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EXECUTIVE SUMMARY 

Key observations  

The key observations for rooftop PV forecasts detailed in this report are: 

 The NEM has experienced a rapid uptake of rooftop PV over the last four years, with total estimated installed 
capacity rising from 23 MW in 2008 to an estimated 1,450 MW by the end of February 2012. 

 PV energy produced in 2011 is estimated at 1,200 GWh, or 0.6% of annual energy. This means it is already at 
an ‘observable’ level in the NEM, and while there has been no significant operational impact on the wholesale 
market, this has the potential to occur if capacity starts to impact investments in the network and/or large 
scale generation. 

 Forecast increases in system installations are expected to offset a large amount of energy that would have 
otherwise been provided by the NEM. 

 Installed capacity is forecast to reach 5,100 MW by 2020 and almost 12,000 MW by 2031 (based on a 
moderate growth scenario). 

 Rooftop PV uptake is expected to be relatively restrained to 2017 (averaging 320 MW per year for the 
moderate scenario), due mainly to a reduction or withdrawal in feed-in tariffs, and decreased demand from 
installations. 

 From 2018 to 2025 uptake is expected to accelerate, with growth forecast to average 620 MW per year 
(moderate scenario) and 1,130 MW per year (rapid scenario). 

 From 2026 to 2031 uptake continues to increase further as incentives continue to increase, growth for new 
dwellings continues, and installations on existing dwellings start to slow.  

 In the mainland regions, summer maximum demand typically occurs in the late afternoon, when rooftop PV 
generation is declining from its midday peak and is operating at an estimated 28%– 38% of capacity. 
Maximum demand in Tasmania typically occurs on a winter evening, when rooftop PV generation is 
negligible. 

AEMO to include rooftop PV generation in annual forecasting reports 

Given its current and forecast growth, AEMO will now publish its analysis of existing and forecast levels of rooftop 
PV (installed capacity, annual energy generation and the impact on maximum demand) in its annual forecasting 
reports.  

This will comprise one input of the improved forecasting process which will see AEMO publish annual energy and 
maximum demand electricity forecasts for each NEM region by 30 June 2012, with the aim of making the overall 
process more transparent and of even more value to stakeholders. 

This rooftop PV report provides a NEM-wide summary of rooftop PV growth to date and possible capacity growth 
over the next 20 years, but it is clear that robust estimates require consistent, detailed, national data. To achieve 
this, AEMO is seeking increased collaboration with industry and has set up a new six-monthly process to gather the 
requisite data. 

In this report, forecast growth to 2031 is considered under three uptake scenarios: slow (driven by small electricity 
price increases and PV price reductions, and no government incentives); moderate (moderate electricity price 
increases and PV price reductions, and moderate government incentives); and rapid (large electricity price 
increases and PV price reductions, and significant government incentives). 

Implications including the effect that increased rooftop PV penetration and any cross-subsidy arrangements might 
have on retail electricity prices have not been analysed. 
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CHAPTER 1 - INTRODUCTION 

1.1 National Electricity Forecasting 
AEMO has changed the way it develops and publishes demand forecasts for the electricity industry. AEMO is for 
the first time developing an independent set of electricity demand forecasts for each of the five NEM regions. 
AEMO is ideally positioned to undertake this project and to lead collaboration with industry to ensure that 
representative and reliable forecasts are produced on a consistent basis across all NEM regions.  

These forecasts are used for both operational purposes, including the calculation of marginal loss factors, and as a 
key input into AEMO‘s national transmission planning role. It is therefore necessary for AEMO to know how these 
forecasts are developed, and to ensure forecasting processes and assumptions are consistent across regions, to 
make certain they are suitable for purpose.  

This contrasts with in the past, AEMO published demand forecasts in a series of AEMO publications, namely the 
Electricity Statement of Opportunities (ESOO), the Victorian Annual Planning Report (VAPR), and the South 
Australian Supply and Demand Outlook (SASDO).  

AEMO developed demand forecasts for South Australia and Victoria, whilst the regional transmission network 
service providers (TNSPs) developed demand forecasts for the remaining three regions in the National Electricity 
Market (NEM), namely Queensland, New South Wales (including the Australian Capital Territory), and Tasmania.  

Through this new approach to increase the transparency of the forecasting process and to stimulate discussion 
with members of the electricity industry, AEMO intends to publish five information papers and reports: 

 Economic Outlook Information Paper – AEMO’s assessment of the work undertaken by the National 
Institute of Economic and Industry Research (NIEIR). 

 Rooftop PV Information Paper – Quantifying the impact of rooftop photovoltaic (PV) on the electricity market. 

 2011-12 NEM Demand Review Information Paper – A review of 2011–12 NEM demand. 

 Forecasting Methodology Information Paper – A description of the AEMO modelling process used to 
develop demand forecasts. 

 2012 National Electricity Forecasting Report (NEFR) – The main forecasting report presenting new 
electricity demand forecasts for the five NEM regions. 

Figure 1-1 shows how all the work behind the forecasts comes together and how we publish it this year. 

As this is the first time that AEMO has developed these electricity forecasts across the NEM, there is still work to be 
done to improve the way AEMO forecasts. Over the next couple of years, AEMO will continue to improve the data, 
modelling, and interpretation that underpin these forecasts, and engage with industry on an ongoing basis to 
ensure an open and transparent process. 
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from alternative generation. When estimating historical demand or forecasting future demand, it is important to 
account for the contribution made by rooftop PV systems. 

There has been a strong uptake of rooftop PV systems in the past few years to meet growing demand for electricity 
generated by renewable resources. AEMO has found that by not accounting for the contribution rooftop PV makes 
to historical demand data, consumer demand may be underestimated. In comparison, by not accounting for the 
contribution rooftop PV makes to demand forecasts, the future requirements of off-site electricity generation may be 
overestimated. 

This paper forecasts the uptake of rooftop PV and its impact on electricity demand for the 20-year outlook period 
from 2012 to 2031. The forecasts do not differentiate PV generation by the tariff received.  

The analysis presented in this paper will form part of the of the electricity forecasts which will be published in the 
June 2012 forecasting report, and this is explained further in the next section. 

1.3.1 Modelling electricity demand 
AEMO’s demand forecasts are dependent in the long-run on economic variables and short run seasonal variations 
in the weather. For each of the five NEM regions, the modelling process involves: 

 Developing models based on historical relationships between electricity usage and demographic, economic 
and weather input variables. 

 Using models to predict the future path of electricity usage based on input variables defined according to 
various scenarios. 

 Adjusting the projected electricity usage trends to account for expected changes in large spot loads, energy 
efficiency measures, rooftop PV generation, electric vehicle charging, network losses and generator auxiliary 
loads to produce the published annual energy forecasts and understand how much of this demand will be 
served by the NEM. 

 Determining the frequency distribution of maximum demand by using the annual energy forecasts as a key 
input into the half-hourly models that represent time and weather-based variation. 

A detailed explanation of this modelling process will be provided alongside the forecasting report due for release in 
June 2012. 

1.4 Content of paper 
Chapter 1, ‘Introduction’, provides background information and summarises the impact of rooftop PV forecasts on 
demand. 

Chapter 2, ‘Definitions, processes and methodology’, provides a description of drivers, scenarios and a short 
overview of the approach used to develop rooftop PV estimates discussed in subsequent chapters. 

Chapter 3, ‘Rooftop PV in the NEM’, presents estimates for installed capacity and annual energy generation for 
the NEM. 

Chapter 4, ‘Regional rooftop PV’, presents estimates for installed capacity, annual energy generation and 
maximum demand for each of the five NEM regions. 

Appendix A, ‘Data sources’, outlines the data sources used to undertake the analysis discussed in this 
information paper. 

Appendix B, ‘Methodology’, provides further discussion of the methodology used to undertake the analysis 
discussed in this information paper. 

Appendix C, ‘Regional rooftop PV generation curves’, presents average summer/winter rooftop PV daily 
generation curves for each of the five NEM regions. 

Appendix D, ‘Non-AEMO rooftop PV capacity forecasts’, presents recent non-AEMO rooftop PV forecasts and 
compares them to the AEMO forecasts presented in this information paper. 
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The scenarios do not differentiate between current feed-in regimes applicable in each state. Also, the retail 
electricity price forecasts do not apply the full price rises set by regulators for several states. For these reasons, the 
simple payback results should be considered indicative only, and may not be accurate for the first few years of the 
outlook period. 

Household and business sensitivity to the payback period is not known. However, it seems likely that payback 
periods approaching 10 years will be unattractive, as the system’s inverter may need to be replaced around this 
time. On the other hand, payback periods of 3 years or less may even entice households and businesses with short 
investment horizons, such as renters. 

2.3.2 Barriers to uptake 
Physical constraints within distribution networks can limit uptake volume. For example, to feed excess energy into 
the distribution network, rooftop PV systems must generate power at a higher voltage than in the street. If several 
systems do this simultaneously, this raises the street voltage. If the street voltage exceeds the threshold of a 
rooftop PV system, it will shut down and the system’s owner will be deprived of expected revenue. 

Anecdotal reports indicate that to prevent this, some distribution businesses are already imposing restrictions on 
the size of rooftop PV connections. However, alleviating this constraint involves distribution network augmentation. 
In the future, household electricity storage could also play a role. 

Analysis of physical limitations is beyond the scope of this report. For forecasting purposes it is assumed they may 
delay installations in some localities, but will not affect overall uptake across the NEM. 

Another potential barrier is the ability of the solar industry to service the rate of uptake. Given the industry’s track 
record during the rapid expansion of the last two years, this is not expected to be a problem.  

2.3.3 Saturation capacity 
Forecasting installed capacity requires information about the extent of suitable roof space for rooftop PV 
installation. The AEMO forecast accounts for all systems that offset consumption behind-the-meter, with the 
majority being rooftop installations.  

There are three major assumptions about saturation:7 

 The average system size per dwelling is 3.5 kW. 

 The number of suitable dwellings in NEM regions at the last census (2006) was estimated to be the number of 
occupied, detached houses, plus 30% of other dwelling types, with an additional allowance for commercial 
installations. 

 The uptake rate (even at saturation) is only 75%. 

Saturation capacity was then calculated as the total number of suitable dwellings multiplied by the 75% uptake rate 
and the 3.5 kW average, resulting in a saturation capacity of 17,841 MW for the NEM in 2006. 

AEMO used the forecast number of households to calculate saturation capacity forecasts for the outlook period.8 
The 2006 saturation capacity was multiplied by the household growth ratio since 2006, resulting in capacities of 
21,339 MW in 2022 and 22,922 MW in 2031 for the NEM. 

These estimates will be revised as more comprehensive rooftop PV saturation studies become available. 

 
7 Refer to Appendix B. 
8 AEMO. 2012 Economic Outlook, electronic information, MC05 scenario. 
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CHAPTER 3 - ROOFTOP PV IN THE NEM 

This chapter presents information about estimates of rooftop PV uptake. This is the first time AEMO has 
undertaken a study of this type, and the methodology will continue to develop. However, this first step has provided 
insight into the current setting of rooftop PV and its impact on the NEM.  

The historical and forecast estimates for the NEM are an aggregation of each of the five NEM regions. A discussion 
at the region level is provided in the next chapter. 

3.1 Installed capacity 
AEMO independently studied rooftop PV to understand the current and forecast impact of rooftop PV on the NEM. 
Other organisations have also estimated the future uptake of rooftop PV, producing a diverse range of views.  

For information about these alternative forecasts for rooftop PV and a comparison with AEMO’s forecasts see 
Appendix D. 

The analysis discussed in this section forms the basis for AEMO’s energy forecast calculations. 

3.1.1 Historical analysis 
The historical data used in the analysis of installed capacity was collected from the distribution businesses and the 
Clean Energy Regulator (CER).9 There are discrepancies between these two data sources, in particular an inherent 
lag in the CER data, which can take up to 12 months to be published.  

Until the start of 2010, the level of rooftop PV uptake in the NEM was too small to make a material impact on 
overall electricity demand. The number of installations rose dramatically in 2010 and 2011, reaching an estimated 
capacity of 1,450 MW at the end of February 2012. 

This increase was largely driven by improved payback of rooftop PV systems, due to incentives such as state 
government feed-in tariffs, falling system prices, and rising retail electricity tariffs. The estimated average rate of 
uptake in 2010 and 2011 was 28 MW and 74 MW per month, respectively. 

3.1.2 AEMO installed capacity forecast 
For the NEM as a whole, uptake to 2017 is expected to be relatively restrained, averaging 320 MW per year under 
the moderate uptake scenario. This rate is slower than the estimated uptake in 2010, and is influenced by two main 
factors: 

 Feed-in tariffs in most states have been withdrawn or reduced, lowering economic payback. 

 Demand has been reduced by installations brought forward to 2011 to beat rebate cut-off dates.10 

From 2018 to 2025, economic payback is expected to improve strongly, with innovative financing reducing the 
problem of up-front payment, and commercial buildings joining the trend. The moderate uptake scenario sees this 
accelerate, averaging 620 MW per year, while the rapid uptake scenario forecasts new installations to average 
1,130 MW per year. The slow uptake scenario misses out on this phase, suppressed by relatively poor payback. 

From 2026 to 2031, payback is expected to improve. Uptake is forecast to continue strongly for newly-built 
dwellings, and for upgrades or replacements of existing systems. Fresh installations on existing dwellings may start 
to slow, as the most suitable dwellings have already been taken by earlier installations. Growth may slow in 

 
9 The Office of the Renewable Energy Regulator (ORER) was amalgamated into the Clean Energy Regulator on April 2, 2012. 
 
10 The STC solar multiplier is due to fall from 3 to 2 on 1 July 2012, and from 2 to 1 on 1 July 2013. 
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CHAPTER 4 - REGIONAL ROOFTOP PV  

This chapter provides information about historical and forecast installed capacity estimates for rooftop PV in each 
region. Providing an initial overall picture of rooftop PV, additional data mining work is required to develop the 
results. Installed capacity is defined as the installed rooftop PV’s rated panel capacity. 

4.1 New South Wales (and the Australian Capital 
Territory) 

4.1.1 Installed capacity 
The forecasts use historical estimates of installed capacity growth in New South Wales (including the Australian 
Capital Territory). 

At the end of February 2012, the estimated total rooftop PV installed capacity in New South Wales (including the 
Australian Capital Territory) was 461 MW. Uptake was significant in early 2011, but slowed after the gross feed-in-
tariff was closed to new customers in April 2011. 

Figure 4-1 shows the installed capacity forecast for each of the three scenarios. It also plots estimated historical 
data, estimated saturation capacity, and a set of independent forecasts developed by SunWiz11, which were 
commissioned by AEMO for comparison. 

Forecast uptake in the short term is expected to be low, relative to 2011. This is a continuation of the slowdown 
observed since mid-2011. In the medium term, uptake diverges depending on the scenario. In the long term, the 
rate of uptake under the rapid uptake scenario begins to slow, as the installed capacity approaches the estimated 
saturation capacity. 

For the moderate uptake scenario, the installed capacity reaches 1,870 MW in 2020 and 4,450 MW in 2031. 

 
11 http://www.sunwiz.com.au/index.php/resources/download-free-reports.html Viewed May 2012. 
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APPENDIX A - DATA SOURCES 

The rooftop PV analysis required historical data for the number of rooftop PV systems, capacity, and output.  

Metering data represents the ideal data source, however, most regions only use a net meter, measuring the 
difference between generation and household or business consumption.  

Even in regions where the total PV output is measured, the number of installed systems (over 200,000 in New 
South Wales and the Australian Capital Territory) makes monitoring the output from all systems problematic. Work 
has commenced to identify and extract metering data for New South Wales, but was not available in time for this 
publication. 

As an alternative, AEMO used estimated installed capacity, energy, and maximum demand as data sources to 
undertake this analysis. 

A.1 Installed capacity 
A.1.1 Distribution businesses 
Unlike large generating systems, rooftop PV systems do not need to be registered in the NEM. As a result, there is 
not one central source of information on rooftop PV installations. However, their connection to the power system 
does need be approved by the local electricity distribution business. 

There are thirteen distribution businesses throughout the NEM, with a variety of processes to record information 
about rooftop PV systems. Distribution businesses may have several reasons to collect this information: 

 To track and report the progress of state government incentive schemes. 

 Planning for system augmentation. 

 Supporting internal commercial analysis. 

In November 2011, AEMO approached the distribution businesses for information about installed rooftop PV 
systems located in their areas. This data provides a snapshot at the end of each month commencing from 
December 2008, including the number of systems and the total installed capacity, and AEMO has started collecting 
this data twice a year (September and March). 

Due to the diversity of record-keeping, not all distribution businesses were able to supply a full data set for several 
reasons: 

 Missing months. 

 Differing definitions (for example, inverter capacity instead of panel capacity). 

 Differing scope (for example, including only installations receiving a particular feed-in tariff). 

AEMO has made assumptions where necessary to compile a complete data set. 
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A.2.2 Historical solar intensity 
The average daily exposure was obtained from the Australian Government Bureau of Meteorology, aggregated on 
a monthly basis for each capital city. The unit of measure for this data is megajoules (MJ) per square meter. Gaps 
in the data were filled by substituting the value from the previous year. 

A.2.3 Actual generation from a sample of systems 
Rooftop PV energy data was obtained from PVOutput.org. This website records actual historical generation for 
individual systems, collected and released by system owners. 

A.3 Maximum demand 
Maximum demand is measured at half-hourly intervals in megawatts (MW). To estimate the output of rooftop PV 
systems at the time of the maximum demand, sample data for maximum system days was obtained on a regional 
basis from the website PVOutput.org for the last summer (or winter in the case of Tasmania). 

  





 

© AEMO 2012 Methodology B-1 

APPENDIX B - METHODOLOGY 

B.1 Saturation 
B.1.1 City of Port Phillip study 
The Victorian Government Department of Sustainability and Environment commissioned Entura – Hydro Tasmania 
to undertake a study of saturation capacity of rooftop PV systems in the City of Port Phillip in Melbourne.5 Rooftops 
were mapped with aerial lasers, analysed by computer and a sample verified manually. Allowing for roof orientation 
and tilt, solar exposure, shading, irregular geometry and minimum size it was found that at a conservative estimate, 
the City of Port Phillip could support 220 MW of rooftop PV capacity. This comprised 180 MW on dwellings and 40 
MW on large flat roofs, which were taken to be commercial. 

B.1.2 Calculating saturation capacity forecasts 
According to the latest census, the City of Port Phillip is very densely populated by Australian standards. Only 
fourteen percent of its 43,728 occupied private dwellings are separate houses, with the majority being units and 
apartments. By comparison, the Australian average is 75%. 

Dividing the City’s estimated residential potential of 180 MW by the number of occupied private dwellings results in 
an average installed capacity per dwelling of over 4 kW.  

In the absence of a more comprehensive study, the City of Port Phillip result was used as the starting point for an 
assessment of the NEM’s installed capacity at saturation. Due to the small size of the study, conservative 
assumptions were applied. 

First, the average system size per household for saturation was reduced from 4 kW to 3.5 kW. This allows for 
aesthetic considerations and site-specific installation constraints that may not have been apparent in the Entura 
study. Given the limited roof space of dwellings in the City of Port Phillip, a 3.5 kW average at saturation should be 
conservative when applied to the entire NEM.  

Across the outlook period, the roof space per dwelling is forecast to increase, since the average size of newly-built 
houses is larger than the current average size of all dwellings. Also, as solar panel efficiency increases, the 
capacity will increase for a given roof area. These factors are not considered when calculating an estimate for 
saturation, which is again conservative. As a point of comparison, the average capacity of installations in the six 
months from September 2011 to February 2012 was estimated to be 3 kW, based on data from distribution 
businesses. 

Second, it was assumed that the uptake rate even at saturation would only be 75%. Some rooftops will remain bare 
even if a rooftop PV installation makes economic sense for reasons including the following: 

 Restrictions by authorities (for example, heritage overlays). 

 Aesthetic considerations. 

 Lack of interest or awareness. 

 Lack of incentive in rental properties. 

 Lack of agreement by building management (for example, body corporate). 

The number of suitable dwellings in NEM regions at the last census (2006) was estimated as the number of 
occupied, detached houses, plus 30% of other dwelling types. An additional allowance for commercial installations 
was added, using the ratio of residential to commercial capacity in the Port Phillip study.  

 
5 http://www.enviroehub.com.au/council-policy-strategy/relevant-council-reports Viewed May 2012 
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APPENDIX D - NON-AEMO ROOFTOP PV CAPACITY 
FORECASTS  

In 2011 and early 2012, several organisations estimated the future uptake of rooftop PV. These forecasts were 
prepared for a variety of different purposes: 

 Forecasting Small-scale Technology Certificates creation. 

 Predicting the growth of the PV industry in Australia.  

 Informing long-term government energy policy.  

The estimates have also been calculated at various different levels: 

 For the whole of Australia. 

 NEM-wide. 

 Behind-the-meter generation only. 

 All solar installations, including large solar farms. 

 PV only. 

 PV and solar thermal jointly. 

As a result, the non-AEMO forecasts are not a direct comparison with the AEMO forecasts for the NEM (see 
Chapter 3), but provide a good indication about whether the AEMO estimates are reasonable. 

The lack of certainty surrounding future rooftop PV uptake is demonstrated by the diversity in these forecasts, with 
two main groupings being apparent: 

 Organisations focusing on renewable energy (for example, SunWiz, Suntech Australia, and Beyond Zero). 

 Public organisations or consultants engaged by them (for example, the Bureau of Resources and Energy 
Economics and the Australian Government Department of Resources, Energy and Tourism). 

Forecasts developed by the second group are noticeably lower than those by the first group for several reasons: 

 The forecasts in general are older so do not account for the acceleration in 2011. 

 The documents may have a longer gestation period, making their available data even less fresh. 

 A more conservative approach may have been taken. 

Figure D-1 shows the AEMO rooftop PV installed capacity forecasts, and compares them to a range of non-AEMO 
forecasts. Historical data has been included with 2011 data including installations in January and February 2012, 
and the estimated saturation capacity is shown as the grey background area.  
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Table D-1 — Scope of non-AEMO rooftop PV forecasts for Australia 

Organisation Geographic 
scope Scope Forecast date 2020 forecast 2030 forecast 

SunWiz NEM only. Behind-the-meter. March 2012. 5,516  

SKM/MMA NEM only. PV attracting STCs only. 13 December 
2011.   

Green Energy Markets Australia. PV attracting STCs only. December 2011.   

ACIL Tasman Australia. PV attracting STCs only. December 2011.   

AER Australia. PV attracting STCs only. 25 November 
2011. 3,136  

DRET Australia. PV and solar thermal. 13 December 
2011.  1,900a 

Suntech Australia Australia. PV. 16 November 
2011. 10,000  

Roam Consulting Australia. PV. 11 March 2011. 1,260  

BREE Australia. PV and solar thermal. December 2011. 3,044 3,805b 

Beyond Zero Australia. PV. March 2012. 18,000c 30,000c 

a. Capacity in MW is inferred from an energy forecast, assuming a 1 kW system averages 3.6 kWh per day. 

b. This forecast is for 2035 rather than 2030. 

c. Assessment of capability rather than a forecast. 

 

Table D-2 shows a reference list of the non-AEMO compiled forecasts for Australia. 
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DISCLAIMER 

This publication has been prepared by the Australian Energy Market Operator Limited (AEMO) as part of a series 
of information papers about the development of AEMO’s demand forecasts for the National Electricity Market for 
2012-13 onwards, to be used for AEMO’s planning and operational functions under the National Electricity Rules. 

This publication may contain data provided by or collected from third parties, and conclusions, opinions, 
assumptions or forecasts that are based on that data. AEMO does not warrant or represent that the information in 
this publication (including statements, opinions, forecasts and third party data) is accurate, complete or current, or 
that it may be relied on for any particular purpose. 

Anyone proposing to rely on or use any information in this publication should independently verify and check its 
accuracy, completeness, reliability and suitability for purpose, and should obtain independent and specific advice 
from appropriate experts.  

To the maximum extent permitted by law, neither AEMO, nor any of AEMO’s advisers, consultants or other 
contributors to this publication (or their respective associated companies, businesses, partners, directors, officers 
or employees) shall have any liability (however arising) for any information or other matter contained in or derived 
from, or for any omission from, this publication, or for a person’s use of or reliance on that information. 

 

Copyright Notice 

© 2012 - Australian Energy Market Operator Ltd. This publication is protected by copyright and may be used 
provided appropriate acknowledgement of the source is published as well. 
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