
This research was supported by the Alastair Swayn Foundation through an Alastair Swayn Research Grant

ANOTHER
CANBERRA 
HOUSE
ASSESSING THE HISTORICAL 
ENVIRONMENTAL IMPACT AND FUTURE 
PERFORMANCE POSSIBILITIES OF 
EXISTING HOUSING STOCK 
VIA RETROFIT.

AUTHOR: IAIN MAXWELL [2021]



ANOTHER CANBERRA HOUSE
Assessing the historical environmental impact and future performance 
possibilities of existing housing stock via retrofit.

CONTENTS
Page 3

The author acknowledges the Ngunnawal people, traditional 
custodians of the ACT. I wish to acknowledge and respect their 
continuing culture and the contribution they make to the life of 

Canberra and the region. I also acknowledge all other First Nations 
Peoples on whose lands we gather.

1.0 Introduction

2.0 Context: Housing a growing Australia
 The scale of Australia’s housing construction sector
 Housing & Australia’s climate commitment
 Assessing embodied energy
 Uncovering the true footprint of our homes

3.0 Context: The Canberra Bubble

4.0 Method
 Overview of method
 Selecting a case study house
 Developing a parametric modeling approach to the environmental assessment of design decisions
 Calculating the case study’s energy efficiency
 Calculating the case study’s initial embodied energy
 Generating a snapshot of the case study’s historical recurrent embodied and operational energy
 Limitations of the methodology

5.0 Findings
 As-built
 Retrofit Scenarios

6.0 Cost-benefit analysis

7.0 Discussion
 Material specification and consequence 
 The scalar effect of house size 
 Knock down rebuilds
 Interactive design analysis tools 

8.0 Conclusion

9.0 References 

Appendix A1: CaseStudy Area Schedule

Appendix A2: Embodied Carbon Rates Schedule

Appendix A3: Analysis
 A3.1 Retrofit Scenario 00: As-built
 A3.2 Retrofit Scenario 02: Insulation
 A3.3 Retrofit Scenario 03: Double glazing
 A3.4 Retrofit Scenario 04: Enhanced insulation
 A3.5 Retrofit Scenario 05: High performance 
 A3.6 Rebuild Scenario: 2021 NCC Specification

*CONTENTS 



ANOTHER CANBERRA HOUSE
Assessing the historical environmental impact and future performance 
possibilities of existing housing stock via retrofit.

INTRODUCTION
Page 5

The earth’s climate is changing as a consequence of 
greenhouse gas emissions (GHGe) arising from human 
activity. Increasingly volatile weather patterns and 
unprecedented natural disasters such as the 2019-20 
bushfires offer all too immediate examples of a ‘new’ normal 
shaped by yesterday’s decisions and actions. Perversely, 
Australia‘s cities are experiencing unprecedented growth 
fueling a surging housing market and major construction 
boom. The fact that housing supply and construction are 
seldom discussed in relationship to climate change underlies 
this report. Few Australians consider the impact their homes 
have on climate change, fewer still, are aware of the possible 
pathways towards improving their environmental footprint. 
Using an illustrative case study, this report focuses on the 
retrofit of a typical ‘ex-govie’ Canberra house via nominating 
and benchmarking a range of envelope and glazing upgrades. 
The modeling demonstrates that through a combination of 
practical and economical options, older homes are more than 
capable of exceeding current national building regulations. 
The method of evaluation considers two key metrics: a home’s 
energy efficiency using CSIRO’s Nationwide House Energy 
Rating Scheme (natHERS) assessment framework and a 
determination of the home’s embodied energy (i.e. carbon 
footprint). The latter is significant, as currently there is no 
legislation in place to audit or mitigate embodied greenhouse 
gas (GHG) emissions resulting from the construction, life-long 
maintenance or ultimate demolition of our homes. Instead, 
current regulations only target operational energy associated 
with heating and cooling. However, given trailblazing 
jurisdictions like the ACT have already transitioned to 100% 
renewable energy, from an emissions perspective such goals 
are somewhat less relevant. In contrast, by considering the 
carbon footprint of an existing house, this study highlights 
the considerable GHG emissions already attributed to 
our suburbs. A debt that calls into question the regulatory 
and financial ease with which existing dwellings can be 
demolished to make way for new, significantly larger and still 
poorly performing homes. A contemporary fascination with 
the so-called knock-down-rebuild that is neither accountable 
for prior action nor required to mitigate its impending 
contribution. As this report will show, if Australia is to meet 
the needs of its growing population on the one hand, and its 
2015 Paris Climate commitments on the other, addressing 
the fundamental relationship between GHG emissions and 
house construction will be critical.

1.0INTRO
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105000
LOW DENSITY DETACHED HOUSES  
BUILT  EACH YEAR IN AUSTRALIA

    437
    HOMES COMPLETIONS PER WORKING DAY

2 MINUTES 
A NEW HOME IS COMPLETED IN AUSTRALIA

FIGURE 2.1
Australian low density housing 

by numbers
(Author)



GHGe

FIGURE 2.2
Australian GHGe emissions in 
relationship to low density detached 
housing by numbers
(Author)
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The scale of housing construction in Australia
As Australia’s population increases so too does the need to 
construct more homes. Residential activity in Australia is 
booming fueled by all-time low lending rates, government 
support programs like the current home-builder scheme 
and ironically, the lived experience of Covid-19, which 
compelled many of us to spend more time at home than 
ever before. In Australia, approximately 200,000 new homes 
are constructed each year. In 2019, more than half of these 
(105,000) were detached, low density suburban homes (HIA, 
2020). To contextualise the volume of detached homes built, 
this equates to approximately 437 completions each work day 
or roughly one house every two minutes! Compounding the 
sheer number of homes, a recent Commsec Trend Report 
suggested that Australian homes are also the world’s largest 
(Commsec, 2020). This, despite census data confirming the 
average number of people per household is currently 2.6: a 
figure that has fallen year-on-year since 1991 (ABS, 2017). 
Irrespective, it is clear that any improvements to the way we 
design, deliver or mitigate the environmental impacts of our 
housing supply will scale massively leading to considerable 
ecological benefit.

Housing in relationship to Australia’s climate commitments
As part of Australia’s commitment to the 2015 UNFCCC 
Paris Climate Accord, we have set a (rather modest) target 
to reduce our net national GHG emissions by 26–28% of 
2005 levels before 2030. Since the repeal of the national 
carbon tax policy in 2014, there is currently no mandatory 
-or voluntary- framework in place to account for, or 
mitigate, the embodied GHG emissions generated during 
the construction, life-long maintenance and demolition of 
our buildings. The significance of this oversight is revealed 
when we consider that buildings account for nearly 40% 
of all global GHG emissions. Although that figure drops to 
around 25% in Australia, residential construction contributes 
9% alone (Byrne et al. 2018). Looking beyond our 2030 
commitments, towards a possible 2050 net-zero ambition, 
Australia will need to scrutinise its building industry far 
more closely.

While many aspects of a building’s carbon footprint go 
unchecked, current building codes do target a reduction 
in emissions associated with operational energy. That is, 
through enhanced design, a building becomes more energy 
efficient and therefore less reliant on appliances for heating 
and cooling. The suggestion of this study is that while still 
important, operational energy contributes only a component 
of a building’s overall impact. An impact that is, in some 
jurisdictions such as the ACT who have already transitioned 
to 100% renewable energy, becoming less deserved of our 
attention. Well from a national perspective at least, pressure 
on the hip pocket of consumers will always ensure their 
gaze remains firmly fixated on energy minimisation!

Assessing embodied energy
Life-cycle analysis (LCA) offers a more complete view of 
a building’s impact. According to Crawford (2012), LCA 
spans four key phases: initial embodied energy, recurrent 
embodied energy, operational energy and disposal energy. 
The initial phase accounts for all of the total energy 
consumed by all of the processes associated with the 
production of a building, from the mining and processing of 
natural resources to manufacturing, transport and product 
delivery. Studies offered by Crawford (2012) suggest this 
figure is around 37% of a building’s overall carbon footprint. 
Following, the recurrent phase captures all of the energy 
associated with the manufacture of materials used in the 
maintenance and refurbishment of that building over a 
given lifespan. Clearly the longer the lifespan, the more 
building components and appliances come up for renewal 
and as such the greater the share of a buildings footprint 
can be attributed to this category. Again, studies of a 
residential dwelling over a 50 year period suggests this 
phase contributes approximately 22%. Lastly, the demolition 
and disposal of the house at the end of its operational life 
contributes around 1%. From the above, Crawford suggests 
that the operational energy of a home accounts for only 40% 
of its life-cycle footprint whereas high-level design decisions 
related to home size, planning layout and the selection 
of building materials and technical systems collectively 
account for the remaining 60%. 

Uncovering the true footprint of Australia’s homes
There are two main approaches to embodied emissions: 
Cradle-to-site, which is limited to emissions related to 
extraction of raw materials, their subsequent processing, 
and assembly into usable products, and their transport to 
the construction site; and Cradle-to-grave, which includes all 
emissions throughout a building’s construction and life (Byrne 
et al, 2018).  The first method addresses only what Crawford 
has framed as the initial phase of embodied energy whilst the 
second accounts for at least three if not all four: construction, 
recurrent, operational and disposal. In a recently published 
life-cycle analysis of a typical ‘volume-build’ home, i.e. the 
kind of spec home identified by Commsec’s report, Monique 
Schmidt and her colleagues concluded that current GHG 
estimates based solely on operational data misrepresent 
almost 96% of a dwelling’s actual GHG emissions (Schmidt, 
2020). Spectacularly, or rather worryingly, their study finds 
that such homes are in fact responsible for roughly 545 tons 
of CO2 emissions ( tCO2e) over a 30 year lifespan! A debt 
that requires some 8,000 trees to offset and as such, a debt 
unlikely to ever be repaid (Schmidt, 2020).

2.0
HOUSING A GROWING 
AUSTRALIA 

CONTEXT

251m2
ON AVERAGE AUSTALIA 

BUILDS THE WORLD’S 
LARGEST HOMES 

(Commsec. House Size Trend Report. 2020)

8000+
TREES NEED TO BE PLANTED 

TO OFFSET 30 YEAR 
LIFECYCLE COST OF EACH 

HOME
(Schmidt et al. Life cycle greenhouse gas emissions of Australia’s new homes. 2020)

545t
30 YEAR LIFE-CYCLE 

GREENHOUSE GAS 
EMISSIONS PER HOUSE

(Schmidt et al. Life cycle greenhouse gas emissions of Australia’s new homes. 2020)
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RECURRENT 
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All of the energy 
associated with the 
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of that building over 
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associated with the 
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processing of 
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to manufacturing, 

transport and 
product delivery
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RESERVED

MITIGATED BY 
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100% RENEWABLE 
ENERGY GRID FROM 

2020 ONWARDS

Figures by Schmidt et al (2020)
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The Australian Climate Council defines net-zero as the 
realisation of an overall balance between greenhouse gas 
emissions produced and greenhouse gas emissions taken 
out of the atmosphere. That is, net-zero does mean zero 
emissions, rather, whatever emissions are generated must be 
neutralised via offset or sequestration. Unlike the rest of the 
country, the ACT has been clear about its ambition to achieve 
Net-Zero by 2045. The ACT’s national leadership on renewable 
energy is already reaping rewards. According to the ACT 
Government’s 2019-20 Greenhouse Gas Emissions Inventory 
Report, the territory has already achieved a 45% reduction 
of GHG emissions on its 1989-90 baseline. Moreover, the 
Government’s investment in clean energy is now supporting 
other initiatives central to achieving the overarching goal of 
carbon neutrality. Most notably, the electrification of transport 
throughout the city via both an expansion of the 2019 light rail 
network and a recently announced loan subsidy scheme for 
electric vehicles. 

Canberra however, like other Australian cities, is growing 
and growing fast. The current ACT Housing Strategy predicts 
that 170,000 new homes will be required over a 10 year 
implementation period. The Strategy also suggests that 65% 
of these homes (110,500) will be low density dwellings. While 
some of these homes will be constructed in new suburban 
estates at the periphery of the city, the document is clear in its 
focus that 70% will be delivered within the city’s existing urban 
footprint (ACT EPSD Directorate, 2018). As if this challenge 
wasn’t enough, the aforementioned Commsec report also 
found that the ACT leads the nation, therefore the world, with 
respect to largest average house size at a whopping 256m2!

In the literature cited previously, it was suggested that the 
contribution of housing to Australia’s net GHG emissions has 
been grossly underestimated. Given the ACT’s aggressive 
pathway to Net-Zero, one would expect that clear targets and 
guidance related to housing design, enhanced construction 
practices and ambitious environmental performance would be 
prevalent throughout the various documents, strategies and 
policies. However, this is not the case. Nevertheless, the ACT’s 
wholesale uptake of renewables greatly assists. As observed, 
the operational energy constitutes around 40% of a home’s 
lifecycle footprint, almost all of which would be automatically 
abated, if and only if, every one of these new homes utilised 
only electrical heating (space and water), cooling, lighting, 
washing and cooking appliances (Figure 3.1). In a wonderfully 
entitled media release by the ACT Government in early 2020 
-“Now we’re cooking with … electricity!”- the city’s historical 
reliance on gas for heating (space and water) was suggested 
that it accounts for 22% of the ACT’s GHG emissions, the 
second highest contributor behind transport, or more 
explicitly, private car ownership. Thankfully, since achieving 
100% renewables, the ACT Government will no longer offer 
gas connection in new suburbs.

Even clean energy however cannot sidestep the remaining 
60% of GHG emissions associated with the construction, 
renovation and periodic maintenance of homes. To elaborate, 
let us apply only the initial (156.1 tCO2e) and recurrent (124.7 
tCO2e) embodied energy calculations from Schmidt’s study 
to the 10 year housing challenge facing Canberra. Although 
significantly better than the picture their research originally 
painted, nonetheless each new home remains responsible for 
280.8 tCO2e or 3900 trees. The collective outcome of 110,500 
new low density dwellings however, translates into 31 million 
tons of GHGe by 2060. A considerable debt that requires 
roughly 434.4 million trees to offset. While this looks bad, it is 
far worse in Australia’s other states and territories!

Although the ACT’s transition to renewable energy enables 
considerable GHG emission mitigation, it does not resolve 
the challenge that lies ahead. The need for transformational 
change has been identified by an industry-led initiative: The 
Low-Carbon-Housing-Challenge. Established by the former 
ACT and National President of the Institute of Architects, 
Melinda Dodson, the challenge will benchmark architect-
designed homes using an evidence-based, LCA benchmarking 
approach (Dodson, 2021). Undoubtedly the event will highlight 
the positive change Architects can, and are already making, 
in mitigating GHG emissions through good design whilst 
leading public debate on this most important issue.  

03

110500
NEW LOW DENSITY DETACHED 

HOMES REQUIRED IN 
CANBERRA BY 2035

(ACT Government. ACT Planning Strategy 2018: Future Directions for a Sustainable, Competitive 
and Equitable City)

31 million
TONS OF GREENHOUSE 

GAS EMISSIONS BY 2060

256m2
CANBERRA NOW BUILDS 

AUSTRALIA’S LARGEST 
HOMES

(Commsec. House Size Trend Report. 2020)

434+ million
TREES NEED TO BE PLANTED 

TO OFFSET GHG EMMISSION
BY 2060

THE CANBERRA BUBBLE
CONTEXT

FIGURE 3.2
ACT Housing Strategy
by numbers
(Author)

FIGURE 3.1
Canberra 2050 GHG emissions scenario offset by renewables. 

Diagram inspired by Crawford (2012) & Schmidt et al. (2018)
(Author)
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110500
NEW LOW DENSITY DETACHED HOMES REQUIRED IN CANBERRA BY 
2035
(ACT Government. ACT Planning Strategy 2018: Future Directions for a Sustainable, Competitive and Equitable City)

    11050
    HOMES COMPLETIONS EACH YEAR FOR 15 YEARS

46 
HOMES COMPLETIONS PER WORKING DAY

FIGURE 3.3
2018 ACT Housing Strategy

by numbers
(Author)
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Overview of method
The method presented seeks to streamline information 
exchange between 3D CAD models, energy analysis (by 
others) and the calculation of a building’s embodied energy. 
Closing the gap between the act of design and its assessment 
enables designers to observe the often unforeseen 
cumulative effects of design decisions. First, we automate 
element scheduling, material coding and area take-off of a 
given design model in order to calculate the embodied energy 
associated with a given construction scheme. Following, we 
apply the findings of the aforecited literature to approximate 
the recurrent and operational debt of the case study from 
its initial construction to the present day. The method is 
not an attempt at an LCA, rather an effort to understand 
the total historical environmental impact of our case study 
(1961-2021). Finally, we consider the additional impact of 
retrofit envelope and glazing upgrades in order to balance 
our performance assessment against the criterias of energy 
efficiency, embodied energy and cost. Supporting this work 
is the development of a bespoke suite of computational tools 
that allows the calculation of embodied energy to occur as 
the CAD model is being manipulated.

Selecting a case study house
This study focuses on the retrofit of a typical ‘ex-govie’ 
Canberra house. The selected case study is located in the 
suburb of Downer and is an example of 13 basic house types 
originally developed as part of the Canberra 400-series 
housing program, an important foray by the then government 
to develop simple, cost effective yet formally diverse housing 
types for a growing city (Housing Review 1961). A moment in 
time not that dissimilar to the challenge the city now faces. 

The case study chosen was constructed in accordance 
with Plan Type 405 in 1961, albeit with evidence of some 
modifications, most notably the removal of the original 
fireplace and an alternate kitchen layout. The house is situated 
on a 694 m2 block and features a gross floor area of 112.6 m2. 
The house has a NNE aspect, albeit to the street and not the 
backyard. The living spaces and two main bedrooms have a 
northern aspect and the wet areas are planned to the south. 
The home, like many existing Canberra homes, relies on gas 
central heating. It does not have any air conditioning and the 
water heater is electric.

The original house plans were redrawn and translated into a 
high resolution 3D model using Rhino3D, a sophisticated yet 
industry standard CAD platform that offers Python scripting 
support. The latter allows users to extend the software’s 
functionality through developing bespoke scripts. 

Developing a parametric modeling approach to the 
environmental assessment of design decisions
Although this study only required the repeated analysis of a 
single house, the opportunity was taken to develop a more 
comprehensive computational tool that automates element 
scheduling, area take-off and the calculation of embodied 
energy associated with a given CAD model. A suite of custom 
Python components were developed for Rhino3D’s dynamic 
modeling environment, Grasshopper. These components span 
key construction categories: subfloor/floor, external walls, 
glazing, internal walls and finishes, roof and miscellaneous 
elements (doors, joinery, fixtures and fittings) and allow users 
to specify variable construction systems to the 3D model. The 
toolkit allows users to interact in real-time with elements 
within the CAD model in order to study their relationship to 
the house’s footprint. That is, should the overall building’s 
shape, size or an individual element such as a wall or window 
be modified, the calculation is instantaneously updated. The 
workflow serves as a bridge between a flexible digital model 
and an external database (i.e. spreadsheet) that is used to 
manage the embodied energy rates of individual materials. 
Importantly, users are free to mix and match materials and 
finishes to explore their implication. Resulting, users are able 
to study the relationship between overall design solutions, 
individual features or material specifications and their 
contribution to the home’s embodied energy.

Calculating the case study’s energy efficiency
The CSIRO’s natHERS is the current industry protocol for 
assessing the energy performance of domestic structures 
in Australia. The scheme is a star-rating (out of 10) and 
analyses the relationship between environmental design 
decisions (building orientation, sun shading, etc..) and the 
specification of construction materials and technical systems 
in the build in order to derive a performance index. According 
to natHERS’ website, the protocol provides a ‘measuring tape’ 
to estimate a home’s potential heating and cooling energy 
use, that helps to make Australian homes more comfortable 
for their inhabitants and assists residents to save on energy 
bills through smarter design choices. 

A natHERS assessment must be undertaken by a qualified 
consultant at cost to the project. In practice, it is generally 
undertaken by a third party consultant as a project nears 
submission to planning authorities. As a result, the process 
is often one of performance validation rather than an iterative 
one that endeavours to steer the project towards an enhanced 
outcome. For this study, a third-party professional consultant 
was engaged at cost to undertake the baseline and cumulative 
energy ratings presented.

It is the opinion of the author that lowering the threshold 
to energy modeling via the development of user-friendly 

tools (or lightweight apps) should be a priority of the 
administrators of natHERS, namely, the Federal Department 
of Industry, Science, Energy and Resources. The Rhino3D 
toolkit described offered an initial foray towards this end 
by allowing the automatic export of attributes such as floor, 
wall and glazing areas and their associated solar orientation 
into a spreadsheet format. A modest attempt to enhance 
information exchange between design and analysis and one 
that seeks to avoid the current practice of manually retracing 
architectural drawings and manual data entry.

Calculating the case study’s initial embodied energy
The bespoke Rhino3D toolkit described above was used to 
calculate the initial embodied energy of the case study and 
to profile retrofit upgrades on the home’s total balance. 
Compiling the embodied GHGe database referenced by the 
toolkit for all of the materials employed within a typical 
house’s envelope proved more difficult than first imagined. 
The published rates offered by Chen et al. (2010) from the 
CSIRO were particularly useful while The Footprint Company’s 
Green Book (2020) proved an invaluable Australian focused 
resource. Nonetheless, differences across datasets, gaps 
related to certain building systems, most notably glazing were 
still encountered. Thus, a degree of reasoned interpretation of 
multiple sources was employed particularly when compiling 
individual material rates into logical representations of 
domestic construction systems.

Generating a snapshot of  the case study’s historical 
recurrent embodied and operational energy
The toolkit supporting this research is not an LCA modeling 
tool. To progress the research, a decision was made to apply 
the learnings of the aforecited expert research by Schmidt, 
Warren-Myers and Crawford (2020). That is, to apply the 
percentages they have refined over multiple research 
projects. Relying on their most recent findings for the ACT, we 
can define the following distribution: Initial (28%), Recurrent 
(23%) and Operational (49%). Given their study considered 
a building lifespan of 30 years, we are left with a gap of 30 
years. In a previously published paper, Crawford presented 
the practical service life for primary building materials over 
50 years (Crawford , 2012). Following a site inspection of the 
case study, its condition was better than those predictions. 
The subfloor was dry and all brick piers were performing as 
they should. The external brickwork was in very good condition 
albeit requiring minor repointing to the eastern gable. There 
was some evidence of cracking of the internal plasterboard 
walls, however nothing of a structural nature and certainly 
nothing uncommon given Canberra’s clay soils. The timber 
barge boards, fascias and gutters all require renewal and the 
windows, while functional, are certainly nearing the end of 
their practical service life. 

Responding to the overall physical condition of the house and 
the fact that most of the retrofit options replace the glazing, 
a logical but conservative conclusion was to double the first 
30 year recurrent and ongoing energy calculations to cover 
the gap.

Limitations of the methodology
This study is not a life-cycle analysis. Applying percentage 
rates determined by others to derive a historical snapshot 
of recurrent and operational load of the case study is a 
considerable but necessary shortfall of the method at this 
stage. Although multiple commercial LCA tools are available 
in Australia, due to costs, this research was unable to 
commission an external consultant or include such modeling 
tools. It is hoped that in future research phases, such tools 
may become available to more comprehensively determine 
the current and future footprint of this and other case studies.

4.0
BENCHMARKING
METHOD
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FIGURE 4.3
Cross-section
Canberra 400-Series Housing study: Type 405
(Author)

FIGURE 4.2 
Floorplan
Canberra 400-Series Housing study: Type 405

FIGURE 4.1
Exploded Isometric 
Canberra 400-Series Housing study: Type 405
(Author)



EMBODIED CARBON RATES

Structure
RC Strip footing  95
RC concrete slab  95
Timber wall framing  29
Timber truss framing  34
Timber batten  14
External Wall
110mm brickwork  89
140mm blockwork  166
Timber board
6mm FC Sheeting  34
Metal    74
Aluminium sandwich panel  135
Roofing 
Terracotta tile  24
Concrete tile   35
Colorbond metal roof sheet 74
Sarking   5
Colorbond guttering  18
Insulation 
R2.0 Mineral wool  13
R2.5 Mineral wool  14
R3.0 Mineral wool  15
R4.0 Mineral wool  18
R6.0 Mineral wool  30
Flooring
Bamboo   10
Timber   24
Carpet    25
Finishes 
10mm Plasterboard  32
5mm Ceramic tile  215
12mm Plywood  28
18mm Plywood  42
Acrylic paint   8

FIGURE 4.5
Python + Rhino3D Grasshopper component 
library for the automated calculation of 
embodied GHG emissions of specified 
construction systems
(Author)

FIGURE 4.4
Schmetaic workflow between 
Rhino 3D model <-> GHG emissions database
(Author)

PYTHON + GRASSHOPPER
INTERFACE

DATABASE
(SPREADSHEET)

RHINO3D 
DIGTIAL MODEL
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30 YEAR EMBODIED ENERGY ANALYSIS: 1961-1991

PHASE % DETAILS tGHGe

Initial 28% 1961 Construction 76.75
Recurrent 22% 1961-1991*

(Schmidt et al, 2020)
60.3

Operational 49% 1961-1991*
(Schmidt et al, 2020)

134.31

Total 271.35

60 YEAR EMBODIED ENERGY ANALYSIS: 1961-2021

PHASE % DETAILS tGHGe

Initial 28% 1961 Construction 76.75
Recurrent 22% 1961-2021 120.6
Operational 49% 1961-1991 268.64

Total 465.96

2.9
NATHERS EER
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External walls

Roof

Subfloor structure / floor

Other (Joinery, Fixtures &, Fittings)

Internal walls

22.75 tGHGe
30%

17.25 tGHGe
22%

7 tGHGe
9%

12.50 tGHGe
16%

17.50 tGHGe
23%

RECURRENT
60.4 tGHGe

(22%)

INITIAL
76.75 tGHGe

(28%)

ONGOING
134.3 tGHGe

(49%)

RECURRENT
120.6 tGHGe

(26%)

INITIAL
76.75 tGHGe

(16%)

ONGOING
268.6 tGHGe

(58%)

Y0
1961

274  3900 
tGHGe    trees*

77  1100 
tGHGe    trees*

30Y
1961-1991

466  6700 
tGHGe    trees*

60Y
1961-2021

Applying the method described in section 4.0 of this report 
to the case study we are able to conduct an assessment of 
the case study’s energy efficiency, embodied energy to-date 
(60 years) and consider the implications of various retrofit 
strategies. 

Energy modelling of the existing building envelope establishes 
a baseline of 2.9 stars, well below the NCC requirement of 6 
however a basis for the cumulative retrofit studies that follow.

The initial embodied energy of the as-built case study is 
approximately 77 tGHGe or roughly 1100 trees. This is slightly 
less than half that (156.1 tGHGe) offered by Schmidt et al. in 
their study of a contemporary new build home. On scrutiny, 
the value appears more or less in line given the home is 
approximately half the size, features a suspended timber floor 
versus a concrete slab (refer section 7.0) and also only has 
one bathroom; a notorious contributor of embodied energy 
arising from the specification of ceramic floor and wall tiles in 
concert with elements like toilets, basins and bathtubs. 

Applying the distribution factors to this figure over the 
home’s life-to-date, we find the case study is responsible for 
approximately 466 tGHG emissions to date. 

5.1FINDINGS
AS-BUILT

FIGURE 5.3
Case study’s initial embodied GHG emissions 
(Author)

FIGURE 5.5
Case study’s initial embodied energy, recurrent embodied energy and 
operational energy emissions 1961-2021
(Author)

FIGURE 5.1
30 year analysis of as-built case study (1961-1991) relying upon 
percentage rates offered by Schmidt et a. (2020).
(Author)

FIGURE 5.2
60 year analysis of as-built case study (1961-1991) relying upon 
percentage rates offered by Schmidt et a. (2020).
(Author)

FIGURE 5.4
Case study’s initial embodied energy, recurrent embodied energy and 
operational energy emissions 1961-2021
(Author)
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77
tGHGe 

INITIAL CONSTRUCTION
1961

466
LCA tGHGe
1961-2021

1100
TREES REQUIRED TO 

OFFSET INITIAL EMBODIED 
GHG EMISSIONS

6700
TREES NEED TO BE PLANTED 

TO OFFSET
GHG EMISSIONS

1961-2021
FIGURE 5.6
As-built findings by number
(Author)



RETROFIT MATRIX EER
STAR

LCA 2021
tGHGe

RS0 As-built
Brick veneer walls
No wall insulation
Single glazing aluminium
(U6.7 & SHGC 0.7)
R3 ceiling insulation
No floor insulation

2.9
388 

Mj/m2

466

RS1 Air-tight
Weatherstripping doors & removing 
vents

3.7
320

Mj/m2

466

RS2 Insulation
Insulation upgrade 
    Walls R2.5
    Floor R2.5
    Ceiling R4

5.9
172 

Mj/m2

470 (+4)

+0.97
+1.3
+1.63

RS3 Double glazing (DG) 
Insulation upgrade
    Walls R2.5
    Floor R2.5
    Ceiling R4
Window upgrade
    Aluminium double glazed
    U4.1 & SHGC 0.52

6.9
124 

Mj/m2

487 (+20.7)

+0.97
+1.3
+1.63

+16.8

RS4 Enhanced insulation 
Enhanced Insulation
Insulation upgrade
    Walls R2.5 
    Subfloor R4
    Ceiling R6
Window upgrade
    Aluminium double glazed
    U4.1 & SHGC 0.52

7.3
109 

Mj/m2

488 (+22.2)

+0.97
+1.67
+2.72

+16.8

RS5 High performance 
Insulation upgrade
    Walls R2.5 
    Subfloor R4
    Ceiling R6 
Window upgrade
    uPVC double glazed 
    U1.8 & SHGC 0.45

7.9
79 Mj/

m2

483 (+16.6)

+0.97
+1.67
+2.72

+11.22

RS6 Triple glazing
Insulation upgrade
    Walls R2.5 
    Subfloor R4
    Ceiling R6 
Window upgrade
    Aluminium triple glazed 
    U1.0 & SHGC 0.45

* 506 (+40.0)

+0.97
+1.67
+2.72

+34.6
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A total of 6 incremental retrofit scenarios were modeled. A 
breakdown of enhancements for each is offered in Figure 5.7. 
In overview, the scenarios are:

RS0 As-built home (Baseline)
RS1 Air-tightness (Weatherstripping of doors, windows  
 and capping exhaust fans)
RS2 Insulation (minimum) levels in-line with current   
 NCC  codes for the ACT.
RS3 Insulation (minimum) + aluminium double glazed  
 windows (U4.1 / SHGC 0.52)
RS4 Enhanced insulation + aluminium double glazed   
 windows (U4.1 / SHGC 0.52)
RS5 Enhanced insulation + high-performing uPVC   
 windows (U1.8 & SHGC 0.45)
RS6 Enhanced insulation + ultra-high-performance   
 triple aluminium glazing (U1 & SHGC 0.42)

Comparing findings across the various scenarios we see 
that insulation offers the most cost effective and dramatic 
way to ramp up energy efficiency. RS2 demonstrates how 
little construction practices and standards have evolved in 
Australia in the last 60 years as the addition of minimum 
insulation is sufficient to bring the house up to current NCC 
spec. Given Canberra’s cold climate -- NCC Zone 7 (Cool 
temperate) or Nathers Climate Zone 24 -- the modeling also 
suggests that the addition of moderate-performance double-
glazed windows enables this house to easily exceed NCC 
standards as demonstrated by RS3. Increasing the levels of 
insulation to R6 in the roof and R4 in the subfloor, RS4 pushes 
well into the 7 star category. Further, the addition of higher-
performing windows in concert with enhanced insulation 
makes a mockery of current NCC standards and allows our 
case study to near the 8-star mark.

In bringing energy efficiency and embodied GHG emissions 
into relationship, the benchmarking process also reveals that 
chasing higher energy ratings also leads to an increase in 
embodied GHG emissions. Indeed, a tipping point semingly 
occurs at the upper echelon of performance where emissions 
surge. Or, in our attempt to do the right thing by the planet, we 
may in fact achieve the opposite! A simple explanation for this 
is the presence of essentially more material - i.e. stuff - in the 
building envelope, especially when compared with our 1960s 
baseline. And while this is true of all of our retrofit scenarios, 
specific scenarios such as RS6 and RS7 which lie at the upper 
limits of our embodied GHGe range incorporate extremely 
sophisticated building products that warrant some scrutiny. 
RS6 for example includes a very high performing aluminium 
triple glazed window suite, the kind many Passivhaus builds 
might use. Here, the tripling of embodied emissions over 
doubled glazed uPVC must surely bring their specification 
into question.

5.2FINDINGS
RETROFIT

FIGURE 5.7
1961-2021 LCA with recurrent embodied energy of each retrofit 
scenario applied.
(Analysis provided by AJP Engineering)



RETROFIT MATRIX EER
STAR

LCA 
1961-
2021

$

RS0 As-built
Brick veneer walls
No wall insulation
Single glazing aluminium
(U6.7 & SHGC 0.7)
R3 ceiling insulation
No floor insulation

2.9 466 -

RS1 Air-tight
Weatherstripping to doors and 
removing vents

3.7 - $0.5k

RS2 Insulation
Insulation upgrade 
    Walls R2.5
    Floor R2.5
    Ceiling R4

5.9 +4.0

+0.97
+1.3

+1.63

$14k

RS3 Double glazing (DG) 
Insulation upgrade
    Walls R2.5
    Floor R2.5
    Ceiling R4
Window upgrade
    Aluminium double glazed
    U4.1 & SHGC 0.52

6.9 +20.7

+0.97
+1.3

+1.63

+16.8

$44k

RS4 Double glazing (DG) 
Enhanced Insulation
Insulation upgrade
    Walls R2.5 
    Subfloor R4
    Ceiling R6
Window upgrade
    Aluminium double glazed
    U4.1 & SHGC 0.52

7.3 +22.2

+0.97
+1.67
+2.72

+16.8

$47k

RS5 High performance 
Insulation upgrade
    Walls R2.5 
    Subfloor R4
    Ceiling R6 
Window upgrade
    uPVC double glazed 
    U1.8 & SHGC 0.45

7.9 +16.6

+0.97
+1.67
+2.72

+11.22

$54k

RS6 Triple glazing
Insulation upgrade
    Walls R2.5 
    Subfloor R4
    Ceiling R6 
Window upgrade
    Aluminium triple glazed 
    U1.0 & SHGC 0.45

8.2 +40.0

+0.97
+1.67
+2.72

+34.6

+72k
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A common argument used by industry and government alike 
against improved environmental standards in Australian 
housing construction is affordability. Establishing the ‘cost’ of 
a house is a complex task as labour market demand invariably 
plays a stronger and more volatile role than material inventory 
in the determination. In order to establish a market, versus 
academic position on cost, the author sought commercial 
quotation for the work defined in the retrofit scenarios. The 
findings demonstrate that the gap to better environmentally 
performing houses is financially small and as such, the gap 
appears to be more a matter of will, or lack thereof.

The cost-benefit matrix (Figure 6.1) outlines 6 scenarios 
ranging from minor to more significant. Each scenario 
also identifies the recurrent embodied energy contribution 
resulting from the upgrade. This value is reflected in the 60 
year (1961-2021) calculation described in section 5.1 of this 
report.

The first two scenarios - RS1 & RS2 - could be easily 
undertaken by any DIY homeowner. As the table reveals, very 
little other than gap sealing and basic insulation is required 
to achieve a 6-star outcome that complies with the National 
Construction Code (NCC). With respect to EER gain, simply 
addressing air leakage and gaps (i.e. draughts) around doors, 
windows and ceiling exhaust fans yields impressive gains 
albeit still results in a home heavily reliant on significant 
heating and cooling loads during peak seasons. Big gains are 
achieved easily through a combination of air-tightness and 
insulation while the introduction of a fairly basic aluminium 
double glazing system (RS3 & RS4) enables this house 
to enter the 7-star category. Tuning the glazing system 
(frame and glass) is potentially sufficient to enter the 8-star 
category however gains on a cost-to-performance basis are 
dramatically slowed while the associated embodied GHG 
emissions for the triple glazing unit is significant.

From a scope-of-work and cost perspective, multiple retrofit 
scenarios exceed the NCC building standards with relative 
ease. Scenario RS3 and RS4 demonstrate the capacity of 
this case study to economically achieve a 7+ rating. At this 
point, if this house was a new build, or the scope of work 
was far more significant, mortgagees could also potentially 
qualify for a ‘clean energy’ loan package from lenders such 
as Bank Australia. Such loan deals are available for homes 
that achieve a natHERS 7 or higher and offer a discount for 
the first 5 years of the mortgage term. Given how competitive 
the lending sector currently is and how low lending rates 
currently are, undoubtedly better rates than such packages 
offer can be found. Nonetheless, the possibility of better 
mortgage rates based on better environmental practices is 
encouraging. However, current qualification criteria suggests 

that the banks are less committed to offering interest-rate 
concessions via micro-mortgages to assist older housing 
improve their performance. 

From a cost-benefit position, it is the opinion of the author that 
scenarios RS4 & RS5 both demonstrate cost effective, well-
performing and balanced approaches. While not articulated 
in the modelling, an R6 ceiling would likely nudge RS4’s rating 
to 7.0. RS5’s use of a uPVC framed double glazed window is 
superior from both an energy and embodied GHG perspective. 
The specification of uPVC frames is not without implication. 
Their performance in Australia is yet to be determined and 
their aesthetic is not to everyone’s (i.e. architects) taste. 

6.0COST
BENEFIT

FIGURE 6.1
Cost benefit matrix
(Author)



BUILD EER
STAR tGHGe

[RS0] As-built 2.9 76.75

[RS5] High performance 
Walls R2.5 // Subfloor R4 // Ceiling R6 
uPVC DG U1.8 SHGC 0.45

7.9 84.3

[RS7] 2021 NCC Compliant Build
300mm Waffle-pod RC slab 
Brick veneer construction
Aluminium DG U4.1/SHGC 0.52
R2.5 wall // R4 ceiling insulation

6.0 103.66

FIGURE 7.1
As-built, Retrofit versus 2021 NCC Specification 

(Author)
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External walls

Roof

Subfloor structure / floor

Other (Joinery, Fixtures &, Fittings)

Internal walls

Material specification and consequence 
This study has hinted at the role specification of building 
materials and technical systems can play in both enhancing 
envelope performance and incurring increases in embodied 
energy. Retrofit scenario RS6’s inclusion of an ultra-high-
performance triple glazing system is a case in point. 
Conversely, retrofit scenario RS5 reveals an example 
where excellent performance and a reduction in embodied 
energy was mutually achieved through the use of a high-
performance uPVC double-glazed window system over an 
aluminium product. To elaborate on this line of discussion 
further, the analysis scenarios have been represented as 
entirely new builds to allow comparison with the speculative 
reconstruction of the case study using construction 
approaches typical of today’s industry. This imaginary 2021 
NCC compliant case study differs from our original home in 
two important ways: firstly, it employs a reinforced concrete 
floor slab incorporating a proprietary waffle-pod polystyrene 
foundation system. A preferred system by today’s builders as 
it minimises excavation; secondly, the low embodied energy 
terracotta roof tiles are replaced with a more contemporary 
corrugated metal roof. The collective results are plotted 
against energy efficiency (horizontal axis) and GHG emissions 
(vertical axis) in Figure 7.2. As this graph reveals, the so-
called ‘modern’ home compares poorly from both an energy 
and embodied energy perspective. Drawing upon our earlier 
findings, clearly the NCC build’s energy rating could be 
enhanced via additional insulation and better performing 
glazing, however its embodied energy cannot be clawed 
back without scrutiny of the construction methods employed. 
Swapping out the original suspended timber floor with 
concrete alone contributes an additional 9 tGHGe while the 
switch to a metal roof a further 6 tGHGe. These examples 
are not intended to suggest that concrete slabs or metal 
roofs should be avoided, only to highlight their role in a 20% 
increase in embodied energy without any benefit. Of course, 
the concrete slab could offer thermal mass if it was thermally 
decoupled from the earth (necessary in Canberra) and its 
edges well insulated, however that again would depend on 
other factors, most notably appropriate solar orientation and 
sun shading. Likewise, the metal roof may offer a long service 
with little to no maintenance, however the same can be said 
for terracotta tiles. What is in less dispute is that the selection 
of environmentally conscious building materials, i.e. those 
that are low in embodied energy, or materials that are durable 
and can guarantee long service should be specified wherever 
possible. 

Further, the choices we make with regards to the outwards 
appearance of our homes is impactful. Our steadfast use 
of brick is an obvious area to reduce embodied emissions. 
Surprisingly, metal cladding is marginally better while 
replacing brick with timber (or composite timber) leads to 

7.0

FIGURE 7.2
The distribution of energy efficency versus 

carbon footprint by retrofit scenario as new 
build 

(Author)

DISCUSSION

[CS7] 2021 NCC Specification
EER  6*
t/CO2-e 103.66

[CS6] Triple Glazing 
EER  8.2*
CO2-e 107.68 t/CO2e

[CS2] Insulation 
EER  5.9*
t/CO2-e 80.89

[CS0] As Built 
EER  2.9*
t/CO2-e 76.75

[CS3] Double Glazing 
EER  6.9*
t/CO2-e 88.2

[CS5] High Performance 
EER  7.9*
t/CO2-e 84.3
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Interactive design and analysis tools 
Understanding the cumulative and at times unexpected spikes 
in embodied energy associated with material and construction 
system specification underpins the computational workflow 
developed for this research. Manually decomposing and 
itemising the elements of a building is a tedious task which 
can often lead to error. Moreover, any design change requires 
an update of the dataset which again invites opportunity for 
error. Despite many modern CAD platforms possessing the 
ability to export element schedules, leaving the design space 
(3d model) to apply elemental rates (of any kind) within an 
external spreadsheet leads to both an unnecessary delay 
and a dissociation of their impact. As the previous examples 
highlighted, despite seemingly small changes at the unit 
scale, onced played out across a building, they can lead to 
significant differences. The toolkit presented here establishes 
a necessary feedback loop that can support more considered 
choices. 

Missing from the realisation of a comprehensive design 
ecosystem are the results from energy modeling. Although 
the intent of NatHERS is to inform design leading to better 
outcomes, in practice this is rarely the case. As previously 
observed, for practical and cost reasons energy modeling 
generally occurs at the end of design and serves compliance 
versus ideation. There are some notable exceptions to this 
statement, Lighthouse Architecture and Science key amongst 
them, however their integration of energy modeling is atypical 
within the design profession. It is not the suggestion of this 
study that all designers obtain the skills necessary to perform 
NatHERS certification, rather, the delay currently experienced 
suggests a need to develop better interfaces. Or better still, 
directly embedding energy modeling algorithms within the 
design modeling environment allowing designers to more 
precisely tune glazing sizes, orientations, sun shading and 
envelope specification against design expression, embodied 
energy and project budget at even the sketch design phase.

This paper correlates matters of housing supply and 
construction with climate change. Using the example of 
a typical ex-govie Canberra house, the study identifies and 
environmentally profiles performance enhancing retrofit 
options against energy efficiency, embodied energy and 
cost. The modeling shows that via simple and cost effective 
upgrades - specifically insulation and glazing - the case 
study could not only meet, but easily exceed current building 
standards. The modeling also suggests that an excessive focus 
on high energy efficiency targets can lead to considerable 
increases in embodied energy. In approximating the whole-of-
life embodied energy of the case study, the research further 
outlines the significant levels of GHG emissions already 
committed by existing housing stock. In doing so, the study 
seeks to encourage public debate regarding the ownership 
and accountability of this investment. A conversation that 
needs to examine the regulatory and financial ease which 
currently incentivises knock-down-rebuilds leading to 
the construction of new, larger and only marginally better 
performing homes. Not only does the retention and retrofit 
of existing homes capitalise on our existing GHG emissions 
it may also prove fundamental to Australia meeting both its 
housing needs and climate commitments.
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a major reduction in the facade’s embodied energy. In the 
example of our case study, this move alone would result in a 
5.5 tGHGe reduction. 

The scalar effect of house size
As seen, the embodied energy of a building is entirely indexed 
to the nature and quantum of material that it is composed of. 
Undoubtedly, the biggest obstacle facing low carbon housing 
in this country is house size. The larger our homes become 
the more energy is required to build, maintain and operate 
them. Comparing our case study to volume homes today we 
find many aspects that contribute greatly to higher embodied 
energy, bathrooms are one example. On a GHGe / m2 basis, 
wet areas are the most impactful rooms in the house largely 
related to the ceramic tiles that adorn their walls and floors. In 
contemporary homes, we frequently find 2-3 bathrooms even 
within a three bedroom plan. Without mandatory legislation 
targeting the mitigation of embodied greenhouse gas (GHG) 
emissions, it is difficult to imagine any scaling-back will 
occur. An obvious avenue of mitigation is to ensure our home 
designs are more adaptable and capable of change, another 
is to change our perspective regarding lifespan and make 
material decisions accordingly. Perhaps, it was the straw 
(bale) home of the first little pig and not the brick construction 
of the third that was the true moral of the story.

Knock down rebuilds
House size is not our only issue. As older suburbs undergo 
significant renewal, many existing homes such as that 
studied are being knocked down to make way for new, 
poorly performing volume builds. While not all older homes 
remain fit for purpose, bowling them over without penalty 
begs the question about how the existing embodied energy 
locked up in our neighbourhoods should be valued. Without 
clear policy related to carbon in construction there is little 
to deter homeowners away from demolition. Construction 
contributes 44% of Australia’s waste (Park et al. 2017) and 
while construction material is considered inert, i.e. it does 
not continue to produce GHG emissions like organic matter, 
demolition leads to production demand which of course does 
have an impact. As the literature shows, the materials used in 
the construction and maintenance of our homes contributes 
around 60% to its footprint. Reducing this quota involves the 
specification of environmentally conscious building materials 
and the inclusion of more recycled content. Obviously, there 
can be no better act of recycling than to keep what is already 
there. 

These are incredibly complex issues but issues we as a society 
must debate if we are to meet the housing challenge ahead of 
us in tandem with our climate targets.

CONCLUSION 8.0DISCUSSION
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WINDOW SCHEDULE

ID Description Room Orienta-
tion

Area
(m2)

W1 Aluminium frame
Single glazing
Sliding
U6.7 / SHGC 0.7

Living
Room

North 8.1

W2 Aluminium frame
Single glazing
Sliding
U6.7 / SHGC 0.7

Bedroom 
01

North 2.48

W3 Aluminium frame
Single glazing
Sliding
U6.7 / SHGC 0.7

Bedroom 
02

North 2.64

W4 Aluminium frame
Single glazing
Sliding
U6.7 / SHGC 0.7

Bedroom 
02

East 2.64

W5 Aluminium frame 
Single glazing
Sliding
U6.7 / SHGC 0.7

Be droom
03

East 2.64

W6 Aluminium single 
glazing
U6.7 / SHGC 0.7

Bathroom South 0.9

W7 Aluminium single 
glazing
U6.7 / SHGC 0.7

WC South 0.57

W8 Aluminium single 
glazing
U6.7 / SHGC 0.7

Laundry South 0.76

W9 Aluminium single 
glazing
U6.7 / SHGC 0.7

Kitchen South 1.8

W10 Aluminium single 
glazing
U6.7 / SHGC 0.7

Dining 
Room

South 2.48

W11 Aluminium frame
Single glazed
U6.7 / SHGC 0.7

Dining 
Room

West 2.48

DOOR SCHEDULE (EXTENRAL)

D1 Solid timber Entry North 2.05
D2 Solid timber Laundry South 2.05

CAT ELEMENT DESCRIPTION AREA 
(m2)

Subfloor / Floor

Strip footing Reinforced concrete 21.2
Pad footing Reinforced concrete 6.5
Pier Brickwork

Galvanised steel ant caps
10.55

Subwall 110mm Brickwork w/ engaged pier 25.9
Slab (porch) Suspended 110mm RC slab 8.75
Dry floor Suspended timber frame

20mm floorboards
No thermal insulation

82.17

Wet floor RC slab with ceramic tile finish
Corrugated metal (sacr.) formwork
No thermal insulation

10.76

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
No insulation”

83.24

Glazing Aluminium single glazing
U6.7 / SHGC 0.7

28.47

Internal Walls
Dry wall 70mm Timber stud

10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed 
(wet)
No acoustic insulation

18.1

Roof Construction
Envelope Timber truss frames 

Terracotta roof tiles 
Sarking

147.26

Eaves 6mm FC sheeting
Acrylic paint finish

30

Ceiling Timber battens to u/s trusses
R3 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57

Other

Joinery Carcass: Melamine faced MDF
Finish: Laminate

3.3

Internal 2040*35 hollow-core door 7 of.
External 2040*35 Solid-core door 2 of.
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APPENDIX
CASE STUDY AREA SCHEDULE

A1



Cat Material
Embodied 

Carbon
(kg/m2)

Windows
Aluminium single glazing 332.0
Aluminium double glazing 590.0
Aluminium triple glazing 1326.0

PVC double glazing 394 .0
Doors

Internal 105.0
External 210.0

Finishes
10mm plasterboard 32.0
12mm plywood 28.0
18mm plywood 42.0
20mm flooring 24.0
Bamboo flooring 10.0
5mm ceramic tile 215.0
Vitrified tile 450.0
Nylon carpet (loom) 25.0
Nylon carpet tile 46.0
Acrylic paint 8.0

Cat Material
Embodied 

Carbon
(kg/m2)

Structural
RC strip footing 90.0
RC slab 85.0
RC waffle slab 85.0
F72 reinforcement mesh 15.0
Metal deck formwork 48.0
Suspended timber floor framing 38.0
Timber wall framing (90*45mm) 29.0
Metal wall framing 96.0

Roofing
Terracotta roof tile 22.0
Concrete roof tile 35.0
Metal roof sheet 74.0
Sarking 5.0

Insulation
R2 13.0
R2.5 14.0
R3 15.0
R4 18.0
R6 36.0

External Walls
110mm brickwork 89.0
90mm concrete block 153.0
140mm concrete block 166.0
110mm precast 124.0
Metal (i.e. Lysaght / Colorbond) 75.0
Aluminium sandwich (i.e. Alucobond) 135.0
FC lining 34.0
Timber cladding 28.0
12mm plywood 28.0
18mm plywood 42.0

Calculation resources

CSIRO. 2020. Energy Rating [Online]. Australia: CSIRO. Available: https://
ahd.csiro.au/dashboards/energy-rating/ [Accessed 01/06/2020]

https://footprintcompany.com/thegreenbook/
[Accessed 11/02/2021]
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EMBODIED CARBON VALUES
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CAT ELEMENT DESCRIPTION AREA 
(m2)

Embodied 
CO2 Rate 

kg/unit

Embodied 
CO2

t/unit 

EER 
(Star) Mj/m2

Subfloor / Floor

Strip footing Reinforced concrete 21.2 102 2.16
Pad footing Reinforced concrete 6.5 102 0.66
Pier Brickwork

Galvanised steel ant caps
10.55 164 1.73

Subwall 110mm Brickwork with engaged pier 25.9 89 2.31
Slab (porch) Suspended 110mm RC slab 8.75 102 1.30
Dry floor Suspended timber frame

20mm floorboards
No thermal insulation

82.17 63 5.18

Wet floor Reinforced concrete (Ceramic tile finish)
Corrugated metal (sacr.) formwork
No insulation

10.76 363 3.91

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
No insulation”

83.24 160 13.32

Glazing Aluminium single glazing
U6.7 / SHGC 0.7

28.47 332 9.45

Internal Walls

Dry wall 70mm Timber stud
10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8 105 6.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed (wet)
No acoustic insulation

18.1 312.8 5.66

Roof Construction

Envelope Timber truss frames 
Terracotta roof tiles 
Sarking

147.26 59 8.69

Eaves 6mm FC sheeting
Acrylic paint finish

30 42 1.26

Ceiling Timber battens to u/s trusses
R3 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57 82 7.43

Kitchen
Joinery Carcass: Melamine faced MDF

Finish: Laminate
3.3 1740 5.74

Doors
Internal 7 105 0.74
External 2 210 0.42

76.75 2.9 stars 388 Mj/m2

CAT ELEMENT DESCRIPTION AREA 
(m2)

Embodied 
CO2 Rate 

kg/unit

Embodied 
CO2

t/unit 

EER 
(Star) Mj/m2

Subfloor / Floor

Strip footing Reinforced concrete 21.2 102 2.16
Pad footing Reinforced concrete 6.5 102 0.66
Pier Brickwork

Galvanised steel ant caps
10.55 164 1.73

Subwall 110mm Brickwork with engaged pier 25.9 89 2.31
Slab (porch) Suspended 110mm RC slab 8.75 102 1.30
Dry floor Suspended timber frame

20mm floorboards
R2.5 insulation

82.17 85 6.98

Wet floor Reinforced concrete (Ceramic tile finish)
Corrugated metal (sacr.) formwork
R2.5 insulation

10.76 385 4.14

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
R2.5 blow-in

83.24 182 15.15

Glazing Aluminium single glazing
U6.7 / SHGC 0.7

28.47 332 9.45

Internal Walls

Dry wall 70mm Timber stud
10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8 105 6.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed (wet)
No acoustic insulation

18.1 312.8 5.66

Roof Construction

Envelope Timber truss frames 
Terracotta roof tiles 
Sarking

147.26 59 8.69

Eaves 6mm FC sheeting
Acrylic paint finish

30 42 1.26

Ceiling Timber battens to u/s trusses
R4 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57 85 7.7

Kitchen
Joinery Carcass: Melamine faced MDF

Finish: Laminate
3.3 1740 5.74

Doors
Internal 7 105 0.74
External 2 210 0.42

80.89t 5.9 stars 172 Mj/m2

ANOTHER CANBERRA HOUSE
Assessing the historical environmental impact and future performance 
possibilities of existing housing stock via retrofit.

APPENDIX: EMBODIED GHG RATES 
Page 47

A3.1
[RS0] AS BUILT HOUSE
ANALYSIS A3.2
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ANALYSIS



CAT ELEMENT DESCRIPTION AREA 
(m2)

Embodied 
CO2 Rate 

kg/unit

Embodied 
CO2

t/unit 

EER 
(Star) Mj/m2

Subfloor / Floor

Strip footing Reinforced concrete 21.2 102 2.16
Pad footing Reinforced concrete 6.5 102 0.66
Pier Brickwork

Galvanised steel ant caps
10.55 164 1.73

Subwall 110mm Brickwork with engaged pier 25.9 89 2.31
Slab (porch) Suspended 110mm RC slab 8.75 102 1.30
Dry floor Suspended timber frame

20mm floorboards
R2.5 insulation

82.17 85 6.98

Wet floor Reinforced concrete (Ceramic tile finish)
Corrugated metal (sacr.) formwork
R2.5 insulation

10.76 385 4.14

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
R2.5 blow-in

83.24 182 15.15

Glazing Aluminium double glazing
U4.1 / SHGC 0.52

28.47 590 16.8

Internal Walls

Dry wall 70mm Timber stud
10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8 105 6.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed (wet)
No acoustic insulation

18.1 312.8 5.66

Roof Construction

Envelope Timber truss frames 
Terracotta roof tiles 
Sarking

147.26 59 8.69

Eaves 6mm FC sheeting
Acrylic paint finish

30 42 1.26

Ceiling Timber battens to u/s trusses
R4 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57 85 7.7

Kitchen
Joinery Carcass: Melamine faced MDF

Finish: Laminate
3.3 1740 5.74

Doors
Internal 7 105 0.74
External 2 210 0.42

88.24t 6.9 stars 124 Mj/m2

CAT ELEMENT DESCRIPTION AREA 
(m2)

Embodied 
CO2 Rate 

kg/unit

Embodied 
CO2

t/unit 

EER 
(Star) Mj/m2

Subfloor / Floor

Strip footing Reinforced concrete 21.2 102 2.16
Pad footing Reinforced concrete 6.5 102 0.66
Pier Brickwork

Galvanised steel ant caps
10.55 164 1.73

Subwall 110mm Brickwork with engaged pier 25.9 89 2.31
Slab (porch) Suspended 110mm RC slab 8.75 102 1.30
Dry floor Suspended timber frame

20mm floorboards
R4 insulation

82.17 91 7.48

Wet floor Reinforced concrete (Ceramic tile finish)
Corrugated metal (sacr.) formwork
R4 insulation

10.76 391 4.21

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
R2.5 blow-in

83.24 182 15.15

Glazing Aluminium double glazing
U4.1 / SHGC 0.52

28.47 590 16.8

Internal Walls

Dry wall 70mm Timber stud
10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8 105 6.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed (wet)
No acoustic insulation

18.1 312.8 5.66

Roof Construction

Envelope Timber truss frames 
Terracotta roof tiles 
Sarking

147.26 59 8.69

Eaves 6mm FC sheeting
Acrylic paint finish

30 42 1.26

Ceiling Timber battens to u/s trusses
R6 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57 97 8.79

Kitchen
Joinery Carcass: Melamine faced MDF

Finish: Laminate
3.3 1740 5.74

Doors
Internal 7 105 0.74
External 2 210 0.42

89.88t 7.3 stars 109 Mj/m2
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A3.3
[RS3] DOUBLE GLAZING
ANALYSIS A3.4

[RS4] ENHANCED INSULATION
ANALYSIS



CAT ELEMENT DESCRIPTION AREA 
(m2)

Embodied 
CO2 Rate 

kg/unit

Embodied 
CO2

t/unit 

EER 
(Star) Mj/m2

Subfloor / Floor

Waffle Slab RC slab 112 95 10.64
Insulatipm 300mm Polystyrene 112 120 13.44
Dry floor 20mm floorboards 82.17 24 2.18
Wet floor Ceramic tile finish 10.76 215 2.31

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
Breatherable wall wrap
R2.5 wall batt

83.24 170 14.15

Glazing Aluminium double glazing
U4.1 / SHGC 0.52

28.47 590 16.8

Internal Walls

Dry wall 70mm Timber stud
10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8 105 6.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed (wet)
No acoustic insulation

18.1 312.8 5.66

Roof Construction

Envelope Timber truss frames 
Colorbond metal roof sheeting 
Anticon / Sarking

147.26 108 15.90

Eaves 6mm FC sheeting
Acrylic paint finish

30 42 1.26

Ceiling Timber battens to u/s trusses
R4 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57 84 7.61

Kitchen
Joinery Carcass: Melamine faced MDF

Finish: Laminate
3.3 1740 5.74

Doors
Internal 7 105 0.74
External 2 210 0.42

103.66t 6.0 stars

CAT ELEMENT DESCRIPTION AREA 
(m2)

Embodied 
CO2 Rate 

kg/unit

Embodied 
CO2

t/unit 

EER 
(Star) Mj/m2

Subfloor / Floor

Strip footing Reinforced concrete 21.2 102 2.16
Pad footing Reinforced concrete 6.5 102 0.66
Pier Brickwork

Galvanised steel ant caps
10.55 164 1.73

Subwall 110mm Brickwork with engaged pier 25.9 89 2.31
Slab (porch) Suspended 110mm RC slab 8.75 102 1.30
Dry floor Suspended timber frame

20mm floorboards
R4 insulation

82.17 91 7.48

Wet floor Reinforced concrete (Ceramic tile finish)
Corrugated metal (sacr.) formwork
R4 insulation

10.76 391 4.21

External Envelope

Brick veneer 110mm brick 
90mm timber stud
10mm plasterboard (internal)
Acrylic paint finish (internal) 
R2.5 blow-in

83.24 182 15.15

Glazing PVC double glazing
U1.8 / SHGC 0.45

28.47 394 11.22

Internal Walls

Dry wall 70mm Timber stud
10mm Plasterboard (both sides)
Acrylic paint finish
No acoustic insulation

64.8 105 6.8

Mixed wall 70mm Timber stud
10mm Plasterboard (dry)
Acrylic paint finish (dry)
10mm MR Plasterboard (wet)
5mm Ceramic tile adhesive fixed (wet)
No acoustic insulation

18.1 312.8 5.66

Roof Construction

Envelope Timber truss frames 
Terracotta roof tiles 
Sarking

147.26 59 8.69

Eaves 6mm FC sheeting
Acrylic paint finish

30 42 1.26

Ceiling Timber battens to u/s trusses
R6 Insulation batt
10mm plasterboard
Acrylic paint finish

90.57 97 8.79

Kitchen
Joinery Carcass: Melamine faced MDF

Finish: Laminate
3.3 1740 5.74

Doors
Internal 7 105 0.74
External 2 210 0.42

84.3t 7.9 stars 79 Mj/m2
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A3.6
[RS7] 2021 NCC SPECIFICATION
ANALYSISA3.5

[RS5] HIGH PERFORMANCE
ANALYSIS
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