 

recommends that the visual design of the star ratings and system branding seeks to 

mitigate the residual risk of confusion between disclosure ratings and NatHERs 

compliance benchmarks 

A similar approach is adopted in the Victorian Residential Efficiency Scorecard. 

Scorecard assessments are focussed on the energy efficiency of the fixed fabric 

elements of the home and not the way that fabric is operated by the current resident. 

The assessment does not consider the behaviour of particular occupants or the impact 

of non-fixed appliances (for example; refrigerator, TV or computer).Targeting the fixed 

fabric of a house is important as this turns over slowly, therefore the performance will 

impact many families over time. 
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The Scorecard uses ‘average behaviour assumptions’ based on significant data sets 

to support robust ratings. This is an important element of the program as it allows one 

house to be compared to another, and compared before and after a renovation. 

Trained assessors will evaluate the efficiency of the fixed fabric elements of the home. 

The Scorecard tool is designed to facilitate fast and accurate assessment. The design 

of the tool is based on the knowledge that some elements of an existing home are 

difficult to access and assess. To support robust assessment, where an element cannot 

be objectively assessed, (for example wall insulation in most homes) appropriate 

default options are programed into the assessment tool. This avoids the risk of assessors 

making subjective judgements where information is simply not available. In 

undertaking an assessment, an assessor would assess the home by dividing it into a 

number of zones. In general one room is one zone. The assessor would identify: 

· fixed heating and cooling sources; 

· hot water system(s); 

· any pools and/or spas; and 

· any renewable energy installations. 

For each zone the assessor will identify visible: 

· ceiling insulation; 

· floor area, type, covering and insulation; 

· window, size, material, orientation, covering and external overhang; 

· external wall construction, insulation, height; 

· heating and cooling sources applicable to that zone; 

· halogen downlights; and 

· sources of air leakage including chimneys, vents, exhaust fans and 
cracks, openings or similar. 
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6.5 Chapter Conclusion 

Residential Building Mandatory Disclosure is a federal government initiative which 

although due for phased introduction in 2011 has yet to be implemented as a national 

scheme. The consultation RIS provides a number of specific options for a national 

single scheme however schemes may be implemented in different ways across the 

states and territories either as some states will choose to possibly extend their existing 

schemes for example the ACT, or states abandon an existing scheme such as 

Queensland without moving to any new scheme. Whilst it is beyond the scope of this 

paper to provide very detailed critical analysis of each possible variation to home 

energy disclosure schemes and tools and examine such impacts of the macro-

economic modelling of costs and benefits, the RIS has provided a basis for a broad 

comparison of likely schemes and elicited stakeholder comment as a valuable 

contribution to any assessment of likely outcomes for a national scheme.  

There is not a great deal evident in either the regulation impact study or policy 

development processes of much in the way of learning from overseas models of 

mandatory disclosure. Mandatory disclosure tools that exist for new housing and 

regulation of standards for new housing exist both nationally and internationally 

however how they  might be adapted for rating existing housing stock or whether it is 

fact desirable to use such existing tools and what the benefits are to their use is still ill-

defined. The more recent moves by NSW and Victorian governments to implement 

voluntary schemes around home energy assessment are embryonic.  

Whatever model is developed for residential building mandatory disclosure, it appears 

likely it will need to report on both the fabric of the building as well as the appliances 

(especially heating/cooling), as this data will influence the veracity and usefulness of 

the final assessment report. Options that require a full thermal assessment of the 

building appear the more costly however have the advantage of being tailored to 

specific measures that allow either the vendor or future owner to undertake cost 

effective improvements in performance.  
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The impact of the growing cost of energy on household budgets is now becoming 

increasingly uppermost in the minds of householders as energy costs are rise and are 

predicted to increase further (section 1.1.3) Given the existence of current schemes 

and the growth in assessment tools and assessor numbers, Residential Energy Efficiency 

Mandatory Disclosure at point of sale and lease appears achievable across Australian 

jurisdictions with the likely benefits of; 

• Improving community wellbeing and environmental sustainability and 

reducing potential greenhouse emissions  

• Addressing information shortfalls (asymmetries) and significantly 

reducing the incidences of adverse selection by requiring all sellers and 

landlords to disclose a mandatory rating that will inform buyers of the energy 

and carbon efficiency of buildings at the time of sale/lease  

• Promoting efficient investment to make dwellings more sustainable  

 

Self-assessment or checklist type options requiring no independent assessment provide 

less accurate data on the actual energy performance and there is evidence is of un-

willingness of purchasers to either engage with or understand the information that is 

presented.  Billing data as used in some overseas schemes does not appear to be part 

of the options outlined in the RBMD RIS, and it appears the case that using billing data 

is flawed due to human behaviour concerns. One option is the use of billing data as 

part of a first tier of mandatory disclosure. Under this option all households affected by 

mandatory disclosure begin by filling in an on-line self-assessment. This assessment 

could be one of the numerous tools under development (possibly simplified) and 

would ask for access to electricity and gas billing data to be authorised. The expected 

energy consumption from the on-line assessment could then be compared with the 

actual energy consumption from billing data. If these two values are within an 

acceptable tolerance then the online assessment can be used to determine an 

overall performance rating. If the two values are quite different or billing data is not 

available this could trigger an on-site assessment. While the headline rating should be 
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based on greenhouse emissions separate electricity and gas energy values should be 

used throughout the model and converted to greenhouse emissions at the final stage. 

At the heart of consideration of energy performance in housing is the relationship 

between built form and occupant behaviour and the self-evident truth that buildings 

do not in themselves use energy rather it is people that do so. For evaluations of 

occupancy and built form what can be observed by international studies is the 

variation in household energy use patterns and this is again borne out in the study 

undertaken here by the author in South Australia using clusters of homes in Lochiel Park 

and Mount Gambier.  

The houses within each of the two separate clusters Lochiel Park and Mount Gambier 

are relatively similar and have similar star ratings under the current Australian 

nationwide house energy rating scheme (NatHERs). What is then evident is the wide 

variation in energy use irrespective of rating and that occupancy dictates end energy 

use.  The homes in the study have a significant comparative improvement in thermal 

performance brought on by changes in housing regulation from the older and lower 

3 star equivalent of Mount Gambier, to the 7.5 – 7.7 star homes of Lochiel Park.  

It can be argued that human behaviour becomes a more significant factor in milder 

climates whereas the building envelope is more important in harsher climates where it 

probably provides a more reliable measure. This is due to the reduced impact of 

heating and cooling on energy bills particularly for newer more efficient homes. The 

argument presented in this paper is that on consideration of the data and supporting 

studies that, energy labelling or certification based on the modelled thermal 

performance of the building stock is potentially a far superior way of gauging energy 

efficiency than using billed data due to the wide variation in occupancy behaviour.  

Rating the thermal performance of the shell is a valid means to compare thermal 

performance of domestic buildings.  Occupants may well choose to live a different 

lifestyle than the model suggests, but the building fabric is not so inconsistent.   
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7  The Introduction and Cost Impacts of 6 Star 

This chapter focuses on the implementation of the 6 star standard, principally in South 

Australia and the adoption by house builders of the standard. It seeks to fill a 

knowledge gap in the area the implementation of the current regulatory standard, 

that is, what have been issues of technical and economic feasibility faced by house 

builders.  The chapter presents the results of a survey of home builders around the issues 

and feasibility of the higher standard of compliance. 

The two key questions addressed in this chapter are: What are the views of builders on 

6 star introduction and levels of awareness amongst housing clients?  and what are 

the capital cost implications of building homes to the newer 6 star standard? 

A number of barriers to implementation of greater energy efficiency had been 

identified in the literature review (sect. 2.5) and the response data and analysis reveals 

some observations and different experience of builders in the adoption of 6 star. The 

chapter presents qualitative survey results around 6 star housing provision together 

with an earlier study modelling the cost of improving existing 5 star housing designs to 

6 star compliant housing published in the journal Australian Construction Economics 

and Building. Hereafter this study is termed the Playford study.  

 

7.1 Moving to a 6 star standard  

At the time of announcing the six star implementation the Minister promoted the fact 

that beyond the existing ACT provisions that South Australia would be the first 

jurisdiction to require the housing industry to meet the 6 star, however in reality 

Queensland had adopted a variation of 6 star implementation at the time of the BCA 

measures in May 2010 (i.e. 6 star but with significant concessions as outlined in section 

4.8). 

Prior to the government announcement the then Minister for Planning Paul Holloway 

(MLC) which was prominent in the news bulletins of the day saying that they had given 

industry time to prepare, that beyond education campaigns nationally by the ABCB 
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and the release of the 6 star RIS consultations at a local level the SA government 

through its planning department (building control section) provided seminars and 

some advisory practice notes whilst the peak industry bodies such as the HIA, MBA and 

UDIA also ran seminars and information sessions. Earlier, the move from 5 star 

introduced in 2006 to a 6 star was subject of parliamentary questions such as an 

exchange in  form of Green Party MLC Mark Parnell in July 2008 asking ‘When will the 

government review the minimum energy standard for new residential developments?, 

and Will the government support a minimum standard of 6 stars or higher?’ SA 

Parliamentary Hansard records the government’s response to these questions as a 

predication of the implementation based on COAG agreements which subsequently 

occurred but also linked to state planning reforms. 

In media interviews at the time of introduction Minister Holloway promoted the benefits 

in the likely improvement in energy efficiency for new homes built to the more stringent 

standard as a reduction in energy demand of 23% based on the NatHERs figures of 

125MJ (5 star) and 96MJ (6 star). SA home building industry leaders such as MBA CEO 

Robert Stewart focussed in their public comments on cost factors, quoting likely 

increase costs by about $1,000 per 150 square metres on a concrete slab, describing 

cost being uppermost in the minds of the general public as potential new housing 

consumers. The reference to the concrete slab is perhaps peculiar from the builders 

spokesperson as the survey revealed only 1 in 5 builders considered the energy 

requirements to have design impact on the substructure element. 

 

7.1.1 Modelling Building Capital Costs for Housing designs 

The traditional approach to estimating the cost impact of increases in residential 

building energy efficiency standards has been to increase the specification of a 

design until the required energy efficiency benchmark is reached. This was the 

approach taken in the 6 star RIS however some such as Sustainability House (2012) 

express concerns that this method overestimates the impact on the cost of the 

building.  A result of their study based on twenty popular designs, 4 of which are 

apartments and therefore outside the focus of this study. Current popular designs as 
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constructed by Australia’s largest volume builders can meet the 6 star energy 

efficiency standard with reduced construction cost if the design is modified to best suit 

the climate and orientation rather than increasing the building specifications, 

insulation levels.  Results of this study show an average increase in energy efficiency of 

1 star, and an average decrease in total construction cost of nearly 2%, compared to 

the original design. Buildings which are designed for climate and orientation, 

particularly the location of living areas and the placement and size of glazing show 

cost effective increased energy efficiency and occupant comfort. Buildings can 

achieve the 6 star minimum requirement without substantial loss of glazing area.  There 

are a range of climate dependent no-net cost changes which can improve thermal 

performance including optimisation of roof colour, moving glazing from east/west to 

north/south orientation, mirroring of building design and polystyrene core floor slabs. 

The intention in the Sustainability House report was to use understanding of climate 

and thermal design principles to make relatively simple changes to the design of the 

building, then using an automated tool, identify building specifications that achieve 

the least cost energy efficiency improvements. 

 

7.1.2 Regulatory Impact Statement Appraisal 

As the literature describes (sect 2.5.2) major changes to the national construction 

code in Australia require and assessment of the likely costs and benefits of the changes 

proposed. There have been three RISs undertaken over the last 15 years relating to 

residential energy performance requirements in Australia. The first two, that supported 

the initial requirements introduced in 2002-03 and then the upgrade to 5 Star in 2005-

06, was undertaken in-house by government officials. The 2009 RIS that supported the 

move to 6 Star was undertaken by the Centre for International Economic (CIE 2009) 

and is briefly described below. Included in the Final 2009 RIS was a Section 11 that 

described, indirectly, some key issues that had been raised by stakeholders during 

consultations, and presented the results of some sensitivity analyses designed to 

illustrate the effect of different assumptions. The key issues identified included: 
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 The choice of discount rate; 

 Housing affordability; 

 Building costs; 

 Regional weightings; and 

 Electricity and carbon prices. 

It is beyond the scope of this study to fully re- examine the complete sets of housing 

options and locations used in modelling in the RIS. The cost benefit appraisal in the 6 

star RIS looks beyond capital costs by also adds projections of monetised energy 

savings in a CBA rather than a capital cost appraisal technique, however the 

modelling for South Australia in particular is of relevance to the investigation of 6 star 

capital costs undertaken in this thesis. (refer tables 7.1 and 7.2 below) noting that 

required additional capital costs are modelled for the separate compliance options 

outlined in sections 4.2 and 4.3 and as an average across both elemental and thermal 

simulation options. 
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Table 7-1:  Required capital outlays for BCA Compliance Source: CIE 2009 

 

 

While this RIS process was considered controversial by some stakeholders ( HIA 2009), 

it is perhaps important to recall that this was not primarily because of specific details, 

but because of the overall finding, noted at p. 148 of the Final RIS, that the expected 

outcome of 6 star (as modelled) would be “...a net loss to the Australian economy...of 

$259 million, with a BCR of 0.88”. It is important to note that this figure in table 7.3 is 

derived by using a 7% discount rate and not the lower more positive 5% central case 

which was highly controversial as outlined in the literature review and further in this 

section. 

Some field studies of compliance costs have noted actual costs were lower than 

estimated in the 2009 RIS: ACIL (2008) for the Victorian 5-star standard; SBE (2010) 

identified design adaptation to lower cost techniques; CSIRO (2013) found that houses 

with higher ratings (5-Star) were lower cost to build than houses with lower energy 
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ratings based on analysis of hundreds of houses; and Sustainability House (2012) found 

that redesign to meet standards could lead to lower costs at 6-Star than for 5-Star using 

then current design approaches. The Sustainability House approach was essentially to 

identify potential construction cost savings through wholesale re-design of houses 

including re-orientation as the actual blocks were not a pre-determined factor. This is 

a key difference to the Playford study ( 5 going to 6 stars) in this thesis , where the block 

orientation was set for each house and more major designs changes such as 

eliminating or reducing glazed areas to elevations was not considered as these were 

real houses on real blocks with the design intent and customer specifications given. 

The house designs used for the 2009 RIS reflected typical house designs prior to the 

introduction of energy regulation, and the RIS noted the absence of market 

adaptation to regulation. Industry learning and new technologies should have driven 

design adaptation by 2009 so that the step from 5-Star to 6-Star should have been 

available at lower cost than estimated in the RIS. This issue is particularly relevant for 

any future stringency change as industry has already had 13 years to adapt and learn. 

Table 7-2:  PV of net impact of thermal and lighting provisions in $ AU Source: CIE 2009 

 

The timing factor of the amendments is a very important to the RIS analysis.  Capital 

outlays are relatively large and take place at the beginning of the period, while 
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energy savings are small but are enjoyed over the life of the building. The dynamic 

nature of this analysis would therefore mean that the discount rate employed is likely 

to be influential to the results. In present value terms, the further out are energy savings, 

the lower their value.  

 The discount rate used to calculate the net impact for the central case was 5 %. This 

rate reflects a review of international literature. In table 7.3 below, the net impact and 

BCR of the amendments relating to thermal performance and lighting provisions are 

reported for discount rates of 3, 5, 7 and 11 %. The analysis shows that net impact of 

the amendments is highly sensitive to the discount rate employed. At 7 % — the OBPR’s 

preferred discount rate — the net impact of these provisions is a negative cost of $263 

million. 

Table 7-3:  Sensitivity Analysis of Discount rate   Source: CIE 2009 

 

7.1.3 Construction Cost Data and Estimating 

For the studies presented by the author in this thesis, dwelling upgrade cost estimates 

were completed by the author who is also an experienced Royal Institution of 

Chartered Surveyors qualified quantity surveyor and construction economist. The costs 

estimates, include both materials and labour (installation), and were initially prepared 

for Adelaide using rates benchmarked from cost data derived from similar projects, 

cost data sourced from various editions of Rawlinsons Australian Construction 

Handbook (Rawlinsons 2016) and by using a retail market based approach from 

product suppliers. In costing the various material and technology combinations 

modelled to improve the star rating some suppliers and subcontractors in the South 
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Australian home building market were willing to provide indicative prices as a cost 

check. The building cost data used in this and other studies by the authors is regularly 

reviewed and revised to reflect the current market conditions in South Australia 

In the SuHO study mentioned earlier in this chapter dwelling cost estimates were 

completed by Davis Langdon (Adelaide); a national quantity surveying firm with 

offices in all capital cities in Australia. Feedback from project builders indicated that 

the cost estimates were generally higher than real world prices of project home 

builders. Variations may be due to such factors as site preparation costs, internal fit-

out specifications and bulk discounts obtained from suppliers. Due to this variation 

costs are also presented as percentages (for example percentage cost saving). 

 

7.2 Survey and Interview (SA and QLD) builders 

To assess the implementation of 6 star in the residential industry a survey of SA and 

QLD builders was completed as part of this thesis in early 2011 sufficiently further on 

from the regulation date and allowing for the timeframes around planning and 

construction. The intention of the builders survey was to capture principally home 

builders now building to the new standard which meant the first states to adopt 6 star 

being SA ( or in the case of QLD 6 star with concessions) in 2011 when the survey was 

first conducted. It was felt that though the principal location of this study is South 

Australia to include Queensland that had also moved to 6 star at the time would 

capture a greater response, which it did and more material of relevance to builders 

concerns with 6 star implementation would be gathered. 

7.2.1 Survey Recruitment, Demographics and Instruments 

Survey respondents were recruited by phone book directory listings and membership 

of relevant bodies HIA and MBA in these states only as well as ‘find a builder’ online 

search tool (lookhome.com.au). A final list that were emailed an invitation to 

participate based on 125 (SA builders) 168 (QLD builders) and a further separate 20 

builders listed as (QLD Country builders) and making a total survey population of 313. 

Valid responses including some partial survey responses were received from 46 giving 
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an approximate response of 14.6%. We note the Industry is characterised by a large 

number of small-scale players. (Refer Appendix B for survey instrument). 

The HIA Housing 100 Report lists the top 100 builders in Australia based on the number 

of new homes started in a year. For the year 2016, the number of houses started by 

the top 20 builders rose 2.8 % to 68,621 from 66,764 in the previous year. As of 2015 

(Bleby 2015) the top 20 listed Home Builders in Australia are as table 7.4 below: 

Table 7-4:   Top 20 listed Home Builders in Australia Source: www.afr.com.au 

 

The results show that this generally the case and without further analysis it is likely that 

the responses for builders in NSW and VIC are operating across state borders. The 

survey has both qualitative and quantitative aspects and was developed around the 

most likely pressing concerns or major issues of volume home builders adopting the 

standard. Implied in the survey are traditional contracting structures, a fairly 

fragmented industry structure with multiple individuals in the supply change of the end 

product. 
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7.2.2 Survey Results 

Q. 1 Which State/Territories do you build? 

 

Figure 7-1   Respondents share of market 

Q2. How many homes do you construct each year? (annual turnover in houses no.)  

 

Figure 7-2 Respondents annual turnover (houses per annum) 
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It is not possible from phonebook and website listings to generally determine the 

volume of activity of individual builders however the intent of the survey which marries 

with the focus of the overall research study is predominantly the volume housing 

market. The responses show that at least 32% are building in excess of 75-150 units each 

year and some 16% of respondents are in the highest volume 150 -400 units. In contrast 

there are a substantial no of responses from what would be considered as lower 

volume producers. Given the characteristics of the housing market in Australia with its 

fragmented market it is perhaps unsurprising and a mere reflection of a broad cross 

section of the industry. 

Q3. Excluding Land Cost what is the average base price of your houses (excl. extras) 

 

Figure 7-3 Respondents average base price of houses (excl. land cost) 

Responses to this question indicate a wide divergence of housing is covered and that 

the market spans a wide range of prices. In the research study on costs of housing, 

principally the additional costs to achieve 6 star compliance the average house and 

land package is $ 320, 000. That is with an average block price of $85,000 the average 

mass market house is in the order of $ 235,000 (Playford Alive 2011) which is close to 

the average price reported by the respondents.  
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 Q4.  In regards to separately titled dwellings, what is the proportion of average house 

sizes, gross floor area GFA m2 (incl. garage) 

 

Figure 7-4 Respondents typical average house by floor area range in m2 

More recent available data (ABS 2013) shows the new-build free-standing home in 

Australia is 241m2. This aligns with the data from Q3 on house price indicating that the 

survey captures the general spread of house size and specification.  
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Q5.  The timeframes for 6 star introduction have differed across states, do you feel this 

is a disadvantage, any comments on being first or last? 

Table 7-5:  Selected comments on timeframe evaluation 

Selected comments on timeframe evaluation Agree 

1.  It has been a disadvantage being first 
14% 

2.  Makes no difference 
23% 

3.  No disadvantage – all builders build in one state only  
19% 

4.  Yes – increase in cost 
24% 

5.  Yes – each state should be different 
27% 

6.  Has to start somewhere  
5% 

  

Not a great deal was gleaned from the responses other than a sense of pride perhaps 

by one QLD builder that they were an early adopter of the regulations. There are no 

specific mentions of SA which followed QLD later in 2010.  

Overall though in no, and detail the response to this question is rather limited there is 

an apparent divergence of views as to the merits/disadvantage of being an early 

adopter state of more stringent energy efficiency provisions. The review of literature 

showed that in South Australia the question of moving to more stringency than 5 stars 

was in the minds of politicians through lobbying by the Greens as far back as 2007-8.  
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Q6. Regarding the software verification method, which software program do you (or 

your HER consultant) use to verify energy ratings compliance? 

 

Figure 7-5:  Respondents preferred NatHERs software program for verifications  

In a report based on a national survey of HERs assessors by Floyd ( 2014) the distribution 

of users was found to be similar Accurate 21%, Firstrate 40% and Bers Pro 39%. Since 

the introduction of 6 star in 2010 whilst there has been a number of changes to versions 

and the incorporation of the revised Chenath engine in 2014, Firstrate 5 is the most 

prevalent and Accurate being the least. It is noted that the survey covered SA and 

QLD and not the state of Victoria where Firstrate 5 was developed and is the defacto 

program of choice in that state. BERSpro is developed and marketed by a Queensland 

based company and is more familiar to HERs assessors in that state hence the larger 

profile in the survey.   This issues discussed in section 3.6 indicate that accreditation of 

all 3 software is vital to assessor ratings. As per Floyd (2014) some assessors are 

accredited in multiple software packages and some assessors may do work for other 

assessors and use their alternative version of the software. 
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Q7. Approximately how many Verification /Simulation assessments have you (or 

you’re her consultant) carried out in the last 12 months? 

 

Figure 7-6: How many Verification /Simulation assessments have you (or you’re her 

consultant) carried out in the last 12 months 

 

Figure 7-7:   Number of Assessments per year NatHERs Benchmark Study (2014) 
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The findings shown in figure 7.7 from the NatHERs benchmark study ( Floyd 2104) show 

a similar distribution reporting an average of 90 assessments ( or just under 2 per week) 

performed by assessors and unsurprisingly then reporting that almost 75% of assessors 

undertake NatHERs assessments as mere adjunct to their main business being more 

broadly architecture and design services 

 

Q8. Block size and orientation can affect star rating, can you discuss the issues with 

blocks from a builder’s perspective? In particular where block size or orientation has 

increased cost can you discuss how this is managed? – selected builder responses 

• Increased communication required between the builder @ Client about 

the possible extra costs 

• Insulation costs this managed by optimum positioning of the house and room 

locations 

• Only western aspect impacts significantly on star rating. 

• The cost of compliance is passed on to the owner. Some are understanding, 

some are not. 

• Thicker insulation 

• Up to client 

• We do this anyway. 

• As a builder we are governed by the lot layout sold to our client. Most open 

spaced areas are located behind the garage so the driveway location is 

important. If the garage wall is built on a boundary the 'shadow plan' 

covering the development dictates which way the Private Open Space will 

face 

• Block sizes are determined by the developer so the builder has to work with 

what he’s got. Vital that the developers take in consideration which way 

blocks are orientated 
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• Still early day's & have not really had enough experience with it to manage 

it. We are generally still doing the same thing & worrying about the changes 

if it does not meet the requirements 

• Most blocks are subdivided to gain maximum profit, not energy efficiency. 

People buy their properties generally by cost and location, not orientation. 

We have to change the construction methods and materials to make these 

comply and this is not always the most cost effective thing to do. 

• we have not have had any issues with block sizes as we are in a country area 

and block sizes start from 700m2 

• At the end of the day the allotments is the start point that you have to assess 

before you or the client gets too far down the track wanting a particular 

design. getting it wrong at this point can make  full star difference. so if it 

poorly orientated the client will be shelling out more dollars to upgrade the 

dwelling to meet the energy rating. our designs have living areas in all four 

directions so that we can generally select a design that will always work with 

the allotment orientation. I train our sales staff to understand this key issue so 

that we can generally achieve the 6 star rating very little extra cost. 

• Have had very few problems in this regard as I try to build to suit the block 

and aspect. We look at these items in the initial design stage and design to 

suit. At this stage I haven’t had anyone bring me a set of plans already drawn 

that had major problems getting the six star rating 

 

Overall the responses indicate that this is a significant issue for builders and that builders 

essentially have to take what they are given in terms of block orientation. That this can 

often limit the scope to achieve and improve ratings or introduce cost penalties that 

represents a cost burden to the builder and/or the housing client. It is noted that one 

respondent discusses the western elevation to houses as critical and this mirrors the 

design principles in passive solar design for Australian homes in southern latitudes and 

the effects of summer heat gains on western walls. Further work on block orientation 

was done by (Morrissey, Moore et al. 2011) in a study to model the orientation of 
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buildings in order to maximise their passive solar benefits. Using a range of 81 different 

detached dwelling designs, a modelling experiment was conducted in order to assess 

the implications of orientation on modelled thermal energy efficiency. Results show 

that higher standards are easier to apply to smaller dwellings, and costs are lower. 

Also, higher performing designs are more flexible across different orientations, 

producing lower standard deviations of mean ratings. The findings indicate that 

passive solar design is a concept that can readily be incorporated into house plans at 

the design stage. Recommendations for further empirical research are also made. 

Q9. In which area/features have designs been affected by 6 star requirements? 

Table 7-6:  Respondents view of impact on which features/trade areas  

Element No of Responses Responses 
% 

Substructure and Concretor 10 20.8 
Carpentry 13 27 
Roofer 16 33 
Bricklayer/cladding 39 81.5 
Glazier 45 97.8 
Tiler 3 6.3 
Internal linings/gyprocker 7 14.6 
Other Finishing trades 2 4.2 
Electrician 20 41.6 
Air conditioning 27 56.3 
Plumber and Gas Fitter 8 16.6 
Painter  3 6.5 
Landscaper 2 4.2 

 

The element that is rated by respondents as the most important is glazing (95%) 

followed by cladding/bricklayer (81.5%). This would imply that based on the sample 

size surveyed, only 3 of the builders would disregard the glazing as important 

(somewhat odd perhaps as it is so important) whereas only 1 in 7 would consider the 

internal linings element as important.  

The question has been structured to represent a trade based nomenclature more 

familiar to builders than architectural elements, this may influence the responses 
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however it is clearly evident that the shell of the building warrants the most 

consideration by builders consistent with energy modelling principles. In mass market 

housing the ground slab tends to be homogenous and so the fact that only 1 in 5 

builders believe that the 6 star requirements affect this element is perhaps unsurprising, 

whereas for the important roof element that provides a wider range of thermal 

performance characteristics it is somewhat surprising that only 1 in 3 view this as of 

significance. Furthermore, it is only in recent time and in response to energy efficiency 

concerns that manufacturers of steel corrugated coverings have developed the ‘cool 

roof’ product for various climate zones BlueScope (2013) Colorbond® Coolmax® has 

a 9% higher solar reflectance than traditional Colorbond® steel  

Q10. Generally what level of understanding of energy efficiency measures do you 

clients have? (multiple responses allowed) 

 

Figure 7-8: Respondents view of level of client awareness to energy efficiency 

measures 

Approximately 1 in 5 builders believe their clients to have no understanding or 

appreciation of energy efficiency measures whereas nearly 4 out of 5 builders believe 

their clients aware but not necessarily fully informed on various options. As is often 
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noted, houses are often the largest investment a person will make in their lifetimes 

however a consistent pattern emerges of consumers with low levels of technical 

knowledge of building and more specifically energy efficiency. As described in the 

introduction to this chapter the six star introduction was a news story at time of 

introduction however limited amount of follow up information occurred as evidenced 

in public awareness. 

As per the literature discussed in section 2.2 a commodity such a housing is viewed by 

consumers as physical space and functional features and energy efficiency is more a 

post occupancy latent consideration. There are of course varying perspectives as 

there are a wide diversity of housing clients so it’s perhaps unsurprising that levels of 

awareness vary. 

Q11. What percentage are your client’s homeowners? i.e. (clients who will live in the 

house on completion) 

 

Figure 7-9: Respondents client base (% of clients who will own and occupy) 

The survey indicates that the majority of builders are building for owner occupation 

and not the ‘build to let’ market. A consideration that follows the previous question 10 

on energy efficiency awareness levels is the question of ‘split incentive’ where investors 

as landlords may not be in tune with energy efficiency as they are removed from post 
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occupancy concern re energy efficiency as they are not occupants. As discussed in 

chapter 6, the issue of energy labelling of housing in Australia is a not easily understood. 

A six star house as a label does not convey a great deal to the purchaser however 

even perhaps less so to an investor who is singularly concerned with price and 

expected rental return. There is an argument that housing is far less concerned with 

energy efficiency labels (such a 6 star) as opposed to commercial buildings as energy 

costs for commercial tenants are critical to business profitability and in tenant  lease 

negotiations the expected rent is often negotiated on the basis of an energy 

performance evaluation now mandatory for space over 2000m2. 

Q12. What (if any) order of increased costs can you SOLELY attribute to building to the 

new 6 star standard? i.e. the extra over cost of building to 6 star. 

 

Figure 7-10:  Respondent’s opinion of extra cost to six star compliance 

This chapter further explores the ‘cost to 6 star’ issue in a published study of typical 

mass housing in SA. What is evident from the survey is that builders were reporting ‘extra 

over’ costs to 6 star of magnitudes generally 1 – 5% with a bias towards the lower end 

of the scale i.e. only 1-2%. Given that as per Q3 4 out of 5 houses are costing 

somewhere between $200 – 400K with the average being towards the lower end. This 
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represents increased costs reported roughly by 80% of the builders of $2000 - $8000 at 

the upper end. The study that is presented later in this chapter for real houses in the 

Playford development valued the average increased cost at taking 5 star to 6 star  

with a minimum of $134 and a maximum of $7880, and the average being $3150 which 

correlates quite well with the survey findings.  

The question remains, would builders (as many as 1 in 5) be reporting much more 

significant extra over costs to meet the 6 star requirements. It is not possible to illicit 

more details behind this, though anecdotally and in interviewing a few builders directly 

a ‘tipping point’ scenario was envisaged where a house could not achieve 6 stars and 

where clients would not make lower cost modifications or design alterations that a 

substitution of very high performance industrial/commercial style glazing would raise 

costs significantly, it was stated in interview ( Home Builder 2012) that costs to install this 

type of glazing could add $20k - $30K to a house cost. 

The last major regulation change before the 6 star requirements being the introduction 

of the 5 star standard (moved from 3.5-4 stars in 2005) the Victorian Building 

Commission (2005) investigated the additional costs of 5 star compliance in a survey 

of 100-200 homes, the additional costs were in the order of 2% which identifies a lower 

order of cost to move to greater stringency as measured by whole stars improvements.  

 

Q13. Generally, can you describe the main challenges for your company in moving 

from a 5 star to the 6 star requirements?  - selected builder comments 

• Convincing customers of extra costs involved 

• Floor insulation for timber floors increase frame size to accommodate the 

additional  insulation 

• Having plans priced but that will change depending on block & 

orientation 

• Just more red tape plus extra cost 
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• Nothing 

• Thicker insulation, comfort plus glazing 

• add solar cells, redesign glazing 

• design confusion 

• We construct our homes with a higher specification than some of our 

competitors so items such as sarking have always been include(sic) as good 

building practice. 

• the 5 star process was better dealt with by using the BCA deemed to 

satisfy method. The 2010 BCA deemed to satisfy method is more difficult 

hence we have moved soley to computer simulation method. 

• Glazing for large windows, the cost increases have in numerous case 

turned clients away even after an initial deposit. 

• Adopting a base specification that will mainly allow our standard designs 

to be 6 Star compliant without the need to get extra costs from the client. 

• educating the clients and explaining and convincing them to spend 

extra money on the new requirements 

• Nothing major as again we were probably close to six star as we were 

trying to build as much passive solar and energy efficiency into our homes 

anyway 

• The confusion in the industry to the correct processes to when and how 

these sometimes unknown extra costs are considered in the sales process - It 

opens the gate to variations after contract for those builders & consumers 

who are for whatever reason signing contracts before compliance is 

obtained. 

• Getting the right insulation for house. This can only be determined once 

an energy rating is complete. Meaning that clients are up for extra cost after 

the contracts and final plans are finalized which they don't like 
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Responses here range from very specific technical concerns such as insulating timber 

floors, some respondents who reported no additional challenges in moving to 6 star 

and those that reported the increased costs including and compliance changes as 

the main challenges. The last few responses raise the issue of the documentation 

process and allude to a price setting based on drawings that are preliminary in nature 

and obtained prior to any rating. 

Q14. Have there been issues with particular trades when building to 6 and above stars? 

If so, please elaborate – selected comments 

• Handled by me anyway 

• More so with councils 

• No ( multiple responses) 

• No problems with our trades. 

•  No not really, for example insulation installers get paid more because 

there is more insulation to install. 

There appears a common opinion for survey respondents that no problems as such 

can be attributed to specific trade areas in the building process. As one respondent 

replied more insulation does mean a higher price on this trade but perhaps surprisingly 

no specific trade issues get mentioned. Surprising perhaps in the light of anecdotal 

evidence of a glazing industry concern over imported products and limited supply of 

high performance glazing units and difficulties in WERS data and accreditation of 

some window products in WERs. 
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Q15. Since the introduction of 6 star have you observed any increased demand for 

sustainable living features or technologies? i.e. solar panels, water saving features, 

efficient lighting/metering 

• 21 No 

• 1 No not really, a very small minority who have the money to spend on 

those sort of items 

• 1 No, there is legislation for water saving features 

• 3 Solar Panels 

• 14 Yes 

• 1 lighting wattage use regulated 

• 1 QLD has had water saving and energy efficient lighting requirements 

for a number of years now, so this is nothing different. Some clients are 

wanting to increase the water tank capacity (sic) and we are just starting 

to see a number of client requesting photo voltaic panels as part of the 

build contract. 

The comments received here were quite mixed however a general inference from the 

number of yes’s is that nearly half of the builders see an increased demand for 

additional sustainable living features including some who mention solar panels. As 

discussed in the literature review section 2.2.3 solar PV tends to be still ‘after market’ 

for volume housing whist overall the uptake has been quite remarkable in the past 

decade due to government subsidies, feed in tariffs and lower module pricing. 

Q16. Have you been required to build to above 6 stars due to development 

encumbrances? If so please provide details of design issues to build above 6 star. 

• 25 No 

• 1 No requirements but have had houses rated as high a 8 stars under Bers 

Pro 
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• 1 Not yet 

• 6 yes 

• 1 Yes, You can always manipulate stats 

• 1 lights view sa encumberance 

• 1 Yes, in QLD we have a number of concessions that can enable star 

credits if your design has a roofed outdoor living area with minimum size 

and down heat load requirements and an external fan, or a PV system. 

these credits are outlined in section MP 4.1 of the Queensland 

Development Code. Some estates that we build have a development 

approval that doesn't take these credits into account, therefore the 

rating of the dwellings are slightly higher than those that take the credits 

into account. 

• 1 No but 7 stars are required for Display Homes in Lightsview. So it won't 

be long before the other Developments follow suit - pushed by the 

Wran(sic) Government 

The South Australian Lightsview development mentioned in the literature review is 

mentioned by a respondent, this development has a nominal or target 7 star target 

energy efficiency in the design guideline for houses however it is not strictly enforced 

as the 7.5 star minimum of the Lochiel park development where case study data has 

been used in the studies presented in this thesis. One respondent, that most likely be a 

Queensland builder specifically mentions the concessional nature of 6 star 

requirements in that state as discussed in section 4.8.2. 
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Q17. The following list design/material improvements known to increase star rating, 

please tick the box for changes you have made to your designs and approx. cost 

impacts 

Table 7.7 gives an indication of the design changes required for 6 star compliance 

with estimated range of cost impact $ dollars based on responses to this question. 

Each column of the table represents a range of costs reported for each particular 

listed building element: The legend is based on: 

A. Saving of less than $1000 

B. Nil cost impact 

C. $1 - $1,000 cost impact 

D. $1000 - $3000 

E. $3001 - $5000 

F. $5001- $ 10,000 

G. $10,001 - $20,000 

H. Greater than $20,000 cost impact 

 

Whilst the options listed are quite specific measures known to enhance energy 

efficiency of houses there is a relationship with the question of which area/features 

have designs been affected by 6 star requirements in question 9 and question 12 

which reported % extra over cost of 6 star compliance.  

Clearly Insulation and Glazing elements have the most frequency and hence cost 

impact, surprisingly the cladding is report as very expensive by as many as 15% of the 

responses received. Weather stripping and providing cross ventilation are very 

common measures with nil impact. Carpet in lieu of harder floors is a saving and is 

reported as a positive design change   in meeting the energy requirements though 

this would relate to zoning requirements.     

 



Table 7-7 Design changes required for 6 star compliance with estimated range of cost impact $ dollars 

         A            B           C           D          E              F             G            H 
  Element 

 

 

 
  Additional Wall 

Cladding 
(thermal mass) 

0.0 46.2% 

 

15.4% 

 

15.4% 

 

7.7% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Add Insulation - 
Walls ( increased R 
value) 

0.0 

 

5.9% 

 

41.2% 

 

47.1% 

 

5.9% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Add Insulation - 
internal walls 

0.0 33.3% 

 

26.7% 

 

33.3% 

 

0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Windows - Double 

glazing 

0.0 20.0% 

 

33.3% 

 

6.7% 

 

26.7% 

 

13.3 0.0% 

 

0.0% 

 

 

 

 

  Low e Glazing in 
lieu of standard 
glazing 

0.0 30.8% 

 

38.5% 

 

23.1% 

 

15.4% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Doors - double 
glazed in lieu of 
single 

0.0 

 

36.4% 

 

27.3% 

 

9.1% 

 

18.2% 

 

9.1% 

 

0.0% 

 

0.0% 

 

 

 

 

  Additional Internal 

Fans 

0.0  23.1% 

 

61.5% 

 

15.4%  0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

 Table 7.7 contd. Add bulk Insulation 
- Ceilings ( 
increased R value) 

 

0.0 

 

 

11.8% 

 

 

52.9% 

 

 

23.5% 

 

 

11.8% 

 

 

0.0% 

 

 

0.0% 

 

 

0.0% 
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  Add Insulation - 
Ceilings ( foils) 

0.0 38.5% 

 

15.4% 

 

38.5% 

 

7.7% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Infiltration – weather 
stripping, sealing 

0.0 81.8% 

 

0.0% 

 

18.2% 

 

0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  External Shading 
Devices - Awnings, 
Shutters 

0.0 38.5% 

 

46.2% 

 

15.4% 

 

0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Additional Eaves, 
verandahs, 

0.0 

 

36.4% 

 

36.4% 

 

27.3% 

 

0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Cross Ventilation -  
vertical stacks 

0.0 

 

90.0% 

 

10.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

0.0% 

 

  

  Carpet in lieu of hard 

floors 

8.3% 

 

66.7% 

 

0.0% 

 

16.7% 

 

8.3% 

 

0.0% 

 

0.0% 

 

0.0% 

 

 

 

 

  Roof covering - 
reflective paint, 

   

0.0 

 

63.6% 

 

18.2% 

 

9.1% 

 

9.1% 

 

0.0% 

 

0.0% 

 

0.0% 
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Q18. What do you think is an optimal star rating for new homes? 

 

Figure 7-11:  What do you think is an optimal star rating for new homes? 

The responses reveal a level of wishing for the status quo, being 6 stars i.e. 1 in 3 builders 

favouring the regulation , however 45% of respondents wished it had remained at 5 

stars or even revert to the regulation as introduced back in 2004 being 4 stars only. 

Q19. Has the introduction of 6 star led to changes in your home design portfolio? If so 

can you provide details, i.e. any new house designs, discontinuing old designs 

• No - just to the orientation of Living Areas 

• No just tweek designs to suit blocks 

• No, just altered designs 

• Only to the inclusions 

• Reducing the amount of designs without eaves 

•  Yes - More Owner supplied plans 
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•  Yes. Has effectively eliminated homes without a min 12m2 patio. 

•  in process, likely to see a couple of houses redesigned 

•  it's really a progression of the designs we have always produced. 

•  using same designs 

•  yes 

The responses are mixed with some builders reporting a business as usual approach to 

their portfolio of designs. There is however mention of specific features such as the 

need to eliminate designs without eaves and possibly as Queensland has the outdoor 

living concession set at a minimum 12m2 area, a focus on that aspect in Queensland. 

Q20. Do you provide specific advice to clients on how to achieve a 6 star or above 

energy efficient house? If so please elaborate 

• Homes are built according to our designers specification to comply with 

the regulations 

•  No 

•  No - We only advise on what they may be required to do as it is too 

specific 

• We wait until the energy rating is done and then explain 

• Why would you it is a insomountable joke(sic) 

• Yes when it doesn't rate we let them know the cheapest solution to get 

it to the 6 stars 

• Yes. We recommend "green" glazing, eaves, natural ventilation when we 

have the initial meet 

• yes with house orientation and window size and position and verandahs 

etc 

• yes, thicker insulation 
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• yes. based on Bers analysis, what changes can be adopted to improve 

performance 

• Yes, only when we get a difficult orientation and may need to improve 

glazing, insualtion and 

• ventilation to enhance the rating. 

• we have produced two 8 star display home and detailed how this can 

be done and what are the likely energy savings per year. 6 star ratings 

are easy to achieve and we often achieve 7 star ratings on most of our 

projects. 

•  Our base specification will get 95% of homes 6 Stars in Zone 5. In Zone 6 

we usually have to either watch the ceiling height (keeping under 

2700mm or reduce the size of the windows and glass sliding doors. 

The response indicate a wide range of advice to housing clients on such features 

as orientation, insulation, glazing and ventilation. In relation the NatHERs software 

approach it is perhaps of most value from the survey to verify that builders are using 

the results of the thermal simulation to inform the design process. That builders are 

engaging with the thermal simulation and NatHERs diagnostics to achieve not only 

the minimum 6 star but in cases be able to achieve higher stars. 

 

 

7.2.3 Semi-structured Industry Interviews 

The focus of this section is to incorporate the viewpoints from some informal semi-

structured face to face interviews that the author conducted in 2010 - 2012 around 

the implementation of the six star standard with a few SA house builders one of whom 

was part of the cost study reported in the next section of this chapter. One interviewee 

was a volume builder of homes who had experience of building throughout the state 

over many decades and was short-listed as a provider of homes to both the Lochiel 

Park and Playford developments. Another was a low volume boutique builder with a 

commitment to sustainable housing and was recruited via SA government zero energy 
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home competition bid. The third was a mid-tier contractor operating across the small 

scale commercial, new home and home alterations and extensions market. Each 

individual had over 20 years of experience in the construction industry. 

The questions did not review the information already provided within the questionnaire 

survey and were semi structured as follows: 

Question 1 asked if they believed that housing energy efficiency considerations were 

part of their building ethos and principles and asked to self-rate their understanding.  

Question 2 asked generally what the impact of 6 star introduction meant for their 

business operations and more widely the industry as a whole. 

Question 3 asked if 6 star in South Australia represented any particular challenges or 

concerns. 

Question 4 responded to Q3 by asking if they felt South Australian builders had been 

prepared for and/or accepting of the new standard. 

Question 5 asked had their clients had an appreciation of added energy efficiency 

standards as a result of six star changes   

Question 6 asked generally what where the likely cost impacts of meeting 6 star 

requirements 

Question 7 was an opportunity for the Interviewee to share their company knowledge, 

goals or suggestions about this area.  
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Table 7-8:  Standalone selected Builder question & answer matrix of responses 

Q B1 B2 B3 
Q1 Yes.  

Had a strong focus with the employment of in-
house energy assessment team and promotion 
of housing product as energy efficient and 
meeting 6 star. 

Yes.  

The team has an in depth knowledge of current low 
embodied energy materials currently on the market 
and will be working to develop a simple build solution 
that demonstrates best practice in utilising these 
materials.  

Partially Yes 
/No.  

Depended upon project. Often also 
intuitively based rather than codified 
or measured.  

Q2 Had initiated a comprehensive review of existing 
housing designs/options. 

Regarded themselves as industry leaders in scale 
and commitment to Energy Efficiency standards. 

Had seen this coming and the team as part of its 
mission statement committed to develop a Zero 
Carbon house that is below the current costs of 
conventional housing. 

Felt higher volume builders would only be dragged 
along to increased 6 star standards. 

Not a great deal of impact as yet. 
Some designs might need reworking.  

Solar panels were more prevalent 
now on projects. 

Q3 Had a few problems on tight blocks with poor 
orientations, overall though not a great deal of 
issues with implementation. 

Problem being recognized for innovation and 
experimentation. Had developed a low embodied 
energy brick solution but challenge to get market 
acceptance.  

No. Might be concerns later if 
regulations increased beyond 6 star. 

Q4 Generally Yes, those in the industry groups such 
as HIA/MBA  

Must have the right people. 

Have an Energy Rater/Design Manager or good 
Project manager. 

Patchy, still a lot of ignorance and sub optimal 
practices, lack of compliance follow through. 

Resource depended. 

Had attended HIA Greensmart 
training and seminars. 

Q5 Lower order costs associated with additional 
insulation requirements.  

Focused on achieving better than 6 star outcomes. 
Has been experimenting for some years with low cost 

Unknown. 
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In some cases tipping point reached due to 
problem glazing element, could see $20,000 - 
$30,000 commercial style glazing in lieu of 
cheaper standard residential installation. 

green housing and has built 7.5 star 3 bedroom 
houses for under $120,000 in experimental stage. 

Q6 Risk of not meeting regulations due to incorrect 
interpretations and practices. 

Affordable house designs a must. 

Low carbon housing is the future. 

Builders and Clients to inform 
themselves by knowing the market. 

Q 7 This from the company website:  ‘building an 
energy efficient home means more than 
installing the right appliances or adding a 
rainwater tank.  

At __________Homes, the goal of building 
energy efficient homes is in our DNA. It shapes 
the design and construction process, from site 
orientation to solar panels, and works its way 
into every conversation, whether you’re talking 
to our Building Consultants or one of our 
Contractors.’ 

Building more energy efficiency into homes is simply 
Smarter building.  

This from the company website:   

‘The team at_________ are committed to using 
sustainable products and building. They are one of 
the select few involved in the Beyond Project in Victor 
Harbor and understand all principles of sustainable 
building and apply appropriate techniques in every 
project.’ 

Could see a cross over from the 
commercial work that they were 
doing, i.e. having to meet a higher 
code for energy on housing projects 
would help them on their commercial 
jobs. 
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7.2.4 Industry Survey Triangulation and Interview Conclusions 

Whilst not a separate examination of this study’s data set a different survey 

(Sustainability House 2012) of 13 volume builders was conducted by one of Australia’s 

leading companies offering energy efficiency modelling, simulation and design 

advice for residential buildings.  Survey results identified conflicting priorities in meeting 

increasing energy efficiency regulations. In summary, survey respondents: 

• estimated average construction cost increases of approximately $3500 for 

moving from 5 to 6 stars; 

• identified block layout in developments as a barrier to improving energy 

efficiency; 

• suggested increased education of home buyers and sales staff would be 

beneficial to the general acceptance of higher requirements for energy 

efficiency. 

All of these 3 key findings are evident in this authors study’s results presented here. 

The problem of block size, orientation and layout permeates the results of feedback 

from builders. The lack of awareness of housing clients that is still evident despite more 

than a decade of NatHERs and energy ratings is a concern for implementing 

provisions for more energy efficient homes.  The next section of this study will show the 

results of a 6 star implementation cost analysis and is generally unambiguous in 

comparing the results, that 6 star can and has been achieved a modest lower order 

of cost and not the $10,000’s extra that was promulgated prior to 6 star introduction 

by some building peak bodies and commentators. 

 

7.3 Cost study of 6 star Implementation  

The Playford North Urban Renewal Project is a major urban housing and infrastructure 

project located approximately 30 kilometers north of Adelaide, commenced in 2008 

and set to continue of a 15 year anticipated development phase. Over this period it 

is anticipated that more than 5000 new houses will be constructed in a variety of 

phased land and allotment releases with involvement of many of the major volume 

residential builders operating in the South Australian market. A number of Adelaide 
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home building companies were approached in 2009 to be part of this research study 

on a strictly confidential basis. From this initial approach a modest yet representative 

sample of 12 house designs and specifications suitable for construction, were 

obtained from project home builders involved in the Playford development.   

 

7.3.1 Case study description and methods 

The section demonstrates a case study approach for predicting the additional 

housing capital costs for achieving six star housing in a temperate climate and mature 

housing market such as found in South Australia. An existing housing development 

“Playford North” provided a source of typical housing designs where builders and 

suppliers could be queried on costs of energy efficiency measures and dwellings 

could be assessed for HER star ratings. (Refer Appendix E for sample house rating) 

Housing energy efficiency as measured in ‘stars’ relates to the nationally adopted 

Home Energy Rating(HER) rating system and the use of software modeling as a route 

to verification for compliance with the energy efficiency requirements of volume two 

(residential class 1 & 10) of the building code. This software simulation method allows 

for the modeling of energy performance of a house in both heating and cooling loads. 

The software used to assess the housing designs was the CSIRO AccuRate software 

version 1.4 which is accredited under the ratings protocol of the Australian Building 

Codes Board (ABCB). 

The modeling of building envelope improved thermal performance was limited in 

scope to typical temperate climate modifications around the elements of wall and 

roof insulation and glazing as has been shown in a number of recent studies by 

Constructive Concepts Pty (2009) and earlier by Burghardt (2008) to improve thermal 

performance in Australian housing and dwelling units. The focus on these elements is 

also supported by the prescriptive deemed to satisfy (DTS) measures for energy 

efficiency as adopted by the Australian Building Codes Board (2009) 

In relation to costing the design modifications the builders were queried as to likely 

‘upgrade’ costs as well costings by the authors using market information and 

publications. In a comparative cost benefit study of energy efficiency measures for 
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Victorian housing, Energy Efficient Strategies (2002), data regarding costs of such 

products insulation etc. revealed two separate rate levels, i.e. a low rate applicable 

to volume builders and a higher rate applicable to non-volume builders. The analysis 

revealed across a range of building products and various house improvement 

measures that volume builders generally enjoyed lower costs (in the order of 10%).  

7.3.2 Playford North Housing case study –  Design and Energy Efficiency options 

A typical specification for the style of housing is outlined in table 7.9 below with a front 

elevation photo illustration in figure 7.12 

Table 7-9:   Typical base specification of Playford houses 

Element Construction for Base Design 

External Walls Brick veneer + R1.5 insulation + 10mm plasterboard 

Windows/Ext. 

Doors 

Aluminium framed single 3mm clear float glass windows 

Aluminium sliding door, single glazed 5mm clear float 

flyscreens 

Internal Doors Timber (solid) 

Floors Ceramic tiles to wet areas, vinyl to kitchen areas, carpet 

to bedrooms 

Ceiling 10mm plasterboard + R 3.0 Glasswool bulk insulation 

Roof Concrete tiles – unsarked or Colorbond metal roof(25 deg 

pitch) 

Weatherstrip/ 

Seals 

All windows, external doors and exhaust fans 

sealed/weatherstripped 

Air movement Fans to main living room and bedrooms 

 

Typical brick veneer house design has very low thermal mass caused by brick or 

concrete within the internal space, and can be essentially treated as lightweight 

(Athienitis and Santamouris, 2002). In modern times the level of air leakage in housing 

has improved, however unless it is measured it is not possible to significantly improve 

further, and default values are assumed.  Internal loads cannot be controlled or easily 
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determined, and generally, represent a small component of the total heating and 

cooling requirement.  Consequently, as far as minimising heating and cooling 

demand for brick veneer houses the primary focus is on reducing transmission and 

affecting solar load. 

 

Figure 7-12:  Playford housing – Photo of typical front Elevation 

Affecting solar loads relates to design decisions concerning the orientation of the 

building, window sizes and shading of windows.  Transmission loads are reduced by 

applying various insulation technologies.  Most brick veneer designs today consist of a 

large open plan living/dining/kitchen area with a number of contained bedrooms.  

The living zone represents those areas which are occupied during waking hours.  The 

bedroom zone relates to areas occupied during sleeping hours.  The living zone 

requires greater levels of comfort than bedroom zones and given that the living zone 

represents the majority of the house floor area, generally dominates the heating and 

cooling demand for a building.  As a result effective design involves north facing 

windows in the living zone and ensuring all windows are shaded during summer. 

7.3.3 Home Energy Rating(HER) – Calculation of the Star Rating, Heating and Cooling 

Loads 

The need for heating or cooling a house relates to the total effect of all heat flows in 

and out of the building. The sum of the total heat flow determines the internal 

temperature, and artificial heating or cooling is needed to reach comfort 

temperatures (ASHRAE, 2005).  This is the method applied by AccuRate to determine 
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the heating and cooling energy needed for a house design, from which the star rating 

is determined.  An increase in star rating results in a lower energy demand in order to 

achieve assumed thermal comfort levels... Once the data for a house has been 

entered the report features of the software can be used to generate two specific 

reports as below; 

• A summary report listing the project, client and rating assessor details. The 

heating and cooling requirements ( as measured in mega joules per m2 ) and most 

fundamentally a star rating in compliance with the BCA/NatHERs protocol 

• A more detailed Building Data Report which lists data on the construction 

elements for individual zones, sizes, openings etc.  

The classification of houses situated in Playford North for climate data purposes under 

the National Home Energy rating system(NATHERS ) is Climate zone 16 (Adelaide) and 

the relevant energy consumptions are respectively 125 and 96 Mega Joules per metre 

squared for 5 and 6 stars. Therefore, an increase from 5 to 6 stars represents a reduction 

of 23% in the energy demand of a house in the Adelaide climate zone.  Whilst a target 

energy reduction of that magnitude might infer major building specification changes, 

housing design modifications around insulation and glazing and to a lesser extent 

shading and air movement devices are known to offer significant improvement to 

building thermal characteristics. Fricker (2002) in his study shows that the benefit of 

additional insulation levels is nonlinear and diminishes once high levels of insulation are 

‘standardised’ into housing and a recent report by the Australian Window Association 

(2009) into the changes to a 6 star energy rating for residential buildings points to a 

requirement for high performance glazing as this insulation benefit reduces. 

Smaller houses have a greater surface area compared to their floor area than larger 

houses. Because total heat flow through the building fabric is greatly though not solely 

influenced by the surface area, without a correction factor smaller houses of the same 

shape and materials will have higher energy loads per unit of floor area. 

 This effect is exacerbated because often window areas as a percentage of floor area 

are often relatively larger in small houses than in larger houses, and because heat 

flows through windows are generally the largest. In Regulation Mode, star ratings are 

to be based on energy loads that have been adjusted by an area adjustment factor 
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(AAF). The size of the adjustment depends on the conditioned floor area and the 

climate zone. For Adelaide housing (Zone 5) the appropriate area adjustments used 

by the software in energy load calculations are:  

50m2 150m2 250m2 350m2 

1.2 0.3 -0.3 -0.8 

7.3.4 The AccuRate results for the case study houses 

When modelled in simulation mode the results of the base designs energy 

performance is listed in table 2 below. Lot numbers refer to individual house designs 

unique to each allotment that builders provided the required design information. 

Table 7-10:  House star and thermal load information 

Lot 
Base Star 

Rating 

Unadjusted Load, 

MJ/ 2 
Ratio of Heating 

to Total Load 

Floor 

Area, m2 Heating Cooling 

16 4.9 78 63.8 0.55 175 

17 4.9 94.9 61 0.61 130 

23 5.8 58.8 53 0.53 142 

26 5.9 75.1 42.9 0.64 104 

13 5.4 53.4 63.5 0.46 170 

29 4.9 62.8 65.1 0.49 211 

184 4.9 59.5 77.4 0.43 188 

45 5.2 60 68.1 0.47 180 

901 5.1 70 68.5 0.51 167 

8 5.3 60.5 69.9 0.46 173 

902 5.4 51.7 62.5 0.45 224 

194 4.9 68.9 70.6 0.49 190 
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Using the list of technology options listed in tables 3 and 4, the star rating was increased 

to 6 stars for each house design.   A condition of the upgrade in energy efficiency was 

that major changes to the floor plan, changes to window location or overall window 

and door sizes were deemed too great a divergence from an acceptable design 

solution for each lot.  As a result the principle focus in increasing the star rating relates 

to technology options affecting the transmission heat flow through the house. 

Lot 17 was the poorest design with a base star rating of 4.9 (Figure 1).  As shown in 

Table 2 it had the highest heating load due to large southern windows and the 

northern windows shaded by the building preventing winter sun.  As a result, in addition 

to adding the maximum levels of insulation in the building, the southern windows 

needed to be double glazed and the windows throughout the house required low 

emissivity glass.   

Lot 26 was the best design with a base star rating of 5.9.  Although the house required 

more energy to heat, per unit of floor area, than some other houses, due to its smaller 

floor area it was penalised less than other houses, and as a result achieved a higher 

rating.  The house has minimum southern windows preventing heat loss, no eastern 

and western windows preventing the sun in the summer and northern windows 

providing for winter sun.  To achieve 6 stars all that was required was foil in the roof. 

Lot 184 was a typical design in that it applies the deemed to satisfy provisions of the 

BCA and achieves a star rating in the simulation method of 4.9.  The building requires 

more cooling than heating and this is due to the large unshaded western windows in 

the living zone.  Foil was added to the roof and walls, the internal wall was insulated 

and the roof insulation upgraded to 3.5.  Low emissivity glass was applied to most of 

the glass doors/windows. 

In addition to the development of the 6 star designs, the impact of the technology 

options was systematically investigated for each house design.  Applying the list 

prescriptively, tables 3 and 4 show the absolute and incremental impact on the star 

rating of the design, respectively.  

In total, except for Lot 17, all other designs achieved 6 stars with the average house 

design reaching 6.4 stars.  This result indicates that in general there is scope to reduce 

these measures, while maintaining the 6 star rating.  Furthermore, although insulation 



The Introduction and Cost Impacts of 6 Star 

 

259 | P a g e  

options have been exhausted, there is scope to increase the star rating for those 

designs which achieve a significantly lower star rating.  These measures include (in 

order of application): 

1. applying low E single glazing to all other windows/doors in the house 

2. applying double glazing to the living zone windows/doors 

3. applying double glazing to all windows/doors in the house 

 

Table 7-11: Cumulative star rating impact of each technology measure for each Lot 

Lot  

Updated Star Rating with Technology Option 

Foil in 

roof 

R2.5 

ext 

walls 

R4 roof 

R1.5 

internal 

walls 

Low E glass in 

living zone 

16 5.2 5.4 5.6 5.9 6.4 

17 5.1 5.2 5.2 5.4 5.6 

23 6 6.1 6.3 6.4 6.7 

26 6.1 6.3 6.5 6.6 6.8 

13 5.7 5.8 5.9 5.9 6.3 

29 5.2 5.4 5.4 5.4 6.1 

184 5.2 5.3 5.4 5.6 6.2 

45 5.4 5.6 5.8 6 6.6 

901 5.3 5.4 5.6 6 6.6 

8 5.5 5.6 5.6 5.8 6.5 

902 5.7 5.8 5.8 6.1 6.6 

194 5.1 5.1 5.2 5.4 6 
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Table 7-12: Incremental increase of star rating (rounded to one decimal) by impact of 

each technology measure for each Lot 

Lot 

Star Rating Increase with Technology Option 

Foil in 

roof 

R2.5 ext 

walls 

R4 

roof 

R1.5 internal 

walls 

Low E glass in 

living zone 

16 0.3 0.2 0.2 0.3 0.5 

17 0.2 0.1 0 0.2 0.2 

23 0.2 0.1 0.2 0.1 0.3 

26 0.2 0.2 0.2 0.1 0.2 

13 0.3 0.1 0.1 0 0.4 

29 0.3 0.2 0 0 0.7 

184 0.3 0.1 0.1 0.2 0.6 

45 0.2 0.2 0.2 0.2 0.6 

901 0.2 0.1 0.2 0.4 0.6 

8 0.2 0.1 0 0.2 0.7 

902 0.3 0.1 0 0.3 0.5 

194 0.2 0 0.1 0.2 0.6 

Average 0.24 0.13 0.11 0.18 0.49 

 

Based on the average increase, each technology option produces a meaningful 

increase in the star rating.  The incremental increase that each technology option 

generates will be different depending on the order of application.  Therefore, the 

average increase determined should only be used as a guide.  Table 7.12 shows the 

average increase each technology option measure provides.  Low E single glazing is 

the most effective at 0.49 stars followed by the foil in roof, internal wall insulation and 

then the bulk insulation measures in the building envelope.  This result reflects the fact 

that bulk insulation is already present in the house design and therefore any increase 

in the R rating will have less of an impact compared to glazing, where the original 

glazing has a very poor thermal resistance.  The performance of the foil, reflects the 
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increased impact of the cooling demand on higher star rated homes, and is an 

important measure for higher star rated houses. Internal wall insulation isolates the 

living zone from the rest of the house and effectively reduces the conditioned area. 

7.3.5 Cost Analysis – Cost per star, Cost per technology option. 

Costs were determined based on retail costs not including GST.  The actual cost 

increases for each lot relates to the specific design choices and combinations of 

technology options around insulation and glazing. These design choices were made 

in order to minimise cost. Table 7.13 below shows these upgrade costs.   

Table 7-13: Cost estimates to upgrade existing designs to 6 stars ($Aus June 2009 

prices). 

Lot 
Base 

Stars 

Estimated 

Upgrade Cost 

Normalised Cost 

Total Cost/star 

16 4.9 3958 3872 3520 

17 improved 4.9 4801 6321 5747 

23 5.8 433 521 2607 

26 5.9 134 220 2199 

13 5.4 863 869 1448 

29 4.9 7880 6392 5811 

184 4.9 5516 5022 4566 

45 5.2 2678 2546 3183 

901 5.1 1422 1457 1619 

8 5.3 2243 2219 3170 

902 5.4 1469 1122 1870 

194 4.9 6404 5770 5245 

17 as 

id d 
4.9 6590 8677 7888 

Average 5.2 3150 3028 3415 
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Overall, the range of costs was large, with a minimum of $134 and a maximum of 

$7880, and the average being $3150.  This range is significant and reflects design 

choices made which affected the need for a glazing solution.  Where a glazing 

solution was not required cost increases were negligible.  Two options are provided for 

Lot 17, the as provided value represents what was advised to builders, however, this 

was able to be significantly improved on, and this value is presented.  To compare 

each house correctly, the costs were normalised to the average floor area of 171 m2, 

and the cost per star was determined 

 For example, Lot 23 has a floor area of 142m2 (see table 7.10). 

Upgrade cost/floor area   $433/142m2  =  $3.05/m2 

Normalised to Average size house 171m2 x $3.05  = $521 

 

For the 12 houses in the study the average cost per star is $3415 +/- 46%. All average 

values only consider the improved arrangement for Lot 17.   

The study assumes that a cost minimisation approach is available to the builder and 

that in the absence of being able to make specific design choices, the cost of 

upgrading, applying the measures listed in tables 7.11 and 7.12 can be conducted 

(Table 7.14).   

This costing exercise is based on applying the list of measures in full irrespective if it 

achieves a higher star rating than 6.  Based on the average of each measure the 

highest cost is clearly the glazing solution followed by foil, internal wall insulation and 

finally the external wall and roof insulation being the least costly.  This is expected as 

currently external walls and roof already are insulated, and therefore the cost is the 

cost of upgrading.   
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Table 7-14 : Cost increase of each measure for each Lot 

Lot 

Cost Increase of Technology Option, $Aus 

Foil in 

roof 

R2.5 ext 

walls 

R4 

roof 

R1.5 internal 

walls 

Low E glass in living 

zone 

16 526 213 168 478 3322 

17 358 190 53 389 2458 

23 433 77 136 422 3309 

26 320 204 100 251 3225 

13 518 87 163 539 4264 

29 743 286 202 520 4767 

184 578 276 180 498 4720 

45 550 244 173 638 4114 

901 460 239 160 582 4318 

8 475 77 71 558 3873 

902 618 101 92 750 4543 

194 530 88 78 774 4935 

Average 509 173 131 533 3987 

 

Table 7.15 presents the total cost of applying the measures with the average being 

$5334.  The average total based on normalising the cost to the average floor area of 

171 m2 was $5377 +/-12%.  This cost is significantly higher than the actual upgrade cost 

presented in Table 7.13.  This difference represents the cost minimisation process.  

Where a process of optimisation can be applied in the modelling, an average cost 

saving of $1962 or average rate of $11.47/m2 GFA can be achieved. 

This variation of the average total cost of applying the measures in Table 7.15 

represents the different choices in window/sliding door area and living room areas 

which will affect the cost.  Generally the cost variation is small for applying all the 

measures.  As shown in Table 7.11 the application of these measures delivers varying 



The Introduction and Cost Impacts of 6 Star 

 

264 | P a g e  

increases in star rating often well above 6 stars.  Table 7.15 also presents the cost of 1 

star increase for each lot with the average being $4921 +/-27%.  The variation shows 

the impact of the design and relate to the base star rating.  Although this represents 

the true cost of going from a 5 to 6 star design in practice it will depend on whether 

designers are able to implement a portion of a measure.  For example, apply R3.5 in 

the roof as opposed to R4, or apply low emissivity glass to some of the glass doors and 

windows in the living zone. Figure 7.13 presents the average normalised cost of each 

measure together with the star increase this measure delivers.  A description of the 

measure is presented in Table 7.16.  The figure shows that the trends of cost and star 

increase are essentially identical with the foil and internal wall insulation measure 

providing higher star increases at higher costs than external wall and roof insulation.  

Table 7-15:  Total cost and total normalised cost to a 171 m2 floor area. 

Lot Total Cost 
Normalised Cost 

Total Cost/star 

16 4708 4605 3070 

17 3448 4540 6486 

23 4377 5276 5862 

26 4100 6747 7497 

13 5571 5609 6233 

29 6518 5287 4406 

184 6251 5692 4378 

45 5718 5438 3884 

901 5759 5902 3935 

8 5054 5000 4167 

902 6103 4663 3886 

194 6404 5770 5245 

Average 5334 5377 4921 
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What the graph also highlights is that once insulation solutions are exhausted a 

significant increase in cost occurs with the implementation of the glazing solution.  This 

cost is particularly relevant to poor house designs, as glazing solutions are the only 

alternative technology option to achieving higher star ratings. 

 

 

Figure 7-13 Normalised cost and star rating increment of each measure, as defined in 

Table 7.15, for a 171 m2 floor area house. 

 

Table 7.16 presents the star increase each measure delivers per $1000 of cost.  What it 

shows is that increasing external wall and roof insulation are the most cost effective 

measure followed by adding foil and internal wall insulation and finally the glazing 

solution.  

This result shows that although internal wall insulation and foil are of low cost, they are 

an addition as opposed to an upgrade and therefore are less cost effective than 

external wall and roof insulation measures.  The glazing solution is significantly less cost 

effective than the insulation solutions. 
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Table 7-16:  Star rating increase per $1000 for each measure in Fig 7.16 

1 Foil in roof 0.48 

2 R2.5 ext walls 0.69 

3 R4 roof 0.82 

4 R1.5 internal walls 0.35 

5 Low E glass in living zone 0.12 

   

 

A retail market based approach was used in costing the various material and 

technology combinations modeled to improve the star rating. Suppliers and 

subcontractors in the SA building home market who were willing to provide indicative 

supply prices at a retail price i.e. without any mark downs that can often be 

negotiated by volume purchases or companies using long term customer relationships 

as price bargaining leverage. Therefore it could be said the figures used in the analysis 

may slightly overstate the increased cost effect of additional measures or higher 

specification in the houses variations.  

Appendix I (tables A.1 and A. 2) presents the list prices as provided by company A for 

various batt sizes and foils, and companies C, D and F for windows with a discount 

incorporated.  A survey of prices in a major hardware store showed a discount of 46% 

for batts and a discount of 62% for foils (ignoring GST).  These are discounts from normal 

retail prices and it was explained by Company A, that volume home builders would 

achieve an additional 10% discount.   Appendix I also provides installation prices at 

the prevailing labour rates that were consistent with current construction cost data 

publications such as Rawlinsons (2010) at the time of the study. 
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7.4 Chapter Conclusions 

With the adoption of the 6 star energy efficiency rating for houses, the cost 

implications need to be analysed.  The study of Adelaide houses shows a range of 

indicative costs at an average of cost increase to achieve 6 stars of some $3,150. 

Given average house and land package of $290,000 this represents a low order of 

cost increase for a housing consumer with anticipated benefits of greater thermal 

performance built into the house. 

Integrated with this issue is the development of an effective methodology by which 

designers can readily achieve 6 stars. A 5 step approach was investigated which 

involves applying various insulation options and then applying the lowest cost glazing 

option.  Applied as a guide this was used on 12 house designs upgrading the designs 

to 6 stars, through an optimisation process aimed at minimising cost.  The variation in 

the original base star rating was a single star rating, which reflected the impact of the 

design modification.  Whilst the average cost increase to achieve 6 stars for all designs 

was $3150, a significant range in cost increase occurred, from $134 to $7880 due to 

the required application of various technology options.  The principle cost increase is 

the application of the new glazing solution, low emissivity glass.   

The most cost effective measure was increasing bulk insulation in the external walls 

and roof, however this was due the associated costs only being an upgrade cost.  

Applying reflective foil in the roof together with internal wall insulation was the next 

most cost effective option achieving 0.24 and 0.18 increase in stars.  The most effective 

increase in star rating was the glazing option increasing the star rating by an average 

of 0.49. In this study basic design modification principles were identified which can 

mitigate the costs associated with upgrading to 6 stars.  Consequently, together with 

the technology options currently available, the cost increase to 6 stars can be 

described as modest or minor. 
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8  Existing housing, retrofitting and NatHERs performance  

In the context of the earlier examination of the challenges around existing house 

energy labelling, in this thesis, and the work on establishing cost effective 

improvements from 5 to 6 star for new housing it was felt an appropriate final chapter 

to include a useful but limited study on the costs to upgrade energy inefficient houses 

that are widespread. Here the research challenge is framed by the question as to 

what are the key design elements, materials and their associated costs that contribute 

to greater building shell thermal performance in the upgrading of existing older house 

There are a range of modifications and improvements that can be retrofitted into 

older existing houses to improve their energy performance. Different costs are 

associated with different types of improvements to bring older homes typically rated 

from 1- 3 stars up to the code minimum of 6 stars and beyond. 

 

8.1 Potential for upgrading and approach to applying building shell upgrades 

There is great potential for energy savings in household space heating and cooling in 

existing Australian homes. The proportion of households with heating and cooling 

systems and their demand has increased recently (Saman et al. 2013). Data from the 

Australian Bureau of Statistics for 2008 (ABS 2008) shows that about 65% of dwellings 

have either refrigeration-based or evaporate-based cooling systems. Comparison 

with data from 2005 shows there has been an increase of 2.1% of cooling equipment 

installed. This growth is expected to increase in the future, given that the number of 

days where cooling is used is expected to also increase, as it is predicted that many 

Australian climate zones will become cooling dominant by 2050 (Saman et al. 2013). 

Existing Australian homes come in all shapes and sizes and are renovated to various 

thermal standards, so it is not easy to compare costs and outcomes accurately. These 

figures depend on several assumptions, such as the expected life of the renovations; 

whether discount rates are used to calculate future benefits arising from fuel saving; 

what the energy consumption of the building was prior to renovation; and what 

expenses are counted as relevant to the renovations. 
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8.1.1 Benefits of Insulation 

Insulation acts as a barrier to heat flow and is deemed essential for adequate thermal 

performance of the building shell. For existing houses though the levels of insulation 

are often unknown or inadequate due to deterioration and decay. Only in recent 

decades has insulation become effectively mandatory as part of performance 

requirements of the building code and the appropriate degree of insulation for any 

house depends on climate, building construction type, and whether auxiliary heating 

and/or cooling is to be used. Figure 8.1 below shows values for typical reductions in 

heating and cooling requirements in houses in temperate zones.  

 

Figure 8-1: Insulation Benefits in homes Source: Sustainability Victoria. (2008)  

As reported by Cormack (2016) a more recent study considered three different home 

types in Australia and New Zealand; single-storey, double-storey and semi-detached. 

The construction types modelled in the study reflected the type typically used by high 

volume builders in each capital city. According to the authors there is a huge potential 

for a very large number of Australian homes, which currently have insufficient 

insulation citing the benefits of insulation "should last the life of the building with 

minimal maintenance, unlike heaters and air-conditioners which need to be serviced 

and eventually replaced" The report argues that, on average, ceilings in most 

Australian homes require a 50 % increase in insulation, while walls need up to 35 % 

more, in order to achieve optimum saving potential. Additional insulation would 
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become even more cost-effective if energy prices increased above the forecast 

prices used in the study, thereby shortening the payback period.  

A New Zealand a study ( Chapman et al. 2009)  points to the compelling value for 

money of improving housing quality by retrofitting insulation whilst considering as wide 

a range of benefits as possible, including health and environmental benefits, when 

assessing the value for money of an intervention to improve housing quality.  

 

8.1.2 Leaky houses and Air-Infiltration  

Heat loss and air infiltration is a known cause of poor thermal building shell 

performance in existing houses. An airtight building has several positive impacts (DoE 

2011) when combined with an appropriate ventilation system (whether natural, 

mechanical, or hybrid): 

• Lower heating bills due to less heat loss, with potentially smaller 

requirements for heating and cooling equipment capacities 

• Better performing ventilation system 

• Reduced chance of mold and rot because moisture is less likely to enter 

and become trapped in cavities 

• Fewer drafts and thus increased thermal comfort 

In warmer climates, the effect of air leakage is less significant and, thus, incorrect air 

leakage inputs for energy simulations are less likely to produce erroneous results that 

will significantly affect a building’s design. In heating-dominated climates, the effect 

of inaccurate air leakage modelling can have a significant impact on predicted 

energy use and a designer’s understanding of the building’s expected performance. 

Typically, input values are lower than actual envelope air leakage. This may result in 

significantly more energy use than predicted by energy models. 

There are two different testing methods to calibrate building air-tightness and air 

change rates for houses (a) fan pressurization and (b) tracer gas dilution methods. By 

far the simpler and more cost effective is the fan pressurization method (FPM) also 
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known as a door-blower test which combined with thermal imaging can be used to 

identify major points of air leakage in the building. 

CSIRO (2015) conducted an Australian House Energy Efficiency Inspections Project 

where it was found that almost half the houses tested were above 15 ACH@50Pa 

which is considered the upper mark for a newly constructed house in Australia. Several 

houses recorded air change rates above 30 ACH@50Pa which is common amongst 

old poorly sealed houses. The problem of poorly sealed older housing stock is evident 

in an assessment of the Energy Efficiency potential of Victorian Homes (Moreland 

2010) with typically low i.e. below 2 star ratings in NatHERs. Each older home in the 

study had its own unique characteristics however common sources of air leakage that 

were identified included; 

• Open fireplaces with ineffective seals 

• Exhaust fans without dampers 

• Recessed downlights 

• Wall vents 

• Door and Window perimeters with inadequate seals  

• Wall mounted air conditioning units   

The cost of both labour and materials to seal these sources of air leakage were 

estimated in a range from $424 to $1098.  

The Air Infiltration and Ventilation Association of Australia has started a National 

Database of Australian Building Air Tightness Tests (AIVAA, 2016) as an initiative to 

gather blower door test results from Australian buildings so that they can be 

disseminated, (a) to improve cost-effectiveness of studies of Australian building 

infiltration; (b) to provide benchmarks for buildings to compare themselves to others 

and (c); to provide data for regulators, researchers, and policy makers, to guide 

effective regulation. 

This could be considered under any scheme of mandatory disclosure for older homes, 

where NatHERs currently does not consider a variable air infiltration rate but could be 

adapted to provide a range of settings for air infiltration appropriate to the subject 

property. 
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8.1.3 Glazing and Window treatments 

Older homes suffer from a variety of issues with glazing units as glass has only in more 

recent times become subject to testing and evaluation. Homes older than 50 years 

often have thin float type glass in thin metal or timber frames and lacking shading 

devices and the like. The type of frame has an impact on the thermal performance of 

the glazing units. Frame colour normally has lesser impact. The glazing system U-value 

and the Solar Heat Gain Coefficient (SHGC) are the two key indicators of window 

energy performance. The U-value indicates how much heat will be lost through a 

window whilst the SHGC measures the amount of solar energy that pass through the 

window into the interior. Solar heat gain is good in the winter, whilst it reduces the load 

for the building’s heating requirement. In the summer, however, added solar heat 

increases the cooling load. Therefore, windows for colder climates should have higher 

SHGC, whilst warmer climates should have lower SHGC. 

 

 

8.2 Study improving older SA homes to 6 star and higher 

This study performed house energy assessments on six typical houses located within 

the Adelaide and Adelaide Hills climate zones. Details of the houses, simulation tool, 

and assumptions made to create base case (as built) models and the cost of 

retrofitting are discussed in the following sections, together with base case NatHERs 

star ratings. (Refer Appendix G for sample of house upgrade modelling).  

8.2.1 Selection of Houses Simulation Tool and Scenarios Modelled 

This study selected six houses that were constructed between the 1930s and mid-

1990s. These were deemed typical of the 1930s, 1950s, 1960s, 1970s, 1980s and 1990s 

eras as determined by both real estate and house energy rating experts. Five of the 

houses examined were built in the Adelaide climate zone, whilst one (1930s) was built 

in the Mt Lofty (Adelaide Hills) climate zone, to demonstrate the difference in thermal 

energy required and star rating. Note that each house is single-storey and relatively 

small compared with more modern houses, in terms of floor area. 
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FirstRate5 v5.2.2 was selected to predict the energy performance of the six houses. 

The simulations compared the ‘as built’ base case scenarios, to various retrofitting 

options know to improve thermal shell performance. Note that a very large 

(thousands) of retrofitting options are possible, however this study only focused on 25-

30 simulations per house, given the time required to adjust the models and perform 

the simulations.  

Fig. 8.2 shows a screenshot of the ‘Plan’ tab of the FirstRate5 software tool, for the 

1950s house. This gives an overview of the house floor plans and the eaves associated 

with the dwelling. Various zones, for example living, bed and others are indicated by 

the various colours. 

 

Figure 8-2: Screenshot of FirstRate5 simulation tool, showing the model of the 1950s 

house. 

Each house was simulated using FirstRate5, and each base model was built from 

scratch based on information obtained from floor plans, such as size and height of 

windows and doors, eave projection etc., and Google Maps, such as house 

orientation. All other details required to complete the house models were assumed, 

as listed below.  
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Table 8.1 summarises the FirstRate5 input parameters, including the climate zone, and 

the predicted output, i.e. the normalized thermal energy required to maintain thermal 

comfort and the corresponding NatHERs star rating. 

• Roof insulation is ‘added bulk’ type, and did not exist in any house 

except 1978 and 1980, which has R1 installed, 

• Roof colour is medium in solar absorbance terms, and roof pitch is 26°, 

with respect to the horizon,  

• External walls were brick cavity, 

• Wall insulation to be modelled in external walls only, and is ‘polyurethane 

rigid foamed aged’ and ‘foam’ types, 

• Ceiling and floor insulation are single layer of single-sided (SS) foil,  

• Ceiling, roof and walls are assumed accessible, for the purposes of 

installing insulation, 

• Ceiling fans do not exist in any house; those added as retrofits are 

1200mm in diameter, 

• Only house 1996 had weather stripping installed when constructed,  

• All external windows and sliding doors are single-glazed. 

      

Table 8-1: FirstRate 5 input parameters and base case predicted thermal energy 

requirements and NatHERs star ratings.   

( The higher base case star ratings for the 1978 and 1980 houses is likely attributed to 

the installation of R1 roof insulation, whereas the remaining houses were assumed to 

have no roof insulation fitted at the time of construction.) 

* Refers to window type in table 8.2 

Note all costs are 2016 year costs as this is the study year. 
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Table 8.1  Base houses Parameters      

Year of 

construction 

Suburb Floor Area 

(m2) 

Window 

Area (m2) 

Roof 

Insulation 

NatHERs 

Climate 

Zone 

Thermal 

Energy 

(MJ/m2) 

NatHERs 

Star Rating 

1930s Bridgewater 109.4 22.7 - 59 (Mt 

Lofty) 

953.0 1.1 

1950s North 

Plympton 

91.1 18.5 - 16 

(Adelaide) 

384.2 1.6 

1967 Hackham 87.7 18.5 - 16 

(Adelaide) 

412.0 1.4 

1978 Aberfoyle 

Park 

99.0 17.5 R1 16 

(Adelaide) 

289.6 2.5* 

1980 Happy Valley 106.4 26.4 R1 16 

(Adelaide) 

246.8 2.8* 

1996 Marleston  107.0 26.0 - 16 

(Adelaide) 

448.7 1.2 



8.2.2 Retrofitting Cost Estimation 

8.2.2.1 Window Costs  

A summary of the window types used in the house simulations performed in this study 

are shown in Table 2, along with a brief description of its construction / glazing 

arrangement, i.e. whether they are single-glazed (SG) or double-glazed (DG); the total 

window system solar heat gain coefficient (SHCG) and heat transfer through the 

window (Uw) value; and the estimated supply and installation cost. Note that it was 

assumed that aluminium framed clear SG windows were installed in all houses before 

any upgrades were simulated, which forms the base case*. Although these windows 

have an associated cost of $310/m2, it is assumed that there is no additional cost for 

these.  

Table 8-2: Window properties and retrofit cost. * indicates assumed window type for 

base cases of all houses. Uw and SHGC values are software default values. 

Window type Description Uw-

value 

SHGC Cost ($/m2) 

*ALM-001-01A Aluminium A SG Clear 6.7 0.57 310* 

ALM-005-03A Aluminium A DG Argon Fill High 

Solar Gain low-E -Clear 

4.1 0.47 570 

ATB-006-03 B Aluminium Thermally Broken B 

DG Argon Fill High Solar Gain 

Low-E-Clear 

2.9 0.51 680 

CMP-005-04 I Composite A DG Argon Fill Low 

Solar Gain low-E-Clear 

2.2 0.32 840 

FIB-006-03 W Fiberglass B DG Argon Fill High 

Solar Gain low-E-Clear 

2.0 0.31 1,150 

PVC-006-03 W uPVC B DG Argon Fill High Solar 

Gain low-E-Clear 

2.0 0.31 870 

TIM-006-03 W Timber B Argon Fill High Solar 

Gain low-E-Clear 

2.0 0.31 620 
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8.2.2.2 Insulation Costs 

Table 8.3 lists the estimated total cost of the various types of ceiling, floor, roof and wall 

insulation used in the modelling; these also include the cost for materials and 

installation. Note that the ceiling and floor insulation costs shown are for a single layer 

of single-sided (SS) foil, whilst that in the roof and walls is ‘added bulk insulation’ and 

‘polyurethane rigid foamed aged’ types, respectively.  An appropriate allowance for 

waste, cutting and any overlaps where required is included in these indicative rates. 

     Table 8-3: Various insulation retrofit costs; all costs are shown in $/m2.  

Insulation Ceiling 

(SS) 

Floor 

(SS) 

Roof Wall 

R1 3.00 4.00 5.40 10.30 

R1.5 3.75 4.75 - 11.20 

R2 3.82 5.40 6.15 15.60 

R2.5 - - 6.65 18.00 

R3 4.40 5.80 6.95 22.50 

R3.5 - - - 24.70 

R4 5.10 6.10 7.15 30.00 

R5 5.53 6.55 7.88 - 

R6 6.00 7.00 8.40 - 

 

 

8.2.2.3 Other Retrofitting Costs 

In addition to window and various insulation upgrades, the simulations also examined 

the effect of installing ceiling fans, in living and bedrooms, and weather stripping to 

external doors and windows. The installed costs of ceiling fans varies between $500 

and $700 for small to large rooms, and does depend on existing wiring and suitable 

access to roof / ceiling spaces. In this study, it is assumed that all ceiling fans are 
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1200mm in diameter and that these are installed where lighting infrastructure exists. As 

such a cost of $500 is assumed per ceiling fan in each house. 

The cost associated with the supply and installation of weather stripping to external 

windows and doors also varies with the size of the house. It is assumed that this cost 

varies with size, therefore the cost to retrofit small (floor area less than 120m2), medium 

(120-200m2), and large (greater than 200m2) houses is $500, $750 and $1,000, 

respectively. As each house is less than 120m2, these all attract the same cost of $500 

per house. Note that only the 1996 house shown in table 8.1 had weather stripping 

installed during its construction, whilst those constructed prior to this did not.  

 

8.2.3 Thermal Energy Improvement to Retrofitted Houses  

The estimated cost vs. predicted thermal energy load required to maintain thermal 

comfort (MJ/m2) is shown for 25-30 simulations for each house in figure 8.3. These 

scatter points cover a variety of retrofit options, including the base cases, which are 

shown for a retrofit cost of $0 (along the x-axis, within the green dotted box). The figure 

shows that each house shows a similar trend that retrofit cost is inversely proportional 

to thermal energy requirement to a certain point equivalent of approximately 4 stars. 

The outlier is the 1930s house, which shows a similar trend, however this occurs at higher 

predicted thermal energy requirements, which is a reflection of the vast typical 

meteorological conditions experienced in these climate zones. This is highlighted by 

the vertical solid and dashed lines, which represent the star rating bands ranging from 

1 to 8 for the Adelaide and Mt Lofty regions, respectively.  

To compare each house on a level playing field, the same data is shown as a function 

of NatHERs star rating in Fig. 8.4, which normalizes the effect of varying climate zones. 

The figure now shows that each house, including the 1930s house, has a similar star 

rating improvement and that it is now possible for each house to achieve a rating of 

6 stars, which corresponds to the NatHERs requirement for new houses; shown by the 

vertical dashed line.  
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Figure 8-3: Retrofit cost vs. predicted thermal energy load for each house.  

Note that the vertical dashed and solid lines represent star rating bands (1-8) for the 

Mt Lofty (MtL) and Adelaide (ADL) climate zones, respectively. The dotted green box 

shows the base case predicted thermal energy.  
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Figure 8-4:  Retrofit cost vs. predicted star rating scatter and trendline for each house. 

Data corresponding to the base cases and those where ceiling fans and weather 

stripping were installed are shown by dotted and dash-dotted boxes, respectively. 

*1996: effect of ceiling fans only. 

A colour-coded trendline is shown for each house that gives an indicative cost to 

achieve a desired star rating, with a degree of confidence, as the coefficient of 

determination (R2) varies between 0.69 and 0.75 for all houses. Note that this R2 value 

would likely approach 1, if some of the higher cost options were removed, given that 

each house suggests that the same star rating can be achieved by spending up to an 

additional $12k. The scatter also shows that a small increase of star rating (up to 0.7) 

can be attained for a relatively small cost of about $1k. These indicate that an 

optimized approach, or suggested path, can be taken to ensure that the highest star 

rating is achieved for the least cost.  
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8.2.4 Suggest Pathway to Reduce Thermal Energy Requirements 

Fig. 8. 5 (a) and (b) shows the same data as Fig. 8.4, however, the retrofitting costs of 

Fig. 8 .5(b) are now shown as a function of predicted thermal energy saving compared 

to the base case, which normalizes the results given the variation in base case thermal 

energy requirements and hence star ratings. The data again show that there are 

multiple methods to achieve the same energy saving, for vastly different costs as 

shown by the vertical solid boxes. This shows the effect of varying only the types of 

double glazed windows between composite, fiberglass, timber and PVC, whilst 

maintaining other parameters. This is explained by recalling Table 2, which shows that 

each of these window types have similar Uw-values and SHGCs, which results in the 

same thermal predicted energy requirement and star rating, yet the estimated cost 

($/m2) varies considerably. Overspend on expensive windows for little performance 

improvement is an issue, particularly the less commonly used Composite, Fiberglass 

and PVC types.  



 

 

Figure 8-5: Retrofit cost vs. (a) NatHERs star rating, and (b) predicted thermal energy saving scatter for each house.  
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Note that the solid vertical boxes show the effects of installing different double-glazed 

window types, whilst the dashed red boxes show the effect if increasing insulation R-

values.  

The horizontal dashed boxes demonstrate that there are alternative options that 

predict a higher energy saving for only a marginal increase in cost. These show the 

effect of simultaneously increasing the ceiling, floor and wall insulation, whilst 

maintaining a certain window (Fiberglass) type. Although both the horizontal and 

vertical boxes of figure 8.5 (a) highlight the effects of varying various insulation and 

window types, respectively for the 1980 and 1996 houses, the same type of  groupings 

can be found for each house, based on other window types.  

It is therefore recommended to select a low-cost window option with low Uw-value 

and SHGC over higher cost windows that offer no additional thermal performance 

improvements, and to increase the insulation R-value in the ceiling, floor and walls. The 

combination of these two measures effectively maximize thermal resistance (and 

hence minimise the heat transfer) of the surface area of the internal spaces. It is 

recommended that double-glazed windows are used together with external wall, 

ceiling and floor insulation, to reduce the thermal and ultimately auxiliary energy 

(provided by space heating or conditioning devices) required to maintain thermal 

comfort. This concurs with the conclusions reported in the study to improve ratings to 

six stars reported in Chapter 7 (Belusko & O’Leary 2010) and other published work by 

the author (O’Leary, Belusko & Bruno 2010) 

8.3 Chapter Conclusions 

A study is presented of the cost of retrofitting and improving the energy efficiency of 

existing small, single-storey houses in South Australian that were built before the 

introduction of minimum energy performance standards.  Six houses were modelled in 

the Adelaide and Adelaide Hills climate zones and 25-30 improvements were 

simulated for each house significantly improved the base case star rating and 

improved the energy efficiency of the house’s envelope. The following conclusions 

were made, that may be used as a guide to improve existing houses rather than 

extending or demolishing and rebuilding these: 
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• Houses built before the introduction of minimum performance standards have 

low star ratings ranging between 1 and 3, and houses constructed closer to the 

introduction of these standards did not perform any better.  

• Each house was able to be brought up to the current minimum energy 

performance standard, for a cost between $15k and $23k; equivalent to an average 

cost ($/m2) of between $150 and $230. Going from an average of 1.8 stars to 6 stars 

for an average cost of $19K represents an approximate cost of $4,500 per star. 

• In many cases the star rating of each house could be further improved beyond 

6 stars, by spending additional money on higher R-value insulation in external walls, 

ceiling, floor and the roof.  

• An indicative cost of retrofitting houses to achieve a desired star rating can be 

estimated, with confidence.  

• There are multiple ways to improve the energy efficiency of existing houses, and 

a suggested path / optimised approach can be taken to reduce the cost of 

retrofitting, whilst maximising the star rating of each house. 

• Due to the high variability in the cost of different types of double-glazed 

windows, the benefit of some higher cost window types is negligible or marginal, yet 

can result in significant overspending.  

The broader conclusions of focus on insulation, glazing and air sealing are aligned with 

the study and the introductory discussion on the potential for retrofitting homes. The 

finding of $4,500 upgrade per star aligns with the 5 to 6 star incremental costs when 

one considers the cost penalties that apply to renovation works over new construction.  
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9  Summary of Research findings, Conclusions and 

Recommendations 

9.1 Research Tasks and Findings 

The research project was divided into a number of sub-tasks as follows: 

Task 1: Investigate sustainable housing, passive design and energy efficient housing in 

an Australian building industry context. 

Task 2: Examine housing energy efficiency policy initiatives and the national framework 

for energy efficiency in buildings  

Task 3: Examine current residential energy efficiency building code regulations and 

compliance pathways.  Examine the NatHERs pathway in post occupancy evaluation. 

Task 4: Examine house ratings and models of housing energy performance disclosure. 

Task 5: Investigate home builders and industry adoption of the 6 star standard. 

Task 6: Investigate the capital cost implications of 6 star compliance. 

Task 7: Investigate the costs of retrofitting to improve NatHERs star rating. 

  

9.1.1 Task 1: Investigate energy efficient and passive design in residential buildings 

The first task involved examining the housing market and energy performance 

literature to develop an understanding of how, when and where energy is used in 

residential buildings. The literature review in chapter 2 describes a housing industry that 

is fragmented however with large players dominating and influencing the volume 

housing market. The trend to larger homes has peaked in 2008-2009 whilst Australian 

housing and household occupancy which is low on average is predicted to remain 

stable at 2.6 persons per household. Australians are building more apartments and 

overall the housing stock is increasing as the population continues to grow. Housing 
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continues to be a major source of energy demand. 

The task involved determining some key design approaches, technologies and 

behaviours that can be employed to improve energy performance. Passive energy 

design and sustainability principles are at the core of good design for thermal comfort 

and that’s what people want in a house. There is a broad general agreement of the 

attributes a sustainable building should embody, even if there is still not consensus on 

the exact weightings for specific features. For energy efficiency the key considerations 

are Orientation, (solar gain), High performance glazing, Shading, Insulation, Air 

changes (building sealing) and Thermal mass. 

With houses on smaller blocks and higher densities in our cities the issue of layout and 

solar orientation will increasingly dominate planning and design considerations. A 

thermal simulation such as NatHERs is a far superior method of providing effective 

feedback on design choices and solutions to achieve optimal shell efficiency leading 

to more thermally comfortable homes.   

9.1.2 Task 2: Examine housing energy efficiency and policy initiatives 

From the literature review and stakeholder comment it can be concluded that dealing 

with climate change, climate variability and future scenarios is see as problematic.   

The Paris COP agreement has re-ignited national concerns around greenhouse gas 

abatement and climate change adaption. There are now firm energy reductions 

targets for the building sector. Policy and regulation has brought effective change in 

moving to more stringency in building energy regulation and consumer initiatives 

though reaching a consensus on which measures to adopt is not always easy. Builders 

tend to have an aversion to regulation whereas the climate change imperative leads 

to a drive to include performance. One key consideration is the question of how can 

you measure performance. 

A stakeholder analysis of the national building energy framework established a 

number of key issue to be addressed by policy makers and regulators. The analysis 

reveals a general support for the National Construction Code of Australia as the 

principle mechanism for implementation of building energy efficiency performance, 
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though with debate and disagreement on the various software tools and ratings 

systems currently in use. It was generally held that any new assessment and rating tools 

must be flexible enough to accommodate both new and existing buildings, innovative 

materials and systems development, and should be able to provide assessment details 

for buildings under the requirements of the government’s proposed future Mandatory 

Disclosure Initiative.  

 

9.1.3 Task 3: Examine NatHERs, building regulations and compliance pathways 

The third task involves examining the specific measures that are required of building 

regulatory instruments such as the National Construction Code. Interviews with Energy 

Assessors and Building Private Certifiers (Building Surveyors) and reports showed a 

complexity and in interpretations.  This is not helped by the degree of state variations 

and concessions across the housing stock. The NatHERs scheme is the nationally 

adopted scheme for Australian housing regulation and The Lochiel Park and ML study 

shows the variation but overall lowering of demand.  When unpacking the results of 

NatHERs into separate heating and cooling load comparisons the study revealed that 

the correlation with heating was the least as it associated in South Australia with a 

longer season of thermal comfort demand. That cooling matched very well, but these 

results are based on a statistically small sample set in just one climate zone. It should 

be noted that in the larger Australian CSIRO study conducted in 2013 evaluating the 

5 star introduction the finding was inconclusive around the lowering of energy for 

cooling in higher rated homes, though generally Australian houses of 5 stars and 

above are seen to be performing far better than earlier built home in heating demand. 

A review of the application of NCC energy efficiency requirements for alterations and 

additions to Class 1 and 10 buildings found that there is confusion and inconsistency in 

how requirements apply in each jurisdiction throughout Australia and choices of 

compliance can be influenced by costs and commercial realities. However with an 

increasingly difficult to interpret set of elemental provisions and increase in more skilled 

NatHERs assessors, over 70% of assessments are now via software modelling, this figure 

coming from NatHERs governance reviews and aligned with the survey in this research 
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which reports a large number of simulated energy compliance assessments. NatHERs 

has been shown to have evolved into a very powerful tool in both regulation mode 

and as an aid to house designers and builders wanting to achieve optimal energy 

efficient housing outcomes. This contrasts with the early years of the scheme prior to 

the introduction of 6 stars when it had detractors and hostility from house builders. 

9.1.4 Task 4: Examine models of housing energy performance disclosure 

The fourth task addresses the problem of how energy performance in housing is 

actually disclosed. In Australia despite the COAG announced initiatives it is still only 

the small territory of the ACT that operates a residential mandatory disclosure scheme. 

The ACT scheme is based on NatHERs ratings which is an evaluation of the building 

shell performance. This approach to disclosure models based on the NatHERs 

approach is shown in a study of SA houses as superior to any rating that is based on 

consumption due to the wide variability in occupancy behaviours. It can be argued 

that human behaviour becomes a more significant factor in milder climates whereas 

the building envelope is more important in harsher climates. The modelling describes 

the use of billing data in energy disclosure as fundamentally flawed as a measure of 

the thermal performance of the house, though such data may be useful as secondary 

verification in energy disclosure schemes. 

There is still evident a non-consistent national approach and debate and confusion as 

to what a house energy disclosure scheme should cover and how it operates and 

there is not a great deal evident in either the regulation impact study or policy 

development processes of much in the way of learning from overseas models of 

mandatory disclosure. Mandatory disclosure tools that exist for new housing and 

regulation of standards for new housing exist both nationally and internationally 

however how they  might be adapted for rating existing housing stock or whether it is 

fact desirable to use such existing tools and what the benefits are to their use is still ill-

defined. However, modelling tools such as AccuRATE, provide an independent 

assessment of the building, and improvement options and therefore has potential in 

any future scheme 

Given the energy regulation Framework study in chapter 3 was conducted in 2011 the 
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later analysis in Chapter 6 details more recent state based developments in this area. 

These have the potential to do much good in an area that is overlooked despite 

compelling evidence of the poor performance of the existing housing stock. Current 

proposals for voluntary disclosure schemes have been released by both NSW and 

Victorian state governments. These mooted schemes are still embryonic and have yet 

to be implemented with vested interests in the real estate industry adopting and 

cautious approach. The key requirements for such schemes are reliability and 

repeatability, benchmarking and communication. 

9.1.5 Task 5: Review builders and industry adoption of the 6 star standard 

A survey of the home building industry in the temperate zones mainly SA and QLD 

provides useful feedback on the one group that actually make the finished product , 

that is a house that performs to 6 star minimum. No major or significant industry 

disruption was evident or supply constraints or price and market failures. There was 

evidence that builders can adapt to a regime that focuses on more energy efficient 

designs and housing products cheaper than expected. 

The key elements identified were glazing, cladding and insulation however most 

elements of a house have some connection to energy use. No specific problems with 

trades unable to perform to the required standard. Builders felt that whilst at least 80% 

of their clients had some limited awareness of the design options available to 

achieving energy efficiency 1 in 5 had no understanding or appreciation. 

Builders reported that small tight blocks can present a problem due to unfavourable 

orientations and there was an acceptance that some designs would simply not cut it 

at the level of 6 stars. Opinions varied as to what was seen as an appropriate minimum 

code rating level were 30% felt the then current 5 stars was the optimum , 50% though 

were accepting of the 6 star setting or above and others more strongly advocating 

for a higher level. 

The ‘extra over’ cost to build to 6 star was reported in a range of mainly 1-5% typically 

$2000- $8000 based the average value of homes they are building. This figure can be 

compared to the 6 star RIS modelling which gives an estimate of $2788 as the required 
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capital outlay for compliance with the 6 star regulation and with the study results 

incorporated in the next key research task of this thesis. 

9.1.6 Task 6: Investigate the capital cost implications of 6 star compliance 

12 house designs typical of the housing options available from a number of builders 

engaged with a volume development were modeled for energy rating and priced to 

upgrade building shell elements to achieve a 1 star improvement from the pre-existing 

lower threshold of 5 stars. 5 to 6 star represents an anticipated 23% reduction in heating 

and cooling  so expenditure on improving the building shell is anticipated to yield 

future benefits in energy saving the value of which were not modelled as this is not a 

CBA exercise. 

The most cost effective measure was increasing bulk insulation in the external walls 

and roof, however this was due the associated costs only being an upgrade cost.  

Applying reflective foil in the roof together with internal wall insulation was the next 

most cost effective option achieving 0.24 and 0.18 increase in stars. The most effective 

increase in star rating was the glazing option increasing the star rating by an average 

of 0.49 but this was the most costly. In this study basic design modification principles 

were identified which can mitigate the costs associated with upgrading to 6 stars.  

Consequently, together with the technology options currently available, the cost 

increase to 6 stars can be described as modest or minor. The average cost to go from 

5 to 6 stars was found to be $ 3,150 which compares favourably with a study in 2012 

that modelled the average as $3,500 and the advice from home builders obtained in 

survey in task 5 that expressed additional cost of 6 star in a range of $2000 - $8000. 

Whilst the RIS modelling of additional capital requirements to go from 5 to 6 star was 

heavily focussed on comparing the costs of the two alternative compliance 

pathways, it to report lower order costs of just under $3000 to build to the new level. 

What was disappointing at the time was that the Builder organisations such as the HIA 

did not accept this and instead promoted a severe underestimation of the direct and 

indirect costs of the proposed 6-star requirement in the RIS which this and other studies 

disprove.  
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9.1.7 Task 7: Investigate the costs of retrofitting to improve star rating 

This task involved modelling older houses built before the introduction of minimum 

performance standards have typically low star ratings ranging between 1 and 3 as 

found in other studies. In this relatively small sample houses constructed closer to the 

introduction of these standards did not perform in energy rating any better than those 

built 40 -50 years ago.  Each house was able to be brought up to the current minimum 

energy performance standard, for a cost between $15k and $23k; equivalent to an 

average cost ($/m2) of between $150 and $230. 

In many cases the star rating of each house could be further improved beyond 6 stars, 

by spending additional money on higher R-value insulation in external walls, ceiling, 

floor and the roof.  There are multiple ways to improve the energy efficiency of existing 

houses, and a suggested path / optimised approach can be taken to reduce the cost 

of retrofitting, whilst maximising the star rating of each house. An indicative cost of 

retrofitting houses to achieve a desired star rating can be estimated, with confidence. 

Due to the high variability in the cost of different types of double-glazed windows, the 

benefit of some higher cost window types is negligible or marginal, yet can result in 

significant overspending. 

 

9.2 Conclusions 

The starting point of this research project that has spanned 7 years had been a 

declaration at the highest level of Australian government for the introduction of two 

specific measures related to housing, namely 6 star stringency for new housing and 

mandatory disclosure for existing housing. It is hard not to conclude that the 

Government Ministers were right to identify reductions in energy emissions in the built 

environment as not only a key plank in the government's climate change strategy, but 

also capable of delivering significant economic benefits for housing consumers.  

Over the course of this research and with the implementation of 6 star the energy 

performance, new housing performance has come a long way, some would say not 
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far enough.  Considering that regulation for better building standards and building 

shell construction that delivers thermally comfortable housing is just over a decade old 

the achievement of 6 star introduction should not be underestimated. More recent 

events in South Australia around electricity generation and supply pointing to a more 

disrupted energy market and increasing energy costs faced by residential consumers 

brings sharply into focus the improvements made and the goal of further 

improvements to come. 

Thermal comfort is important to housing occupants whether in the more temperate 

climate regions or harsher environments. Annual energy consumption levels for 

heating and cooling requirements appears to be stabilising if not slightly decreasing 

based on the latest research however the shell efficiency contribution to this reduction 

is largely unknown as the one CSIRO evaluation of 5 star was inconclusive across a 

range of test scenarios.  Current housing designs in Australia appear to have more 

enhanced winter than summer performance which is a concern as the number of 

warmer days is increasing and heatwaves have particularly bad impacts both on 

health and productivity of occupants as well as network peak demand infrastructure 

failures and market disruption. 

 

Residential Energy Efficiency Mandatory Disclosure at point of sale and lease 

appears achievable across Australian jurisdictions based on compelling evidence of 

the benefits to consumers of awareness of energy efficiency and guidance on cost 

effective pathways to lowering household seasonal comfort energy.  Mature schemes 

operate internationally and though there have been shown to work in lowering energy 

consumption.  The problem in Australia is that the COAG declaration on RBMD has not 

been followed through and states at least those that are committing to improving the 

existing stock now appear to be going it alone or adopting schemes that do not fully 

evaluate the building shell and its performance characteristics in the way a robust 

scientific scheme such as NatHERs. 

All housing Regulation needs to be evidence based and energy efficiency is no 

different. Discrepancies between the “as designed” intent and “as built” performance 

of homes can reflect negatively on the building regulatory system and the design, 
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construction and material-manufacture industries of the supply chain for housing. It 

can mean higher running costs for the residents of the dwellings and higher 

greenhouse gas emissions from energy use. Corner cutting is an issue in the industry 

fuelled by a lack of oversight and compounded by a widespread view that many 

consumers just don’t care about energy performance.  Knowledge, understanding 

and acceptance of the NatHERs scheme (heating and cooling) has increased 

nationally and within the building industry however general consumer awareness is 

patchy at best. Building design parameters and cost effective improvements to the 

building shell have been evaluated and home builders through regulation and market 

change now cannot build the poorly performing houses of a decade ago. NatHERs is 

a scheme that has taken time to be accepted and implemented and could be 

refined further. It does appear to achieve goals and for energy disclosure of housing 

given the building shell is so important it can form the basis for schemes for disclosure 

of existing homes as shown in this research. Bill data more so rates the user rather than 

the building and should be avoided or at least considered secondary information in 

housing energy labelling.  

There is some major concern that documentation and information tracking 

processes operating within the building standards and compliance system are not 

working to assure compliance with the Code’s energy performance requirements. In 

other words the Code, and its implementation under state and territory regulatory 

processes, is falling short as a ‘quality assurance’ system for consumers. Whilst this issue 

of compliance has not been a focus of the thesis it is a positive development that the 

newly introduced NatHERs Universal Certificate is now compulsory and a measurable 

improvement in compliance checking and delivering houses built as to their required 

energy rating.   

Housing energy standards need to be set at a level that can be economically 

justified and the costs and benefits accurately quantified and understood. The 

Australian house building industry has consistently shown an aversion to regulation and 

therefore the cost impacts will be overestimated by the industry. The studies in this 

thesis, which were inherently conservative, and other national house costing studies 

have shown that 6 star improvements have been very cost effective and cost impacts 

modest. With any increase in stringency of the fabric and shell of a house there is 
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bound to be cost impact, however often the greatest barrier to lowering the cost of 

improvements is builder inflexibility or lack of understanding of how to achieve good 

design solutions. Just as in other sectors of the economy, Building Industry learning and 

new technologies should drive design adaptation and construction fabrication at 

lower cost than currently is estimated and this should be factored into the Cost Benefit 

Analysis. The negative Benefit to Cost Ratio of 0.88 in the 2010 6 star RIS is highly unlikely 

to reflect the substantial 6 star learning, adaption and benefits that have accrued.  

 

Fundamentally the National framework for achieving greater energy efficiency in 

buildings is critical. The federal government with the help of state governments can 

lead innovation and adoption of improvements such as the introduction of 6 star. 

Policy measures and legislation committed to in the Strategy are implemented in a 

nationally consistent manner to avoid a multitude of sub-national schemes. This will 

require strong Federal Government coordination in a spirit of partnership with the state 

and territory governments that builds on state initiatives in housing energy reduction. 

Mandatory standards are the most direct approach to achieving energy efficiency 

goals, and their use in Australia through the NCC has resulted in significant efficiency 

gains. Thermal shell improvements do deliver better performance as the research here 

has clearly shown. 

What will motivate owners of existing poorly performing homes to address poor 

energy outcomes is an interesting question going forward. Instead of interest in 

lifecycle costs, homeowners are often more interested in aesthetics, resale value and 

size. Many housing consumers still have limited understanding of thermal comfort, 

cannot discern between good and bad advice, and have limited willingness to pay 

extra for energy efficiency features. These older units will continue to waste energy for 

decades to come unless they are retrofitted. The key is to remove barriers and a good 

first step would be a nationally consistent and mandatory house energy labelling 

regime which could incorporate the NatHERs scheme that is successfully delivering 

improvements in our new housing stock. 
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9.3 Contributions of the Research 

The most important contributions from this research are: 

• The expansion of the stakeholder consultation analysis around the introduction 

of both the 6 star regulation and a proposed national scheme for mandatory 

disclosure of housing energy performance for existing Australian homes, framed in 

research questions 1& 2. 

• The utilisation of actual building energy use data and house energy rating data 

to demonstrate both the effectiveness of regulatory thermal models of housing and 

discrete correlations in heating and cooling energy use in Australian homes mainly in 

temperate climates and addressing research question 3. 

• The identification of billing data use as a problematic and unreliable method 

of house energy disclosure and presentation of further evidenced based analysis of 

the user behavior effect in house energy performance which addresses research 

question 4.  

• Through the study results in chapter 7 addressing the fifth research question, 

leading to a better understanding of the views of builders on 6 star introduction and 

gauging levels of awareness amongst housing clients on energy efficiency.  

• The quantification of the capital costs associated with introducing of the 

current six star standard for new homes, principally in the South Australian volume 

housing market, addressing research question 6. 

• In tackling the final thesis research question, discrete quantification of the costs 

and benefits associated with modifications to improve thermal performance of a 

representative set of older homes, principally in South Australia. 

The demonstration of both the technical and economic impacts and effects 

attributed to more stringent energy performance in housing regulations will inform the 

national and international debate on future building energy standards, and enhance 

global knowledge of the role residential buildings may play in addressing climate 

change and energy demand challenges. 
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9.4 Recommendations  

We have developed in the past decade policy’s to meet building energy reduction 

targets and a robust nationwide scheme for house energy rating which is used to 

demonstrate improved stringency for new homes and this should be fully supported 

by all levels of government, the professions and the housing industry. 

There has been recommendations from researchers for future policy development 

that should consider the development of a pathway towards zero-emissions buildings 

however the boundaries should not be overly restrictive. As important as it is to build 

and design houses that reduce the need for energy used in thermal comfort the reality 

of the Australian climate and human behaviours tends towards a holistic or whole of 

house energy reduction approach in homes that meet the needs of occupants and 

are affordable. Behavioural issues around home energy use are worth further 

investigation as socioeconomic groupings tend to exhibit profiles and patterns that 

need further understanding.  

On the technical side of the rating scheme, it is recommended to continue to seek 

accuracy improvements in the underlying Chenath calculation engine and alignment 

of windows performance data, new and better software interfaces, better training of 

assessors and more diagnostic tools helping designers achieve more thermally 

comfortable homes that are suitable for climate.  There is perhaps the imperative in 

the calculations to look more closely at the temperature set points used in the NatHERs 

in the light of recent research focused on thermal comfort on hot days and also to 

bring in appliance efficiency into the scheme.  

Energy Labelling and disclosure for the nations existing housing stock needs to be re-

examined at a Federal level given the gap of 7 years since the COAG declaration  

and our renewed commitments to energy reduction in the building sector following 

binding agreements at Paris COP 2016. The NatHERs tools are inherently suited as a 

cornerstone of any disclosure scheme and investment in their continued development 

and adaption for ratings of existing houses should be a priority. 

In terms of cost effectiveness of thermal performance improvements in avoiding space 

conditioning emissions, most cost effective designs are those that build on industry 

learning and practices that can increase the uptake of energy saving measures. 
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Future regulation impact assessments should be based where possible on real world 

data and fully verifiable costings as opposed to using modelled data. The selection of 

discounted cost of capital should be aligned better with market prevailing rates rather 

than too conservative projections based on adverse risk selection. The wider 

economic benefits of net energy demand reduction on costly and ageing power 

infrastructure should be accounted as should peak load demand reduction and 

health benefits of more thermally comfortable housing. 

 Houses must now meet the higher 6 star standard however as there is some corner 

cutting evident, concessions and alternative pathways delivering discrepancies 

between the “as designed” intent and “as built” more compliance is as vital as any 

more regulation. The only very recent work of the National Energy Efficient Building 

Project led by the SA government should be expanded and continued in compliance 

initiates such as the mooted electronic building passports which offer benefits in 

capturing energy efficiency information on residential buildings in the design to hand-

over phases of their development and construction. 

Given the next opportunity to implement significant housing energy regulation 

change will not occur until 2019 under the 3 year cycle of building code review there 

is a big responsibility on the Australian Building Codes Board to deliver in the next 2019 

NCC provisions on the decade old establishment of foundations for energy  
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11.1 Appendix A Interview Consent Letter, Questions 

 

DRAFT INFORMATION LETTER FOR INTERVIEW(S) 

RESEARCH INTO INDUSTRY TRANSFORMATION PROCESSES AND MEASURING COST 

EFFECTIVENESS OF PRODUCTS AND DESIGNS FOR GREATER ENERGY EFFICIENCY IN 

VOLUME HOUSING. 

 

Dear…… 

I am a Researcher of the University of South Australia(UNISA) undertaking PhD studies 

into evaluating cost effectiveness of products and designs that enhance energy 

performance in the mass housing market.  Your position and level of expertise will assist 

my study in order to better understand the issues, costs and technical challenges in a 

housing industry that must respond to both increased consumer awareness of housing 

energy performance and higher levels of energy efficiency mandated by the Building 

Code of Australia (BCA). I have developed a very simple evaluation and assessment 

process which consists of a set of questions.   

 

The aim of this research is:  

• to identify gaps in the knowledge on products and processes that can deliver 

housing of greater energy efficiency; 

• to determine the level of awareness and response by designers and builders to 

the implementation of 6 star plus housing to be incorporated in future BCA revisions 

i.e. 2010/2011;  

• to identify key factors and economic indicators when measuring cost 

effectiveness of measures to reduce the energy(heating and cooling) consumption of 

housing; 
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• recommend strategies to overcome industry barriers to cost effective 

improvements to housing energy performance. 

All research will be held strictly confidential and the material collected from individuals 

through interview, observation, or other means will not be used in any way not 

authorised by those interviewed or observed.  Where the research is likely to discover 

material which is commercial in confidence the identity of the organisation will be 

disguised in any publication of the research. 

I would therefore be extremely grateful if you consent to my research and also 

contribute no more than one hour of your time to this study with an interview. 

 

Ethics Statement 

 

The data will not be used for any other purposes, nor will data be provided to others 

in a form that will enable identification of the respondent.  The researcher will take 

every care to remove responses from any identifying material as early as possible.  

Likewise individuals’ responses will be kept confidential by the researcher and not be 

identified in the reporting of the research.  Further details of University of South 

Australia’s ethics criteria may be found at 

http://www.unisa.edu.au/orc/ethics/index.htm 

Please indicate your approval on the Consent Form. 

Yours sincerely, 

Interviewee A - Key Questions? 

• What is your background/experience in the area of residential energy 

efficiency 

http://www.unisa.edu.au/orc/ethics/index.htm
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• What is your role in the Dept of Climate Change and Energy efficiency (DCEE), 

and the department relationship with the housing industry 

• Housing Energy Efficiency is related to the national home energy ratings( 

NatHERs) scheme developed some years ago, can you discuss the origin, 

development and impact of the scheme 

• There is a review of the NatHERs scheme and an industry consultation group 

can you elaborate on this 

• You have commissioned a no of reports on Residential Energy efficiency can 

you discuss these 

• Your relationship with other research groups/ universities, do they do research , 

what benefits are there in research groups looking at residential energy 

efficiency  

• The government via your department has a policy designed to encourage 

households to be more energy efficient  can you discuss this in relation to house 

design and heating and cooling energy requirements of households 

• Have you heard of the term ‘comfort creep’ this is where making a home more 

thermally efficient may raise comfort expectations of occupants, if so what is 

your opinion of this notion/idea? 

• What is any are the limitations of building shell energy efficiency, i.e. is 10 stars 

achievable in all climate areas, some studies believe the optimum is 

somewhere between 5 – 8 stars, what to you think of this 

• A number of studies and research have been undertaken on costs to build to 6 

stars and above, are you aware of any of these, what do you think ,is there a 

consensus or differentiation? What is your view on the evidence of the costs to 

move to 6 stars, nationally state by state.  

• A regulatory impact statement was(RIS) was completed by the Centre for 

International economics(CIE) for the move to 6 stars , can you discuss this 

• As part of the RIS modelling was commissioned for building stock variations 

across the major climate zones, can you discuss 

• How do you view the operation of the Building Code(BCA) , principally volume 

2 residential class 1 & 10 residential buildings 
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• What products or innovations are likely to help builders build houses to 6 stars 

and above 

• The concept of the zero carbon or zero emissions house (ZEH) is put forward by  

• The orientation of a house or lot orientation is considered of importance as a 

first step in energy efficiency, what are your views on this? Do you see any trends 

in land development impacting on your members/builders 

• What is you view on the thermal performance assessment of housing, for 

example the software tools, ratings framework, assessor organisations, assessor 

training, effect of energy performance certification on builders work 

• I would like to discuss the responses to the Public Discussion paper on the 

national Building Energy standard Setting Assessment and Rating framework, 

released in March 2010, under the following headings with a focus on residential 

o The need for a framework 

o Outcomes and coverage of the framework 

o Setting a pathway, international comparisons 

o Assessment and rating of buildings 

o Governance of rating schemes 

o Monitoring and Evaluation 

o Industry and public responses to the current framework 

Interviewee B - Key Questions? 

• What is your background/experience 
• What is your role in the ABCB 
• Your relationship with the Australian Window Association? any other 
organisations I should be aware of Australian Glass and Glazing 
Association(AGGA)...Fenestration Australia? 
• My interest is focussed on the cost to move to 6 stars, nationally state by 
state but with my case studies mainly in SA.  
• A number of studies and research have been undertaken on costs to 
build to 6 stars and above, are you aware of any of these, what do you think ,. 
Is there a consensus? 
• Can you discuss the glazing provisions of the Building Code , specially 
volume 2, residential. Is there a separate glazing Code for the Construction 
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Industry? The development of the provisions,  compliance issues, feedback 
from builders and the glazing industry, the increases in stringency..  
• What is you view on the thermal performance assessment of windows, 
eg the software tools, WERS ratings builders and assessors knowledge of 
windows properties 
• Overall how do you view the operation of the Building Code(BCA) , 
principally volume 2 residential class 1 & 10 residential buildings, DTS versus 
simulation methods, the development of the glazing calculator 
• The glazing calculator now includes for winter conductance ( U 
values)and summer heat gain SHGC can you outline the relationships between 
the two , main technical details 
• 6 star was introduced in SA and Qld last year, Vic and NSW, WA this year, 
how do view the preparedness of the glazing industry and states for its 
introduction  
• What are the improvements in performances for both frames and glass 
for more energy efficiency? What role do you think advanced glazing does or 
will play in Australian housing both new homes and retrofits 
• Would advanced glazing i.e. double, gas filled, coated glass become 
standard products in the future, i.e. NZ mandated double glazing some years 
ago 
• What other window related products or innovations are likely to help 
builders build houses to 6 stars and above, i.e. shading devices, window 
treatments 
• In double or multi storey housing the glazing element is considered to be 
more important 
•  
• The orientation of a house or lot orientation is considered of importance 
as a first step in energy efficiency, what are your views on this with reference to 
the glazing element, i.e. areas of windows relative  to each elevation,   

Interviewee C  - Key Questions? 

• What is your background/experience 

• What is your role in the MBA 

• Statistics on your membership, where can I get this 
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• Your relationship with the Housing Industry Association ? any 

overlap/differentiation 

• The cost to move to 6 stars, nationally state by state. Education of your 

members, technical committee, Green smart? 

• A number of studies have been undertaken on costs to build to 6 stars and 

above, are you aware of any of these, what do you think,  any  consensus 

• A regulatory impact statement was(RIS) was commissioned as part of the 

change have you (MBA) made submissions on energy efficiency regulation, is 

so what were the main issues 

• How do you view the operation of the Building Code(BCA) , principally volume 

2 residential class 1 & 10 residential buildings 

• How to you view the operation of the State Housing codes 

• What are the areas of most concern/  interests for your home builder members 

• What products or innovations are likely to help builders build houses to 6 stars 

and above 

• The orientation of a house or lot orientation is considered of importance as a 

first step in energy efficiency, what are your views on this? Do you see any trends 

in land development impacting on your members/builders 

• The impact of the new National code of practice for Construction Industry 

• What is you view on the thermal performance assessment of housing, eg the 

software tools, ratings framework, assessor organisations, assessor training, 

effect of energy certification on builders work 

Interviewee D  - Key Questions? 

• What is your background/experience 
• What is your role in Pitt and Sherry, relationship with the housing industry 
• You have been involved in a no of reports on Residential Energy 
efficiency can you discuss these 
• Your relationship with the Housing Industry Association ? any 
overlap/differentiation 
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• What is your view on the costs to move to 6 stars, nationally state by state.  
• A number of studies and research have been undertaken on costs to 
build to 6 stars and above, are you aware of any of these, what do you think ,. 
Is there a consensus or differentiation? 
• A regulatory impact statement was(RIS) was completed by the Centre 
for International economics(CIE) for the move to 6 stars , can you discuss this 
• As part of the RIS modelling was commissioned for building stock 
variations across the major climate zones, can you discuss 
• Have you made submissions on energy efficiency regulation to 
government bodies, if so what were the main issues 
• How do you view the operation of the Building Code(BCA) , principally 
volume 2 residential class 1 & 10 residential buildings 
• What products or innovations are likely to help builders build houses to 6 
stars and above 
• The orientation of a house or lot orientation is considered of importance 
as a first step in energy efficiency, what are your views on this? Do you see any 
trends in land development impacting on your members/builders 
• What is you view on the thermal performance assessment of housing, eg 
the software tools, ratings framework, assessor organisations, assessor training, 
effect of energy certification on builders work 
• I would like to discuss your report on ‘Energy – efficiency: building code 
star-ratings’ 

o The costs of greater energy efficiency 
o The marginal and/or diminishing benefit of increasing stars 
o Defferentiation of new versus old housing stock 
o State and climate zone variations, modelling housing types, 
designs 
o Retail energy pricing 
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11.2 Appendix B  Builders 6 Star Survey 
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11.3 Appendix C  National Energy Framework Consultation form 
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SUBMISSIONS GUIDE AND TEMPLATE 
Regulation Impact Statement on Residential Building Mandatory 
Disclosure 
 
COAG principles of best practice regulation 

Residential Buildings Mandatory Disclosure is a Council of Australian Governments (COAG) 
proposal.  

The COAG has agreed that all governments will ensure that regulatory processes in their 
jurisdiction are consistent with the principles of Best Practice Regulation. These principles are 
outlined below and apply to decisions of COAG, Ministerial Councils and intergovernmental 
standard-setting bodies (including bodies established by statute, or administratively by 
government, to deal with national regulatory problem).  

COAG PRINCIPLES OF BEST PRACTICE REGULATION 

COAG has agreed that all governments will ensure that regulatory processes in their 
jurisdiction are consistent with the following principles: 

1. establishing a case for action before addressing a problem; 
2. a range of feasible policy options must be considered, including self-regulatory, co-

regulatory and non-regulatory approaches, and their benefits and costs assessed; 
3. adopting the option that generates the greatest net benefit for the community; 
4. in accordance with the Competition Principles Agreement, legislation should not 

restrict competition unless it can be demonstrated that: 
a. the benefits of the restrictions to the community as a whole outweigh the costs, 

and 
b. the objectives of the regulation can only be achieved by restricting competition 

5. providing effective guidance to relevant regulators and regulated parties in order to 
ensure that the policy intent and expected compliance requirements of the regulation 
are clear; 

6. ensuring that regulation remains relevant and effective over time; 
7. consulting effectively with affected key stakeholders at all stages of the regulatory 

cycle; and 
8. government action should be effective and proportional to the issue being addressed. 

Source: COAG 2007.  
 

The principles and assessment requirements apply to agreements or decisions to be given 
effect, whether at the Commonwealth or State/Territory level, or both, through principal and 
delegated legislation, administrative directions or other measures which, when implemented, 
would encourage or force businesses or individuals to pursue their interests in material ways 
they would not otherwise have done.  
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A Regulatory Impact Statement (RIS) is a central component of the COAG’s regulation impact 
assessment process. It is a document prepared to assist with stakeholder consultation (COAG 
Principle 7).  

The objective of any RIS is to formalise and provide evidence of the key steps taken during 
the development of a regulatory proposal, including an assessment of the costs and benefits 
of each option. 

Consulting effectively with key stakeholders in the development of regulation is also a central 
part of the COAG Best Practice Principles. 

Consultation on Residential Building Mandatory Disclosure 

The RIS for Residential Building Mandatory Disclosure has been released for public 
consultation and is available at http://www.ret.gov.au/Documents/mce/quicklinks/bulletins.html  

Public consultation meetings will be held in the following cities during August 2011:  

• Parramatta - 2nd August, 12.30pm, Mantra Parramatta, Corner Parkes St & Valentine 
Ave, Parramatta  

• Sydney - 3rd August, 12.30pm, Grace Hotel Sydney CBD, Corner of York & King 
Streets, 77 York Street 

• Hobart - 5th August, 12.30pm, Mercure Hobart, 156 Bathurst Street, Hobart 
• Bunbury - 8th August, 12.30pm, Clifton Hotel Bunbury, Corner Clifton & Molloy Streets, 

Bunbury 
• Perth - 9th August, 12.30pm, Comfort Inn Bel Eyre, 285 Great Eastern Highway, 

Belmont 
• Adelaide - 10th August, 12.30pm Mercure Grosvenor Adelaide, 125 North Terrace, 

Adelaide 
• Brisbane - 12th August, 12.30pm Brisbane Mercure, 85–87 North Quay, Brisbane 
• Darwin - 15th August, 10.30am Travelodge Darwin, 64 Cavenagh Street, Darwin 
• Canberra - 16th August, 12.30pm All Seasons Olim’s Hotel Canberra, Corner of Ainslie 

& Limestone Ave, Braddon 
 

For those in regional areas unable to attend metropolitan sessions, separate web based 

seminars will be available. The current schedule is available at 

http://www.climatechange.gov.au/government/submissions.aspx. To register your 

participation in an online meeting, please email your details, including your location, to 

buildings@climatechange.gov.au.   

 

 

Making Written submissions 

http://www.ret.gov.au/Documents/mce/quicklinks/bulletins.html
http://www.climatechange.gov.au/government/submissions.aspx
mailto:buildings@climatechange.gov.au
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Comments can be made on any aspect of the Consultation RIS. Of particular importance is 
feedback from stakeholders and interested parties on: 

• The extent of the ‘problem’ in residential building energy, greenhouse and water 
performance. That is, to what extent are there market failures, which present a barrier to 
improved energy, greenhouse and water performance of residential buildings in Australia? 
Has the problem been accurately represented in this RIS? 

• The adequacy of the options assessed in the Consultation RIS in addressing the problem 
— are there any other feasible policy options that should also be considered in the 
assessment? 

• The assessment of costs and benefits of options: 

– Does the assessment fully reflect all potential costs and benefits of the options 
assessed?  

– Are there costs to industry that have not been accounted for? 

– Are the costs of the energy and water efficiency measures included in the RIS 
reasonable? 

– Are the assumptions underlying the analysis valid/reasonable? 

– Are the take-up rates for the proportion of sellers and lessors that invest in upgrades to 
their properties in each scenario reasonable? 

– The impact of the HIP upon the penetration of roof insulation in the stock of Australian 
residential buildings. 

• Identified risks and uncertainties associated with each option. 

 

 

A submissions template follows.  It is advisable but not essential that you use this template 

in framing your submission. Forward your submission: 

• via email (preferred) to: residentialdisclosure@climatechange.gov.au  OR 
• via mail to:  Residential Energy Efficiency Team  

Buildings and Government Energy Efficiency Branch 

Department of Climate Change and Energy Efficiency  

GPO Box 854  

Canberra ACT 2601  
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Submissions should be received by 12 September 2011.   

Any general enquiries regarding the Mandatory disclosure of residential building energy, 

greenhouse and water performance initiative should be directed to 

buildings@climatechange.gov.au.  

 

 

mailto:buildings@climatechange.gov.au
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11.5 Appendix D  RBMD Submission Template  

Residential Buildings Mandatory Disclosure – Consultation 
Regulatory Impact Statement - July 2011 

 

Overview 

This submission template should be used to provide comments on Residential Building 

Mandatory Disclosure Consultation Regulatory Impact Statement (CRIS). 

Contact Details 

Name of Organisation:  

Name of Author:  

Phone Number:  

Email:  

Website:   

Date:  

Confidentiality  

All submissions will be treated as public documents, unless the author of the submission 

clearly indicates the contrary by marking all or part of the submission as 'confidential'. Public 

submissions may be published in full on the Department of Climate Change and Energy 

Efficiency or other relevant Government websites, including any personal information of 

authors and/or other third parties contained in the submission. If any part of the submission 

should be treated as confidential then please provide two versions of the submission, one 

with the confidential information removed for publication. 

 

A request made under the Freedom of Information Act 1982 for access to a submission 

marked confidential will be determined in accordance with that Act.  
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Do you want this submission to be treated as confidential?     Yes      No 

 

Submission Instructions 

Submissions should be made by close of business on 12 September 2011. The Department 

reserves the right not to consider late submissions. Please restrict your submission to 4 

pages of comments 

 

Where possible, submissions should be lodged electronically, preferably in Microsoft Word 

or other text based formats, via the email address – 

residentialdisclosure@climatechange.gov.au 

 

Submissions may alternatively be sent to the postal address below to arrive by the due date. 

 

Residential Energy Efficiency  

Department of Climate Change and Energy Efficiency 

GPO Box 854 

Canberra ACT 2601 

 

 

  

mailto:Residentialdisclosure@climatechange.gov.au
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Residential Buildings Mandatory Disclosure – Consultation 
Regulatory Impact Statement (CRIS)- July 2011 

11.5.1 General/overall comments 

 

 

 

 

 

 

 

 

 

C-RIS Section 
number: [insert 

section number eg 

3.1] 

Comments 
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11.6 Appendix E  Energy Rating Report sample– Independent Technical 

Expert 
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11.7 Appendix F   Basix information sheet, UK EPC sample, Queensland 

Sustainability Declaration (defunct) 
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11.8 Appendix G  Sample Energy Report – Playford North study 
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11.9 Appendix H  Retrofit study, sample house rating and upgrades 



•  
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11.10 Appendix I Building Prices use in Playford North Study  

 

Insulation Product $/m2
 

R2 bulk insulation 4.29 

R2.5 bulk insulation 4.87 

R3 bulk insulation 5.07 

R3.5 bulk insulation 5.62 

R4 bulk insulation 6.03 

R1.5 bulk insulation 3.19 

Single sided reflective foil 1.00 

Double sided reflective foil 1.05 

Installation cost 1.50 

Table I.1: Retail prices for insulation (non GST) 



 

 
 
 
 

Window Company $/m2
 

Standard clear single glazed window C 223 

Standard clear single glazed door C 278 

Standard clear single glazed window D 118 

Standard clear single glazed door D 168 

Low E single glazed window C 426 

Low E single glazed door C 466 

Standard double glazed window D 307 

Standard double glazed door D 526 

High performance double glazed window F 450 

High performance double glazed door F 940 

Table I.2: Retail prices for windows (non GST) 
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