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Executive summary

Our homes are a huge part of our lives. On average,
people spend around two-thirds of their lives in

their homes. Our homes reflect our priorities, our
personalities, and our lifestyles. They contribute to
both our physical and psychological comfort and
safety. How well they deliver on these elements can
greatly affect our health and wellbeing. Homes are
where family and friendship memories are made,
and since the COVID-19 pandemic, people have spent
more time in their homes than ever before.

Homes contribute more than 10 per cent of
Australia’s total carbon emissions. Most homes

that will be standing across Australia in 2050 have
already been built and already exist today. Making
existing homes more energy efficient is therefore a
key priority for the Australian Government (DCCEEW
n.d.). Inefficient home design with gaps around
windows and doors, and between building materials,
allows outside air to leak in and out of homes.

It causes people to turn their heaters up in winter
and air conditioning up in summer, resulting in
expensive energy bills. Without addressing this
issue, Australia risks overspending on energy grid
transmission upgrades. Controlling this risk is
important as the grid infrastructure will already
need to accommodate additional demand as
residents install electric appliances and switch

off gas. The country also risks missing out on

the benefits that well-insulated homes provide
occupants such as better health and wellbeing.

6 |

Climateworks Centre’s Renovation Pathways research
program identifies ways governments and the private
sector can enable home energy performance upgrades
in a coordinated manner. The program shows a
widespread ‘renovation wave’ can be cost-effective,
with considerable societal benefits from lower energy
system costs and improved health outcomes.

Our findings indicate ‘quick-fix" and ‘modest’
thermal upgrades are largely cost-effective for
households to undertake, even if not bundled with
other home renovations. The key to catalysing a
renovation wave will be to remove barriers to uptake,
particularly for renters, those living in social and
affordable housing, and low-income households.

Upgrading houses to the ‘climate-ready’ renovation
level, which includes higher levels of insulation,
double glazing, and heavy drape curtains and
airtightness, would achieve significant emissions
reductions, but households need policy support to
make these renovations cost-effective.

Effective and supportive government policy has

led Australia to be a global leader in rooftop solar.
Australia now has an opportunity to support household
upgrades to be ‘climate-ready’ and prepare occupants
for more frequent extreme temperatures.

Starting a renovation wave now is the opportunity
for governments to deliver on their social, economic
and environmental commitments all at once.
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Summary of
findings

7

7

+ The 16 archetypes selected for analysis cover about 80 per cent of
single-storey detached homes and townhouses and over 50 per cent
of apartments. This means that Renovation Pathways' findings
are relevant for the majority of existing homes across Australia.
Renovating all homes will reduce emissions at scale. The findings
in this report can guide policy to effectively target every home by
archetype, both nationally and in each state and territory.

+ The median private benefit-cost ratio (BCR) for apartments, houses,
and townhouses is greater than one for the ‘quick-fix" and ‘modest’
thermal upgrades, indicating that these are cost-effective for over
half of households.

+ For the ‘climate-ready’ thermal upgrades, the median BCR for all
home types is less than the cost-effectiveness threshold at present,
meaning that on average this level of renovation will not be cost-
effective for households without financial support.

+ With ‘quick-fix" and ‘climate-ready’ thermal upgrades plus full
electrification of appliances, households could save an average of
between $1,690 and $2,002 each year, respectively. This equates to
average savings of 43-51 per cent on total domestic energy bills per home.

For the three home types selected for analysis

- apartments, houses and townhouses -

‘climate-ready’ thermal upgrades paired

with full electrification provides the greatest

bill savings.

+ Australian homeowners who invest in 'quick-fix' and 'modest’
thermal upgrades, full electrification of appliances and rooftop
solar could have annual net savings on average of between $909
and $1,578 from the first year. These net savings factor in interest
payments for loans or mortgages at a standard mortgage rate of
8 per cent.

‘Quick-fix" and ‘climate-ready’ thermal

upgrades would reduce annual peak demand

by 1.4-3.5 kW per home, this is equivalent to

a 30-77 per cent reduction in peak household

demand. ‘Climate-ready’ thermal upgrades

yield the greatest reduction in annual peak

demand across all home types, due to a

marked reduction in heating and cooling

space conditioning.

+ The average societal BCR is greater than the private BCR across
all home types for ‘climate-ready’ upgrades, demonstrating the
importance of policy intervention, as households may not be
motivated to strive for ‘climate-ready’ or higher levels of energy
efficiency such as all-electric and 7 NatHERS stars based on private
benefits alone, despite wider benefits to society.
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Limitations to rooftop solar access

emphasises the need for all existing homes

to pursue ‘climate-ready’ upgrades and full

electrification of appliances in addition to

rooftop solar for the greatest likelihood of

reaching net zero.

+ Improving the energy performance of Australian homes can
positively impact the health of people in Australia -through
protecting against extreme temperatures, preventing poor
respiratory health through electrification of appliances, reducing
energy poverty through efficiency and decreasing costs and pressure
on the healthcare system.
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Introduction

The Renovation Pathways research
focuses on the opportunities for
improving energy and emissions
performance of Australia’s 11
million existing homes across all
climate zones, from cool temperate
to hot-dry or tropical. The project
provides missing evidence decision-
makers can use to coordinate

and effectively scale-up energy
efficiency performance.

DECEMBER 2023

Currently, due to a lack of data, the operational energy performance

of Australia’s residential building stock is not well understood. With

the data provided in this report, governments can improve the energy
performance of Australia’s homes and assist different communities -
including busy homeowners, landlords, social housing providers, renters,
and vulnerable households alike. Renovation Pathways provides
evidence to support this.

Our granular findings extend across every state and territory in
Australia. We identify the most common types of homes, which we
refer to as ‘archetypes’. We analyse the impacts of the following energy
performance upgrades:

+ thermal improvements -to reduce energy demand and
increase comfort

+ electric appliances to reduce energy demand and indoor pollutants

+ rooftop solar -sized to match households’ remaining energy demand.

The upgrades included are not considered to be out of the ordinary and
can be achieved in most homes (Sustainability Victoria 2019).

Our research shows that a ‘fabric-first” approach (improving the thermal
shell of a home as a renovation priority) is cost-effective for households
and, from a national perspective, will reduce peak energy demands for a
low-cost transition to a renewable energy grid. Our national findings can
guide policy and provide data for decision-makers within governments,
banks, housing providers, and industry on how best to support enough
households to upgrade at a scale to mitigate climate change.

Australian homes
need upgrading

The majority of Australia’s homes were built without full consideration
of Australian climates and energy efficiency, and most were built
before the introduction of minimum energy performance requirements.
In addition, the current minimum requirements have only just been
raised, and upgrades can even have benefits for newer homes that fall
below minimum requirements. Energy performance upgrades are more
effective at reducing carbon emissions than demolishing and rebuilding
homes with poor energy efficiency. As the majority of these homes will
be standing in 2050, this is a national problem that requires urgent
attention and action.

The amount of energy used to heat and cool homes impacts our energy
network and contributes to Australia’s carbon emissions. Energy networks
are built to meet peak demand, but future infrastructure costs can

be reduced if homes are upgraded. Currently, residential buildings are
responsible for 8.6 per cent of Australia’s total energy consumption.
Homes use 24 per cent of Australia’s electricity, which is currently a mix of
fossil fuels and renewables, and this may increase as households electrify
appliances. Existing homes are also responsible for more than 10 per cent
of Australia’s total carbon emissions (DCCEEW n.d.; DCCEEW 2023).
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Many people face high energy bills just to keep their homes at a
reasonable temperature, and face potential health and wellbeing
consequences if they do not keep their home within a safe temperature
range (CSIRO 2019; Sustainability Victoria 2019). Households (75.4 per
cent) consider comfort, health and safety as their highest priority when
making decisions around how they use energy in the home (Monash
Energy Institute 2023). Households and housing providers are most likely
to undertake renovations if upgrades are cost-effective. With climate
change bringing more frequent, more severe and prolonged heatwaves,
improving thermal performance of the housing stock is critical to
keeping the Australian population safe (Howarth et al. 2023).

The move towards net zero requires a range of energy transformations.
These include improving building energy performance through energy
efficiency and electrification of appliances, powering the energy grid
with renewables, and changing consumer behaviour to align their energy
demand with variable supply from a renewable energy grid. All of these
changes are necessary to transition Australia’s energy grid to renewables
on a least-cost pathway.

Electricity consumption is projected to increase as Australian homes
electrify appliances. Electrification means to replace older gas appliances
with energy efficient fully electrified appliances. Gas appliances typically
include space conditioning (room heating and air conditioning), hot
water heating, and cooking appliances. The transition from gas will be
especially significant for energy networks in the southern states that see
high gas use for winter heating. This additional load from electrification
of appliances can be managed by upgrading homes and thus reducing
energy demand. Upgraded homes that require less energy in turn reduce
the amount of renewable energy generation, storage and network
infrastructure that would otherwise be needed. While solar systems
generate valuable energy, peak demands may not coincide with the times
rooftop solar is available. Home and electric vehicle batteries can assist
with managing peak demand and the current mismatch.

A fabric-first approach will make homes energy efficient and will

reduce the pressure on the energy network while also moving Australia
towards its legislated emissions reduction target. In a sector where the
technology to decarbonise is already widely available and cost-effective,
a national approach is well within reach. In fact, home renovations at
scale could help Australia overachieve its emissions reduction target and
even support action in line with the 1.5 degree Celsius Paris Agreement
temperature goal (ClimateWorks Australia 2020).

INFORMATION
BOX 1:
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Climate and aiming for a 1.5 degree world

The IPCC Special Report on Global Warming of 1.5°C in 2018 laid out

the confronting differences between a 2°C and a 1.5°C world. For
example, compared to a rise of 1.5°C, a 2°C increase sees an additional
10 centimetres of sea level rise, near-disappearance of many coral reefs
and an additional 420 million people exposed to frequent heatwaves
(Gordon 2022).



CLIMATEWORKS CENTRE |

Pathway for a
1.5°C limit

DECEMBER 2023 |

Climateworks Centre’s Decarbonisation Scenarios 2023 use the
AusTIMES model to determine a least-cost emissions reduction pathway
for Australia to align with limiting global warming to 1.5°C. This looks
across different sectors including buildings (Climateworks Centre 2023).
These decarbonisation scenarios show emissions from residential
buildings, including from electricity use, reduce by 81 per cent in 2030
compared to 2020 levels and reach near zero emissions by 2050.

This reduction is driven by actions to electrify and improve energy
efficiency of appliances in residential homes including space
conditioning and water heating. Emissions reductions are also
underpinned by a decarbonising electricity sector.

In the Climateworks 1.5°C scenario the proportion of gas and LPG usage
in homes continually decreases until reaching zero in 2050, as homes
increasingly rely more on renewables through electrification. By 2035,
modelled demand for gas distributed to homes via underground pipelines
reduces to around a quarter of demand in 2020. While this modelling
does not explore in detail the implications for gas infrastructure, the
level of reduction indicates there is a high risk of disorderly exit of

gas infrastructure. Maintaining a connection to the gas network for
residential buildings will become increasingly expensive as more homes
electrify and disconnect from gas. And as enough homes disconnect
from gas, it becomes no longer feasible for the gas distribution company
to serve the area. This highlights the importance of governments and
businesses planning for an orderly phase out of gas as part of transition
policies and energy investment. The design of the gas market, as well

as planning and investment in gas infrastructure, will need to change

to respond to the scale and pace of electrification. Otherwise there

is a high risk that remaining gas customers will bear excessive costs -
especially those who either cannot afford to electrify their homes or,

as tenants, are unable to do so.

Governments and investors can enable a large-scale wave of energy
performance upgrades across Australia through supportive government
policy set out in a nationally agreed framework and with sectoral
pathways. Financial incentives, low-cost technology supply chains,

and a skilled industry workforce to upgrade homes are also key enablers.
These enablers require an evidence-based approach to effective

policy initiatives.

The key to kick starting action is an understanding of the current

energy performance characteristics of Australia’s homes, and the

costs and benefits of upgrading different homes. Renovation Pathways
research shows that existing homes can become zero carbon, per our
comprehensive definition of zero carbon homes, in a cost-effective way
using existing technology (Climateworks Centre 2023). Given the urgent
need to transition to carbon-free energy and net zero households, optimum
economic and societal outcomes will be achieved if we act swiftly now.

Improving existing
homes’ energy
performance is a
win-win-win-win for:
households, energy
networks, industry
and climate

Improving home energy performance will reduce household energy

bills while making a meaningful contribution to Australia’s national
emissions reduction target. The changes will result in a lower cost energy
transition by reducing peak energy demand. This can keep infrastructure
costs lower and improve Australia’s energy security, including reliability.
Doing so can also have other benefits —-improving health and wellbeing
of people in Australia and resilience of homes against a warming climate
and related disasters. A renovation wave would help supply chains
mature and support manufacturers and suppliers who produce energy-
efficient materials and products.

| 11
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Methods overview

We analysed quantitative data
from a national sample of
102,000 Australian homes from
CSIRO’s Australian Housing
Data portal, which covers all
69 Nationwide House Energy
Rating Scheme (NatHERS)
climate zones (CSIRO 2019).

We first identified the most common archetypes for houses, townhouses,
and apartments. Focusing only on the most common archetypes, we
determined the economic and emissions impact of energy performance
upgrades across all climate zones. In addition to this analysis, we
reviewed literature to understand the co-benefits of upgrading homes,
such as health and resilience.

Identifying the
archetypes in
the Australian
housing stock

We categorised the homes in our national sample into housing
‘archetypes’ based on three key components:

1. External walls: concrete (C); cavity brick (CavB); and lightweight
(LW) which includes outer cladding materials such as weatherboard,
render, and brick veneer

2. Floors: concrete slab on ground (CSOG), suspended concrete (SC),
suspended timber (ST); other

3. Roofs: concrete deck (C); framed (F) which are tiled or use metal
sheeting; other.

Across Australia, we identified 16 archetypes which represent the
majority of homes in housing stock as described in Table 3 in the
Appendix. These can be summarised as:

+ Houses: 5 archetypes (H1-5)
+ Townhouses: 6 archetypes (TH1-6)

+ Apartments: 5 archetypes (A1-5).

GRAPHIC 1: Types of homes - house, townhouse, apartment

House

()8

V///

12 |

Townhouse Apartment

BB
BB

%



CLIMATEWORKS CENTRE |

DECEMBER 2023 |

Representing
older homes -
‘low-performance’
case

To provide a sample of homes that represent energy performance of
older homes, we removed all energy efficiency measures from CSIRO’s
Australian Housing Data and re-ran the model to simulate energy
performance of older, ‘low-performance’ homes. The measures removed
were those not considered typical in older homes, built before 2003,
prior to the introduction of minimum energy efficiency standards in
Australia’s National Construction Code regulations (Rajagopalan et al.
2023). These are homes aged over 20 years old, with little insulation,
poor airtightness, and gas-powered space heating.

Defining the
thermal upgrades
- 'quick-fix’,
‘modest’ and
‘climate-ready’

We defined three bundles of thermal upgrades, based on research
conducted by RACE for 2030 (Rajagopalan et al. 2023) —see Table 1.
These bundles are referred to as:

+ quick-fix

+ modest

+ climate-ready

All upgrades begin from ‘low-performance’ state and include a space
conditioning (heating and cooling) upgrade from a gas appliance to an
electric heat pump -see Graphic 2.

Adding
electrification and
rooftop solar

We also modelled further upgrades to the bundles to bring homes as
close to zero emissions as possible. These additional upgrades include
switching to electric cooking and hot water heating appliances, and
adding rooftop solar to match energy consumption of the home.

It is important to note that rooftop solar can only offset homes to net
zero via battery storage or if households use ‘load shaping’ behaviours
and smart controls, that shift the time of day energy is used to when
rooftop solar is generating energy.

The pathways to zero carbon homes are shown in Graphic 3, from ‘quick-
fix’ to ‘climate-ready’, electrification of appliances, and rooftop solar.
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TABLE 1: Levels of thermal upgrades applied from 'low-performance’ to ‘climate-ready’, electrification,

and rooftop solar

HOME ITEM PERFORMANCE APPLIANCES ROOFTOP
SOLAR
Insulation Ceiling R0O.25* Inefficient electric,
or gas appliances

Low- ) : ) ) for: space heating Assumed

Infiltration/draughts Infiltration value: and cooling. hot hone
performance (walls, floor, ceiling) 1.0 ACH gf

water heating,
and cooking

ENERGY PERFORMANCE ELECTRIFICATION ROOFTOP
UPGRADE BUNDLES SOLAR

Insulation Ceiling R3.0

Infiltration/draughts 0.5 ACH

walls, floor, ceilin i

( 9 Efficient electric Mfi):lz:;qn: ::oji:—:er:q
Quick-fix Curtains Heavy drapes hot water heating d

d Ki to match level of

Window shades Roller shutters and cooking electricity use

Thermal appliance-  Efficient electric

heating & cooling heat pump

Insulation Ceiling R3.0, Floor R2.0

Infiltration/draughts 0.5 ACH

(walls, floor, ceiling)

Curtains Heavy drapes Efficient electric

. Medium roof area

Modest Window shade Roller shutters hot water heating

for solar required

Window system

and cooking
Additional layer of

glass or film

Thermal appliance -
heating & cooling

Efficient electric
heat pump

Insulation Ceiling R3.0, Floor R2.0,
Wall R2.0

Infiltration/draughts 0.2 ACH

(walls, floor, ceiling)

Curtain Heavy drapes

Efficient electric

Climcrte-recldy Window shades

Minimum roof area

hot water heatin R
9 for solar required

Roller shutters

Window system

and cooking
Efficient double glazing

Thermal appliances
-heating & cooling
and heat recovery
ventilation (HRV)

Efficient electric
heat pump with HRV

Efficient 85% heat
recovery

NOTES:

R-value: Reflects how well insulation material resists or slows the flow of heat from the outside to the inside of a building in summer and
vice versa in winter; the higher the R-value, the better.

ACH: Air changes per hour, which indicates the rate of unintentional flow of outdoor air into a building, measured at normal atmospheric
pressure (i.e. lower infiltration rate reduces energy consumption).
*= The insulation in ceiling spaces is assumed to be R0.25, as ceiling insulation is present in a small portion of existing old homes

(Rajagopalan et al. 2023).
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GRAPHIC 2: Thermal upgrade measures applied in Renovation Pathways analysis

&

Insulation

Material to reduce the transfer
of heat through a building,
applied to the roof, ceiling,
walls and floor

Infiltration

Unintended air flowing from
outdoors into the building,
through doors or cracks in
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Curtains

Internal window hangings - this
analysis uses heavy drapes

Window system

Windows with an additional layer
of glass insulation or double-
glazed windows

Window shade

External window coverings - this
analysis uses roller shutters

R

SS

Thermal appliances

All-electric efficient heat pump
for space conditioning (room
heating and cooling). Includes
heat recovery ventilation in
climate-ready upgrades
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GRAPHIC 3: Renovation Pathways' upgrades applied

including thermal, electrification and rooftop solar
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Analysing the
upgrades

We modelled the cost savings, energy savings and avoided emissions
resulting from upgrades for each archetype. In addition, we undertook
a benefit-cost ratio analysis of upgrades at the household and societal
levels. The household analysis examined energy bill savings and
incremental upgrade costs. The societal analysis included the social cost
of carbon and the additional benefit of avoided energy infrastructure
costs. The social cost of carbon is a recognised dollar estimate of the
damage done by each additional ton of carbon emissions.

We use the benefit-cost ratio (BCR) to quantify the benefits (for example,
reduction in energy bills) against the upgrade cost (for example, the cost
of installing insulation). A ratio greater than one is considered to be cost-
effective, demonstrating bill savings are higher than the upgrade costs.

A further explanation of the research method and limitations are given
in the Appendix, and a more detailed technical method description
accompanies this report and is available on our website.

GRAPHIC 4: Benefit-cost ratios —metrics included for both private and societal calculations

Private

Societal

o O
[V
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BENEFITS:

+ Reduction in energy bills

COSTS:

+ Cost of thermal upgrade, full electrification

and rooftop solar

BENEFITS:
+ Value of energy savings per home calculated
via the 'marginal cost of energy' method

+ Avoided electricity network infrastructure
investment costs per home

+ Climate costs per home, estimated using the
social cost of carbon

COSTS:

+ Cost of thermal upgrade, full electrification
and rooftop solar
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The evidence to support a
renovation wave

Improving the energy Industry must be supported to help guide and complete renovations.
performance of existing homes When renovations are done at scale, there are further co-benefits

is a win-win-win-win for: to society, which include improvements to health and wellbeing and
households, energy networks, increased resilience of the Australian building stock against a

industry and climate. warming climate.

1 . Understanding the housing stock is an important component of designing

effective policy. Our analysis provides new understanding to support the
H design and coordination of policy to catalyse a renovation wave. Figure 1
U nderStq nd I ng gives a breakdown of the housing stock by home type and archetype.

the Austrqliqn Detached houses are much more prevalent than townhouses and

hOUSin StOCk apartments, covering 71 per cent of the Australian housing stock overall,
g see Figure 1. The two most common house archetypes (H1 and H2) make

up over 60 per cent of houses across Australia -see Graphics 5a and 5b.

+ H1: lightweight walls, concrete slab on ground floor, framed roof
(LW_CSOG_F)

+ H2: lightweight walls, suspended timber floor, framed roof (LW_ST_F)

The archetypes for houses (H1-5) cover approximately 80 per cent of all
Australian houses.

For a description of each archetype, see Table 3 in the Appendix.
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FIGURE 1.1: National distribution of archetypes in the housing stock
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House
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Percentage share of Australian houses, townhouses and apartments in the residential building stock, showing the

16 most prevalent archetypes and other less prevalent homes within the Australian Housing Data sample and the
portion of homes that differ from these archetypes.
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GRAPHICS 5A AND 5B: H1 and H2, the most common archetypes of detached houses in Australia

H1

Image source: Shutterstock.

H2

Image source: realestate.com.

7
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Apartments are the second most common home type behind detached

houses, covering 16 per cent of the total housing stock - see Figure 1.
The most common archetype for apartments is A1, with lightweight
walls, suspended concrete floor and framed roof. The archetypes

for apartments (A1-5) cover approximately 50 per cent of the total
apartment stock. The lower percentage is due to the greater variation in
construction types across apartments.

Townhouses are less common than houses and apartments, comprising
13 per cent of all homes -see Figure 1. The most common archetype

for townhouses is TH1, with lightweight walls, concrete slab on ground
floor, and framed roof. The archetypes for townhouses (TH1-6) cover
approximately 80 per cent of the total townhouse stock.

The 16 archetypes selected for analysis cover about 80 per cent of
detached homes and townhouses and over 50 per cent of apartments -
see Figure 1.2.

Renovation Pathways' findings are relevant

to the majority of existing homes across

Australia. Renovating all homes can reduce

emissions. The findings can guide policy to

effectively target every home by archetype,

both nationally and in each state and territory.
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2 . Renovating homes can contribute to Australia overachieving its national
emissions reduction targets and keep the country on a pathway to

limit warming to within 1.5 °C. Every upgrade to existing homes can
contribute to reducing emissions.

for the blggeSt Climateworks modelling of a least-cost pathway aligned with a 1.5°C

Climqte Win limit shows that buildings can reduce emi‘ssic‘ons by 73 per cermt below
2020 levels by 2030 and reach net zero emissions by 2040 (ClimateWorks
Australia 2020). This can be achieved by a 49 per cent decrease in
residential building energy intensity through energy efficiency and
electrification of appliances.

Renovating homes

FIGURE 2.1: Emissions reductions after renovation per home, annually

3.0 -

2.0

1.0

EMISSIONS REDUCTION (tCO,e/DWELLING)

0.0
Apartment House Townhouse
Thermal upgrade Full electrification
Quick-fix
Modest

Climate-ready

Average annual reduction in carbon emissions per home type for three levels of thermal upgrade and full
electrification of appliances.

The thermal upgrades reduce emissions more than full electrification of
appliances for all levels of thermal upgrades for houses and townhouses,
and for the 'climate-ready' upgrades for apartments - highlighting

the importance of upgrading the thermal shell and electrifying space
conditioning. As expected, emissions reductions increase with the
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Future-proofing homes
in a changing climate
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extensiveness of the renovation, from ‘quick-fix’ to ‘climate-ready’,
demonstrating the importance of comprehensive renovations to
reach net zero.

‘Quick-fix" and ‘climate-ready’ thermal upgrades along with full
electrification of appliances would avoid a national average of between
2.1 and 2.3 tonnes of carbon emissions per home annually. Saving 2 tonnes
of carbon is equivalent to a person forgoing 11 trips by plane or 19 trips by
car from Melbourne to Sydney (Visontay 2022). This equates to an average
reduction of 60-66 per cent of domestic emissions per home.

Detached houses have the greatest potential for emissions savings as
they have a greater surface area (ground floor, external walls and roof)
exposed to heat gains and losses, which space conditioners need to
counteract with air conditioning or heating.

Homes can be deemed resilient if they meet occupant needs and
maintain a safe, steady and comfortable indoor environment (United
Nations Environment Programme 2021). Climate change is already
impacting Australia with an average increase in land temperatures
and more frequent and prolonged extreme fire weather, among other
changes (CSIRO and The Bureau of Meteorology 2022).

Energy performance upgrades can enhance the resilience of homes.
Rating systems for resilience and energy efficiency are currently in
development by the Resilient Building Council, which will provide
households with information on how to adapt homes for the warming
climate and climate hazards (Resilient Building Council n.d.). Resilience
goes beyond energy efficiency, to address other risks such as from
bushfires. Location-specific measures based on disaster risk could

be undertaken at the same time as energy performance upgrades;

for example, when upgrading wall and roof cladding to a higher fire
resistance rating to minimise the impact of bushfires.

Homes built today are expected to have a long life span. It is important
that they are built to meet future climate and comfort needs for decades
to come. In Australia, the average home’s life span-such as archetypes
H1, H2, TH1 and TH2-is 58 years (Snow and Prasad 2011).

Currently, weather data files used to rate new home energy performance
are limited as they do not factor in a warming climate. For example,
homes built in western Sydney in 2022 were modelled using weather

data that is 1.1°C cooler than the current climate (Upadhyay et al. 2022).
Therefore, some houses built today will not meet occupant needs in an
even warmer climate without being renovated (Audit Office of NSW
2021). A future renovation wave will need to include recently built homes.
To reduce the number of relatively new homes needing future retrofits,
there are policy opportunities to increase minimum regulation standards
and align the standards to zero carbon, as discussed later in the policy
recommendations section.
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3.

Energy upgrades
to directly benefit
household budgets
and health

Upgrades are cost-
effective for households

Australian households are currently feeling cost of living pressures
(Thielemans 2022). Energy performance upgrades can help by reducing
energy bills. Thermal upgrades and all-electric appliances are cost-
effective changes for Australian households up to the ‘modest’ level,
but require capital investment. Higher levels of renovation are generally
not cost-effective for individuals at today’s prices. For these upgrades,
owner-occupier households will be less likely to invest in upgrading their
homes without supportive policy interventions to kickstart a renovation
wave and drive household demand. For landlords, community and social
housing providers there are various other barriers to upgrading homes,
such as a lack of capital and split incentives for landlords and tenants to
upgrade, which highlights the need for a range of policy interventions.

Analysis in this report is based on a snapshot of current energy pricing.

In the near future, it will be more cost-effective for policy to support thermal
upgrades - space conditioning appliances and electrification of appliances-
rather than solar installation. As solar becomes even more prevalent across
the building stock, its economic benefits diminish on a per household basis.
Households will not see the same bill savings from rooftop solar if feed-in
tariffs go down or dynamic charging is used. Dynamic charging electric

cars at low demand times may not align with solar generation times.

As this takes place, bill savings will be highest for thermal upgrades and
efficient space conditioning appliances. In addition, recent policies that
phase out gas connections to new residential buildings - supported by a
broader climate-health push for electrification of appliances - will lead to
decreased gas demand in households. This will eventually lead to fewer
gas network users, despite the overall network costs remaining the same,
increasing costs for those remaining on the gas network (Wood et al.
2023). At that point the shift to efficient and electrified homes becomes
even more cost-effective. This dynamic is relevant for findings 3.1, 3.2, 3.3
and 4.3, which rely on current energy prices.

The average private household benefit-cost ratio (BCR) for energy
upgrades is greater than one for ‘quick-fix" and ‘modest’ plus full
electrification of appliances. A ratio greater than one is considered
cost-effective. This indicates that the discounted present value of bill
savings is higher than the upgrade costs, when calculated for a home
with at least 40 or more years of life remaining to benefit from thermal
shell upgrades and for appliances with an expected lifespan of 15 years.
Discounted present value factors in how the value of money decreases
over time so that future benefits, such as bill savings, can be compared
with today’s costs. The private BCR considers only costs and benefits
that are incurred directly by households, rather than societal impacts.

For over half of households, the median private BCR for apartments,
houses, and townhouses indicates ‘quick-fix’ and 'modest’ thermal
upgrades are cost-effective on average.

Figure 3.1 provides further detail on the private BCR for apartments,
houses and townhouses. The box and whisker plot represents all data
points for all homes in the sample across Australia’s climate zones

and displays the variation of BCRs. The length of the vertical lines,

and outliers (dots) show the variation given the wide range of climate
zones. The variation within the graph illustrates that in some climate
zones, the BCR for certain archetypes are highly cost-effective. The box
represents the middle 50 per cent of data of private BCRs in the sample.
The horizontal line through the box shows the median, or middle value
BCR, for each level of upgrade. The median private BCR for apartments,
houses, and townhouses is greater than one for ‘quick-fix" and ‘modest’
levels of thermal upgrade, indicating that these are cost-effective for
the majority of households.
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For ‘climate-ready’ thermal upgrades, the median lines for all home
types are below the cost-effectiveness line at present, meaning that,
on average, this level of renovation will not be cost-effective at the
household level, without further financial support for some households.

These findings are conservative as they are based on current energy
prices and do not factor in other benefits such as health improvements,
discussed later in this section. Increased energy prices would improve the
cost-effectiveness of thermal upgrades. Increased demand for energy-
efficient appliances and products is likely to drive down the costs, further
improving cost-effectiveness.

FIGURE 3.1: Balance of private benefits versus costs of renovation
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NN

sem o om
3

PRIVATE BENEFIT-COST RATIO
W

Apartment House Townhouse

Quick-fix + Modest + Climate-ready + Costs = benefits threshold
full electrification full electrification full electrification

Average private BCR per home type for three levels of thermal upgrade and full electrification of appliances.
This is assumed to be over the lifetime of the upgrade - 40 years for thermal upgrades, 15 years for appliances
and equipment, at a real annual discount rate of 7 per cent. The box and whisker represents unweighted data
points, used to demonstrate the variability in the cost-effectiveness, given the different archetypes and climate
zones across Australia.

+ Figure 3.1 illustrates the private BCR of renovations in the form of
a box and whisker plot, which illustrates the variability of the data.
The shaded ‘box’ represents the middle 50 per cent of the data, i.e.
the interquartile range. The horizontal line within the box represents
the median, i.e. the middle data point across the dataset.

+ The ‘whisker’, i.e. the line below and above the box, demonstrates
minimum and maximum values. The length of the whiskers is
restricted to a maximum of 1.5 times the interquartile range -any
points outside of this range are treated as outliers.

+ The dots on the graph represent the outliers -which are any values
greater than 1.5 times the interquartile range.
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Australian households would save on energy bills from thermal shell
upgrades and full electrification of appliances, even before installing
rooftop solar systems. With ‘quick-fix" and ‘climate-ready’ thermal
upgrades and full electrification of appliances, households could save a
national average of between $1,690 and $2,002 each year. This equates
to average savings of 43-51 per cent on total domestic energy bills

per home.

Figure 3.2 illustrates the average annual bill savings for apartments,
houses and townhouses. Houses see the greatest savings from energy
performance upgrades followed by townhouses then apartments.

For all three home types, ‘climate-ready’

thermal upgrades paired with full electrification

provide the greatest bill savings.

FIGURE 3.2: Annual bill savings after energy performance upgrades
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Average annual bill savings per home type for three levels of thermal upgrade and full electrification of
appliances. Figures based on current gas and electricity prices, which are likely to change in the future.

Bill savings even after
borrowing through
mortgages

Our findings show that energy performance upgrades remain cost-
effective even when financed by loans or a remortgage. Investing in all
upgrades (thermal, electrification of appliances, and rooftop solar) can
deliver annual net savings from the first year. The savings are between
$1,578 (quick-fix) and $1,058 (modest) on average for houses (H1-H5).
These net savings factor in interest payments for loans or mortgages at
an 8% interest rate over 25 years.

Two-thirds of people in Australia own their home outright or with a
mortgage (ABS 2022). The majority (76 per cent) of people living in
detached houses are owner-occupiers. In comparison, ownership rates
of those living in townhouses and apartments sit at 56 and 32 per cent,
making these findings relevant for many people in Australia.

AN
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Homes with greater energy performance have been shown to receive
higher sale prices. Fuerst and Warren-Myers (2018) found that ACT
homes with zero-star energy ratings - based on ACT energy efficiency
star ratings - sold for 3.1 per cent less than homes with a three-star
rating. Homes rated above the minimum mandatory six-star standard
at the time received a higher premium, indicating that prospective
homeowners and buyers value homes that exceed the minimum
standard for energy performance.

Figures 3.3a, 3.3b, and 3.3c show how upgrades compare with the cost
of financing energy performance upgrades through mortgage loans.
Figures 3.3a and 3.3b demonstrate the cost-effectiveness for households
to upgrade to ‘quick-fix" and ‘modest’ levels plus full electrification of
appliances and rooftop solar. When including rooftop solar, both levels
are cost-effective for all home types.

FIGURE 3.3.a: ‘Quick-fix’ plus full electrification: average annual bill savings against increased
mortgage repayments
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The average annual savings and borrowing costs per home type for the ‘quick-fix’ level of thermal upgrade and
full electrification of appliances, with and without rooftop solar. The borrowing costs include the cost of thermal
upgrade measures (e.g. insulation, space conditioning heat pump), electrification of appliances and rooftop
solar - mortgaged at a standard rate of 8 per cent.
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FIGURE 3.3.b: ‘Modest’ plus full electrification: average annual bill savings against increased
mortgage repayments
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The average annual savings and borrowing costs per home type for the ‘modest’ level of thermal upgrade and
full electrification of appliances, with and without rooftop solar. The borrowing costs include the cost of thermal
upgrade measures (e.g. insulation, space conditioning heat pump), electrification of appliances and rooftop
solar - mortgaged at a standard rate of 8 per cent.

Figure 3.3c demonstrates average savings for ‘climate-ready’ thermal
upgrades, along with electrification of appliances and rooftop solar.

The graph illustrates that ‘climate-ready’ upgrades are not cost-effective
at the private household level, despite offering higher bill savings and
emissions reduction. As such, policy intervention is required to make
‘climate-ready’ upgrades cost-effective for households.

FIGURE 3.3.c: ‘Climate-ready’ plus full electrification: average annual bill savings against increased
mortgage repayments
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Average annual savings and borrowing costs per home type for the ‘climate-ready’ level of thermal upgrade and
full electrification of appliances, with and without rooftop solar. Borrowing costs include the cost of thermal
upgrade measures (e.g. insulation and space conditioning heat pump), electrification of appliances and rooftop
solar - mortgaged at a standard rate of 8 per cent.
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Energy performance upgrades can help improve general health, including
cardiovascular, respiratory and mental health (Thomson et al. 2013; Willand
et al. 2015), particularly as people spend around two-thirds of their lives

in their homes (Klepeis et al. 2001). Inefficient homes have a greater
impact on health for those living in energy poverty and older people (Porto
Valente 2022). Homes should be places of safety during periods of extreme
temperature and high air pollution, including bushfire smoke.

Improving the energy performance of homes can improve the health of
people in Australia by:

+ protecting against extreme outdoor temperatures

+ eliminating respiratory health issues associated with gas appliances
and outdoor pollution

+ reducing mental health risks that are linked to energy poverty

+ reducing healthcare system costs and boosting productivity.

INFORMATION
BOX 2:

PROTECTING AGAINST
EXTREME OUTDOOR
TEMPERATURE
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Defining energy poverty

Energy poverty can be experienced by households:

+ when they have difficulty paying energy bills

+ where expenditure on energy bills takes up a disproportionate
amount of a household’s budget reducing the ability to cover
other essential expenses

+ where households intentionally reduce consumption to inadequate
levels due to the cost (Daniel et al. 2021).

Energy performance upgrades can provide a safe, warm environment
throughout the cooler months of the year, and if they are paired with
adequate wall insulation and gap sealing (Pears et al., 2023). This
highlights the need for upgrading homes to climate-ready in winter,
increasing average temperatures in homes from 16 to 20°C can improve
cardiovascular health as much as lifestyle and dietary interventions
(Singh et al. 2022). While this increase may seem small, 16°C is 2°C below
the recommended minimum indoor temperature for a home (World
Health Organisation 2018). Retrofit trials in New Zealand found that
improving insulation alleviated children’s asthma symptoms, reduced
sleep disturbances due to wheeze and dry cough, and increased school
attendance (Howden-Chapman et al. 2011).

Upgrading homes can provide comfortable indoor temperatures in

both winter and summer. Heatwaves cause more deaths than any

other extreme weather event in Australia (Doctors for the Environment
Australia 2020). The majority of heat-attributable deaths occur indoors
in homes built prior to 2006, highlighting an opportunity to renovate
homes both for energy performance and to withstand extreme heat
(Coates et al. 2022). Those most at risk during heatwaves include older
people and those with pre-existing health conditions (Pham et al. 2019).
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People living in rural and remote regions are already more likely to be
subject to extreme heat, which will be exacerbated by climate change.
Approximately one-third of regional and remote communities are

First Nations peoples (Australian Institute of Health and Welfare 2022).
The combined effects of climate change and poorly built housing

may displace First Nations communities off their Country, unless the
performance of homes is improved (Kimberley Community Legal
Services 2022).

Gas appliances can have harmful effects on occupant health. Cooking
with gas is associated with a 42 per cent increase in likelihood of
asthma in children (Lin et al. 2013; Gruenwald et al. 2022).12.3 per cent
of Australia’s total childhood asthma burden can be attributed to gas
stove pollutants (Knibbs et al. 2018). In economic terms, the burden

of disease, which quantifies the effect of asthma on the wellbeing of
the population, was estimated at $24.7 billion in 2015 (Deloitte Access
Economics 2015). Electrification of indoor gas appliances could reduce
the asthma burden in Australia while also reducing emissions and
energy bills.

All-electric homes with improved airtightness can protect households
during periods of high air pollution from bushfire smoke and dust storms.
Bushfire smoke can travel large distances, hundreds of kilometres away
from the fires themselves, exposing millions of people (Dennekamp and
Abramson 2011; Attiya and Jones 2022). Particulate matter in bushfire
smoke can impact respiratory health and worsen asthma and has been
shown to increase hospital admissions in Australia (Morgan et al. 2010;
Haikerwal et al. 2016; Attiya and Jones 2022). Homes are a place of
refuge from outdoor air pollution; however, a draughty home can allow
pollutants to enter. Homes with adequate airtightness offer greater
protection from inhalable pollutants —a key consideration as climate
change increases the frequency and severity of bushfires and droughts
leading to dust storms (DCCEEW 2021).

With cost of living and energy bills increasing, more people in Australia
face energy poverty. Not being able to afford to heat and cool homes
sufficiently has been shown to negatively impact mental health, increase
risk of depression and anxiety, and increase blood pressure (Bentley

et al. 2023; Daniel et al. 2021; Porto Valente 2022). Mental health is

an important aspect of overall health, recognised as a priority in the
Australian Government’s ‘Measuring What Matters’ wellbeing framework
(Treasury 2023).

Energy performance upgrades, particularly for the most vulnerable,

can unlock wider health and economic benefits. The Victorian Healthy
Homes Program found that thermal shell upgrades and energy
efficiency measures resulted in significant health improvements for
vulnerable, elderly occupants (Sustainability Victoria 2022). The benefits
included healthcare cost savings alongside physical health and quality
of life improvements. The savings to the healthcare system were
significant-$887 per person over the winter period. The healthcare cost
savings outweighed households’ energy bill savings by a factor of 10
(Sustainability Victoria 2022).

Overall, improving the energy performance of Australian homes can
positively impact the health of people in Australia by protecting
against extreme temperatures, preventing poor respiratory health
through electrification of appliances, reducing energy poverty through
efficiency, and decreasing costs and pressure on the healthcare system.
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Efficient homes to
support a least-
cost clean energy
transition
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With ‘climate-ready’, all-electric homes, households can help reduce
peak demand. With behaviour changes, households can shift peak
demand to match times of solar generation or draw from battery
storage. Both keep infrastructure costs low, which further reduces
household bills.

In a thermally efficient house in summer, less heat builds up indoors,
reducing the need to turn up air conditioners for long periods after
sunset. Likewise, thermally efficient homes ensure less heat escapes
during cold winters, reducing the need for long periods of heating on
the coldest days and nights. These two periods -summer evenings and
winters —are times of lowest generation by rooftop solar but have the
highest peaks in demand. Thermally efficient homes reduce peak energy
demand in all seasons and help decrease the mismatch between times
of solar generation and peak demand in winter.

Managing household energy demand, or ‘load shaping’, helps minimise
the need for additional grid infrastructure as more households electrify
(Murray-Leach 2023). Load shaping both lowers peak demand and
shifts peak demand to times when renewable generation is highest
(Murray-Leach 2023).

NI
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‘Climate-ready’ upgrades provide the greatest reduction in peak demand
due to a marked reduction in heating and cooling space conditioning.
Though ‘climate-ready’ upgrades do not currently have attractive
payback periods at the household level, the benefit to the energy system
in the form of peak demand reduction is important as total demand

on the grid will rise with electrification of appliances. Reducing peak
demand alongside electrification will help prevent brownouts, blackouts,
and unexpected power outages, and would result in reduced electricity
network costs for consumers.

‘Quick-fix" and ‘climate-ready’ thermal upgrades would reduce peak
demand by 1.4-4.0 kW per home; this is equivalent to a 30 -77 per cent
reduction in peak household demand. ‘Climate-ready’ thermal upgrades
yield the greatest reduction in annual peak demand across all home
types —see Figure 3.1a.

FIGURE 4.1: Estimated average reduction in peak demand from thermal upgrades, per household
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The estimated annual reduction in peak demand (kW) at three levels of thermal upgrade per household, across
all home types.

Going beyond
the household -
societal benefits

The ‘climate-ready’ thermal upgrade level

would yield the greatest national reduction in

peak demand, significantly more than lower

A

level upgrades.

Benefits from energy performance upgrades go beyond individual
homes. The benefits quantified in this study include avoided network
costs and avoided externalities from social costs of carbon. While other
potential societal benefits such as reduced health system costs and
improved productivity are discussed in this report they are not formally
quantified. This is because methods to quantify these benefits are not
yet recognised in accepted methods to calculate benefit-cost ratios.
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The average societal BCR is greater than the private BCR across all home
types for ‘climate-ready’ upgrades - see Figure 4.2. This demonstrates the
importance of policy intervention, as households may not be motivated to
strive for the 'climate-ready' level of thermal upgrades or higher levels of
energy efficiency such as full electrification or building to a 7 NatHERS star
rating based on private benefits alone, despite wider benefits to society.

At current energy prices and without factoring in other co-benefits,

the societal BCR of ‘climate-ready’ upgrades and electrification of
appliances is only just less than one for houses and apartments. Given
this result, programs to facilitate upgrades for houses and apartments
could prioritise vulnerable or disadvantaged households (e.g. social and
community housing and First Nations communities), particular climate
zones, or jurisdictions with high residential gas use for greatest impact.
Priority could also be given to different archetypes in each jurisdiction,
as the cost-effectiveness varies per archetype in different climate zones.
It is also worth noting that a cost-benefit analysis is only one factor in
the decision-making process - other factors have historically contributed
to residential energy efficiency decisions, such as emissions reduction
objectives, resilience and thermal comfort (ACIL Allen 2022).

FIGURE 4.2: Comparison of private and societal benefit-cost ratios

1.2 -+

0.6 —+

BENEFIT-COST RATIO

04 +

Apartment

Private

1.0  oqeee eeeececcccccccsccs
0.99
0.8 —+ 0.82
0.72
0.62

1.07

House Townhouse

Societal Cost = benefit

This figure shows average private and societal BCRs per home type for ‘climate-ready’ thermal upgrades and
electrification of appliances. The BCRs are calculated over the lifetime of the upgrade — 40 years for thermal
upgrades, 15 years for appliances and equipment, at a real annual discount rate of 7 per cent.
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Better performing The better a home’s energy performance, the less rooftop solar

system capacity (kW) is needed to match the household’s electricity

Rk consumption. Figure 4.3 demonstrates the reduction in rooftop solar

rooftop solar capacity capacity required to match energy consumption of the home when
energy performance is improved at ‘quick-fix’ to ‘climate-ready’ levels.
Rooftop solar should be paired with electrification of appliances,
comprehensive thermal upgrades, and load shaping behaviours to shift
demand to times of solar generation. When applied together, these four
factors can ensure that all homes come as close to net zero as possible.
Solar alone does not achieve net zero.

homes will require less

‘Quick-fix" homes need many solar panels to achieve net zero carbon as
well as large roofs to accommodate the solar installations of sufficient
size. This poses a challenge for spatially efficient, or small, homes.
Medium- and high-rise apartments have the smallest roof area available
for solar panels. Typically, townhouses have half the roof area of detached
houses. Even for freestanding houses, the roof area needed under ‘quick-
fix" and ‘modest’ levels can exceed roof space suitable for solar.

V% Limited roof space for rooftop solar emphasises
the need of all existing homes to pursue

‘climate-ready’ upgrades and full electrification

of appliances in addition to rooftop solar for the
% greatest likelihood of reaching net zero.

FIGURE 4.3: Capacity of rooftop solar (kW) required to achieve net zero at the household level

8 —T

REQUIRED CAPACITY OF PV SYSTEM (kW)

4
Apartment House Townhouse
Quick-fix Modest Climate-ready

The average required capacity of rooftop solar generation needed per home type to achieve net zero for each
level of thermal upgrade (‘quick-fix’, ‘modest’, ‘climate-ready’) and full electrification of appliances.
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5 . The findings in Figure 3.3 show how upgrades contribute to climate
mitigation, household budgets and a least-cost transition for Australia’s
energy network. An equally important aspect of achieving net zero
homes is a knowledgeable workforce with skills to complete renovations.

Shaping the

renovqtion Figure 4.3 and Figure 5.1 below, suggest thermal shell upgrades (draught
. sealing and insulated roof, floor, walls and windows) and all-electric
|nd ust ry appliances are key to all energy performance upgrades and bringing

homes as close to zero carbon as possible. Supporting the development
of these supply chains and trades will therefore be key to a successful
renovation wave.

A workforce skilled to Thermal upgrades save significantly more energy than electrification
alone. Figure 4.1 shows that, for most states, thermal upgrades (shown
in blue) represent well over half of possible household energy savings.
will greatly reduce Energy savings from electrification of appliances (shown in orange)

energy consumption generally make up a smaller share of potential savings.

deliver thermal upgrades

FIGURE 5.1: Annual reduction in energy use from thermal upgrades and appliance electrification by
state and territory

30 T
25
20

15

10

AVERAGE HOUSEHOLD ENERGY SAVINGS
(MWh/DWELLING)

ACT NSW NT QLD SA TAS VIC WA

Climate-ready thermal upgrade Full electrification

Average annual energy savings per household by state and territory for ‘climate-ready’ thermal upgrades and
electrification of appliances.

States with higher space heating requirements, such as Victoria and
Tasmania, have greater energy savings from the thermal upgrades due
to increases in efficiency, requiring less energy to heat the home.

Our findings suggest that a workforce capable of upgrading homes to all-
electric and ‘climate-ready’ will be critical to deliver the greatest reduction
in emissions, bill savings, and peak demand. And with skilled renovators,
homes can undergo energy upgrades at the same time as other required
maintenance or adaptions; the same contractors can be used. A renovation
workforce equipped for ‘climate-ready’ upgrades will also be able to deliver
‘quick-fix" and ‘modest’ upgrades to meet the budgets of households in

all existing homes.
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+ energy rating assessors, skilled in testing for air tightness
(blower door testing) and thermal insulation (infrared imaging)
for mandatory disclosure and similar home energy guidance

+ gas plumbers, skilled in disconnecting gas appliances

+ electricians, skilled in upgrading former gas connections and
installing electric appliances including induction cooktops and

extraction fans

+ engineers, skilled in installing and maintaining heat pumps and
heat recovery ventilation, and hot water heaters

+ insulation installers, skilled in the use of thermal imaging

+ window installers, skilled in placing well-fitting windows and
shading devices

+ gap sealers, skilled in understanding thermal imaging and
eliminating draughts

+ curtain pole installers, with skills in general maintenance

+ carbon monoxide alarm fitters if gas appliances remain in homes, skilled

in electrical installation to accommodate improved air-tightness.

Summary of national findings

TABLE 2: Summary of national weighted findings for houses, per household

PARAMETER QUICK-FIX  MODEST CLIMATE-
READY
Upfront cost of upgrade packages ($) $14,800* - $20,600* - $40,300* -
$20,600* $26,300* $45,200*
Bill savings, annual* ($) $1,845 $1,883 $2,195
Energy savings, annual* (GJ) 12.4 12.6 13.7
Rooftop solar capacity for net zero 7.8 7.6 6.0
household electricity consumption (kW)
Peak demand reduction® (kW) 1.6 1.8 4.0
Emissions reduction, annual* (tCO.e) 2.27 2.30 2.51
Private/household BCR* 1.69 1.24 0.72
Societal BCR* 2.27 1.67 0.99

A = thermal upgrade and fully electrified, excluding rooftop solar
* = thermal upgrade, fully electrified, and including rooftop solar

& = thermal upgrade only
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Policy recommendations

Climateworks identifies two Governments can unlock the 'win-win-win-win' afforded by improving
immediate opportunities and home energy performance to benefit households, energy networks,
recommends a comprehensive industry and climate.

policy framework to set a
renovation wave in motion across
Australia to improve the energy
efficiency of Australian homes

at scale.

There are two major opportunities in which to catalyse this renovation
wave through policy. The first opportunity is to incorporate household
emissions reduction goals into policies already in development for

2024 and 2025. These include a review of the Trajectory for Low Energy
Buildings, and policies such as the sectoral plan for emissions reductions
in the built environment, contained in the overarching Net Zero

2050 Plan. In addition, our policy recommendations can also inform
implementation of the National Energy Performance Strategy.

The second opportunity is through monitoring energy performance
upgrades in residential portfolios for corporate and financial climate-
related disclosures particularly for the finance and property sectors.
Corporations are increasingly required to disclose their climate risks,
opportunities, and plans to address these. The finance sector will
similarly be impacted by disclosure requirements such as the upcoming
Australian sustainable finance taxonomy. Lenders and investors

will urgently need to start measuring and addressing their financed
emissions in the residential mortgage sector. This report highlights the
opportunities for the financial sector to reduce its financed emissions in
residential portfolios by supporting home energy performance upgrades.

Coordinated policy interventions can help corporates seize these
opportunities, particularly to enable households to perform upgrades such
as ‘climate ready’, which are not as immediately cost-effective for some.

Additional benefits can arise when the government prioritises vulnerable
households including low-income, renters, and First Nations people,
because these groups generally occupy the worst performing homes.
Not only will this help capture social and health benefits associated with
better homes, but also ease cost of living pressures at a time when many
are struggling with rising energy prices and inflationary pressures.

Government policies and corporate action, should strive to upgrade
homes to ‘climate-ready’ level, as this achieves the highest bill

savings for households, and results in greater benefits for society.
Higher upgrade levels unlock reductions in emissions and peak demand
for a lowest-cost transition. There is a clear role for government to
assist households in upgrading their homes, including through private
sector financing.

A pOIiCy The sectoral plan for the built environment can set out a comprehensive
suite of policies to reach the most effective outcomes. There are a
frq mework to multitude of differing motivations for upgrading and barriers to doing
. so, depending on circumstances. No single policy will set a renovation
lekStCl rta wave in motion on its own -see Graphic 6. (van der Heijden 2022; Energy
se |f_ sustaini ng Consumers Austrcjllc 2023). Ar\ effc-r‘ctlve'comprehenswe .pollcy‘swte
. covers target setting, regulation, financial support and incentives for
renovqt|on wdave vulnerable households, data collection and behavioural policies-and
considers how to unlock private sector finance to catalyse action.
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The federal government has an essential role to play in establishing a
policy mix that improves the performance of Australian households.
There are substantial powers at state and local levels - federal
government can play a coordinating role and support development

of policies at these levels so that they are coherent and effective.
Involving state ministers in the sectoral plan for the built environment
can further assist coordination to enable adoption of an effective
suite of policies -see Graphic 6.

GRAPHIC 6: The suite of supporting policies to enable a national renovation wave and the key
considerations of a national renovation wave

Sectoral plan and the Trajectory for Low Energy Buildings

(2024) include:

BY MID-2024:

Minimum energy
efficiency standards
for rental homes
introduced

Prioritise vulnerable
households with
financial support

BY MID-2024:

Phase out gas through
statutory policy starting
with no connections to
new homes

Include a zero carbon buildings definition in
NCC 2028, and introduce Voluntary Standards for
Zero Carbon Homes in the NCC2025

Adopt the Voluntary Standards as mandatory

in NCC2028

or lease

BY END OF 2024: BY 2025:

Mandatory disclosure of
home energy efficiency
rating at point of sale

Greenhouse and Energy
Minimum Standards
(GEMS) - Higher
minimum efficiency
standards

for appliances

Financial incentives
through private sector
green loans for energy
efficiency upgrades

To create a renovation wave

Creation of a
renovation workforce
through coordination
with Registered Training
Organisations, and
through renovation
wave policies

Energy efficiency
upgrade awareness
campaigns for
vulnerable households

Energy efficiency
upgrade awareness
campaigns for

landlords and renters

Creation of a one-
stop-shop platform
for homeowners
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Ensure that the sectoral plan for the built
environment and the Net Zero 2050 Plan fully unlock
opportunities for emissions reductions through
energy performance upgrades of existing homes

Optimum economic and societal outcomes will be achieved if homes
achieve ‘climate-ready’ and electrification upgrades, which are cost-
effective for houses and townhouses across Australia at a societal level.
A key initiative will be a national gas phase out, including ending gas
connections to new homes for new homes and phasing out of gas for
existing homes. For apartments, ‘climate-ready’ is also recommended
as roof surface area is limited for multi-storey residential developments
and ‘climate-ready’ needs the lowest rooftop solar to achieve as close
to zero carbon as possible. Locking in ‘climate-ready’ and electrification
upgrades will benefit households, drive down emissions and improve
health outcomes.

Establish a national framework for minimum energy
efficiency standards in rental homes

By the end of 2024, we recommend the establishment of a national
framework, which includes a timeline for implementing minimum energy
efficiency requirements for rental properties. The national framework
requirements should draw from federal, state and territory emissions
reductions targets as well as the Trajectory for Low Energy Buildings
(DISER 2019). The framework and trajectory can consider all types of
homes, as the findings of this research cover the majority of homes
across Australia -see Figure 1.2.

The national framework should align with the Community Sector
Blueprint for Rental Standards (Healthy Homes for Renters 2023).
Implementation should begin with electrification of appliances and
soon after expand to include standards for thermal upgrades. These
standards can build on successful and existing standards adopted

by state and territory governments, such as ACT’s minimum ceiling
insulation standard (ACT Government 2023). The national framework
should set out standards for rental homes to be at least ‘climate-
ready’ by 2035. An awareness campaign for landlords can help prepare
both landlords and renters for rental standards, with attention to
communicating information to culturally diverse groups.

The national framework should be embedded in the sectoral plan and
link to the updated Trajectory for Low Energy Buildings. At Building
Ministers Meetings, the Australian Government should prioritise
implementing rental homes standards by 2024.
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Recommendation 4.
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Mandatory disclosure of home energy efficiency
rating at point of sale or lease

We recommend all ministers attending the Building Ministers Meeting
commit to implementing the agreed draft National Framework for
Disclosure of Energy Efficiency Information developed with industry and
through public consultation in 2022. The framework for energy efficiency
disclosure should include:

+ an agreed timeline for implementation

+ a single national mechanism to measure the home’s performance
+ a disclosure which is mandatory when a home is leased or sold

+ a national definition of a zero carbon home.

Our research suggests that upgrades are cost-effective when they are
undertaken at the same time as other work, including when a property
is being prepared for sale or lease. Recognition of thermal performance
and electrification of appliances through a nationally recognised rating
can incentivise upgrades at the point of sale or lease and maximise the
number of homes upgraded.

The federal government can also fund training for qualified assessors
to support effective rollout of an energy efficiency disclosure rating
scheme. This will require training so those making assessments can
conduct accurate blower door tests or read infrared imaging, for
example. Federal, state and territory governments can also ensure
assessors and assessments are audited, and comply with standards.
Audits can ensure ratings are accurate and increase public confidence
in the rating scheme. As discussed in Section 5, upskilling is needed for
those in construction roles to upgrade residential buildings and help
renovation value chains mature (Jobs and Skills Australia 2023).

Support states and territories to transition homes
from gas and towards efficient, electric products

Support state, territory and local governments in transitioning away
from gas in homes and following the lead of ACT and Victoria. We
recommend an agreement to phase out gas nationally be developed
through the Building Ministers Meetings and the Energy Ministers, which
is in line with the Trajectory for Low Energy Buildings and in line with
the International Energy Agency’s recommendations to end sales of gas
appliances (IEA 2021). Planning should aim to ensure that additional
costs from having a gas connection as usage declines do not fall on
those who cannot afford, or do not have control over, electrification of
their appliances.

Strengthen energy performance of new homes

We recommend the Australian Building Codes Board develop and publish
voluntary standards for zero carbon homes by 2025, using our definition of
zero carbon buildings (Climateworks Centre 2023). Encouragement from
the federal government would support their development and ensure zero
carbon guidance and standards are made mandatory in the 2028 National
Construction Code (NCC). This will give industry advanced notice of
upcoming changes to home performance standards and build awareness
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Recommendation 7.

Recommendation 8.
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and demand among buyers for net zero homes. Clear notice time given
in voluntary standards by 2025 will enable industry to support Australia to
achieve its 2050 net zero emissions reduction target more easily.

Tighten appliance standards for space conditioning
systems, cooktops and hot water systems

Further expand the scope of the Greenhouse and Energy Minimum Standards
(GEMS) Act 2012 and the E3 Program, and consider new measures that

will help unlock opportunities in line with least-cost emissions reductions
pathways. Federal government ministers, in conjunction with states and
territories, can make determinations under the GEMS Act, through the
Energy Minister’s powers. These determinations need to expand to include
an increased range of energy-efficient appliances, and increase the
minimum level of energy-efficiency in the standards. Appliances should
be fast-tracked for inclusion of the best available all-electric energy
efficiency appliances including all space conditioning systems, cooktops
and hot water systems.

Improve benefit-cost measurement of household
energy performance

Accounting for all material benefits from upgrading homes, including
health, can improve the business case of a national renovation wave.
Best-practice guidance can be developed to holistically capture benefits
of home upgrades, which would be overlooked in traditional methods of
benefit-cost analysis.

Contingent valuation can be used to assign monetary values to health
outcomes. The value could be determined through willingness to pay (for
example, how much are we willing to pay to prevent childhood asthma?),
or at a minimum, the cost of treatment as a proxy (for example, the

cost of treating childhood asthma). Alternatively, a cost-consequence
analysis could provide information on the costs and outcomes of a
renovation program, and can be assessed alongside a traditional cost-
benefit analysis to provide a holistic view of the renovations' impact.

Our qualitative research highlights other potential benefits, including
improvements in health and productivity, and increased resilience of
upgraded homes during climate events such as heatwaves, bushfires
and dust storms. However, to be robust, our analysis uses an existing
cost-benefit method which does not include all monetary benefits of
upgrading homes. While this method is consistent with methods used in
Regulatory Impact Statements for policies such as the NCC, it is likely
that the true cost-effectiveness is greater if a more comprehensive
approach is adopted, factoring in all benefits.

Work with financial institutions to normalise green
financial products

The government should continue to build on their work with banks to
normalise low-interest loans to finance the ‘climate-ready’ level of
upgrades and full electrification of homes, so that these mortgages
become standard offerings rather than exceptions. Some interventions,
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such as the development of the green taxonomy through the Australian
Sustainable Finance Institute, and the upcoming mandatory climate risk
reporting framework, are expected to further encourage the development
of green financial products by the finance sector. While the 'big four'
banks have announced green finance loans, more action might be
needed to unlock the full potential and increase green finance products
for 'climate-ready' upgrades. This can include providing certainty

of implementation of energy performance policy. We recommend a

clear timeline of energy performance policy implementation such as
mandatory energy efficiency disclosure and minimum rental standards.

In Climateworks’ least-cost modelled pathways, homes reach zero carbon
by 2040, which is within the timeframe of a typical 15-30-year mortgage.
This urgency means all mortgages and loans currently offered to owner-
occupiers or investors should include mechanisms to improve lending
terms for existing homes that meet set energy performance standards.

As this report shows, improving a home’s thermal shell as well as
electrification of appliances are essential for optimal outcomes. Green
financial products can be designed to encourage this holistic approach,
rather than focusing on energy performance of singular appliances.

Governments can support greater availability of private sector finance.
Examples of how governments and banks can work together include
the Clean Energy Finance Corporation’s support for existing green

home loans to make green mortgages mainstream. The upcoming
Australian Sustainable Finance taxonomy will encourage target setting
and reporting by financial institutions at a portfolio level. It will also
streamline and define how banks and insurers can classify 'green’

or 'efficient’ homes. This streamlining will simplify the offering of
preferential terms to households. Homeowners, landlords and investors
will be able to make more effective decisions about how and when

to upgrade their homes if they have a clear sense of what emissions
reductions to aim for and how to measure them. The National Residential
Efficiency Scorecard is an example of an existing policy that could be
bolstered. If policies such as mandatory energy efficiency disclosure,
Residential Efficiency Scorecard, GEMS, the NCC and the proposed
minimum rental standard provide clear emissions reductions standards
and guidance, homeowners will be able to navigate this transition more
easily. Clear timelines help banks develop financial products, which would
allow early movers to go further than minimum requirements. Through
leveraging private capital, households can be supported and help raise
demand for energy performance upgrades early, including demand for
‘climate-ready' upgrades or higher. Raising demand will also drive down
costs for energy efficiency products through maturing supply chains,
which ultimately supports industry manufacturers and suppliers of
energy-efficient construction materials and products.

Our research shows upgrades are cost-effective for most households
up to the 'modest’ level, even before other co-benefits are included.
This research shows governments and lenders should be confident to
act now to mainstream upgrades, so that every new mortgage client
can be incentivised to reduce emissions while also increasing their
financial stability.

Recommendation 9.

Boost the energy efficiency renovation workforce
and supply chains

Governments can coordinate energy efficiency workforce skills between
universities, registered training organisations, training qualification
accreditors, and businesses to ensure existing courses and qualifications

[ 41



CLIMATE-READY HOMES |

BUILDING THE CASE FOR A RENOVATION WAVE IN AUSTRALIA |

match the needs of frontline organisations (Jobs and Skills Australia
2023). We recommend particular support for energy efficiency training
and courses so workers have the skills (identified by businesses

and industry) to complete ‘climate-ready’ thermal upgrades and
electrification of appliances.

What is good for home energy performance is also good for supply
chains. By strengthening energy efficiency targets in GEMS, mandatory
disclosures, minimum rental standards and elsewhere, the government
solidifies demand for trade services. Training and education provide a
positive feedback loop for industry, improving the existing workforce as
well as attracting those in declining industries.

Training incentives can support individuals and businesses to upskill and
increase the workforce at a rate necessary to support a renovation wave.
Training incentives can be offered first to disadvantaged communities
and marginalised groups. This investment in skills for these communities
could bring immediate social benefits and support the growth of a
skilled workforce.

Recommendation 10.

42 |

Creation of one-stop-shops for consumers to
access information

Our research demonstrates that there is more than one way to upgrade
homes and cost-effective strategies vary depending on climate

zones, choices of technology, and building archetypes -see Figure 1.2.
Governments can build on platforms they currently use to provide
advice on sustainability and energy efficiency to offer support for energy
performance upgrades for households and landlords. Such a one-
stop-shop could provide clarity on energy performance upgrades and
available incentives. The platform could also showcase the benefits of
achieving zero carbon through ‘quick-fix’, ‘modest’ and ‘climate-ready’
upgrades alongside electrification of appliances and the installation of
rooftop solar.

One-stop-shops can make decisions as seamless as possible and

reduce barriers. This could look like a centralised national platform

with information on the benefits of upgrades. Existing government
platforms could link to information from state and territory governments
or fill information gaps where no information is available. A platform
could present all available grants and offer call centre advice. Such

a platform should be created in consultation with the private sector,
including finance institutions offering green loans, and industry suppliers
with a deep knowledge of energy efficiency products and services. Advice
should link to mandatory disclosure and minimum rental standards. This
platform can link to and complement local government in-person advice.

Catalysing a renovation wave will also require overcoming other
challenges experienced by many but not all households. Households need
guidance on overcoming challenges, including access to trusted advice,
and advice tailored to the needs of different groups such as owner-
occupiers in houses or strata developments, landlords, renters and
social and community housing providers. Guidance needs to be easily
accessed zas upgrade decisions may be urgent during renovation or
repair work (Grattan Institute 2023). Other challenges some households
face include: little or no agency to upgrade for renters, and increased
complexity for owners in multi-unit buildings and strata developments.
Tailored advice can support consumers in strata developments to reduce
the complexity of upgrading strata homes. Complexity arises when
there is a need for multiple owner agreement, such as where there is a
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centralised heating and cooling system or a requirement for upgraded
homes to look visually the same as other homes in a strata development.
The optimal solution for a given household will depend on all these
factors and their financial ability.

To ensure households know about and can access the one-stop-shops,
the federal government can collaborate with state, territory and local
governments to ensure they promote them to all households, particularly
hard-to-reach groups. The platform can also integrate information
specific to local areas, delivered by clusters of local governments who
have existing relationships with their respective communities. The
federal government can coordinate with local governments to ensure
information is displayed and maintained by the most appropriate level.
This coordination can also integrate knowledge from industry and
training accreditors, combining key information on choices of upgrades,
and the skilled trades needed for an optimal consumer experience.

Funding for local government one-stop-shops can also centralise
practical information for householders. For instance, the platform
could facilitate contact with energy efficiency assessors to empower
consumers to make upgrade choices and overcome decision inertia.

The Renovation Pathways research will support state and territory
governments by providing additional recommendations which detail
further findings for the specific climate zones for each jurisdiction.

In addition, Climateworks Centre has made submissions to a number of
different government processes. For additional policy recommendations,
see our submissions for:

+ The National Energy Performance Strategy to the Department
of Climate Change, Energy, the Environment and Water’s
consultation, which covers governance, residential buildings -
specifically highlighting different groups of vulnerable households
(Climateworks Centre 2023b).

+ The National Construction Code 2025 proposals for change, which
outlines the need for a zero carbon home definition embedded in
the Code for new homes and major renovations, and for the Code
to include embodied emissions and whole lifecycle assessments
(Climateworks Centre 2023a).

+ The Senate Economics References Committee on Residential
Electrification, highlighting the importance of the thermal shell
and electrification for a decarbonised buildings sector
(Climateworks Centre 2023c).
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Ti mlng Of pOI icies The su‘ggestec‘l terwmg and sequ?ncmg of‘p.ollues f:re detailed in
A Graphic 7, which illustrates a suite of policies for increased uptake of
to GChleve a energy performance upgrades. This involves setting ambitious targets

and regulation for a zero carbon building stock and ratcheting up to
this level between now and 2030.

renovation wave
for zero carbon
homes

GRAPHIC 7: Renovation Pathways’ recommended timeframe to improve the energy efficiency of all
existing homes
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To achieve the goals for 2030, a strategy needs to look at short- and
long-term steps to create a renovation wave in the existing residential
building stock. The sectoral plan for the built environment should set
out a framework and targets, in collaboration with state and local
governments. All levels of government will need to coordinate to
successfully unlock a renovation wave - and catalyse appropriate private
sector financing. As Graphic 7 shows, there are many moving parts in
the policy suite. The federal government is best placed to provide the
necessary oversight and coordination. However, a successful renovation
wave will require action from all government levels, industry and the
finance sector.

Start a
renovation wave
with upgrades
for vulnerable
households

Prioritise energy performance upgrades for vulnerable households,
including low-income and social housing through a range of targeted
initiatives, including financial incentives and education.

The biggest carbon emissions reductions come from the ‘climate-ready’
upgrades plus full electrification of appliances, which also supports the
best outcome for households’ comfort and safety. Government-owned
homes upgraded to ‘climate-ready’ will boost supply chains and upskill
workers and demonstrate a clear commitment to improving homes.

Direct government subsidies can support vulnerable households where
owner-occupiers are unable to access financing. Subsidies to upgrade
homes to at least ‘climate-ready’ plus full electrification of appliances
will ensure vulnerable households do not miss out on bill savings as

a priority. Awareness campaigns alerting vulnerable households to
available support would help these households reap

the benefits of renovation.

Educational campaigns are also needed to enhance consumer’s
holistic understanding and agency to make informed decisions about
the combined effectiveness of thermal upgrades, electrification of
appliances, and load shifting behaviours to better shift energy use

to lower demand times (Jones et al. 2022). Campaigners should also
consider the best ways to work with culturally and linguistically diverse
people. There is not a one-size-fits-all approach -vulnerable households
have different levels of interest and knowledge about the energy
performance of their homes, and varying levels of capacity to make
necessary changes (Chandrashekeran et al. 2023). Such considerations
should be integrated into any awareness and education campaign for
vulnerable groups.
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Final summary

Energy performance upgrades
provide a real opportunity to
reduce carbon emissions in
the residential building sector.
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Thermal upgrades will support a least-cost clean energy transition
by reducing energy demand, increasing comfort, and optimising
consumption of rooftop solar energy generation.

Nationally agreed frameworks, higher minimum energy performance
requirements in the NCC and minimum rental standards can give clarity
to the construction industry so that they can move quickly and ensure
manufacturing, supply chain and workforce opportunities are adopted,
and industry is ready for the wave to happen. Mandatory disclosure

and appliance standards will help households benchmark their current
energy efficiency performance, while one-stop-shop platforms and
green loans can incentivise and support home upgrades. Support for
upgrading vulnerable households can create the ripple to catalyse the
wave, while having the greatest impact.

We know that the range of technologies available for upgrading homes
to ‘climate-ready’ are mature and tested (ClimateWorks Australia 2020).
We know that upgrading existing homes will reduce carbon emissions
and help deliver a clean energy grid. This report finds that it is cost-
effective for existing homes to become net zero carbon by definition
(Climateworks Centre 2023). If policy supports a ‘go-all-out, go-fast’
approach to energy performance upgrades in homes, a self-sustaining
renovation wave will ensure more and more households live in resilient,
‘climate-ready’ homes.
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Data Sample

The sample of homes was sourced from CSIRO’s Australian Housing Data
(AHD) portal (CSIRO 2019). The sample includes approximately 102,000
real homes constructed between 2016 and 2022. The dataset includes
NatHERS ratings and descriptions of each home and its construction
technologies and materials. To represent the energy performance of
older homes, the original data was manipulated to represent older
homes lacking energy efficiency measures (i.e. pre-energy efficiency
regulations, prior to 2003).

The dataset covers all 69 NatHERS climate zones, and three residential
building types: detached houses (Class 1ai), townhouses (Class 1aii) and
apartments (Class 2) in line with the building classifications defined by
the National Construction Code (ABCB 2022).

Archetype selection

52 |

We identified archetypes by three components: external walls, ground
floors, and roofs. We categorised the building materials for each
component based on its impact on energy performance. For example, the
‘lightweight’ category includes outer cladding material for external walls
such as weatherboard, render, and brick veneer. The list of categories:

1. External walls: concrete (C); cavity brick (CavB); and lightweight
(LW) which includes outer cladding materials such as weatherboard,
render, and brick veneer

2. Floors: concrete slab on ground (CSOG), suspended concrete (SC),
suspended timber (ST); other

3. Roofs: concrete deck (C); framed (F) which are tiled or use metal
sheeting; other.

We determined the most common combinations of building components
to identify the most common archetypes across Australia for each class of
home -see Figure 1.2. Based on our analysis, we identified 16 archetypes
which adequately represent the Australian housing stock - five types of
detached houses, six townhouses and five apartments -as per Table 2.

We reviewed a selection of available literature for construction
technologies and materials used in Australia over time as described in
architectural heritage and construction handbooks to assess whether
the archetypes determined by the sample included the combinations of
construction technologies for older houses, which predate the sample
period (Apperly et al.1989; Boyd 2010; Pickett 1997; Butler-Bowdon and
Pickett 2007; Tanner 1976; Staines 2001; Strategy. Policy. Research. 2020).

_ _
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TABLE 3: Archetypes by dwelling class, determined through analysis of the Australian Housing Data (AHD) sample

DWELLING ARCHETYPE | ARCHETYPE (WALL, FLOOR, ROOF)
CLASS CODE
H1 Lightweight walls, concrete slab on ground, framed roof
(LW_CSOG_F)
H2 Lightweight walls, suspended timber floor, framed roof
(LW_ST_F)
Cavity Brick walls, concrete slab on ground, framed roof
House H3 (CavB_CSOG_F)
Ha Lightweight walls, suspended concrete floor, framed roof
(LW_SC_F)
H5 Cavity Brick walls, suspended timber, framed roof
(CavB_ST_F)
TH1 Lightweight walls, concrete slab on ground, framed roof
(LW_CSOG_F)
TH2 Lightweight walls, suspended timber floor, framed roof
(LW_ST_F)
TH3 Lightweight walls, suspended concrete floor, framed roof
(LW_SC_F)
Townhouse
TH4 Cavity brick walls, concrete slab on ground, framed roof
(CavB_CSOG_F)
TH5 Concrete walls, concrete slab on ground, framed roof
(C_CSOG_F)
TH6 Cavity Brick walls, suspended timber floor, framed roof
(CavB_ST_F)
Al Lightweight walls, suspended concrete floor, framed roof
(LW_SC_F)
A2 Lightweight walls, concrete slab on ground, framed roof
(LW_CSOG_F)
Lightweight walls, suspended concrete floor, concrete roof
Apartment A3 (LW_SC_C)
A4 Concrete walls, suspended concrete floor, framed roof
(C_SC_F)
A5 Concrete walls, suspended concrete floor, concrete roof

(C_SC_C)
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Defining the energy
performance upgrades

The data used in our modelling originated from previous research by
CSIRO and RMIT (Rajagopalan et al. 2023). The original data was sourced
from newly built homes, as there is a lack of data representing older
housing stock. To simulate energy performance of older homes, the data
from real homes was manipulated through the AccuRate Sustainability
tool by CSIRO. This stripped out energy-zefficient technologies and
adjusted performance to a level typical of a pre-2003 home (i.e. prior to
energy efficiency standards).

The performance of the ‘low-performance’ home is equivalent to
between 1.9 to 3.1 NatHERS stars depending on the climate zone and
type (Class 1 and 2). These homes are modelled to have little insulation,
poor airtightness and gas space heating. These are typically homes over
20-years-old that were built before energy efficiency standards were
introduced in the NCC and have not undergone any upgrades.

Undertaking
the analysis

The CSIRO dataset estimates average heating and cooling loads,
conditioned floor area, window area and external wall area for each
climate zone, dwelling type, and renovation level. We used this data to
estimate annual emissions savings, present value of space conditioning
costs and savings, peak electrical demand, benefit-cost ratio (BCR) on a
private and societal basis, and incremental network costs and savings.

We use the BCR to quantify the benefits (for example, reduction

in energy bills) against the upgrade cost (for example, the cost of
installing insulation). This is calculated using a time period of 15 years
for appliances and 40 years for the thermal shell. These time periods are
based on the lifespan of new appliances and the estimated time left for
existing homes with a typical design life of 58 -80+ years (Snow M and
Prasad D 2011). Our BCR calculations use current energy prices rather
than a prediction of future trends.

National weightings
and distribution of
archetypes in Australian
housing stock
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Homes are not evenly distributed across Australia’s geography.

For example, higher densities of homes can be found in Australia’s
cities and some archetypes are more common in certain areas than
others. This means that taking a simple average of the Renovation
Pathways dataset would be misleading because the geographic
distribution of homes in the dataset is not the same as the true
distribution of homes across Australia. To account for this, data from
the Australian Bureau of Statistics (ABS) and AHD portal have been
used to produce weighted averages.
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