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EXECUTIVE
SUMMARY

This report presents an assessment of the rooftop
solar potential across Australia’s housing stock.

It has a particular focus on social housing,

apartments and private rental housing, three
sectors that are significantly underrepresented
in Australia’s world-leading penetration of

residential salar.

The total potential for rooftop solar installation on
residential buildings in Australia is estimated at
approximately 60.9 Gigawatts (GW). As of June
2023, approximately 15.16W of residential solar is
installed in Australia [1], the majority on owner-
cccupied stand-alone and semi-detached houses,
leaving an estimated 45.86W of untapped
photovoltaic (PV) potential exists across the
cauntey.

Qwr findings indicate that unlocking this untapped
potential could yield significant economic, social,
and environmental benefits for diverse Australian
households in different types of dwellings,
including:

« employ 48,000 people for 5 years

» save around 5.7 million households,
currently without salar, an average of mare
than 31,200 per year
generate total bill savings of $9.3 billion a
year for over 20 years for an initial
investment of around $9.8 billion per year
for flve years
produce approximately 81 Terawatt-hours
(TWh) of electricity each year (on top of the
estimated 20TWh generated by existing
residential solar)
reduce greenhouse gas emissions by
approximately 785 Megatonnes over 20
years,
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1INTRODUCTION

QOwver the past decade, PV deployment has seen substantial growth in Australia. As
of 315t December 2023, the country boasts 3.68 million PV installations, with a
combined capacity exceeding 34.2GW, of which an estimated 15.1GW is on
residential rooftops and around 6.9GW on other buildings [1]. Australia remains a
global leader in residential solar deployment, with 35% of all houses having
installed solar [2].

Howewver, residential solar adoption is unevenly distributed across demographics.
Although the link between household income and solar installation Is questionable
[3], access to solar is dependent on dwelling type and tenure. More specifically,
most residential solar is installed on owner-occupied houses, typically occupied by
older residents with higher incomes.

The surge in wholesale energy costs in Australia and subsequent increase in retail
electricity prices has put pressure on low-income househeolds, as they typically
allocate a more substantial share of their household income toward energy
expenses, yet these households are the least likely to access the benefits of low-
cost rooftop solar. Installing solar on social and community housing, as well as
incentivising installation on rental properties and apartments, could help ease the
financial burden on some of Australia’s most vulnerable households, ensure more
equitable access to renewable energy and contribute significantly to the urgent
decarbonization of the electricity system.

This report aims to explore this opportunity through application of the
methodology underlying the APVI's SunSPOT tool, as described in Section 5.
Previous studies have provided estimates of the rooftop solar capacity of
Australia’s housing stock [4], of Australia’s entire building stock, broken down by
planning zone [5], and of Australia’s social housing stock [6]. This report is based
on similar methodology to these previous studies, but uses updated data and
assumptions.



In particular, our analysis adds to previous studies by:

« combining a new, granular dwelling-level solar potential assessment of
residential buildings across the City of Sydney {using 2022 City of Sydney FSE
survey and 2020 LiDAR data) with the City of Melbourne analysis used for
previous reports;

= updating the underlying assumptions in the method to account for current and
future solar photovoltaic efficiencies;

= applying these refined per-dwelling solar capacities to the latest residential
building data from the 2021 ABS Census; and

« including a detailed analysis by housing tenure and dwelling type to identify
potential opportunities for effective policy intervention across Australian states
and territories.

This assessment of physical rooftop capacity on residential buildings excludes
small roof planes and heavily shaded roof areas, but does not account for a range
of issues that will affect the feasibility of installing solar PV on all these areas,
including connection constraints imposed by distribution network service providers
(DNSPs) and/or potential grid capacity issues.

Section 2 of the report presents our findings for the residential solar potential and
associated benefits in each state and territory and the top 20 commonwealth
electoral divisions.

Section 3 summarise the opportunity, costs and impacts of installing solar across
Australia’s social housing, rental, and multi-occupancy housing sectors, in light of
the policy importance of these housing categories. Section 4 suggests some
potential policy approaches aimed at increasing deployment of rooftop solar
across social housing, rental properties and apartment buildings. Section 5
describes the methods and assumptions used in the analysis and Section &
presents a brief comparison of the findings with those from previous studies.



2 KEY FINDINGS

The estimated rooftop capacity for installing solar photovoltaics (PV) on houses and
apartments across Australia is estimated to be 60.9GW, of which around 25% (15.1 GW) is
currently realised,

There is 45.8 GW of unrealised potential solar energy on houses and apariments across
Australia, If there was support for every rooftop with solar patential to install a new system
or expand the size of existing reoftop solar to full potential, Australia could generate an
additional 81TWh of clean energy each year.

Installing sclar on the available and suitable rooftops of houses (including some unused
roofspace on houses with existing, smaller PV systems) could save the residents around
$9.3 billion annually on their electricity bills, and realising the apartment potential could
gave another $0.7 billion. That's $186 billlon total of savings for Australian households.

Cwver their expected life of two decades, these systems could reduce Australia’s
greenhouse gas emissions by 726 megatonnes over 20 yoears. Additional benefits include
an estimated 240,000 job-vears in skilled employment opportunities for solar installers
and electriclans across the nation, as well as yearly energy bill savings totalling $9.3
billicn.

2.1 National potential and impacts

The rooftop capacity for installing solar PV on houses and apartments across Australia is
estimated to be 60.9 GW, of which around 25% (15.1 GW] is currently realised.

This potential is not uniformiy distributed across different dwelling types: 94% of the
potential (and almost all of the current installed capacity) is on houses, including stand-
alone, semi-detached, terraces and townhouses. Figure 1 illustrates the distribution of this
rooftop potential between houses and apartments, across soclal housing, private rental,
and owner-occupied properties.

The existing 15.1GW of PV is installed across the roofs of approximately 3.29 million
houses, leaving 5.70 million households (in houses and apartments) without solar.
Although, anecdotally, the majority of the 15.1GW installed capacity is on owner-occupied
houses, there is no detailed national data avallable to describe the distribution of installed
capacity across bullding types and housing tenure. For that reason, this report focuses on
the total rooftop capacity for each housing type, although the unrealised capacity is also
shown for the national and state data.
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&

The potential impacts of installing solar PV across this avallable rooftop capacity are
shown in Table 1. There is approximately 466GW of unrealised solar potential on residential
raoftops, which generate around 61 TWh of electricity annually which is approximately 22%
of the total annual generation across Australla in 2022, This is additional to the estimated
20TWh currently generated from residential solar.

Installing solar on the avallable and suitable rooftops of houses [including some unused
raofspace on houses with existing, smaller PV systems) could save the residents around
$8.6 billion annually on their electricity bills, and realising the apartment potential could
save another $0.7 billion.
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The potential social impacts include providing around 240,000 additional job-years of
employment in the solar sales and installation industry, equivalent to employing 48,000
people for 5 years. Currently, almost all the solar panels and inverters Installed in Australia
are manufactured overseas, but there are signs of an emerging domestic industry,
including the APVI's Silicon to Solar project [8] and the recent announcement of a
polysilicon manufacturing facility [9]. Deployment of PV across the residential housing
stack therefore has the potential to provide further emplayment in the manufacturing
sector and suppart this emerging industry.

The realization of these economic and social benefits needs an estimated initial
investment of $9.8 billion a year for 5 years across all building types and housing tenures.
The appropriate allocation of these costs would vary by sector, but they would be returned
in bill savings within 5.3 years, with the average annual household bill savings of $1,390
continuing for the operational lifetime of the solar PV systems, usually 20 years or more.

Furthermore, harnessing these unused rooftops could substantially reduce CO2 emissions,
contributing to Australia’s emissions reduction targets. |f all the solar potential of all
Australia's houses were fully realised, approximately 726 Megatannes (Mt) of CO2
emissions could be avoided over 20 years, and a further 59 (Mt) of CO2 emissions avoided
by deploying solar on all apartment buildings. Figure 2 shows a break-down of these
emissions reductions by tenure,
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Twa key metrics, the average payback time and bill savings per household serve as
compelling evidence of the cost-effectiveness and financial advantages of solar system
installation across various housing types (social, rental, and owner-occupied),

The average payback time and bill savings per household are shown below:
« House:

¢ Social Housing:

= Average Payback time: 4.9 years

= Average annual bill savings per household: $1,358
¢ Private Rental:

= Average Payback time: 5.1 years

= Average annual bill savings per household: $1,432
o Owner Qccupled:

= Average Pavback time: 5.2 years

« Average annual bill savings per household: $1,560

« Apartment:

= Social Housing:

= Average Payback time: 5.5 years

= Average annual bill savings per household: 3680
& Private Rental:

= Average Payback time: 6.2 years

« Average annual bill savings per household: $535
o Owner Occupied:

=« Average Payback time; 8.3 yvears

= Average annual bill savings per household: $524



2.2 State potentials and impacts

Using data from the 2021 Census for the number of dwellings in each Australian state, the
potential solar installation capacity for each tenure type (social housing, private rental and
owner-gccupied) for houses and apartments have been estimated, as well as annual
energy generated, avoided CO2 emissions and employment created.

The total unrealised residential solar potential for each state is shown in Figure 3.
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Figure 3 Estimated unrealised residential rooftop solar copacity by stote

The rooftop capacity for installing solar PV on houses and apartments across Australia is
estimated to be 60.9 GW, of which around 25% (15.1 GW) Is currently realised.

This potential is not uniformily distributed across different dwelling types; 4% of the
potential fand almost all of the current installed capacity) is on houses, including stand-
alone, semi-detached, terraces and townhouses. Figure 1 illustrates the distribution of this
rooftop potential between houses and apartments, across social housing, private rental,
and owner-occupied properties,

The existing 15.16W of PV is installed across the roofs of approximately 3,29 milllon
houses, leaving 5.70 million households (in houses and apartments) without solar,
Although, anecdotally, the majority of the 15.1GW installed capacity is on owner-occupied
howses, there is no detailed national data available to describe the distribution of installed
capacity across building types and housing tenure. For that reason, this report focuses on
the total reoftop capacity for each housing type, although the unrealised capacity is also
shown for the national and state data.



2.2.1 New South Wales

Table 2 illustrates the impact of solar potential installations in NSW. The estimated total
residential solar potential in NSW is around 17.9 GW across all tenure and building types.
The current installed capacity in NSW (3.82 GW [1]) has not been excluded fram the figures
presented in Table 2.
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The average payback time and bill savings per household in NSW are presented in
Table 3.

Table 3 Average paybock time and annual bill sovings per household in NSW

Ayerage annual bill savings par
Buildi T time
ng types e Acerage Payback {yoars) \ )

Sacial Housing 4.3 1,372

Houss Prieale Rantal 4.3 1,535
Chiir Decupiad 4.3 1,658
Social Housing 45 681

Apartmen Privale Rental 5H v

Owmief Cocupiad 5.7 526




2.2.2 Victoria

VIC has the second-highest residential solar potential after NSW, estimated at around 15.9
GW. Table 4 provides an overview of the impact of unlocking the solar petential in VIC.
The current installed capacity in VIC (3.07 GW [1]) has not been excluded from these

figures.
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The average payback time and bill savings per household in VIC are presented in Table 5.
Payback periods in VIC are higher than in N5W and most other states, across all sectors.
This iz due to a combination of higher PV installation costs, low electricity prices, and
lower PY vield. However, payback periods across all dwelling types and housing sectars
are all considerably below expected system lifetimes.,

Table 5 Averoge paybock time and annual bill sovings per household in VIC

Average annual bill savings per

Building types Tenure Average Payback time (years|
Social Housing .7 £ 1]
r— Privala Ranlal 1.7 1,085
Cramar Oocupied T.7 1,185
Social Housing 4.4 447
Apartmont Privale Rerlal 92 405
Cramesr Docupied 8.0 A28




2.2.3 Queensland

GLD has an estimated solar potential of 12.5GW across all residential buildings. The

impact of realising the total potential capacity in QLD is presented in Table 6. The current
installed capacity in QLD (3.96 GW [1]) has not been excluded from these figures.

Table & impocts of realising the todol residentiol solor potential in QLD
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The average payback time and bill savings per household in QLD are shown in Table 7,

Table 7 Average poybock time and annwal bill sovings per househald in QLD

Averaqe annual ball savings per
Budlding typas Tanure Avarage Payback lima [pears) (AUD)
ool Houling 49 1458
Heubs Privale Fonial 4.4 1,5Er3
Owmer Oocupied L8] 1,701
Sodil Howing 58 [-T)
Cwnar Cocupled 1] 845




2.2.4 South Australia

The total solar potential of residential buildings in SA is estimated at 4. 8GW. The potential

impacts are shown in Table 8, The current installed capacity in SA (1.58 GW [1]) has not
been excluded from these figures.
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The average payback time and bill savings per household in SA are shown in Table 9.

Table 8 Average payback time and anasual bill sawings per househald fn 54

Mg G e e ) e
Social Houting 34 1623
Howte Private Rental 35 1895
Dwnar Dccupied s 2081
Social Housing 13 1056
Apartment Prévate Rantal 34 aas
Orwner Dccupied 34 22

The higher alectricity prices in SA (averaging at $0.454 per kWh, compared to $0.282 per kKWh in
VIC) as wel azs high PV yield and low PV installation costs contribute to significantly lower
payback lime,



2.2.5 Western Australia

Table 10 shows the impact of solar potential in WA, The current installed capacity in ' Wa
(2.10 GW [1]) has not been excluded from these figures.
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The average payback time and bill savings per household in WA are shown in Table 11.

Table 11 Average payback time and annval bill savings per household in WA

Building typss Tonure Average Payback tima (years) Vo8P SMous U SITnGS per
Sneim Hausing 4.2 1,282
House Privale Rental 4.2 1,468
Crames Docupied 4.2 1,588
Socisl Housing 4.6 T
Apartmant Private Rental 48 570
Oramiad Docupled 4.9 556




2.2.6 ACT

Table 12 shows the impact of solar potential in ACT. The current installed capacity in ACT
{0.23 GW [1]} has not been excluded from these figures.

Toble 12 impacts of realising the totol residential solar potential in ACT
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The average payback time and bill savings per household in ACT are shown in Table 13.

Table 13 Averoge poybock time and annual Bl sovings per household in ACT

]
Building types Tenure Average Payback time [years) M‘ﬁ:.:rm:‘ ‘:“!;'_'"M par
Social Housing g2 1,372
Houss Privale Raenial a2 1397
Owner Occuphed 5.3 1,588
SoEal Howusing 6.1 T8
Apariment Private Rental 1B 4E3
Cwnar Docupisd 75 dB3




2.2.7 Northern Territory

Table 14 shows the impact of solar potential in NT. The current installed capacity in NT
{0.12 GW [1]} has not been excluded from these figures.

Tabir 14 tmpaocts of realising the tohal resrdendial solor podentiof in &T
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The average payback time and bill savings per household in NT are shown in Table 15,

Toble 15 Average paybock time and onnual bill sovings per household in NT

Average annual bill savings por
Building types Temure Average Payback time [years) housshold [ALD)
Social Housing 7.2 1.755
[T Privabe Fental 1.2 1,689
Owner Dotupiad 7.2 1878
Social Housing T8 B3
Apartment Privabs Fanksl 8.4 641
Cramar Oooupsed 8.2 &




2.2.8 Tasmania

Table 16 shows the impact of solar potential in TAS. The current installed capacity in TAS
{0.23 GW [1]} has not been excluded from these figures.

Table 16 impocts of realising the total residential solar potentiol in TAS
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The average payback time and bill savings per household in TAS are shown in Table 17
Table 3.

Table 17 Average paybock time and annual Bill sovings per household fn TAS

Buliding types Tenurs Average Payback time (ysars) 'ﬁw:ﬂg““”
Social Housing 6.3 1384
Hosai Private Rantal B3 1.540
Owmier Docupiod 6.3 1633
Social Housing B.5 B0
Apartmant Frivate Fonial 65 B04
Cramar Oocupiod B5 a7




2.3 Potential by Commonwealth Electoral Division (CED)

Utilizing ABS census data, the table below highlights the top 20 CEDs in Australia with a
high solar potential. Additionally, estimates for the potential annual generation, job
creation per year, and avoided CO2 emissions throughout the lifespan of solar panels are
provided for these capacities. The existing installed capacities are not excluded,

Table 18 The 20 CEDs with the highest residential solar potential

. Salar PV Capaziny i {EWh) Aaddad (02 Efmideseri

w) M/ 20 yeara) Ny

—
My 54 500 (410 - 590) EBD (560 - 510 2800 {2300 ~ 3300) 2600 (7100 - 3100
Blair aLp 00 (00 - 590} 710 (570 ~ 840} 5700 (500 - 120000 20600 (100~ 3100
Barker A £50 (400 - 380} 70 (340 - 790} 2800 {2200 - 3300) 2500 (2300 - 3000
Grey A 450 {190 - 5804 &30 {340 - #00)| 2800 {1300 - 1304 2500 (1100 - 3005
Sperae B4 450 (150 - 580} a0 (330 - 790 2700 {1200 - 3300) 2500 (2000 - 3000
Surt 54, B0 (130 - 530) 40 (510 - 300 2700 (100~ 3300] 2500 (1000 = 3100]
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Gl HEW 470 (380 = 560} 10 (480 = 720 B300 (6700 ~ F900] 2800 (1000 = F900)
Macaribar WS 470 (380 - 560} E10 (450 - 720) £300 (6700 - §90J) 2800 (1000 - 2900]
Cowan W &70 (370 = 5704 B0 (340 - 30} B0 (5400 ~ B300] 2400 (1900 - 2900]
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Hunter A &70 (380 - 5509 BOD (450~ 720} E300 {6700 - 9500] 2800 (2000 ~ 2900]
Calare P &0 (380 = 5500 GO0 0 = T30} E300 (6700 - G800] 800 (1000 = 2600




3 SOLAR POTENTIAL BY
HOUSING SECTOR

Because the majority of existing residential solar is installed on owner-occupied houses
and deployment in this sector remains high, it is useful to focus on the harder-to-reach
sectors, specifically social and community housing, private rental properties, and
apartment bulldings.

3.1 Social and community housing

Table 19 presenis a comparison of the state-wide solar potential of social housing in
Australia, based on data from the AB. The estimated total solar potential {including
existing installations) of social and community housing properties across Australia is
approximately 2GW. Motably, NSW, QLD, and VIC have the highest shares of this solar
potential,

Toble 159 Impoct of realising the totol residential solor potential on social howsing
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Harnessing this solar potential not only has the potential of saving an average of $420
million annually on electricity bills. Realising these benefits requires an initial investment
of $420 million per year for 5 years, This investment is expected to generate
approximately 10,000 job-years — or employ 2,000 people for 5 years - across Australia.

3.2 Private rental properties

The private rental properties throughout Australia have an estimated solar potential of
14GW, largely unrealised. The impacts are summarised in Table 20.

Table 20 Impact of realising the total residential solar potentiol an rental properties
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Unlocking this substantial solar installation potential needs an initial investment of $3
billion a year for 5 years and would result in an estimated annual saving of $2.9 billion on
bllis. With the right mechanism, these savings could benefit tenants and generate return
on Investment for landlords and investors. Ower the 20-year lifespan of solar PV systems,
in addition to significant bill savings across states, the avoided CO2 emissions could
potentially reach an average of 250 Mt. Moreover, if this solar potential is realized, it has
the capacity to create 74,000 job-years across Australia.



3.3 Apartment buildings

According to the data presented in Table 21, the average solar installation capacity for
apartments across Australia can reach up te 3.3 GW.

Table 21 impoct of realising the totel residentlal solar potential on apartment bulldings
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4 POLICY IMPLICATIONS

More than a third of Australian houses have rooftop soalar installed and the low cost,
significant bill savings and consequent shorl payback periods [10] mean that, for owner
occupiers, deployment on stand-alone, semi-detached, terrace houses and townhouses is
lkely to continue.

Howewver, there are potential policy measures that would improve household declsion-
making arcund solar (and battery} installation and therefore increase deployment and
utilisation of available roof areas, as well as targeted policles that could support
deployment specifically on rental dwellings, apartments and social housing.

The federal government's proposed DER / CER roadmap [11], offers an opportunity to
garner cross-jurisdictional agreement on the policies required to Increase equitable
access to rooftop solar and enable efficient and effective use of residential roofs.

4.1 General residential solar deployment

There is a need for impartial, accurate information about the costs and benefits of
installing solar and batteries, and resources to support households in decision making
about distributed energy resources (DER). This is being addressed by consumer decision-
making tools like the APVI's SunSPOT [12] and information sites such as the federal
government's Solar Consumer Gulde, as well as state government resources.

« Further development of these resources, to include the impacts of electrification of
space and water heating, cooking and transport, would support households in
installing selar PV systems sized to suit future electrified Ioads, and likely result in
bigger PV systems and better ulilisation of available roof areas.

Connection limits and fixed export limits imposed by distribution network service providers
(DNSPs) to address grid constraints. In many areas, households with single-phase grid
connections are limited to SkW inverters — even if most of their solar generation is
consumed onsite. These ‘blunt instrument’ fixed limits risk forcing households 1o install
smaller systems than are technically possible and economically beneficial. Some DNSPs
are developing mare sophisticated approaches, such as Dynamic Operating Envelopes,
that only restrict solar exports at times when it is necessary to maintain grid security [13],
« Wider roll-out of dynamic grid management, as an alternative to fixed connection and
export limits, would enable mare efficient use of the distribution network and — by
increasing network hosting capacity = better utilisation of building rooftops.

While government solar subsidy schemes targeting low-income house owners, such as
MSW's Rebate Swap for Solar help to address inequities in solar ownership, specific
policies are needed to extend widespread deployment to apartment bulldings and the
rental sector.



4.2 Apartment buildings

There is potential to install an estimated 3.3GW of solar PV on Australia’s apartment
buildings, but the sector faces specific challenges, which include technical constraints,
additional costs, and arganisational and governance issues. While installation of solar PV
o supply commaon property loads s relatively straightforward and s becoming more
comman, deployment of shared PV systems to meet apartment loads is still challenging.

Apartment owners and residents are often excluded from State government subsidies for
solar and/or batteries, either explicitly or implicitly. Moreowver, the diversity of the
apartment buildings stock, and the complexities of decision-making within strata bodies,
mean thal appropriate system design is very bullding-specific, apartment owners and
residents need additional support and advice to explore and cost available options.

Additionally, solar installation on apartment buildings is likely to be mare expensive than
on houses for a number of reasons.,
= Targeted subsidies for solar on apartment buildings, to support both feasibility studies
and instaliation costs, are therefore needed to address the shortfall in this bullding
sector. This could include extension of the Community Solar Banks scheme [14], with
the explicit inclusion of strata properties, as well as jurisdictional initiatives such as the
ACT's Solar for Apartments programme [15].

Governance arrangements for strata title are legisiated by state and territory governmenis,
and the voting threshold required to install sclar [or other environmental upgrades)
therefore varies by jurisdiction. NSW's Strata Schemes Management Ameandment
(Sustainability Infrastructure} Act 2021 [16] reduced the threshold required to implement
‘sustainable infrastructure’ upgrades from 75% to a simple majority, aligning with WA's
2019 update [17] to the state’s Strata Titles Act.

« Harmonisation of strata regulation across all Australian jurisdictions with a 50%. Voting
threshold for sustainability upgrades (Including installation of solar or batteries,
electrification of space and water healing and installation of electric vehicle charging
infrastructure] would remove a significant barrier to strata decision making.



4.3 Rental Sector

The challenges of deploying solar on rental accommadation, including the significant issue
of split incentives belween landlerds and residents, mean that the 14GW solar potential of
this sector {of which 12.1GW is on houses) is largely untapped.

« Giving tenants visibility of the financial and other benefits of solar (as well as other
sustainability upgrades) could allow these benefits to be reflected in rental rates,
enabling landlords te recoup their investment costs. This could be achieved through
mandatory disclosure of energy bills and/or of energy efficiency ratings.

= As well as through targeted subsidies, such as Solar Victorias Solar Rebates for
Rentals scheme [20], landlords could be incentivised to Invest in solar (as well as other
sustainability upgrades) if the associated capital costs could be offset through instant
tax write-offs.

4.4 Social Housing

Installing 26W on the available rooftops of Australia’s Social Housing stock would provide
direct cost-of-living relief by reducing the energy costs of low-income households,

Additionally, social and community owned apartment buildings provide a unique
opportunity to develop and deploy solutions for shared solar in multl-occupancy housing,
without the additional decision-making complexity of strata governance.

As with other sectors, installation of rooftop solar on soclal housing should be
accompanied by broader sustainability upgrades, including installation of efficient lighting
and appliances, and improving insulation and building fabric to reduce energy
consumption, This is particularly Important for bulldings with very poor thermal
performance, such as is common in remote First Mations communities.

« Additional funding to meet the rooftop solar potential of social housing Australia-wide
can be met by extension of the Commonwealth Household Energy Upgrades Fund,
with co-contributions from state and territary governments, ongaing until the solar
potential of all social housing has been realised.



METHODOLOGY

5.1 Method outline

The method used for this study invalved 3 steps.

Firstly, 2020 LiDAR data [21] far the City of Sydney local government area (LGA) was
analysed to determine the slope, orientation and shading of building roof surfaces, and
thence the solar insolation falling on each roof plane over a typical year was estimated.
This process is based an the method underlying the APWVI's SunSPOT toal [12] and has
been used in prior research assessing solar potential of major Australian cities[4, 22, 23].
Discrete salar roof planes ware identified and areas over 10m2 in area and exposed to
80% of the annual insolation on an unshaded harizontal surface were designated as
suitable for solar PV installation.

These roof areas were then mapped to specific buildings using building footprint data
derived from the City of Sydney 2022 Floor Space and Employment (FSE) survey [24].
Buildings were filtered for residential primary use, and sorted by dwelling type (detached
house, semi-detached, townhouse or terrace, and apartment) and by number of storeys.
Using the rooftop solar potential and the number of dwellings for each residential building,
the PV capacity per dwelling was calculated for different dwelling types.

Finally, the per-dwelling solar potential was applied to Australian Bureau of Statistics (ABS)
census data on different dwelling structures and tenures. Based on the ABS census data,
five types of dwelling structures are considered in this research: separate houses, semi-
detached or townhouses, apartments with one ar two storeys, apartments with thres
storeys and apartments with four or more storeys.



The method is illustrated in Figure 4.
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5.2 Detailed LIiDAR analysis

TThe LiDAR methodology involves using LIDAR data as an input for ESRI's ArcGIS tool. The
process is summarised in Figure 4. The LIDAR data is used 1o generate separate raster
layers for slope and orientation. Areas of similar slope and arientation are then identified
and divided into roof areas, which are mapped to individual bulldings and properties using
building footprints and property cadastres, The annual insolation incident on each roof
plane is calculated using the ArcGlS Hillshade tool and a Typical Meteorolagical Year
[(TMY) weather file [25],

Two methods are used to determine suitable roof areas for PV installation. The widely-
recognized MREL method [26] compares the number of hours each plane is exposed to the
sun over four representative days of a year with a minimum threshold, and excludes any
planes facing southeast through the southwest. In the second method, roof areas that
receive pver B0% of the annual insolation on an unshaded heorizontal plane, are
designated as "usable’, i.e, suitable for PV installation, For both methods, roof planes with
less than 10m2 contiguous surface area are considered unsuitable (ensuring that any
identified suitable plane can support a minimum 2 KWp PV system). Although these criteria
are somewhat arbitrary, they exclude heavily shaded roofs and align with previous studies.
The average of the 2 methods is used to estimate the total solar PV potential of each
building, assuming a power density of 200W/m2 and a PV module size of 1.75 m2, Any
roof plane with a slope of less than 10 degrees was treated as flat and a north-facing, rack-
maounted system with tilt of 15® and suitable spacing to avoid self-shading was assumed.

Previous studies [2/, 28, elc.] have compared the results obtained using high resolution
Digital Surface Models (DSMs) to those obtained using publicly-available LIDAR data, and
shown that the results from LiDAR data are typically lower than those from the DSM as the
relatively low resolution results in over-estimation of roof obstructions and variations to
slope and orientation, and therefare under-astimation of usable roof area. Far this reason,
a multiplying factor of 1.29 is applied to the LiDAR results for Sydney, equivalent to
avaraging the results derived from LIDAR and DSM estimates [27].



5.2.2 Results — City of Sydney

Table 22 shows the results of the City of Sydney analysis.

Table 22 Total usable area, PV system size and energy generation for each residential bullding type in the

City of Sydney
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The total solar potential of the City of Sydney is estimated at 139 MWp across various
residential building categories, Notably, the 4 or more storey apartment account for the
highest share of this capacity, some 47%,

5.2.3 Building classification

Using the City of Sydney FSE survey [24] dataset attached to bullding footprints (which
includes dwelling numbers in multi-occupancy buildings), the bullding footprints were
mapped to the categories of dwelling type used in the ABS census.

Previous analysis [4] used a similar method and data from the City of Melbourne: the 2015
City of Melbourne bullding footprint [29]and the 2077 Census of Land Use and Employment
[CLUE) [30], and the resulting per-dwelling data has been used for a number of reports[5,
&]. This City of Melbourne analysis Is included here for comparison,

Table 23 shows the numbers of dwellings in each L&A according to the ABS 2021 Census
of Population and Housing [31]. Note that, except for separate houses, these figures are
not expected to align with the building numbers generated from the FSE and CLUE
datasels for Sydney and Melbourne respectively. However, the analysis found the bullding
categorisations from CLUE and FSE data are not fully aligned with the census data. In
particular, the Melbourne CLUE data identifled larger numbers of stand-alone houses, and
lower numbers of semi-detached and terraces.



Tobie 23 Numbers of each dw-e.l'.fng' type in Citles of Spdney ond Melbourne LGAs

STAD Dwelling Structure Eydnay Malbourme
Sapiarate Pens 2377 1,871
Sami-detaihed, mow or [Brace house, wrnDuss s .18 1003
Flsi or aparimmsnl in & one o beo slomy bock 3,355 2553
Flal or aparimnl in & e giomy Dok 10,562 5,598
Fial or aparimant in & four or mor siomy block 84,278 a1.918

5.2.4 Synthesis — per-dwelling solar potential

Using the number of dwellings in each building, from the FSE data, the usable roof area
per residential building in the City of Sydney was converted to usable area per dwelling.

This Is shown in Figure 5, as well as the usable area per dwelling from the City of

Melbourne analysis [4].
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The usable area per dwelling derived fram the 2 analysis is similar for stand-alone houses,
Howewer, the City of Sydney analysis suggests lower usable area for other dwelling types.
In particular, semi-detached, terraced and townhouses, as well as 1-3 starey apartment
buildings, show much lower usable roof areas than suggested by the City of Melbourne
study.

This discrepancy is likely due to a combination of differemt architectural characteristics of
residential buildings in the two LGAS, different resolutions of LIDAR data used in the 2
studies. Anomalies in the CLUE and F5SE datasets may also play a part.

For example, the relatively high PV capacity per dwelling for semi-detached and terraced

houses derived from the Melbourne data may be partly attributed to miscategorisation of

stand-alone houses as terraces, Canversely, the very low median usable area for value for
semi-detached and terraced houses derived from the Sydney data may be due, in part, to
some miscategorisation of apartments as terracas.

Because of the uncertainty in the results derived from both datasets, the KW-per-dwelling
values used for the national, state and LGA analysis, as well as the breakdown by tenure
and landlord type, use the average of the Sydney and Melbourne results shown in Table
24. The study revealed great diversity between buildings, so these values represent the
average capacity acress mulliple buildings rather than the typical capacity for an individual
building.

Table 24 Average solar PV potential kW per dwelling

City of Sydiney City of Belbourne Bverage
Dravedling Stracture
LT b4 i B4
FerraceYilla 2.0 53 4 0
1 o I viorey Apgetrment 2. %8 4.7
U pinrey Aparimraent 23 15 29

il or more stoney Aparbment 1.4 1. 1b




5.3 Application to national dwelling statistics

The 2021 Australian Bureau of Statistics (ABS3] [31] Census of Population and Housing
provides information on dwelling types in Australia, enabling an assessment of the solar
potential of sacial housing, rental and owner-occupied properties and by geographic
location, The average of solar potential per dwelling (from Table 24) was applied to these
dwelling numbers to provide estimated solar potential for each state and LGA, by tenure

and landlard type,

Table 25 shows the number of houses and apariments within secial housing, private rental
and owner-occupied categories across Australia. For simplicity, the ABS dwelling types
have been combined into 2 categories: houses (including stand-alone, semi-detached,
terraces and town houses) and apartments (including low, medium and high-rise buildings).

Toble 25 Number and type of dwellings in Australia

Hpease Apartment
E
Flal o¢ Fiat of ol
Sami-detache apariment ina
Saparibi aparimont in a apanmard in o
hotss i ane of hwo thrse-l il
Fesdential ieramiiuas sl miCre-Sloray
shany Block Elack
QraLps binck Tiotad
Socia Housing 154 857 108 434 45,835 21,18 22815 352 450
Provale Rantal 1. 315875 454 489 203 338 172,957 384 441 2,511,100
Oramer
g 5,130 904 548 639 112 487 07 N3 221,536 6,130,568
Occupied
Tedal 6 610,438 1,112 582 361,480 301,078 E08,592 8994128




5.4 Calculation of impacts

The annual energy that could be generated from solar PV installations on the available
roofspace was calculated using the average yield (MWh per KW installed PV} for each
state, derived from a previous study [S] which used NREL's System Advisor Model (SAM)
[32] and typical year weather data files from Exemplary Energy [25], and assumptions
about the distribution of orientation and slope of roof forms for each type of dwelling, and
an average shading factor derived from the City of Melbourne LIiDAR analysis.

The cost of systems was calculated based on average costs of quotes provided through
Solar Choice [33] in August 2023 for standard and premium systems, sized according to
the average rooftop capacity of each dwelling type. To account for the specific challenges
associated with solar installation on apartment buildings, including roof access, and the
additional infrastructure needed to enable sharing of sclar systems between apartments,
whether "behind the meter’ [31] or through an embedded network [32], an additional cost
was added as follows:

# Apartment (1 or 2 floors); +25%

o Apartment (3 floors); +37.5%

« Apariment (4 or more floors): +50%

Toble 26 Per-kW sofar system cost in each stofe

SEatp Fouse Semi-detached Apartment (1or 1} Apartment (3 fioors] Agarimend ji= fogn)
AL 45430 [EFT 55 P £1 08
5
G0 =51 14%) [4710 ~ 51,050 [5808 ~ SE84) 150, 18D = 51 3EH] {5110 =514
L1068 41,074 i1 G600 i1 8T8 §1.658
0L
560 =51 1% [5950 = 51, 19T 5993 = 51 _1RH] 50, 438 = 51 714 151,438 = 51 E7%
41,119 1085 41 07H TR 41 xia
ALT
SO0 =51, 268 [5930=51.218 151,005 =51 150 Gl B = 50 B%E] 151,543 = §2025)
b7 P ST 51809 2. 107 52,141
NT
1,580 = $1L U (1,578 = 51,801) 58,708 = 10 BEE) (51,03 <53 2RE| {51,993 = £3 490
51,750 51,313 51 269 51 B97 51,552
TAS
LI = S0 HL110 = SLARE 50,551 =50, 50K L1, 700 = 53,080 (51, Fa0 =53 T
1,150 SLITS L1 u0s S1,69F SLTIS
Wic
[ - 2 B A I [See0 - fi 418 R1.00% - 51,175 fel, S0 - S AT (51508 51
S940 5901 3T 51,367 51433
MW
5800 = S1.0T% [5750 - £1.05%)] [530T - £938] (51 76 = S0 A5H] 151,378 = 515504
SHTT 5876 CIER 51 145 51,300
e
|STT0 = SOEE] 15760 = 59497 [5THS = 5550) 50080 = 51,310 51080 = 51_F3H




Househald bill savings from rooftop solar depends an the proportions of generation self-
consumed on site (avoiding payment for grid electricity) and exported (in return for a feed-
in-tariff or FiT). The analysis assumes a value of 32% self-consumption, derived from
analysis of export data for 300 solar households. Retail prices paid for grid electricity vary
by distribution netwark and retailer. Far each state, the rates charged by the 3 largest
retailers for each DNSP from July 2023, were used to calculate minimum, maximum and
avarage rates for both imported electricity and feed-in-tariff {Table 27).

Table 27 Typicol retall electricity usage and FIT rates by state from July 2023

Electricity rate [5/kWh) FiT {5/ kWh]

i average man miln average maK
hESA 0.331 0.354 0,408 0.070 nare Quos4
oLo 0.238 0.311 9.333 0.050 Qo] Q148
ViC Qv 0232 0.32% 0.083 0051 0054

NT 0.281 0.281 0.281 Q.08 010G 0121
SA 0435 0.454 0.aT3 0 0BE QLD 0054
Wi 0.308 (L308 0.308 Q.030 DLDES 0.100
ALCT 0199 0.301 0412 0.060 DupE3 0.150
TAS 0.245 0,281 0.300 0.109 0118 0.132

Annual aveoided CO2-2 emissions reductions from deployment of these solar PV systems
was calculated by multiplying the indirect (Scope 2) emissions factor for consumption of
glectricity purchased from the grid in each state [34] by the expected annual energy
generation from the systems over the 20 year module lifetime, and subtracting the
estimated embodied carbon emissions from the manufacture, installation, operation and
decommissioning of the PV system (0.045kg CO2-2/kW) [35].

The employment generated by solar PV deployment is primarily In sales and installation,

as mast manufacture is currently offshore and solar is low maintenance. Nevertheless, it is
estimated that each MW of rooftop solar reguires 5.8 person-years of employment [36] and
this factor was applied to the solar potential for each state to give the employment impact.



In arder to accammaodate the uncertainty within our dataset, we have incarporated a range
of values to represent the variability in the outputs. While aur discussion primarily focuses
an the mean valua, the tables and figures depict the mean, lowar bound, and upper bound
a5 Mean (lower - upper).

6 Comparison with previous estimates
Table 2B compares some key findings of this study — salar potential of all Australian

residential buildings, apartment buildings and social housing, as well as NSW social
housing — with findings from previous studies.

Toble 28 Key findings componed with previpus studies

AE reqlde=zlal Al rrdEmis hogiad hazmming
Azarime=2 borisd homing
Bei ldengg b dgfings [NEW
pasddingy Auraliz
| tal cigacity] [urareed capacilp)
&1 G L5 W 1.3 GW 18 W B0 MW
Thét KLk (45 = T3} {34 = 5Ky 25 =43) k=325 (470 = K10
e e e
Aralyss of ro0ioD 14 gGhen lad o
Bamfimien reecerriisl SuikSngs (IO LH] al =B G - 4.8 =40 W - -
i
B e e
Horer e i ool kot Can b
56 G
et i dastralia P (20TL) |5|
Solar Potdateal ol Auiarakes Sadisl 10 G -
Hpusng ok (303 1) 6]
Lolar Pofeaigl of WLW Socisl Houleng
B VS
Mook Iedishast (2010} (T

The findings from this study, though more comprehensive, are broadly aligned with those
fram previous analysis using similar methodologies, including previous analyses of solar
potential on social housing [&, 37] and slightly higher than the earlier analysis of
Australia’s housing stock [4]. The small discrepancies can be accounted for by:
« use of updated dwelling data from the 2021 Census,
= assumed PV power density of 200 Wim2 (compared 1o 156 Wim2 used in earlier
studies} to account for improved PV efficiencies, and
« use of the new LIDAR analysis of City of Sydney rooftops, combinad with previous City
of Melbourne analysis, to estimate solar potential per dwelling.



The last factor has resulted in a higher estimate of per-dwelling PV capacity for stand-
alone housing and lower estimates for apartments, terraces and semi-detached housing.
To further refine these estimates, there is a need for granular analysis to better
understand the discrepancies in both sets of spatial and building use datasets. Moreover,
for a national analysis of the building stock, detailed LiDAR analysis of a range of
geographic areas - including suburban and rural areas as well as urban - to better
understand the diversity of rooftap potential. (Such a study is hampered by lack of linked
building footprint and use data.)

The previous reports on social housing [B, 37] also included estimates based on 2019
dwelling numbers derived fram the Australian Institute of Health and Welfare [(AIHW) [38],
which are higher than the numbers suggested by the 2016 and 2021 censuses. It is not
clear which of the ABS or AIHW data is more accurate; however, the ABS census data has
been used for this report as it is more recent and allows comparison across all housing
ESCLOrs.

The 2018 CEFC-funded report "How much rooftop solar can be Installed in Australia?® [5]
gives a much higher estimate of total residential solar potential (91GW) than that
suggested by this report [B1GW). However, the CEFC analysis used all buildings in
residential planning zones as a proxy for residential buildings, and so likely included some
non-residential buildings in the analysis. Additionally, the roof area data used for the study
was based on building footprints derived from photogrammetry of aerial imagery [5).

Being a nationwide dataset, this would have included likely larger building footprints in
regional and rural areas [compared to using roof areas from Cities of Melbourne and
Sydney) and would therefore be expected to suggest a higher potential. However, the
accuracy of these footprints is unclear as they were not able to be validated.
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