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Important note about your report
The sole purpose of this report and the associated services performed by Jacobs is to project STC volumes for
calendar years 2018, 2019 and 2020 in accordance with the scope of services set out in the contract between
Jacobs and the Clean Energy Regulator (CER).
In preparing this report, Jacobs has relied upon, and presumed accurate, any information (or confirmation of the
absence thereof) provided by the CER and/or from other sources. Except as otherwise stated in the report,
Jacobs has not attempted to verify the accuracy or completeness of any such information. If the information is
subsequently determined to be false, inaccurate or incomplete then it is possible that our observations and
conclusions as expressed in this report may change.
Jacobs derived the data in this report from information sourced from the CER and/or available in the public
domain at the time or times outlined in this report. The passage of time, manifestation of latent conditions or
impacts of future events may require further examination of the project and subsequent data analysis, and reevaluation of the data, findings, observations and conclusions expressed in this report. Jacobs has prepared
this report in accordance with the usual care and thoroughness of the consulting profession, for the sole
purpose described above and by reference to applicable standards, guidelines, procedures and practices at the
date of issue of this report. For the reasons outlined above, however, no other warranty or guarantee, whether
expressed or implied, is made as to the data, observations and findings expressed in this report, to the extent
permitted by law.
This report should be read in full and no excerpts are to be taken as representative of the findings. No
responsibility is accepted by Jacobs for use of any part of this report in any other context.
This report has been prepared on behalf of, and for the exclusive use of, the CER, and is subject to, and issued
in accordance with, the provisions of the contract between Jacobs and the CER. Jacobs accepts no liability or
responsibility whatsoever for, or in respect of, any use of, or reliance upon, this report by any third party
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Executive Summary
The Clean Energy Regulator (CER) is responsible for the regulation of the Australian Government’s climate
change laws and programmes, one of which is the Renewable Energy Target (RET). One of its functions is to
administer the Small-scale Renewable Energy Scheme. The SRES scheme is designed to achieve generation
of electricity from small-scale renewable sources, reduce emissions of greenhouse gases in the electricity
sector, and ensure that renewable energy sources are ecologically sustainable.
The SRES scheme offers small-scale technology certificates (STCs) at a fixed price of $40 per certificate
through the STC clearing house to purchasers of eligible solar water heaters (SWH), air source heat pump
water heaters (HPWH) and small-scale photovoltaic (PV), wind and hydro systems. STCs are traded on the
open market, typically at a discount to the clearing house price.
There is no cap for the number of STCs that can be created. Up until 2017, each installed system could create
certificates equivalent to 15 years of expected generation from the system for a small-scale renewable
generator and equivalent to 10 years for a renewable water heater.
The purpose of this report is to forecast the number of STCs that will be generated in the calendar years of
2018, 2019 and 2020. This will assist liable entities to anticipate the extent of their liability over this period. We
have also developed a projection for the STC spot price into early 2018, as the current spot price remains
depressed following the expected surplus of STCs to the small scale technology percentage this year.
Historically, the majority of uptake has been through two types of systems: solar hot water units and solar PV
generation. Uptake in solar PV generation has now largely supplanted uptake from solar hot water, and has been
influenced by reductions in the installed cost of new solar PV systems, growing market acceptance of these
technologies, increasing electricity retail prices and government incentives.
Government incentives have changed substantially over time. In addition to the RET, State Governments have in
the past introduced generous feed in tariffs and other rebates which have now been scaled back. The RET
scheme at one time applied multipliers on the number of certificates created by small-scale PV systems above
their expected lifetime generation levels that increased the benefit to households installing new PV systems. This
multiplier has been reduced back to unity.
In 2017, the deeming period applied to the STC calculation of small-scale renewable generation systems reduced
to 14 years, and in 2018 will reduce again to 13 years. Proponents in 2018 will receive 13/15 (87%) of certificates
that would have been received in 2016. This trend will extend to 2019 where the deeming period drops to 12
years and to 2020 where the deeming period drops to 11 years.
The recent increase in retail electricity prices and a significant increase in the feed-in-tariffs offered by many
retailers have resulted in an unexpected increase in PV system installations in 2017 relative to previous forecasts.
We have made several adjustments to our modelling methodology to better represent these events.
We have projected certificate creation by employing and comparing two approaches:
•

DOGMMA, which is a structural model that projects the uptake of renewable technologies based on net
cost of generation versus net cost of grid delivered power. Because the cost of renewable generation
varies by location and load factors, the model calculates uptake based on small scale renewable resources
and load levels within distribution regions. Other factors that may impact on uptake are modelled as a
premium prepared to be paid for small scale renewable generation. The premium currently assumed is
based on market survey data and other published market data. The premium is assumed to decrease as
the rate of uptake increases (reflecting the fact that the willingness to pay will vary among customers).
DOGMMA is traditionally used for longer term studies but provides useful insights that can verify the logic
of alternative types of projections.

•

Time series modelling, which employs a statistical autoregressive integrated moving average (ARIMA)
model that takes into account recent trends and time based correlation factors to project installed capacity.
5

Final report

The effect of major shocks, such as changes in government rebates, or the rapid decline in the cost of
these technologies has been captured, where possible, by incorporating additional variables into the
models, based on the economic benefit of systems. This modelling was undertaken using the statistical
package R.
While both modelling approaches predict that STC creation in 2018 will be at least as high as in 2017, the timeseries modelling approach produces a higher estimate of STC creation than the structural model. This is
because the time-series model predicts that the surge in system installations in 2017 will continue through to
2018, while the structural model forecasts that this surge will wear off slightly. We currently believe that the timeseries model is producing the more credible forecasts, for two reasons:
•

The increase in PV installations that began in June and July 2017 has not shown signs of abating (as of
November 2017). Where there have been sudden spikes of PV installations in Australia in the past that
then declined, these spikes have shown signs of declining after 1-2 months. No evidence of such a decline
has been observed, indicating this trend may be more enduring.

•

The time-series modelling has produced more accurate predictions of 2017 STC creation to-date.

The projections of installed PV capacity are higher than the anticipated growth in household numbers in
Australia. Uptake rates on a state by state basis are varied, which is partially driven by recently increased levels
of growth in a number of states, higher electricity prices, some apparent behavioural effects from the reduction
of the deeming period at the end of 2016, as well as continued cost reduction of PV systems. Western Australia,
and all NEM states except Tasmania have exhibited rapid growth over 2017, particularly since June and July.
South Australia in particular has experienced a marked increase in the economic benefit of a PV system, with
large increases to the retail price of electricity and feed-in-tariff rates even compared to the rest of the NEM.
We project that the higher uptake seen in 2017 will continue in the short term. The rate has only accelerated
since July, which is evidence of an enduring trend, and an indication that 2018 will also see many PV systems
installed. Over time, the average size of PV systems has also grown, which also contributes to the rising trend in
STCs. An average PV system in 2010 was around 1.5kW, whereas the average size of a new system now is
greater than 6kW, driven partially by a boom in commercial installations of solar PV, and partly by a preference
for larger systems by residential customers.
Projections of STCs are influenced by growth in uptake in PV capacity of 10% per annum, which is mitigated by
reduced deeming periods in the coming three years to produce a lower growth rate in STC creation of 1.4% per
annum.
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Table 1-1 shows our projections of STC creation. These projections are based on our time-series modelling
approach.
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Table 1-1 Projected STCs1, thousands

Small scale generation units
Australia
QLD
NSW
VIC
TAS
SA
WA
NT
Solar and heat pump water heating
SWH
Commercial
Domestic
All STCs
Lower 95% confidence limit
Upper 95% confidence limit

2017

2018

2019

2020

19,677
5,572
4,848
3,131
216
2,059
3,530
321

21,752
5,912
5,677
3,593
217
2,228
3,840
286

21,721
5,979
5,817
3,652
187
1,902
3,896
288

20,435
5,827
5,433
3,537
154
1,588
3,605
291

1,956
96
1,860
21,633
21,097
22,159

2,051
83
1,967
23,803
22,512
25,110

2,108
69
2,040
23,829
22,525
25,187

2,146
57
2,088
22,581
21,283
23,987

Source: Jacobs

1

Any discrepancies between the total and the sum of the individual states for this and subsequent tables is due to rounding
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1. Introduction
The Clean Energy Regulator (CER) is responsible for the regulation of the Australian Government’s climate
change laws and programmes. One of its functions is to administer the Small-scale Renewable Energy Scheme.
The SRES scheme is designed to achieve the following objectives:
•

Generation of electricity from renewable sources;

•

Reduced emissions of greenhouse gases in the electricity sector; and

•

Ensuring that renewable energy sources are ecologically sustainable.

The SRES scheme offers small-scale technology certificates (STCs) at a fixed price of $40 per certificate
through the STC clearing house to purchasers of eligible solar water heaters (SWH), air source heat pump
water heaters (HPWH) and small-scale photovoltaic (PV), wind and hydro systems. STCs are also traded on the
open market, typically at a discount to the clearing house price. There is no cap for the number of STCs that
can be created.
The number of STCs created is based on an estimate of electricity generated or displaced by the renewable
energy sources over their economic lifetime. The number of STCs created is also influenced by geographical
location.
There is no cap to the number of STCs that can be created.
The purpose of this report is to forecast the number of STCs that will be generated in the calendar years of 2018,
2019 and 2020. This will assist liable entities to anticipate the extent of their liability over the coming year.
The report has been set out as follows:
•

Trends in uptake: Explores the historical trends in the uptake of small-scale renewable technologies and
in certificate creation;

•

Government incentives and regulations: A discussion of federal and state incentives, Feed-in Tariffs
(FITs) and regulations that may influence a user’s decision to take up small-scale renewable technologies;

•

Methodology: Presents the key modelling assumptions and the methodologies underlying both Jacobs’
DOGMMA model and the time series model utilised in this assignment; and

•

Modelling results: Presents the results of the modelling using both models and then translates these into
projected STC volumes for the 2018, 2019 and 2020 calendar years.
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2. Trends in uptake
2.1

Trends in STC creation

The number of RECs and STCs created historically by each of the small-scale technologies is shown on an
annual time scale in Figure 2 (overleaf). The data provided by the CER included data through to December
2017.
2.1.1

Completeness of STC registration data and it’s use for forecasting

For this year’s forecast, we have examined how long it takes before average STC eligible systems are
registered for STCs. Because there is a 12-month window from the date of installation in which to register
systems, the most recent registrations database will be missing records of systems that have already been
installed, but which have not yet been registered. If not corrected for, this will lead to an underestimate in the
number of systems installed in the most recent few months. This is particularly relevant for the time-series
forecasting, which is sensitive to the most recent data points.
The data provided by the CER includes both the date of system installation, and of STC creation, so we can
calculate how many systems are registered one, two, three, or more months after the system itself was
installed. Figure 1, below, shows the typical delay in registration, by state.
Figure 1: Delay in STC creation, 2016 SGUs
100%
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80%
70%
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Months after system installation

In most states, more than 90% of capacity is registered within three months of the system being installed, with
almost all systems registered within six months (Northern Territories is an exception, with longer delays on
average than the rest of Australia)
We have elected not to use registrations for the months of November and December 2017 in our analysis (0 to
1 months prior to the extraction of the data), as the uncertainty in actual capacity installed is too high to get a
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credible estimate. We have however used registration data through to the end of October 2017 in our modelling,
with a correction for unregistered systems based on the percentages in Figure 1.
2.1.2

Trends in uptake

Up until 2009 solar water heater installations dominated certificate creation from small-scale renewable
technologies. The large rise in solar water heater installations in 2009 was mainly driven by the change in
incentives offered to home owners by means of the Solar Hot Water Rebate, which commenced on 1 July 2009
and ended on 19 February 2010. This offered a rebate of up to $1,600 to eligible householders who replaced an
electric hot water storage system with a solar water heater.
From 2010 onwards, PV became the dominant small-scale renewable technology, and installations grew at an
exponential rate. There are a number of factors explaining the rapid uptake of PV systems over the last seven
years:
•

The installed cost of PV systems plummeted in 2009 and 2010, and over the course of the last six years,
the cost of these systems has continued to fall.

•

The Federal Government’s Photovoltaic Rebate Program was superseded by the issuance of Solar Credits
for SGUs under the SRES scheme, from 9 September 2009. In the early years of SRES scheme, the
number of certificates created for each PV system was based on multiples (of up to 5 times) of economic
lifetime generation levels.

•

A number of state governments introduced feed-in tariffs (FITs). Queensland was the first, offering a net
tariff of 44 c/kWh in July 2008, and Western Australia was the last, offering a net tariff of 40c/kWh in August
2010. The popularity of these schemes was evident in the fact that they were fully subscribed in a short
period of time. The generous level of the feed-in tariffs have subsequently been cut in all states, starting
with NSW in late 2010 and ending in South Australia, where the 16 c/kWh tariff introduced in October 2011
was cut from 1 October 2013.

Figure 2 RECs/STCs created historically from small-scale technologies

Source: Jacobs’ analysis of CER registry data (2017 values partially estimated. Wind and Hydro STCs make up negligible portion)
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The year 2011 was the peak year for STC creation. The solar credits multiplier received by PV systems was, at
that time, 5 (from January to June), and then stepped down to 3 from July to December. PV capital costs were
also lower, and there were still generous FITs on offer in many of the states.
The year 2012 remained strong even though government incentives had ceased or were reduced. Uptake was
supported by: (i) a further 40% reduction in the installed cost of PV systems, which have fallen to about $2,700/kW
on average by the end of 2012, compared to about $4,500/kW in mid-2011; (ii) the continuation of the solar credits
multiplier, albeit at a lower level; (iii) the continuation of FITs in some of the states, especially Queensland, where
2012 STC creation was greatest, and South Australia; and (iv) the trend towards larger system sizes.
STC creation in 2013 slowed down, mainly because the solar credits multiplier stepped down from 2 to 1 on 1
January 2013, six months earlier than originally stated. STC creation in 2013 was about 20 million certificates.
In 2014 STC creation slowed down slightly, with 18 million certificates created, and the downward escalation
continued to 2015 with 16 million certificates created, and to 2016, which had 16.3 million certificates created.
2.1.3

Rise in STC creation in 2017

STC certificate creation in 2017 is on track to reach more than 20 million certificates created, once certificates
from existing, unregistered-as-yet systems are accounted for. This figure is approximately 5 million certificates
higher than forecast at the beginning of the year, and is being driven almost exclusively by a large increase in
solar PV systems. Figure 3 shows the monthly trend in installations across Australia.
Figure 3: Monthly PV capacity installed in Australia, Jan2015 - October2017

We see the increase in system uptake, and the corresponding underestimate in the forecast for 2017, as being
driven by the following factors:
i.

Psychological impact of reduced deeming period
Due to the delays in registering PV systems and creating STCs, many of the STCs created in 2017 are
actually the product of systems installed in December 2016, where a large spike in installations was seen.
2017 is the first year in which the deeming period for PV systems has begun to decline – systems installed
after December 2016 are eligible for fewer STC’s than those installed prior. Since the value of STCs
12
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created for PV systems is typically discounted from the capital cost of the installation by vendors,
customers may have felt pressure to install a system before the cost of future systems rises.
While the increase in December 2016 installations was followed by a corresponding falloff in January 2017,
the net effect of the reduction of the deeming period seems to have offset by other factors as capacity
installed has been greater in 2017.
ii.

Increase in electricity prices
The retail price of electricity has increased substantially in NEM states in 2017, largely driven by rising
wholesale costs occurring as a result of higher wholesale gas prices and the retirement of the Hazelwood
power station, which occurred on short notice and was not foreseen in last year’s study. The increase in
electricity prices improves the value of a solar PV system directly, by increasing the value of avoided grid
electricity.

iii.

Increase in feed in tariffs
Increased wholesale prices also flow through indirectly to the solar feed-in tariffs offered by retailers. The
value of solar exports to an energy retailer is proportional to the wholesale price of electricity. Since state
feed-in tariff schemes ended (between 2010 and 2013) most feed-in tariff offers have been around 56c/kWh, and electricity retailers have historically been reluctant to offer higher rates. Currently, only Victoria
has a mandatory minimum rate for solar exports, though IPART in New South Wales publishes a
benchmark tariff for that state.
However, in 2017 retailer median feed-in tariffs have increased in all NEM states, in some cases by more
than double, reflecting the higher wholesale prices for electricity that currently prevail in the NEM.

2.1.4

Trends in system size

Trends in average PV system sizes being installed in the market are shown in Figure 4 for selected states. The
graph shows that average system size has continued to grow over the last eight months consistent with growth
trends in earlier years. The beginning of growth in system size from 2009 corresponds with timing of the 5 times
solar credits multiplier and also:
•

Changes in FIT schemes in some states from a gross scheme to a net scheme, stimulating demand for
larger systems to generate more electricity for export to the grid;

•

The rapid rise of retail electricity prices over recent years and expectations of further increases has
encouraged consumers to buy larger systems as a hedge against future price rises;

•

Increasing uptake of commercial scale systems;

•

Reduced cost of systems generally. We have observed that since the beginning of mass uptake of solar
systems in 2010 and 2011 the average system size tends to reflect a $4000-$6000 upfront investment to
customers (after the value of STCs is discounted). As system costs have fallen, the size of an installation
that costs this much has grown.

13
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Figure 4 Trend in average system size, selected states

Source: Jacobs’ analysis

We expect that average system sizes will not grow at the linear rate observed in the past indefinitely.
Residential system sizes will become constrained by available roof space. For instance, there will eventually be
diminishing returns for installing systems that produce more energy than can be self-consumed. There is some
evidence that the average PV system size in some states (NSW, SA, WA) may be beginning to level off, though
the Australia wide-average continues to grow. We discuss how average PV system sizes are forecast in our
modelling in Section 4.4.5.
2.1.5

Trends in customer type

For this year’s forecasts, the CER provided an additional flag in the data to indicate whether a given installation
was residential or commercial. As we understand there is some uncertainty as to how accurate this flag may be
we have not used this flag in developing any aspect of our modelling, but present an analysis of the data by
customer type as indicated for informational purposes.
Installations are classified as either ‘Unknown, Residential, Commercial, or ‘School”. All data are flagged as
‘Unknown’ prior to September 2013, though by October 2014 all data are classified into one of the other
categories. We have therefore used the period October 2014 to August 2017 to illustrate trends in the data.
Figure 7 examines the trend in numbers of installations, and Figure 8 examines the total capacity installed
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Figure 5: Number of PV installations per month, residential (primary axis) and commercial (secondary) Oct 2014 - October 2017

Source: Jacobs’ analysis of CER data

Figure 6: PV Capacity installed per month, residential (primary axis) and commercial (secondary) Oct 2014 - October 2017

Source: Jacobs’ analysis of CER data
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The data is not corrected for the estimated number of installations in recent months that have not yet been
registered for STCs, so it underestimates the increase in both installations and total capacity installed in 2017.
Nevertheless, an increase in both numbers of commercial and residential installations is observed in 2017 relative
to earlier years. Both residential and commercial installations have increased in number.
However, the growth in capacity for both commercial and residential installations is greater than the growth in
numbers, indicating that the average capacity per installation is increasing. Average residential system size has
grown from around 4.2 kW in 2015 to 5.1 kW in 2017 (approximately 20%). Commercial systems are typically
larger, and have grown from an average of 17.9 kW in 2015 to 21.4 kW in 2017 (approximately 20%).

2.2

Water heater STC creation

Figure 7 demonstrates that installations of SWHs have been declining since 2009, mainly due to the removal of
the high rebates that were in place for the replacement of electric water heaters. However, installation rates have
remained relatively steady since 2013.
The proportion of STCs created from the replacement of electric water heaters in existing buildings has been
decreasing, while the percentage of installed SWH in new buildings and as a replacement to older SWH has
increased, as shown in Figure 2-3. Over the last four years, 54% of the STCs created for water heaters are due
to SWH installed in new buildings.
Figure 7 Solar Water Heater Installations by type

Source: Jacobs’ analysis of CER solar water heater data (note that 2016 is scaled up to account for only 11 months of data)

2.3

STC price trends

STCs can be sold through the STC clearing house operated by the CER for a fixed price of $40/certificate. This
facility limits the maximum price of certificates to $40, though it is not the only way to sell or buy certificates, and
certificates can only be sold through the clearing house if there is a willing buyer. Because certificates can also
be traded on the open market, the spot price of certificates can vary, and is often less than $40. Each year the
CER sets a target for STC creation, which set the small-scale technology percentage that obliges retailers to
obtain STCs. Because the target is set before the STCs are actually created, and is based on forecasts, the
actual STC creation in any year may be more or less than the target set. This uncertainty creates conditions for
volatility in the spot price of certificates – where there is oversupply of certificates for a given compliance year
the price may fall, despite the fact that any shortfall in the target is added onto the target in the subsequent year.
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Figure 8 shows the average annual spot price of STCs (nominal dollars) and the amount each year that actual
certificate creation exceeded the estimated certificate creation
Figure 8: STC price and certificate creation surplus, 2012-2016

When the STC target creation is less than the actual creation, the price tends to drop, as participants incur a
cost of carrying the certificate until a later date, when it can be sold to liable entity. The price never exceeds
$40/certificate though, as certificates can always be purchased for this fixed price from the clearing house.
Certificate prices have fallen in 2017, as the market reacts to the greater than anticipated uptake of solar PV,
and the subsequent production of certificates in excess of 2017’s nominal target. Because the price of
certificates is ultimately linked to the clearing house price, we expect that prices will rebound to around
$40/certificate by early 2018. We examine the estimated price recovery further in our certificate price projection
in Section 5.7.
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3. Government incentives and regulations
The number of STCs that will be generated in the future is dependent on uptake of eligible technologies by
households and business which is in turn influenced by financial incentives and regulations such as federal and
state rebates, the state-based FiT schemes, and building standards. Most of these financial incentives have
now ceased. The energy efficiency building standards in place still impact the choice of hot water heaters
installed in new houses.
Additional factors impacting the perceived cost or net cost of renewable technologies including the avoided cost
of electricity consumed are discussed in Section 4.4.3.

3.1

Rebates

To address the high up-front cost of installation and to encourage households and businesses to adopt
renewable technologies, Australian governments had initiated a number of Federal and State rebates. This
section provides an overview of historical rebates pertaining to solar PVs, SWHs and HPWHs as well as the few
incentives for installers that remain active.
The Australian Government launched the Photovoltaic Rebate Program (PVRP) in 2000 where individuals and
households, regardless of income received a rebate of $4,000 for installing solar PVs. In October 2007 the
program was replaced by the Solar Home and Communities Plan (SHCP). This plan assisted with the
installation of more than 100,000 systems and was then replaced by the Solar Credits program, which ended in
2012.
The Australian Government also provided support to individuals and households through the solar hot water
rebate program. The program initially offered $1,600 and $1,000 in rebates for solar water heaters and heat
pump water heaters respectively, and these were then reduced under the Renewable Energy Bonus Scheme to
$1,000 and $600 respectively from 20 February 2010.
In addition to the federal rebates, a number of state initiatives also provided assistance. Table 3-1 provides a
summary of the historical Federal rebates, and Table 3-2 provides a summary of solar water heater and heat
pump water heater rebates by state. All but one of the state based initiatives has now ceased, with four of the
state based schemes ending in the middle of 2013.
Table 3-1 Rebates offered by the Federal Government
System

Information

Description

Solar PVs

Name: Photovoltaic Rebate Program

A rebate of $4,000 and not subjected to a means test.

(PVRP)
Valid: From 2000 to October 2007
Name: Solar Homes and

The SHCP started out as the PVRP and provided support to households

Communities Plan (SHCP)

through a solar panel rebate. For the greater part of the plan, it was subjected

Valid: November 2007 to 6 July 2009

to a means test of $100,000 or less. The SHCP offered the following rebate:
For new systems - Up to $8,000 ($8 per watt up to one kilowatt); and
For extensions to old systems - Up to $5,000 ($5 per watt up to one kilowatt)

SWH

Name: Solar hot water rebate

A rebate of $1,600 and not subjected to a means test.

program
Valid: Until 19 February 2010
HPWH

Name: Solar hot water rebate

A rebate of $1,000 and not subjected to a means test.

program
Valid: Until 19 February 2010
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System

Information

Description

Solar PVs

Name: Photovoltaic Rebate Program

A rebate of $4,000 and not subjected to a means test.

(PVRP)
Valid: From 2000 to October 2007
Name: Solar Homes and

The SHCP started out as the PVRP and provided support to households

Communities Plan (SHCP)

through a solar panel rebate. For the greater part of the plan, it was subjected

Valid: November 2007 to 6 July 2009

to a means test of $100,000 or less. The SHCP offered the following rebate:
For new systems - Up to $8,000 ($8 per watt up to one kilowatt); and
For extensions to old systems - Up to $5,000 ($5 per watt up to one kilowatt)

SWH

Name: Renewable Energy Bonus

A rebate of $1,000 and not subjected to a means test.

Scheme - Solar hot water rebate

From 1 November 2011, only systems that are able to generate 20 or more

program

STCs were eligible for the rebate.

Valid: From 20 February 2010 to 30
June 2012
HPWH

Name: Renewable energy bonus

A rebate of $600 and not subjected to a means test. From 1 November 2011,

scheme - Solar hot water rebate

only systems that are able to generate 20 or more STCs were eligible for the

program

rebate.

Valid: From 20 February 2010 to 30
June 2012
Solar PVs

Name: Solar credits

This scheme replaced the SHCP and the extent of the rebate was dependent

Valid: From 9 June 2009 to 31

on the size of the system and the date of installation.

December 2012

A multiplier was applied to the first 1.5kW of eligible systems where the
balance received no multiplier. The multiplier was gradually stepped down to
reflect technological advances. From 9 June 2009 until 30 June 2011 the
multiplier was 5. From 1 July 2011 until 30 June 2012 the multiplier was 3.
From 1 July 2012 until 31 December 2012 the multiplier was 2, and from 1
January 2013 onwards it was 1.
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Table 3-2 Summary of solar water heater and heat pump water heater rebates by State governments
State

Information

Description

New South Wales

Name: NSW hot water system rebate

A rebate of $300 for a solar or heat pump hot water system

Valid: From October 2007 to 30 June 2011
Queensland

Name: Queensland government solar hot

A $600 rebate for the installation of a solar or heat pump hot

water rebate

water system; or

Valid: From 13 April 2010 to 22 June 2012

A $1,000 rebate for pensioners and low income earners who
installed a solar or heat pump hot water system.

Tasmania

Name: Solar and Heat Pump Hot Water

This scheme offered Hobart ratepayers a $500 incentive to install

Rebate Scheme

a solar or heat pump hot water system into their homes.

Valid: 1 July 2007 to 31 December 2011

The scheme seems to have been extended until 30 June 2013,

(solar hot water systems)

but is now definitely closed.

Valid: 1 November 2008 to 31 December
2011 (heat pump water systems)
Victoria

Name: Victorian solar hot water rebate

A rebate from $400 to $1,600 and from $300 to $1,500 for

Valid: From July 2008 until 31 May 2013

regional Victoria and metropolitan Melbourne respectively for both
solar water heaters and heat pump water heaters.

Western Australia

Name: Solar water heater subsidy

A rebate of $500 for natural gas-boosted solar or heat pump

Valid: From July 2010 to 30 June 2013

water heaters; and
A rebate of $700 for bottled LP gas-boosted solar or heat pump
water heaters used in areas without reticulated gas.

Australian Capital

Name: HEAT Energy Audit

A $500 rebate was available for expenditure of $2,000 or more on

Territory

Valid: From December 2004 to 30 June

the priority recommendations in the ACT Energy Wise audit report

2013

- which can include installing solar or heat pump water heating.

Name: South Australian Government’s

A rebate of $500 for a new solar or electric heat pump water

Solar Hot Water Rebate scheme

heater system. In order to be considered for this rebate,

Valid: From 1 July 2008 to 30 June 2013

applicants had to have an Australian government concession

South Australia

card.
Victoria

Name: Victorian Energy Efficiency Target

The Victorian Government offers energy efficiency incentives in

(VEET)

the form of Victorian Energy Efficiency Certificates (VEECs).

Valid: From 1 January 2009 to current

Each VEEC represents one tonne of carbon dioxide equivalent
(CO2-e) abated by specified energy saving activities, including
the replacement or upgrade from electric or gas water heating to
a solar water heater or heat pump water heaters.

Northern Territory

Name: Solar hot water retrofit rebate

Northern Territory households may have been eligible for a Solar

Valid: From 1 July 2009 to current

Hot Water Retrofit Rebate of up to $1,000 to help with the costs
of installing a solar hot water system replacing an electric system.

Where rebates were still available, Jacobs generally assumed a rebate at the lower range of the scale. Funding
for the Northern Territory scheme is open-ended for the moment. The Victorian Energy Efficiency Target (VEET)
in Victoria provides a financial incentive in the form of Victorian Energy Efficiency Certificates (VEECs) and
includes the replacement or upgrade from electric or gas water heating to a solar or heat pump water heater.
Each water heating system creates on average 30 VEECs and each VEEC has an average price of $15. The
scheme is still open-ended and is assumed to continue to be valid for the timeframe of the study.
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3.2

Feed-in tariff

Feed-in tariffs in Australia for small-scale renewable energy generation are offered by the retailers and in many
instances they have an obligation imposed by the relevant state government to offer a minimum tariff. Where the
required data of retailers’ tariffs and customers’ per retailer were available, an average price based on the median
retail offer of the three largest retailers was assumed in the modelling. In ACT, where ActewAGL supplies the bulk
of the market, the ActewAGL tariff was selected. Table 3-3 presents a detailed summary of the FITs offered and
the assumptions we have made.
Table 3-3 Summary of feed-in tariffs
State/Territory

Current arrangement

Jacobs assumptions for 2016-2019

Victoria

As of 1 July 2015, a mandatory minimum net feed-in tariff

Net FiT of 11.3 c/kWh remaining flat in nominal terms

rate of 11.3 c/kWh for systems up to 100 kW in size,

over modelling horizon.

offered by the retailers.
New South Wales

Queensland

No mandatory retailer contribution. Net FITs offered by

Net FiT of 11.6c/kWh remaining flat in nominal terms

retailers range from 9c/kWh to 12c/kWh.

over modelling horizon.

No mandatory FiT for residential customers in SE QLD.

Net FiT of 10.6c/kWh remaining flat in nominal terms

Net FITs offered by retailers range from 7c/kWh to

over modelling horizon.

16c/kWh.
Mandatory minimum of 10.1c/kWh for regional customers.
Northern Territory

Net 1-for-1 FiT, where consumer is paid for all electricity

Net FiT of 26.86c/kWh for eligible customers

exported to grid at their consumption tariff.
Australian Capital

No mandatory retailer contribution. Net FITs offered by

Net FiT of 11c/kWh remaining flat in nominal terms

Territory

retailers range from 9c/kWh to 17c/kWh.

over modelling horizon.

Western Australia

No mandatory retailer contribution. Synergy and Horizon

Net FiT of 7.135 c/kWh remaining flat in nominal terms

have two 2 Solar Buyback Schemes in place with varied

over modelling horizon.

rates from 7.135 c/kWh to 50 c/kWh.
South Australia

Tasmania

3.3

No mandatory retailer contribution. Net FITs offered by

Net FiT of 15c/kWh remaining flat in nominal terms

retailers range from 7c/kWh to 22c/kWh.

over modelling horizon.

Solar buyback available through Aurora Energy of 8.9

Net FiT of 8.9c/kWh remaining flat in nominal terms

c/kWh for systems up to 10 KW.

over modelling horizon.

Regulations for hot water systems

Since 2010, the Building Code of Australia (BCA) specifies that all hot water systems installed in new houses
are required to comply with minimum greenhouse intensity and/or energy efficiency standards. Following that
Code, all Australian states and territories other than Tasmania, Queensland and the Northern Territory have
rules restricting the use of greenhouse gas intensive water heaters in new Class 1 buildings (i.e. detached,
terrace, row and town houses), either through their own building regulations or by reference to the relevant
clauses in the National Construction Code (NCC). These codes have resulted in the reduction of conventional
electric resistance water heaters in favour of solar, heat pump and natural gas water heaters.
The National Construction Code (2011) is an initiative of the Council of Australian Governments (COAG)
developed to incorporate the BCA and the Plumbing Code of Australia (PCA) into a single code. In general, the
Code supports the installation of solar and heat pump water heaters compliant to minimum performance
requirements, gas water heaters rated not less than 5 stars and electric resistance water heaters of not more
than 50 litres (requirements vary by jurisdiction). Victoria has had a 6-star standard for homes since 2011, which
requires the installation of either a SWH or a rainwater tank in new homes. In NSW, the BASIX rating scheme,
introduced in 2004, allows the use of electric resistance water heaters in new and existing buildings, but
imposes such a high rating penalty that builders must compensate with much stricter levels of ‘thermal
performance’ or more energy efficient lighting or fixed appliances.
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The NCC does not apply to water heater installations in existing buildings, and each state and territory has its
own requirements. South Australia and Queensland have had regulations (metropolitan and nearby areas for
South Australia and gas reticulated areas for Queensland) restricting the replacement of electric resistance water
heaters since 2008 and 2010 respectively. Since February 2013, Queensland no longer has regulations restricting
the replacement of electric resistance water heaters. In South Australia, the water heater installation requirements
were changed in January 2014, and the type of water heater that can be installed in an established home depends
on the type of dwelling, and whether the property has a reticulated gas connection.
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4. Methodology
There are a number of emerging trends which need to be taken into consideration in the projections:
•

There is an increasing emphasis on the small to medium enterprise sector. This sector has traditionally
been resistant to installing PV systems because the payback periods from such investments exceeded
their hurdle rates. However, the leasing of roof-top PV systems (as part of energy service package) avoids
the need for high upfront expenditure and is leading to increased uptake in this sector.

•

Network service providers are exploring alternative ways to either cap or appropriate to system owners the
network costs of widespread adoption of PV systems. Some network service providers have put limits on
exports from new roof-top systems. Others are exploring changes to tariff structures towards more capacity
based charges and away from energy based charges, which could reduce the benefits of roof-top systems.

•

The rapid decline in battery costs over the last few years increases the attractiveness of PV systems.
Batteries enable owners to store PV energy generated in the middle of the day and use it at another time
when their demand for electricity is high, thus avoiding low value use of PV energy, namely, exporting it to
the grid. With current retail tariff settings, own use of PV is clearly the highest value activity as owners
avoid electricity usage charges, which are in the order of 15 c/kWh – 30 c/kWh, depending on location and
retailer. In contrast, energy exported to the grid typically attracts much lower rates.

•

System outages in Tasmania and South Australia in the last few years, in combination with an uncertain
investment policy environment in the electricity sector, may have increased anxiety around reliability and
power prices in the coming years, encouraging consumers to seek their own solutions for greater
independence from the grid.

•

Recent increases in the wholesale and retail price of electricity in all NEM states has improved the value of
solar systems in the last few months through higher feed-in-tariff rates, and a higher value of avoided grid
consumption. These rises have accompanied a corresponding increase in solar PV installations and STC
creation. Retail prices are likely to remain higher in the short term, as they are driven both by network costs
(which are based on regulated network revenues) and the price paid for electricity by retailers (which is
partially decoupled from spot electricity prices, as retailers employ financial contracts to hedge price
volatility)

No single forecasting methodology will be able to adequately capture all of the underlying trends driving the
uptake of small-scale renewable technologies. We therefore use a two-pronged modelling approach, which will
give a sense of how varied the uptake outcomes may be over the next three years.

4.1

Significant changes to modelling methodology

For this year’s study we have made a number of improvements to our time-series forecasting methodology, to
better capture and explain the trends in PV system creation over 2017. In particular, we have improved the
model’s ability to predict sudden installation spikes such as the one observed in December 2016, and better
capture the response of customers to the increases in electricity price seen recently.
Specific changes include:
Changing the reporting basis of historic installations
In the current study, as in previous reviews, we have used installed PV capacity as the dependent variable in
our models, as we have found this gives a more robust model. However, in previous studies, we have arranged
historic data into monthly totals based on the date of STC creation, whereas this year we have used the date of
system installation as the reporting basis. Over the long term the two metrics converge to the same number, as
all STC’s are registered 12 months or less after the date of system installation, but reporting the data in this
manner lets us better observe the spikes and trends in when systems were installed, which ultimately
determines the number of STC’s created. Figure 9 shows how these two data interpretations relate to each
other.
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Figure 9: STC Creation Australia, 2001-2017

While for the most part the two trends are approximately the same, when there are extreme peaks in system
installation we typically find that these occur in single months – generally the month before a STC multiplier is
due to reduce. Modelling the data on the basis of the installation date allows our time-series model to better
capture the impacts of these events.
Splitting the net benefit calculation into two parts, representing the upfront cost of a system, and the
ongoing value.
Our time-series models have always included a net-benefit variable as an external regressor, calculated as the
difference between the total benefits of the PV system (avoided electricity imports and value of exports) and the
cost of the system (capital cost less any rebate from sale of STCs). In theory, a rational consumer would
respond to a $100 capital cost reduction in the same way as a $100 increase in the lifetime benefits of the
system (using typical economic discounting).
However, in practice customers have been much more sensitive to reductions (or increases) in the upfront costs
than they are in changes to the benefits the system might provide. We hypothesise that the upfront cost acts as
a screening mechanism, and that customers generally only perform a benefit calculation when they are already
seriously considering a PV system. For example, Figure 10 shows the history of PV installations in NSW
between 2009 and 2012, with changes to FiT rates and the Solar Credits Multiplier labelled.
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Figure 10: NSW PV capacity installation history

Despite changes to the feed-in tariff rates having a bigger impact on the net benefit to customers than changes
to the solar multiplier, the latter have had much more of an impact on uptake than the former.
To better represent these effects in our time series-models we have included both the calculated upfront cost
and lifetime benefits of PV systems as separate regression terms in our ARIMA models.
Modelling economic regression variables using spline functions
We have also used a more sophisticated spline representation of these variables in this year’s modelling, which
allows our model to capture non-linear effects of these variables (for example, the uptake of systems may only
increase or decrease rapidly past a threshold cost – spline functions allow us to model this kind of behaviour)
Including a shock variable in time-series modelling
The effects described above indicate that upcoming changes to the upfront cost of PV systems have a large
impact on customer behaviour. In particular, a spike in installations is usually observed in the month before a
change occurs, although this effect only applies to upcoming increases in the upfront cost of systems, and not
to upcoming decreases in the lifetime benefits of systems. To better predict the effect of upcoming changes to
deeming periods - which increase the net upfront cost of systems to consumers – we have introduced shock
variables into our modelling, occurring in the month before any significant and predictable change to scheme
design that affects the upfront cost of the system.

4.2

General methodology

The forecast of STC creation for calendar years 2018, 2019 and 2020 has been undertaken using two approaches:
1)

Time series model: Uptake of renewable technologies is determined based on regressed trends in
historical data, including testing for inclusion of the use of net economic consumer benefit - or a mix of
upfront costs and system benefits - as regression variables.
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2)

Structural model: Jacobs’ has established a structural model of distributed and embedded generation
(called DOGMMA). The structural model determines the uptake of small-scale renewable technologies
based on comparing the net cost or benefit of self-generation against the net cost of grid delivered power.

The factors considered in both models are as follows:
•

Eligible system REC/STC creation for previous years, showing the historical trend in small-scale
technology uptake.

•

State and Commonwealth incentive schemes and any expected changes to these schemes over the
timeframe, including the impact of potential changes to the State-based feed-in tariffs for generating units,
and the reducing deeming period for generation systems under the SRES which occurs from 1 st of January
2017.

•

Relevant historical legislative changes to the eligibility rules and criteria for SWHs and SGUs.

•

Existing and potential changes to building codes and regulations, including energy efficiency measures,
which impact the uptake of various technologies (particularly relating to hot water systems).

•

Change in cost of STC eligible systems due to new technological and manufacturing improvements and
changes in the cost of system components.

•

Global financial conditions, such as changes in currency values, and changes to the cost of raw materials.

•

Changes in financial innovation, e.g. CEFC loans.

•

Repeal of carbon price and changes to electricity prices.

•

STC price.

•

Consideration of potential changes to network tariff arrangements towards more fixed or capacity based
pricing structures.

•

Certificates remaining in the registry from the previous compliance period.

•

The forecast number of new dwellings.

•

Any other relevant factor.

4.3

Historical data supplied by CER

The CER supplied two datasets, each containing over a million records detailing (i) small-scale renewable
generation and (ii) solar water heater / heat pump water heater uptake. The dataset contained data spanning
2001 until midway through October 20172. The information supplied included:
•

date of installation;

•

date of REC/STC registration;

•

post code of installation address;

•

state of installation address;

•

technology type (PV, wind or hydro in the case of small-scale generation unit dataset, and solar water
heaters or heat pump water heaters in the case of the water heater dataset);

•

capacity of the system (small-scale generation dataset only);

•

the REC/STC multiplier applied to the system (small-scale generation dataset only);

•

number of RECs/STCs registered by the system;

•

number of RECs/STCs that passed/failed the validation audit (small-scale generation dataset only); and

•

whether the system capacity was over 700 litres (water heater dataset only).

2

Data from part of November and December 2017 was also supplied but excluded as the models rely on complete monthly information.
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•

Whether the system was residential, commercial, a school, or unknown (small-scale generation dataset
only, and CER caution this classification may not be reliable)

The data showed that the number of STCs created by small-scale PV systems was significantly greater than
STCs produced by small-scale wind and hydro. Therefore, certificate projections for small-scale wind and hydro
were not carried out as their contribution to the total would be negligible.
When extracting data, records that contained no valid registration of any STCs due to failure of an audit were
excluded from the modelled dataset.

4.4

General assumptions

Key modelling assumptions are presented in this section.
Capital cost assumptions for SWHs and HPWHs in 2017 are based on market research conducted by Jacobs for
a range of suppliers across Australia, and represents an average cost per system, including installation, before
any Government rebates or credits.
Capital cost assumptions for PVs in 2017 are based on the Solar Choice website’s 3 monthly unit pricing overview,
which is based on price data from 125 solar installation companies across Australia.
4.4.1

Capital cost assumptions for solar PVs

Figure 11 shows the assumed capital costs for an installed PV system in nominal dollars. These were converted
into real dollars for the modelling using historical CPI and assuming 2.5% annual growth in CPI for the projections.
The graph features significant reductions in the capital cost in 2009/10 and 2011/2012, followed by continued
decline due to further advancement in PV panel and balance-of-system manufacturing and component
technology, though the rate of capital cost decline has flattened considerably in recent years.
Forecasts for system prices in the next three years were performed by fitting polynomial trend functions to the
trends in PV system prices since 2013, which were then extrapolated to 2020.
System prices are expected to continue falling gradually over coming years and sometime after the projection
period the rate of reduction will eventually reduce as the technology matures and there are fewer opportunities
to improve efficiency. The global oversupply on PV module manufacturing capacity has apparently diminished,
though trends in global markets such as U.S. import tariffs on Chinese panels and availability of rare elements
used in panel manufacturing continue to have the potential to influence the prices paid by Australian installers in
the short term.
The cost data confirms that economies of scale exist and that capital costs decrease as system size increases.

3

http://www.solarchoice.net.au/blog/
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Figure 11 Capital costs assumed for solar PVs – ($ nominal/kW)

Source: Jacobs’ market analysis, Solar Choice monthly system cost estimates 2012 - 2017

4.4.2

Capital cost assumptions for solar water heaters and heat pump water heaters

Figure 12 shows the assumed capital costs for solar water heaters and heat pump water heaters in nominal dollars
for a typical domestic unit4. Based on the analysis done on a report entitled “Product Profile: Solar Water Heaters” 5,
it was assumed that capital costs would continue to decline in real terms at about 3% per annum. According to
the paper this is due to a shift to more efficient technologies. Our market review has found no evidence that prices
for solar hot water systems have changed dramatically since the previous review, and the STC installation data
shows no evidence of a marked increase or decrease in the trend in installations over the past 3 years.

4
5

With a capacity of 315 litres
The document is available at www.energyrating.gov.au
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Figure 12: Capital costs assumed for typical domestic SWH and HPWH unit – (nominal dollars)

4.4.3

Net cost

The net cost for SGUs, SWHs and HPWHs is useful for explaining the uptake of these systems and is considered
as a possible term in the time series analysis, though in this year’s modelling all models used an alternative
formulation. It also drives the output of the DOGMMA model, which is a forward looking optimisation model that
seeks to minimise total energy supply costs from the consumer’s viewpoint.
The net cost is defined as follows:
•

Sum of capital cost including installation costs

•

Less
-

Value of any available government rebates

-

Revenue from the sale of RECs6 and/or STCs

-

Net present value of future feed-in tariff payments and/or retailer payments for export to the grid

-

Net present value of the avoided cost of electricity

Figure 13 shows the net cost for a typical 5 kW PV system installed in Queensland. Movements in the net cost
are representative of trends in all Australian States and Territories, although these may occur at different time
periods as they are dependent on the timing and applicability of the various schemes and rebates.
The historical net cost reduces gradually from 2001 until 2007 and then reduces further in late 2007 when the
upfront cost declines as the PRVP rebate is increased from $4000 to $8000. After 2007, large declines in capital
costs occur. In 2009 the abolition of the PVRP rebate occurs and is replaced by the solar credits multiplier. In

6

Prior to 2011, small-scale technology certificates (STCs) were equivalently known as Renewable Energy Certificates (RECs)
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2014 the net feed-in tariffs of 44 c/kWh is replaced by lower mandated levels around 6-7 c/kWh. From this time
capital costs continue to decline, and from 2017 the deeming period for RECs is reduced.
Figure 13 Net cost for typical 5 kW PV system installed in Queensland, $2017

Source: Jacobs’ analysis

Figure 14 shows the net cost for a typical domestic SWH system installed in NSW, which is representative of the
net cost trends in all Australian States and Territories. The historical net cost reduces gradually from 2001 until
2007, and then there is a significant drop in the net cost in late 2007, which corresponds to the introduction of the
Federal government’s solar hot water rebate program. The increase in the net cost in early 2010 corresponds to
the reduction in the Federal government’s SWH rebate from $1,600 to $1,000. From 2010 to early 2012, the net
cost continues to exhibit an upward trend, which is reflective of the flat capital cost and the cessation of the statebased rebates. In March 2012 there is a step up in the net cost of $1,000, which reflects the cessation of the
Federal Renewable Energy Bonus Scheme. The downtrend that commences in early 2012 persists for the long
term, with the main factors for the downtrend being both the assumed reduction of capital cost and the increase
of revenue from the sale of STCs. Over the years, these technologies have become more efficient and they are
therefore eligible for more STCs.
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Figure 14 Net cost for typical domestic SWH installed in NSW

Source: Jacobs

4.4.4

Wholesale electricity price assumptions

Jacobs’ base case wholesale electricity prices were used as the basis for estimating retail electricity prices,
which in turn were used in calculating future electricity savings and/or revenues for SGUs, SWHs and HPWHs.
These prices were also used by AEMO for their 2016 demand projections7, and assumptions underlying the
projections include medium economic demand growth, medium gas price and medium technology cost
projections. The retail prices were adjusted to exclude fixed cost components, assumed to be consistent with
the combined sum of retailer costs and network fixed charges. For the next three years, retail prices in the NEM
are expected to remain elevated, based on higher wholesale electricity costs driven by plant retirements and
high gas prices. Retail prices for the NEM states are reproduced in Figure 16.

7

Greater detail on the assumptions can be found in https://www.aemo.com.au//media/Files/Electricity/NEM/Planning_and_Forecasting/NEFR/2016/Retail-electricity-price-history-and-projections.pdf.
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Figure 15: Retail Price Trends, 2010-2020

Source: Jacobs

4.4.5

PV System size projections

Jacobs have developed average system size projections for all states out to 2020 as shown in Figure 16.
Figure 16: Average weighted PV new system size in Australia, historic and projected - 2008-2020
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Across Australia, the average PV system size has been growing along an approximately linear trend since
2011. While we do not anticipate that system sizes will not continue to grow indefinitely – there are physical
limits to the size of systems that can be installed on typical rooftops – there is little evidence that any slowdown
is imminent on a country-wide level.
The average PV system size is an input into the time-series modelling. Jacobs develops forecasts by fitting
linear or quadratic functions to historic trends in PV system size on a state level, which indicates that average
system size growth in NSW, South Australia, and Western Australia may be beginning to level off, but this trend
is not yet strong enough to significantly affect country-wide system trends, and may yet be the result of
statistical noise in the data. We anticipate that any slowdown in the growth of the average system size will have
a negligible impact on the 2018 results, but note that this is a development worth watching, as it introduces
additional uncertainty to longer term projections.

4.5

Structural model

4.5.1

Overview of model

DOGMMA is a structural model that recognises that the uptake of renewable technologies is affected by a number
of factors. The model projects the uptake of renewable technologies based on net cost of generation versus net
cost of grid delivered power. Because the cost of renewable generation varies by location and load factors, the
model attempts to calculate uptake based on small scale renewable resources and load levels within distribution
regions. Other factors that may impact on the decision are modelled as a premium prepared to be paid for small
scale renewable generation. The premium currently assumed is based on market survey data and other published
market data. The premium is assumed to decrease as the rate of uptake increases (reflecting the fact that the
willingness to pay will vary among customers).
DOGMMA has been extended to also include the impact of battery storage on PV uptake. This has been used
in long-term analysis and the approach for the short term has been to make assumptions about the maximum
proportion of systems that can include batteries over the next five years.
The model also separately treats uptake in the residential sector and the small-to-medium business enterprise
sectors. In this aspect of the model, different financing models are used for both sectors in line with recent
trends in financing models used.
The cost of small scale renewable energy technologies is treated as an annualised cost where the capital and
installation cost of each component of a small scale generation system is annualised over the assumed lifespan
of each component, discounted using an appropriate weighted average cost of capital. Revenues include sales
of electricity using time weighted electricity prices on the wholesale and retail market, avoidance of network
costs including upgrade costs if these can be captured, and revenues from other Government programs such as
the SRES scheme and Feed-in-Tariffs.
4.5.2

DOGMMA methodology

DOGMMA was developed to optimise small-scale technology by developing an optimal solution that will maximise
consumer benefit. Annual uptake constraints (reflecting resource and capacity constraints) are developed using
historical data of maximum annual uptake of small-scale technology.
The capacity constraints in the DOGMMA model are as follows:
•

There is a limit to the maximum number of householders and commercial businesses that can install a
system:
o

The maximum proportion of residential households that can purchase the system is currently the
same for each region and it is set at 55% of all households in the region. This limit was determined
by the number of separate dwellings (on the assumption that only separate dwellings would install
systems) that are privately owned (on the assumptions that only privately owned dwellings would
install systems), and allowing for some limits on installations for heritage or aesthetic reasons. For
this modelling exercise, this limit was relaxed over time to account for the potential use of leasing
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arrangements in rented dwellings. The limit was gradually relaxed to 65% over a 20-year period
commencing 2016.
o

The maximum proportion of commercial businesses that can install a system is 65% of electricity
demand. Commercial customers are those in the wholesale and retail trade, schools, hospitals and
government offices.

•

There are limits on the rate of uptake of each technology in each region. This constraint is designed to
ensure there is not a sudden step up in installation rates once a flip point is reached (the point at which the
cost of PV and IPSS becomes cheaper than grid supplied electricity) and to account for any logistic
constraints. Once the initial simulation is performed, these constraints are progressively relaxed if it
appears the constraint is binding uptake for an extended period. Specific capacity constraints are unique to
each of the 87 sub-regions in the DOGMMA model, and are based on extrapolated trends in system uptake
within a sub-region. These capacity constraints have been relaxed in the current modelling relative to
previous years, in order to correspond to the large observed increase in system uptake in 2017.

•

There are limits on the number of homes and small business premises that can accommodate the large
sized systems of above 5 kW. We do not have data on the distribution of size of household roof space by
region, so this constraint is enforced to limit uptake to around 20% of total households in each region.

Greater details on the method and the assumptions used can be found in a report by Jacobs to AEMO.
Assumptions on installation cost were updated as discussed above.8

4.6

Time series model

4.6.1

Overview

A time series is a sequence of data points measured at different points in time, and its analysis comprises
methods for extracting meaningful characteristics of the data (e.g. trend, seasonality, autocorrelation).
Forecasting using time series techniques involves predicting future events based on a model of the data built
upon known past events. Unlike other types of statistical regression analysis, a time series model accounts for
the natural order of the observations and will reflect the fact that observations close together in time will
generally be more closely related than observations further apart.
4.6.2

Data preparation

As detailed in Section 4.3, CER provided Jacobs with data on all SGU and water heater installations for Australia.
For the purposes of the time series modelling, the data was processed and aggregated into monthly steps to
create time series by technology for each state. It was important to separate the time series by state since each
state has its own feed-in tariff arrangement, which is a critical component of the economics of installing an SGU.
In the case of SWHs and HPWHs, the assumed STC creation cut-off point distinguishing a commercial system
from a domestic system was retained from the last modelling study, as this point has now settled down. The
modelling for SWHs and HPWHs was not carried out at state level because it was found that this approach
increased the error in the predictions due to the data’s sparseness.
Each of the time series models were developed in R, a programming language and software environment for
statistical computing. Among many other features, R provides a wide variety of time-series analysis algorithms,
and its programming language allows users to add additional functionality as needed.
4.6.3

Time series model for SGUs

The historical time series of small-scale technology uptake can be adequately described through an
autoregressive integrated moving average (ARIMA) model. The R statistical package is employed to undertake
this process, and the process enables consideration of an independent variable that may influence uptake of
installed capacity.
8

Jacobs (2017), Projections of uptake of small-scale systems, report to the Australian Electricity Market Operator, June.
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In this year’s analysis we have restricted our model development to SGU data from January 2011 onwards only.
When we model the uptake of capacity as a function of a regression term, the statistical model assumes that the
response of the dependant variable to the independent variable does not change with time – that a change in
price of $100 will have the same impact now as it does a year ago. Many characteristics of the PV market
before 2011 challenge this assumption – when the market was in its early stages, uptake was limited to early
adopters, even if there were substantial benefits to buying a PV system. In 2010 for instance, the combination of
STC multipliers and solar rebate meant that systems in many states had an extremely high net benefit – but
uptake was not correspondingly high, because solar PV technology was still a relatively new technology for the
household. After 2010 however, the uptake behaviour of PV reflects the characteristics of a more mature
technology – we therefore limit our modelling to this period, as it will be more representative of market
behaviour going forward.
The basic method to benchmark the models was to trial various ARIMA configurations using as few parameters
as possible. Historical shocks in the time series that were created by the introduction of government incentives
was dealt with by introducing a shock variable which considered upcoming changes in costs to new PV system
owners. We choose the best model using a statistical measure called the Akaike information criterion (AIC). An
AIC test provides a way to select between models that have a better fit to data, and which have fewer variables.
Model fit is deemed to be sufficiently good when the residuals of the fit displayed the characteristics of white
noise.
Figure 17 shows the time series corresponding to the total number of certificates registered per month for PVs.
As previously noted, the certificates creation is largely dominated by PVs, with certificates registered by small
wind and small hydro projects being several orders of magnitude smaller than PVs. The STCs generated by
small wind and small hydro are expected to continue to be insignificant, and are therefore not included in the
modelling.
Figure 17 Number of RECs/STCs registered for small-scale PV by month

Source: Jacobs’ analysis of CER data to November 2016

4.6.3.1

Choosing independent variables for the regression model

As in previous analysis, it has been shown that there has been an inverse relationship between the uptake of
PV technology and consumer net cost. Equivalently, there is a positive relationship between the uptake of PV
technology and consumer net economic benefit (i.e. negative net cost). The relationship has not always been
well defined and has been prone to a string of structural breaks including changes to policy and markets that
affect both up-front cost (i.e. in the form of rebates, the SRET and reducing technology costs) and ongoing
benefit (i.e. in the form of changes to feed in tariffs and changing electricity market prices). In addition, before
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2010 the solar PV market was in its infancy in Australia, and the response of consumers to even quite large
benefits was limited compared to a mature market.
For these reasons, the dataset was restricted to historical values between 2011 and 2017, and we have also
examined alternate formulations of the net benefit variable, such as splitting it into separate system cost and
economic benefit terms. Selecting which form of the benefit variable produces the best result is part of the
modelling process. In practice, we have found that splitting the benefits and costs produces better fitting models
in all states.
Furthermore, consumers have capitalised on the benefits and system sizes have been increasing over time, so
ideally net benefit calculations also need to capture economy of scale benefits. To better quantify the
relationship, we adjusted the net cost variable with respect to average system size to capture the economies of
scale benefit. STCs were also scaled by household numbers to exclude changes arising from population and
housing market growth.
4.6.3.2

Choosing the dependent variable

In the previous studies, the use of STC creation as the dependent variable in the time series analysis for PV
uptake was not considered as the best choice due to the solar credits multiplier that was implemented prior to
2013. Since the data for the last two years were not distorted by this multiplier, the STCs created for this period
were initially trialled as the dependent variable for the analysis. The analysis revealed that limiting the historical
time series period from January 2013 to October 2014 was not adequate for the time series to produce robust
forecast. The two remaining choices for the dependent variable were installed PV capacity, or number of PV
installations. Using installed capacity as the dependent variable avoids having to convert from number of
installations to installed capacity. This would have required the prediction of the average installation size which,
according to the historical data, is quite variable over time especially for the smaller states with the sparser
datasets. Installed capacity was therefore retained as the dependent variable in the analysis.
4.6.3.3

Form of the time series model

The time series at the state level were stationary when modelled using the extended benefit and shock
variables in the current method, showing no evidence of changing mean or variance over time. The models
were examined for stationarity and autocorrelation, through analysis of autocorrelation and partial
autocorrelation functions within the Auto Regressive Integrated Moving Average (ARIMA) approach.
The time series analysis of the data for the SGUs was carried out by fitting univariate ARIMA models to the
monthly PV installed capacity of each state. The regression period was set from January 2011 to August 2017.
The results of the time series modelling for SGUs are presented in Section 5.3.1.
For the modelling of installed PV capacity, the data was scaled by the total number of occupied and unoccupied
households in each state.
Each approach was initially tested on a subset of data starting from a selected year between 2004 and 2012 to
the end of 2017. The decision to exclude data before 2011 in the modelling was made by examining how well
models performed with or without this inclusion. The models generally performed better without the 2010 data
because of the extremely high benefits that were calculated for systems in some portions of 2010, but which did
not result in larger uptake because the market for solar PV was in its infancy. Once the modelling window was
determined, we examined different formulations of the model, including time-series only analysis, single
regression variable models, and combinations of variables, rejecting any models that were statistically
inadequate. Inadequate models included:
•

Models with a statistically poor fit as measured through the Ljung-Box portmanteau goodness of fit test.

•

Non-stationary models as assessed with the augmented Dickey–Fuller test.

This approach left a number of plausible models to choose from, and in some cases there were relatively minor
differences in the sum of squared errors on the test window dataset with respect to choice of start year.
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The state by state modelling was undertaken on monthly data using one of two regression model forms:
i.

Dynamic regression approach using net upfront cost, system benefit, and a policy shock variable as
regressors, and applying ARIMA modelling to the residuals of the regression model. This approach allows
the modelling to consider external cost functions in developing projections but also allows for appropriate
consideration of recent time trends which is useful in time series approaches because of inherent
autocorrelation in the dataset. This approach was used to model NSW, Queensland, South Australia,
Tasmania and Northern Territory.

ii.

Dynamic regression approach using net upfront cost, system benefit, and a lagged policy shock variable as
regressors, and applying ARIMA modelling to the residuals of the regression model. This approach differs
from the above in that effects of policy shocks such as the reduction of Solar Multipliers were found to
influence uptake several months afterwards in a way that ARIMA modelling was unable to compensate for.
This approach was used to model Victoria, Western Australia and the ACT.

In all cases, the resulting model residuals were tested to be reflective of ‘white noise’ without any evidence of
remaining autocorrelation.
The three regressions terms – net upfront cost, lifetime benefit and policy shock - used to model NSW, under
the dynamic regression approach is displayed in Figure 18. The upfront cost refers to the capital cost less the
value of STCs created (and typically taken off the purchase price by installers), while the Lifetime Benefit refers
to the discounted value of the electricity produced by the solar system, either in avoided grid consumption or
exported to the grid and paid a feed in tariff. Policy shock occurs the month before a reduction in the STCs
created by a system occurs, and is proportional to how much this change will increase the effective capital cost
of a typical system9. In the graph below the variables refer to an average, variable PV system size – the average
system size at a point in time, which grows over time.
Figure 18 : Regression terms in NSW for an average, variable system size

Source: Jacobs’ analysis of system costs, retail price components, and average usage and system size

9

Early policy shocks relate mainly to changes in the STC multiplier available, while from the end of 2016 onward policy shocks are due to reduction
in deeming periods. Policy shocks are only modelled on increases to the upfront cost of a system – analysis indicates that consumers are more
sensitive to impending changes to the upfront cost than to changes in the lifetime benefits a system provides.
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4.6.4

Time series model for water heaters10

Figure 19 represents the time series corresponding to the total number of STCs registered per month for both
commercial and domestic water heaters. Water heaters were defined as commercial if they received more than
40 STCs, which was a cut-off determined in the previous studies.
Figure 19 STCs registered by water heaters

Source: Jacobs’ analysis of CER data

4.6.4.1

Choosing the external regressor

In the last study undertaken by Jacobs, it was determined that net cost has not continued to be correlated with
uptake of systems, and therefore the use of net cost as a regressor was dropped. This is maintained for the
present study. Possible reasons for this insensitivity may involve uptake taking place mainly in new homes, and
may be driven by building or energy efficiency standards rather than benefit.
4.6.4.2

Choosing the dependent variable

The water heater data were modelled by number of STCs registered since, unlike PV, these time series were
not distorted by a multiplier and they were also directly reflective of water heater uptake volumes.
4.6.4.3

Choosing the level of aggregation

Analysis conducted in previous studies trialled disaggregating water heaters by state. However, it was found
last year that this level of disaggregation significantly increased the variance of the time series and the errors in
the predictions. The best result was achieved by aggregating data across all states and for both water heater
technologies, but retaining the distinction between commercial-sized systems and domestic sized systems. This
approach has been retained for the current modelling.

10

The term ‘water heaters’ refers to solar water heaters and heat pump water heaters
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4.6.4.4

Form of the time series model

The original water heater time series were non-stationary, showing both a changing mean and changing variance
over time.
However, the logarithm of the original time series was found to be stationary after the trend was removed.
Seasonality in the time series was insignificant and a standard ARIMA model was fitted.
In summary, the time series analysis of the data for the water heaters was carried out by fitting univariate
ARIMA models to the logarithm of the monthly number of registered STCs by water heaters, split into domestic
and commercial categories for all of Australia. All of the modelling was carried out in R.

4.7

STC Pricing model

We have developed a STC pricing forecast for the remainder of 2017 and early 2018 using a regression
approach to historic STC pricing data, and using weekly STC spot price data to predict how prices will recover
from their current level (approximately $35/certificate) to the long term $40/certificate level.
Figure 23 shows the annual average price of STCs and the surplus in each year from 2012 to 2016 of
certificates created to the nominated target. Figure 24 shows the weekly price path of STC spot pricing for the
calendar year of 2017 through to late September.
Figure 20: STC price and certificate creation surplus, 2012-2016

Source: Jacobs’ analysis of CER published small scale technology percentage data, STC price history collected from greenmarkets.com.au
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Figure 21:Weekly STC Spot price (nominal) CY2017

Source: greenmarkets.com.au, some data estimated

The upswing in solar PV system installations in June and July 2017 was accompanied by a corresponding
decrease in the STC price, as market participants expected a surplus of certificates to be created for 2017. This
price movement is characterised by a sudden drop in the spot price, followed by a gradual recovery as we
approach 2018, and an expected adjustment to next year’s small scale technology percentage to correct for
2017’s surplus.
We have developed a regression model for annual STC prices based on the historical surpluses from 2012 to
2016, and the price of STCs in these years.
To do this we develop a linear model of nominal STC prices as a function of both the surplus in that year, as
well as a time variable. We then use this model to forecast the average price for the remainder for 2017, based
on the estimated surplus of certificates this year (around 5 million).
The annual average price for STC’s predicted by this model is $37.20/certificate, which is close to the average
$37.1/certificate we have observed in the first nine months of 2017.
We then project a linear price recovery from the late September STC spot price such that the 2017 average
comes to $37.20/cert, then continue this price trajectory until prices again reach $40/cert by mid-January 2018.
The projection of nominal STC prices through to March 2018 is shown in Figure 22

40

Final report

Figure 22: Historic and projected STC price, (weekly, nominal) Jan 2017 - Mar 2018

The historic and projected STC price paths were tested in developing the STC projection models, but were not
found to have a very strong predictive power – they have been left out of the final models.
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5. Modelling results
This section presents the results of the modelling for the structural model and the time series model. In all cases
results are presented in calendar years.

5.1

Overview of Time-series and DOGMMA results, and comparison

In this year’s forecast, the time series and the DOGMMA results have diverged significantly, with our time-series
analysis predicting significantly higher creation of STCs in each of the 2018, 2019 and 2020 calendar years.
Figure 23 shows the two forecasts, with 95% confidence intervals for the time-series forecasts displayed. The
DOGMMA projections fall outside of the confidence ranges of the time-series model in all but the last forecast
years. DOGMMA produces the more conservative forecast due to programming logic that limits the maximum
uptake of systems in any given year based on historic trends in system penetration, whereas the time-series
model is able to rapidly capture changing customer behaviour, but may overestimate the long-term impact of
changing economics when these changes are recent, and there is not enough data to reliably determine
whether the trends are enduring.
Figure 23: Historical and projected STCs for Australia

The difference between the two models lies almost entirely in their projections of the number of solar PV
installations. In particular, whether the models project that the recent the step change in uptake, observed since
midway through 2017, will continue. This step change is shown in Figure 24, alongside the time-series model
forecast.
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Figure 24: PV Capacity installed, Australia, 2017-2018

The recent rise in installation is attributed by the time-series forecasts to improving economics of solar systems,
driven in large part by increased electricity prices in NEM states. Unlike policy step changes, which have
historically resulted in large, short-lived spikes in uptake, step changes in the underlying economics of solar
have driven longer-term effects.
The DOGMMA model contains constraints that limit the maximum amount of uptake in some regions in some
years. These constraints are based on rates of historic uptake, as well as available roof space and other
saturation constraints, and are discussed in Section 4.5.2. The recent surge in uptake levels is above the
maximum levels we have assumed in the past, and as a result we have adjusted these capacity limitations to
reflect the recent uptick in installations. DOGMMA is nevertheless a conservative model geared towards longterm trends in uptake, and may underestimate rapid changes in consumer behaviour. Alternatively, if the recent
surge is a short-lived phenomenon we may expect uptake levels to decline again next year. DOGMMA also
predicts that the rate of installations in WA, which has steadily increased over the past two years, will slow
somewhat.
Our projections for 2018 are essentially driven by the change in electricity prices and FiT rates, but we have
only four months of observations since these changes took place. Our two modelling approaches disagree as to
the impact of this change – the time-series model indicates that customers’ responses to a change like this are
likely to be sustained, whereas DOGMMA indicates a lower effect size.
The increase in PV installations that began in June and July 2017 has not yet shown signs of abating (as of
November 2017). Where there have been sudden spikes of PV installations in Australia in the past that then
declined, such spikes have generally shown signs of declining after 1-2 months. No evidence of such a decline
has been observed, indicating this trend may be more enduring.
Jacobs produced an initial series of STC forecasts based on installation data through to August 2017 prior to
the current modelling. At that stage the data was inconclusive as to whether uptake would remain elevated
through to the end of the year and beyond, or would drop back. Our structural model forecast that uptake would
return to lower, historic levels, while the time-series modelling predicted that the higher levels of uptake would
continue. The additional STC data that forms the basis of the current modelling has borne out the predictions of
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the time-series model over those of the structural model, so we consider that at least in the short term the timeseries modelling is currently producing the more robust results.
We consider that the ultimate test of a model is its predictive performance, and on as the time-series modelling
has produced more accurate predictions of 2017 STC creation to-date we consider in the short term the timeseries is currently performing in more accurately than the structural model.
Preliminary evidence suggests the time-series modelling is providing a good estimate of PV system uptake for
2017 and early 2018 uptake. Because of the typical delay in registration of STC’s we have only used data
through to October 2017 in our time-series model, so our 2017 estimate includes forecasts for both November
and December. Our November forecast is for 110MW of capacity to be installed across Australia. A recent
article in Solarchoice11 indicates that actual installations were around 107MW over this period, which supports
the time-series model results.
We consider that for the 2018 period the time-series modelling is currently predicting the more robust
projections, as the change in consumer behaviour in the second half of 2017 shows no signs of abating and will
likely contribute significantly to the final number of STCs registered in 2018. However, over the longer term, out
to 2020, we consider both approaches to have approximately equal validity – while we expect uptake to remain
elevated so long as the economics of PV are favourable and roof space permits, there is no guarantee that the
customer response that the time-series model is capturing will not change over longer periods of time.

5.2

DOGMMA projections

The results presented in this section are for the total STCs created from PV and water heaters. Since PV makes
up the majority of the units creating STCs, the variations in trend are nearly entirely attributable to the variation
in PV uptake. Additionally, water heaters are at a more mature stage of market development and the uptake is
projected to be relatively stable.
The 2017 results shown in this section are based on 10 months of actual historical data combined with 2
months of time series projection data. Values between 2018 and 2020 are produced using DOGMMA.
Figure 25 shows the historical and projected STCs created in aggregate across Australia, and the chart includes
both PV systems and water heaters. The DOGMMA model predicts an essentially flat trend in STC creation,
with increasing capacity being offset by lower deeming periods. DOGMMA forecasts a 3.0% increase in total
STC creation in the 2018 calendar year relative to 2017, and the trend over the following three years is a 0.3%
per annum average increase in STC creation. The chart illustrates that STC creation is projected to increase
slightly in 2018 and slightly more in 2019, then stabilise.
DOGMMA is calibrated around projecting long-term trends in uptake of distributed systems like solar PV, and
included programming logic that limits annual uptake of technologies based on past trends. While this is
approach is necessary for accurate long-term forecasts, DOGMMA can be conservative in the short term when
it comes to rapidly changing consumer behaviour. As the recent increase in the rate of solar uptake has only
occurred in the last few months, DOGMMA may be understating some of the effects.
Section 5.2.1 shows the state results underlying the Australian projection. The forecasts for the five mainland
states follow a similar path.

11

https://www.solarchoice.net.au/blog/news/australian-solar-on-track-record-year
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Figure 25 Historical and projected STCs for Australia

Source: Jacobs

5.2.1

Projections by state

Figure 26 shows the historical and projected total STCs created for Queensland in calendar years. The number
of STCs created in 2018 is estimated to be about equal to those created in 2017, with projections to 2019 expected
to decline at 3.2% per annum.
Figure 26 Historical and projected STCs for Queensland

Source: Jacobs

Figure 27 shows the historical and projected total STCs created for New South Wales, and includes the ACT.
STCs for 2018 are estimated to increase by 8% relative to 2017. Looking forward, DOGMMA projects a moderate
increase year-on-year STC in NSW, on average increasing by 5.0% per annum.
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Figure 27 Historical and projected STCs for New South Wales

Source: Jacobs

Figure 28 shows the historical and projected total STCs created for Victoria. STCs for 2018 are estimated to
increase compared to 2017, increasing by 8.7%, and beyond this time are expected to continue declining by 4.6%
p.a. over the next three years.
Figure 28 Historical and projected STCs for Victoria

Source: Jacobs

Figure 29 shows the historical and projected total STCs created for Tasmania. STC creation is expected to remain
flat in 2018, then DOGMMA predicts continuing growth of around 7.1% p.a.
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Figure 29 Historical and projected STCs for Tasmania

Source: Jacobs

Figure 30 shows the historical and projected total STCs created for South Australia. Certificate creation in 2018
is estimated to remain close to 2017 levels, and over the next three years DOGMMA projects an average annual
decrease of 3.7%.
Figure 30 Historical and projected STCs for South Australia

Source: Jacobs

Figure 31 shows the historical and projected total STCs created for Western Australia. The 2018 estimate is flat
compared to 2017, but over the next three years an overall declining rate of 2.8% to 2020 is forecast.
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Figure 31 Historical and projected STCs for Western Australia

Source: Jacobs

Figure 32 shows the historical and projected total STCs created for the Northern Territory. The forecast is
essentially declining across the entire period, with growth in installations offset by declining deeming periods. An
overall declining rate of 3.1% to 2020 is forecast
Figure 32 Historical and projected STCs for Northern Territory

Source: Jacobs

Figure 33 displays the DOGMMA projections for solar and heat pump hot water system STCs. STC creation is
expected to drop by 0.6% p.a. on average over the next three years.
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Figure 33 Historical and projected STCs for solar hot water systems and heat pump hot water systems

5.3

Time series projections

Time series projections of STCs are shown in Figure 34 with 95% confidence limits. These projections were
derived by first projecting installed capacity for PV systems and then converting these to STCs by inferring the
STCs per unit of installed capacity from historical data. Because the entire history for STC created from smallscale generation includes data based on 15 years of credited generation, forecasts for 2017, 2018, 2019 and
2020 were required to be adjusted by 14/15, 13/15, 12/15 and 11/15 respectively. These projections include
STCs created through both solar PV and hot water systems (wind and hydro STCs make up a negligible
portion).
Figure 34 Historical and projected STCs for Australia – all technologies

Source: Jacobs
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5.3.1

Installed PV capacity

The results from the time series modelling of PV are in the form of monthly projected installed capacity, which
are later translated into STC volume projections for the 2018, 2019 and 2020 calendar years.
Figure 35 presents PV capacity projections across Australia overall with 95% confidence intervals. The chart
confirms that capacity overall has grown in 2017 despite reductions in deeming periods under the SRET, and
that estimates for the four months September to December 2017 are consistent with the recent past. Beyond
2017, PV capacity is expected to grow at 10% above 2017 levels, and to have a compound growth rate to 2020
of 1.4% per annum.
Table 5.1 overleaf describes the projections on a state and territory basis in terms of average growth rate. The
growth in the last calendar year as well as the growth of the number of households is provided alongside these
rates for reference purposes.
Figure 35 : Projected installed PV capacity, Australia

Source: Jacobs

All NEM regions except Tasmania, as well as Western Australia, have experienced growth in the number of
solar PV installations in 2017, which is the main determinant of the STC projections. In the NEM, this increase is
primarily driven by the increase in electricity prices in 2017 that have fed into both the avoided cost of electricity
and state feed-in tariffs for new customers. Tasmanian uptake has been more limited, reflecting the lower solar
resource in the region.
Time series modelling is sensitive to the most recent data points in the series. In most Australian states the net
benefit of solar PV has improved dramatically since about July 2017, and this has been accompanied by an
increased uptake. Given the recent emergence of this trend, there is still some uncertainty whether this
represents an ongoing increase in uptake, or whether customers are experiencing a ‘bill shock’ that is driving a
burst in solar installations that will be short lived. However, the evidence of strong, ongoing uptake from July
through to present is increasingly pointing to the emergence of a longer term trend. In the past, short-lived
peaks in uptake have tended to fade away after 1 to 2 months.
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The rate of uptake in South Australia has been especially pronounced, even in comparison to the greater
improvement in the economics of PV in South Australia relative to the rest of the NEM. However, the increased
media and public interest in energy prices in South Australia may mean the current rapid uptake levels in that
State are higher than the economic benefits would suggest – the time series modelling indicates that in South
Australia some of the recent uptake surge may be transitory and may drop off, though uptake will remain higher
than in the past.
In the case of Western Australia, a steady decline in solar costs, a good solar resource, and a preference for
higher capacity systems are all expected to continue the upward trend in installations that have been observed
in the past two years.
Anecdotally, the time-series model seems to be keeping pace with developments in the industry. Because of the
typical delay in registration of STC’s we have only used data through to October 2017 in our time-series model,
so our 2017 estimate includes forecasts for both November and December. A recent article in Solarchoice 12
indicates that actual installations in November around 107 MW over this period, which gives us confidence that
the boom in installation activity observed in 2017 has some of the characteristics of an enduring trend. Figure
36 shows the state by state estimates of installed PV capacity in the time-series modelling. Both the ACT and
NT are significantly smaller markets than the rest of the regions modelled, and have historically had more
volatile patterns for monthly uptake of PV systems. The time-series models tend to find the recent upswings in
installations in these areas as being indistinguishable from other random fluctuations, and forecast a return to
lower uptake levels. Because these regions do not tend to influence Australia-wide projections significantly we
have not revisited these models.

12

https://www.solarchoice.net.au/blog/news/australian-solar-on-track-record-year
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Figure 36: Time series projections of installed capacity (95% confidence intervals)
NSW
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QLD

TAS

WA

NT

ACT
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Table 5.1: Average annual growth in installed capacity of PV systems, % per annum, 2017 to 2020
State

WA

NT

Growth in

Average

Average

installed

growth in

growth in

capacity,

household

installed

2017 to

numbers,

capacity,

2018

2018-2020

2018-2020

68%

2.1%

10.1%

12%

1.7%

5.7%

Comments

•

Strong insolation levels

•

Growth in retail prices, isolated market

•

Strong growth in 2016 and 2017, expected to continue.

•

Strong insolation levels, relatively high feed-in tariffs

•

Low initial base, isolated market

•

Recent high growth since March but not possible to determine if this is
sustainable – time-series is erratic

TAS

120%

0.8%

-2.5%

•

Relatively low insolation levels

•

2016 increase corresponded with breakdown of Basslink and may be a
result of expected tariff price shock

QLD

SA

66%

61%

2.2%

1.1%

10.2%

-0.8%

•

Installations in 2017 have not increased as rapidly as other NEM states

•

Strong insolation levels, strongest growth in households in Australia

•

Increases sustained over last year of data

•

Sharp increase in uptake in July and August 2017

•

SA has expeienced highest rise in electricity price and also feed-in tariffs

•

However, the current rapid uptake levels in SA apprear to be higher than

for new customers, which drives forecasts
the economics would strictly suggest – the time series modelling
indicates that in SA some of the recent uptake surge may be transitory.
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State

NSW

Growth in

Average

Average

installed

growth in

growth in

capacity,

household

installed

2017 to

numbers,

capacity,

2018

2018-2020

2018-2020

85%

1.3%

13.8%

Comments

•

Good insolation levels

•

Since price rises and feed-in tariff increases in July 2017, NSW has
experienced large upswing in PV uptake, which model predicts to
continue.

VIC

60%

1.5%

12.6%

•

Relatively low insolation levels

•

Since price rises and feed-in tariff increases in July 2017, VIC has
experienced large upswing in PV uptake, which model predicts to
continue.

ACT

21%

1.3%

-32.1%

•

Relatively low insolation levels

•

Smaller size makes historic time series more erratic and difficult to
predict.

Australia

67%

1.6%

10.0%

All states impacted by:
•

Continued lowering of system costs

•

Growth in household numbers

•

Reduction in deeming levels from 2017

NEM states impacted by:
•

5.3.2

Increase in retail prices and feed-in tariff rates

Water heater STC projections

The results of the time series modelling for residential and commercial water heater STC projections are
presented below in Table 5-2. Because changes to government based financial incentives have caused a
structural change, the data set was limited to run from 2010.

5.4

Certificate projections for time series model

Table 5.2 shows the projected number of STCs created for the next three calendar years using the time series
model. This is mainly due to increasing number of households and continuing expectations of reduced system
prices and high electricity prices in NEM states, as well as the steady growth in PV capacity in Western
Australia.
The table also shows the projected number of STCs created by water heaters by domestic/commercial
classification from the time series model. The SHW market is now fairly mature, and the results show a flat rate
of uptake.
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Table 5-2 Projected STCs using time series model13, thousands

Australia SGU
STCs
QLD
NSW
VIC
TAS
SA
WA
NT
Australia SWH
STCs
Commercial
Domestic
All STCs
Lower 95%
confidence limit
Upper 95%
confidence limit

2017

2018

2019

2020

19,677

21,752

21,721

20,435

5,572
4,848
3,131
216
2,059
3,530
321

5,912
5,677
3,593
217
2,228
3,840
286

5,979
5,817
3,652
187
1,902
3,896
288

5,827
5,433
3,537
154
1,588
3,605
291

1,956

2,051

2,108

2,146

96
1,860
21,633

83
1,967
23,803

69
2,040
23,829

57
2,088
22,581

21,097

22,512

22,525

21,283

22,159

25,110

25,187

23,987

Source: Jacobs’ analysis of CER data

5.5

Certificate projections for DOGMMA

Table 5.3 shows the projected number of STCs created by PV for each state for the current and next three
calendar years according to the DOGMMA model in tabular format. It also presents the aggregated projections of
STCs created from water heaters for the current and next three calendar years according to DOGMMA.
Table 5-3 Projected STCs from PV using DOGMMA – Calendar years, thousands

Queensland
New South Wales
(including ACT)
Victoria
Tasmania
South Australia
Western Australia
Northern Territory
Total STCs from
PV
STCs from water
heaters

2017

2018

2019

2020

5,347

5,347

5,102

4,855

4,653

5,025

5,518

5,393

3,131
208
1,963
3,392
311

3,593
208
1,963
3,392
311

3,652
266
1,796
3,360
288

3,537
256
1,754
3,116
276

19,004

19,838

19,981

19,187

1,942

1,942

1,942

1,910

Source: Jacobs’ analysis of CER data

13

Any discrepancies between the total and the sum of the individual states for this and subsequent tables is due to rounding
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5.6

Combined STC volume projections

Figure 37 is repeated here for illustration, and compares the time series and the DOGMMA projections for all of
Australia, with 95% confidence bounds around the time series projections. The shows that the time series
model and the DOGMMA model have diverged significantly after 2017. The 2018 time-series STC projection is
similar to levels not seen since before 2013, which the model projects are due to the sharp increase in the
avoided cost of electricity and the higher feed-in tariffs that have prevailed since July 2017.
The DOGMMA model projects a more conservative outlook – predicting that the boom in 2017 certificates will
peter out and reduce in 2018. DOGMMA uses a structural model that underlies its forecasts, and relies on long
term economic trends to predict uptake patterns. It therefore tends to be less sensitive to rapid changes in
consumer response.
Figure 37: Comparison of DOGMMA and time series projections

Source: Jacobs’ analysis of CER data

Figure 38 breaks down the projections by state, and compares the time series results (with confidence intervals)
to the DOGMMA projections.
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Figure 38: Time series projections of STCs (95% confidence intervals) and DOGMMA projections
NSW

VIC

SA

QLD

TAS

WA

NT

Source: Jacobs’ analysis of CER data
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5.7

STC price projections

We developed a STC price projection based on the methodology described in Section 4.7 – the price projection
is shown below, in Figure 39. The average STC price predicted for 2017 is $37.20/certificate in nominal terms.
Prices are expected to recover to $40/certificate by early 2018, and remain at that level thereafter.
Figure 39: Historic and projected STC prices (nominal, weekly), Jan2017 - Mar2018
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