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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 update a previous projection of STCs undertaken in January of 2017 and was 

found to be understated compared to recently recorded values of STC creation. This projection provides LGC 

forecasts for the calendar years of 2017, 2018, and 2019. This will assist liable entities to anticipate the extent 

of their liability over the coming years. 

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 2017, 2018 and 2019 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 2-2. The extended data provided by the CER included data to August 2017.  

2.1.1 Completeness of STC registration data and it’s use for forecasting <<new section>> 

Some observations from comparing the current data set to the January data set (which concluded with data to 

December 2016) follow: 

 The last month of both data sets is partial and was excluded from analysis 

 The second last month of the previous data set was understated because a number of STCs had not yet 

been registered. The level of understated LGCs for solar PV generation is displayed in Figure 1. A similar 

problem arises for the solar hot water data in the last two months only, and that no issue arises for the wind 

and hydro data. 

Figure 1 Extent of understatement of most recent registered LGC data 

 

Based on the findings above, it is evident that we should not use the last ‘complete’ month of data either, as 

results from time series modelling can be very sensitive to the most recent data estimates, and because the 

level of understatement is much higher, reaching 16% in some states, and averaging out at around 10% overall. 

On this basis, the solar data was adjusted so that only data to June 2017 was used (rather than the full data 

provided extending to August 2017), and data for April, May and June PV data was adjusted upward by up to 

3% to account for remaining unregistered STCs in those months. Similarly, only data to June 2017 was used for 

the hot water projections. This approach helps to ensure that the data will not be downward biased, particularly 

important for the time series projection work. 

2.1.2 Trends in uptake 

Up until 2009 solar water heaters 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. 
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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 WA 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 2-2 RECs/STCs created historically from small-scale technologies  

 

Source: Jacobs’ analysis of CER registry data (2017 Jul-Dec values estimated because only 6 months of data was used) 

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. 
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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 has 

continued to 2015 with 16 million certificates created and to 2016, which has 14.5 million certificates created to 

the end of November, or approximately 15.8 million certificates if adjusted up to a full calendar year. 

Trends in average PV system sizes being installed in the market are shown in Figure 2-3 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. 

Figure 2-3 Trend in average system size, selected states 

 

Source: Jacobs’ analysis 

2.2 Water heater STC creation  

Figure 2-4 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. 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.  
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Figure 2-4 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) 
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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 4.3.3.  

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 

(PVRP) 

Valid: From 2000 to October 2007 

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

Name: Solar Homes and 

Communities Plan (SHCP) 

Valid: November 2007 to 6 July 2009 

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

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

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 

program 

Valid:  Until 19 February 2010 

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

HPWH Name: Solar hot water rebate 

program 

Valid:  Until 19 February 2010 

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

Solar PVs Name: Photovoltaic Rebate Program 

(PVRP) 

Valid: From 2000 to October 2007 

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

Name: Solar Homes and 

Communities Plan (SHCP) 

Valid: November 2007 to 6 July 2009 

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

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

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 

Scheme - Solar hot water rebate 

program 
Valid: From 20 February 2010 to 30 

June 2012 

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

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

STCs were eligible for the rebate. 

HPWH Name: Renewable energy bonus 

scheme - Solar hot water rebate 

program 

Valid: From 20 February 2010 to 30 

June 2012 

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

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

rebate. 

Solar PVs Name: Solar credits 

Valid: From 9 June 2009 to 31 

December 2012 

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

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

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 

Valid: From October 2007 to 30 June 2011 

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

Queensland Name: Queensland government solar hot 

water rebate 

Valid: From 13 April 2010 to 22 June 2012 

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

system; or 

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 

Rebate Scheme 

Valid: 1 July 2007 to 31 December 2011 

(solar hot water systems) 

Valid: 1 November 2008 to 31 December 

2011 (heat pump water systems) 

This scheme offered Hobart ratepayers a $500 incentive to install 

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

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

but is now definitely closed. 

Victoria Name: Victorian solar hot water rebate 

Valid: From July 2008 until 31 May 2013 

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

Victoria and metropolitan Melbourne respectively for both solar 

water heaters and heat pump water heaters. 

Western Australia Name: Solar water heater subsidy 

Valid: From July 2010 to 30 June 2013 

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

Territory 
Name: HEAT Energy Audit 

Valid: From December 2004 to 30 June 

2013 

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

the priority recommendations in the ACT Energy Wise audit report 

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

South Australia Name: South Australian Government’s 

Solar Hot Water Rebate scheme 

Valid: From 1 July 2008 to 30 June 2013 

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

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

had to have an Australian government concession card. 

Victoria Name: Victorian Energy Efficiency Target 

(VEET) 

Valid: From 1 January 2009 to current 

The Victorian Government offers energy efficiency incentives in 

the form of Victorian Energy Efficiency Certificates (VEECs). 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 

Valid: From 1 July 2009 to current 

Northern Territory households may have been eligible for a Solar 

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. 

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 
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required data of retailers’ tariffs and customers’ per retailer were available, a weighted average price was 

assumed in the modelling. Otherwise, the minimum mandatory price was selected. Table 3-3 presents a detailed 

summary of the FITs offered and the assumptions made by Jacobs. 

3.3 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.    

Table 3-3 Summary of feed-in tariffs 

State/Territory Current arrangement Jacobs assumptions for 2016-2019 

Victoria As of 1 January 2015, a mandatory minimum net feed-in 

tariff rate of 6.2 c/kWh for systems up to 100 kW in size, 

offered by the retailers. 

Net FiT of 6.2 c/kWh remaining flat in nominal terms 

over modelling horizon. 

New South Wales No mandatory retailer contribution. Net FITs offered by 

retailers range from 0c/kWh to 10c/kWh. 

Net FiT of 6.25c/kWh remaining flat in nominal terms 

over modelling horizon. 

Queensland No mandatory FiT for residential customers in SE QLD 

Mandatory minimum of 6.53c/kWh for regional 

customers. 

Net FiT of 6.5c/kWh remaining flat in nominal terms 

over modelling horizon. 

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

exported to grid at their consumption tariff. 

Net FiT of 25.6c/kWh for eligible customers 

Australian Capital 

Territory 

No mandatory retailer contribution. Net FITs offered by 

retailers range from 5.1c/kWh to 7.5c/kWh. 

Net FiT of 7.4c/kWh remaining flat in nominal terms 

over modelling horizon. 

Western Australia No mandatory retailer contribution. Synergy and Horizon 

have two 2 Solar Buyback Schemes in place with varied 

rates from 8 c/kWh to 50 c/kWh. 

Net FiT of 9 c/kWh remaining flat in nominal terms 

over modelling horizon. 

 

South Australia Mandatory minimum electricity retailer payment of 

6c/kWh for consuming less than 160 MWh per annum 

for any excess electricity they export to the grid. 

Net FiT of 7.4c/kWh remaining flat in nominal terms 

over modelling horizon. 

Tasmania Solar buyback available through Aurora Energy of 5.6 

c/kWh for systems up to 10 KW. 

Net FiT of 5.6c/kWh remaining flat in nominal terms 

over modelling horizon. 

 

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. 

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 
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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 5 c/kWh to 8 c/kWh. 

 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. 

No single forecasting methodology will be able to adequately capture all of the underlying trends driving the 

uptake of small-scale renewable technologies. Jacobs therefore proposes to 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 General methodology 

The forecast of STC creation for calendar years 2017, 2018 and 2019 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 as a regression 

variable.  

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 1st 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. 
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 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. 

4.2 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 end of June 20171. 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). 

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. 

4.3 General assumptions 

Key modelling assumptions are presented in this section.  

Capital cost assumptions for SWHs and HPWHs in 2016 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 2016 are based on the October 2016 Solar Choice website2, which is based 

on price data from 125 solar installation companies across Australia.  

4.3.1 Capital cost assumptions for solar PVs 

Figure 4-1 shows the assumed capital costs for an installed PV system in nominal dollars. This was 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 

                                                      
1 Data from part of July and August 2017 was also supplied but excluded as the models rely on complete monthly information.  
2 http://www.solarchoice.net.au/blog/news/residential-solar-pv-system-prices-october-2016  

http://www.solarchoice.net.au/blog/news/residential-solar-pv-system-prices-october-2016
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decline due to further advancement in PV panel and balance-of-system manufacturing and component 

technology.  

System prices are expected to continue falling 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, and 

although this would tend to put upward pressure in system prices, the restructuring of the industry to large scale 

manufacturing sites will limit any rises in prices.  

The cost data confirms that economies of scale exist and that capital costs decrease as system size increases.  

Figure 4-1 Capital costs assumed for solar PVs – ($ nominal/kW) 

 

Source: Climate Spectator article Solar PV price check – November 2014, Jacobs’ market analysis, “Solar Bonus Scheme: Forecast NSW PV 
Capacity and Tariff Payments, October 2010” (AECOM report to Industry and Investment NSW), Solar Choice website 

(http://www.solarchoice.net.au/blog/news/residential-solar-pv-system-prices-october-2016, accessed 7/11/2016) 

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

Figure 4-2 shows the assumed capital costs for solar water heaters and heat pump water heaters in nominal 

dollars for a typical domestic unit3. Based on the analysis done on a report entitled “Product Profile: Solar Water 

Heaters”4, 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.  

Figure 4-2 Capital costs assumed for typical domestic SWH and HPWH unit – (nominal dollars) 

 

                                                      
3 With a capacity of 315 litres 
4 The document is available at www.energyrating.gov.au 

http://www.solarchoice.net.au/blog/news/residential-solar-pv-system-prices-october-2016
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4.3.3 Net cost 

The net cost for SGUs, SWHs and HPWHs is useful for explaining the uptake of these systems and is considered 

in the time series analysis. 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  

o Value of any available government rebates 

o Revenue from the sale of RECs5 and/or STCs 

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

o Net present value of the avoided cost of electricity 

 

Figure 4-3 shows the net cost for a typical 3 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 

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 4-3 Net cost for typical 3 kW PV system installed in Queensland, $2016 

 

Source: Jacobs’ analysis 

                                                      
5 Prior to 2011, small-scale technology certificates (STCs) were equivalently known as Renewable Energy Certificates (RECs) 
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Figure 4-4 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 state-

based 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.  

Figure 4-4 Net cost for typical domestic SWH installed in NSW 

 

Source: Jacobs 

4.3.4 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 projections6, 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. 

4.4 Structural model 

4.4.1 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.  

                                                      
6 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.  

https://www.aemo.com.au/-/media/Files/Electricity/NEM/Planning_and_Forecasting/NEFR/2016/Retail-electricity-price-history-and-projections.pdf
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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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. 

4.4.2 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. 

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.7 

4.5 Time series model 

4.5.1 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. 

4.5.2 Data preparation 

As detailed in Section 4.2, 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. 

4.5.3 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. 

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 

                                                      
7 Jacobs (2017), Projections of uptake of small-scale systems, report to the Australian Electricity Market Operator, June.   
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was dealt with by developing a net economic benefit variable which considered upfront and long term changes 

in costs to new PV system owners.  

Model fit is deemed to be sufficiently good when the residuals of the fit displayed the characteristics of white 

noise.  

Figure 4-5 shows the time series corresponding to the total number of RECs/STCs registered per month for 

PVs. As previously noted, the RECs/STCs are largely dominated by PVs, with RECs/STCs registered by small 

wind and small hydro projects being several orders of magnitude smaller than PVs. The number of STCs 

generated by small wind and small hydro are expected to continue to be insignificant relative to those generated 

by PVs, and are therefore not included in the modelling. 

Figure 4-5 Number of RECs/STCs registered for small-scale PV by month 

 

Source: Jacobs’ analysis of CER data to November 2016 

4.5.3.1 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). For this reason, the 

dataset was restricted to historical values between 2009 and 2016.  

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, Jacobs adjusted the net cost variable to with 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, and were also transformed using a log transformation to improve model fit.  

Figure 4.6 provides cross correlation plots between net economic benefit (shown as x on the plot) and the 

installed capacity (shown as y on the plot) with up to 3 time lags. In most states there seems to be a clear 

correlation (shown in the top right corner of each plot) between installed capacity and net economic benefit, and 

no clear reason to choose a lag of the net economic benefit in preference to the actual net economic benefit. 

The charts also illustrate that the relationship between net economic benefit and installed capacity changes 

depending on whether there is a positive benefit or not. In most states, the slope is higher when net economic 

benefit is greater than zero, in comparison to the slope when the net economic benefit is less than zero. 

The impact of the above is that use of a regressor and the time period used for regression needs to be 

considered on a case by case basis, considering the impact of structural breaks. Jacobs has chosen the period 

of analysis using a test window approach, where the analysis is undertaken for a period to the end of 2015 and 
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tested for accuracy during the nine-month period to the end of September 2016 to determine the most 

appropriate model. Then the data is re-analysed including the nine-month period to September 2016 to 

determine the current projection model. 

4.5.3.2 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 results. However, the method seems promising for future use when more data will be available. 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. 

4.5.3.3 Form of the time series model 

The time series at the state level were non-stationary, showing both a changing mean and changing variance 

over time. The data was made stationary through use of a Box-Cox transformation and appropriate differencing, 

as determined through analysis of autocorrelation and partial autocorrelation functions within the Box-Jenkins 

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 

logarithm of the monthly PV installed capacity of each state. The regression period was set from January 2009 

to September 2016. 

The results of the time series modelling for SGUs are presented in Section 5.3.1. 

Figure 4.6:  Relationship between net consumer benefit and installed capacity 

NSW VIC 

  

QLD SA 
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TAS ACT 

  

WA NT 

  

Source: Jacobs’ analysis 

For the modelling of installed PV capacity, the data was scaled by the number of occupied and unoccupied 

households in each state, and then a Box-Cox transformation was applied applying a lambda of 0.3, which was 

chosen using a to make the data more stationary in terms of variability over time. The transformation is reversed 

to develop the projections from the modelled data. 

Each approach was initially tested on a subset of data starting from a selected year between 2004 and 2012 to 

the end of 2015. The appropriate start year and modelling approach was determined by choosing the model that 

provided the least sum of squared error for a test window data set beginning from January 2016 to September 

2016, 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. 

 Regression models with a negative regression coefficient on the net benefit variable. 
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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.  

The state by state modelling was undertaken on monthly data using one of two regression model forms: 

i. Dynamic regression approach using net economic benefit as a regressor 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 and South Australia and was found to be unsuitable for other states 

because the model structure developed problems such as a negative regression coefficient or was 

otherwise inadequate from a statistical point of view. 

ii. Box-Jenkins autoregressive integrated moving average (ARIMA) modelling, which was used to model 

Western Australia, Northern Territory, ACT, Victoria and Tasmania. In Victoria a seasonal term was 

necessary to deliver the required goodness of fit. 

In all cases, the resulting model residuals were tested to be reflective of ‘white noise’ without any evidence of 

remaining autocorrelation. 

The average system benefit used to model NSW, Queensland and South Australia under the dynamic 

regression approach is displayed in Figure 4.7 for reference.  

Figure 4.7 : Net benefit in NSW, South Australia and Queensland for an average, variable system size 

 

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

 

4.5.4 Time series model for water heaters8 

Figure 4-8 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. 

                                                      
8 The term ‘water heaters’ refers to solar water heaters and heat pump water heaters 
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Figure 4-8 STCs registered by water heaters 

 

Source: Jacobs’ analysis of CER data 

4.5.4.1 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. 

4.5.4.2 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. 

4.5.4.3 Choosing the level of aggregation 

Analysis conducted in the previous four studies trialled disaggregating water heaters by state. However, it was 

found 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. 

4.5.4.4 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. 
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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. 
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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 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 6 months of actual historical data combined with 6 months 

of time series projection data. Values between 2018 and 2019 are produced using DOGMMA.  

Figure 5-1 shows the historical and projected STCs created in aggregate across Australia, and the chart 

includes both PV systems and water heaters. Following the 28% increase in total STC creation in the 2017 

calendar year relative to 2016, the DOGMMA trend over the following three years is a 0.6% per annum average 

increase in STC creation. The lower growth rate over the following three years is due to the decline in the SRES 

deeming period9 which commences from 1st January 2017. The forecasts for five mainland states follow a 

similar path and are looked at in greater detail in the next section. 

Figure 5-1 Historical and projected STCs for Australia 

 

Source: Jacobs 

5.2 Time series projections 

Time series projections of STCs are shown in Figure 5-2 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 small-

                                                      
9 The deeming period reduces from 15 years to 14 years from 1st of January 2017, then to 13 years from 1st of January 2018, then to 12 years from 

1st of January 2019. 
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scale generation includes data based on 15 years of credited generation, forecasts for 2017, 2018, and 2019 

were required to be adjusted by 14/15, 13/15, and 12/15 respectively.  

The chart indicates that the time series model projects a similar pattern of growth in STCs to DOGMMA after 

2017. The 2017 estimate itself is similar in level to a value not seen since 2013 and this may be due to other 

factors such as retail increases in retail prices and/or increased marketing efforts. 

Figure 5-2 Historical and projected STCs for Australia 

 

Source: Jacobs 

5.2.1 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 2017, 2018 and 2019 calendar years.  

Figure 5.3 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 six months July to December 2017 are consistent with the recent past. Beyond 2017, PV 

capacity is expected to grow at 9.8% per annum. 

Figure 5.4 presents state and territory projections of PV STCs under each of the time series approach and the 

DOGMMA approach, with upper and lower confidence levels relative to the time series approach on each 

state/territory chart. The state and territory charts indicate that the time series and DOGMMA approach are 

generally consistent in most states except for Western Australia. Recent trends in that state seem to be more 

consistent with predicted trends of the time series modelling however. 

Table 5.1 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. 
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Figure 5.3 : Projected installed PV capacity, Australia 

 

Source: Jacobs 

5.2.2 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. 
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Figure 5.4: Time series and DOGMMA projections of STCs (95% confidence intervals) 
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Source: Jacobs’ analysis using CER data 
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Table 5.1: Average annual growth in installed capacity of PV systems, % per annum, 2016 to 2019 

State Growth in 

installed 

capacity, 

2015 to 

2017 

Average 

growth in 

household 

numbers, 

2017-2019 

Average 

growth in 

installed 

capacity, 

2017-2019 

Comments 

WA 40% 2.1% 34%  Strong insolation levels  

 Growth in retail prices, isolated market 

 Increased since March 2016 but this was repeated a year earlier with 

subsequent drop; recent data from October and November imply a recent 

surge. 

 

 

NT 26% 1.2% 4%  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 

 

 

 

TAS 11% 0.8% 0%  Relatively low insolation levels 

 2016 increase corresponded with breakdown of Basslink and may be a 

result of expected tariff price shock 

 

 

QLD 20% 2.2% 5%  Strong insolation levels, strongest growth in households in Australia 

 Increases in recent months following long term sustained fall  

 

SA 22% 1.1% 5%  Recent demonstration of steady state uptake 
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State Growth in 

installed 

capacity, 

2015 to 

2017 

Average 

growth in 

household 

numbers, 

2017-2019 

Average 

growth in 

installed 

capacity, 

2017-2019 

Comments 

NSW 12% 1.4% 4%  Good insolation levels  

 Historical decline implying sensitivity to changing policy settings 

 

 

VIC 10% 1.6% 0%  Relatively low insolation levels 

 

 

ACT 21% 1.3 % 2%  Relatively low insolation levels 

 

 

Australia 19% 1.6% 10% All states impacted by:  

 Continued lowering of system costs  

 Growth in household numbers 

 Reduction in deeming levels from 2017 

5.3 Certificate projections for time series model 

Table 5-2Error! Reference source not found. presents annual state by state projections of STCs with 95% 

confidence intervals, and overlaid with the DOGMMA results to provide a basis for comparison. 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 states where net benefit was applied in the modelling (NSW, SA and Queensland). The 

impact of the reduced deeming period is evident in most states except Victoria and Western Australia, and 

because the time series results in these states were also inconsistent with the DOGMMA outputs, further review 

may be warranted. 

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 the impact 

of the reduced deeming period. 
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Table 5-2 Projected STCs using time series model10, thousands 
 

2016 2017 2018 2019 

PV systems 

Australia SGU STCs 14,457 18,902 19,813 19,641 

QLD 3,974 5,415 5,422 5,117 

NSW 3,429 4,499 4,452 4,163 

VIC 2,501 3,013 2,986 2,582 

TAS 204 197 181 169 

SA 1,486 1,930 1,958 1,829 

WA 2,591 3,561 4,533 5,517 

NT 271 286 282 265 

Solar and heat pump water heating 

Australia SWH STCs 1,873 1,820 1,624 1,496 

Commercial 129 86 62 42 

Domestic 1,744 1,734 1,561 1,453 

All STCs 16,329 20,722 21,437 21,137 

Lower 95% confidence limit 16,134 19,877 19,800 19,303 

Upper 95% confidence limit 16,525 22,001 24,862 26,132 

Source: Jacobs’ analysis of CER data 

 

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


