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1. EXECUTIVE SUMMARY 

Australia has the greatest potential of any country for the development of a solar PV industry, 
with the highest average solar radiation of any continent in the world1. As can be seen in 
Figure 1 below, Australia (bottom right) has a higher concentration where solar energy has 
the maximum effect, compared to most other nations.   

FIGURE 1:  GLOBAL SOLAR ENERGY  

 
Source: Reuters, the red colouring indicates where solar energy has the maximum effect 

To date, the development of solar PV in Australia has shown it to be very responsive to 
support programs, for example, capital rebate programs.  

Figure 2 shows the response of monthly solar PV capacity additions in Australia to the 
doubling of capital rebates from $4,000 per system to $8,000 in May 2007.  Due to the rebate 
being capped for systems up to 1kW and the recent introduction of means testing, the 
average size of systems being installed has fallen to around 1.2kW, down from an average of 
1.6kW2 over the life of the program. 

                                                
1 http://www.mretreview.gov.au/pubs/mret-submission93.pdf 
2 Standing Committee on Environment, Communications and the Arts Save Our Solar (Solar Rebate Protection) 
Bill 2008 [No. 2] (August 2008) 
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FIGURE 2:  WATTS INSTALLED BY MONTH UNDER THE SOLAR HOMES AND COMMUNITIES PLANS , 
2000-2008 

�

�

�������

�������

�������

�������

���������

���������

���������

Ja
n

M
ar

M
ay Ju

l

S
ep

N
o

v

Ja
n

M
ar

M
ay

Ju
ly

S
ep

t
N

o
v

Ja
n

M
ar

M
ay

Ju
ly

S
ep

t

N
o

v

Ja
n

M
ar

M
ay

Ju
ly

S
ep

t

N
o

v

Ja
n

M
ar

M
ay

Ju
ly

S
ep

t

N
o

v
Ja

n

M
ar

M
ay

Ju
ly

S
ep

t

N
o

v
Ja

n

M
ar

M
ay

Ju
ly

S
ep

t

N
o

v
Ja

n

M
ar

M
ay

Ju
ly

S
ep

t
N

o
v

Ja
n

M
ar

M
ay

Ju
ly

S
ep

t

2000 2001 2002 2003 2004 2005 2006 2007 2008

W
at

ts

	
���
����� ����
����

 
Source: DEWHA 

The Carbon Pollution Reduction Scheme (CPRS) and Mandatory Renewable Energy 
Target (MRET) are expected to be insufficient on their own to drive outcomes similar to 
markets that have experienced significant growth, such as Germany and Spain. Therefore, 
given the economics of solar PV, complementary measures such as a gross National FIT 
program will be necessary to bring forward investment in the technology, should this be 
determined as a desirable policy outcome. 

THE GROWTH OF SOLAR PV WORLDWIDE 

Global demand for solar PV grew from 1,744 MW in 2006 to 2,826 MW in 2007, an increase 
of 62 per cent. Germany, Spain, Japan and the US continue to dominate the solar PV 
market, accounting for 86 per cent of world capacity. The growth in these markets and the 
emergence of new markets for solar PV has seen the annual global growth average 47 per 
cent over the last five years. 

In 2007, the IEA reports that the Spanish, French, Italian and Korean markets enjoyed 
considerable growth3. The German market continued to supply the highest level of installed 
capacity and US installations increased by 42% from 2006.  The 2006 and 2007 annual 
installed megawatts (MW) capacity of solar PV for each market is listed in Table 1.  

                                                
3 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 30 
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TABLE 1:  SOLAR PV ANNUAL INSTALLATIONS (MW) 

Country 2006 2007 

Spain 98.8 512.0 

France 10.9 31.3 

Italy 12.5 70.2 

Korea 21.2 42.9 

Germany 830.0 1,135.0 

US 145.0 206.5 

Japan 286.6 210.4 

Given the experience in foreign markets of the introduction of FITs and the responsiveness in 
Australia to the initial rebate program, we would anticipate a similar trend for the Australian 
market in terms of take up, however, to a lower extent given the overall size of the Australian 
market. 

POLICY APPROACHES  

Given the economics of solar PV, growth across the world has been a direct result of policy 
intervention. 

Legislation that supported solar energy programs was introduced in Germany in April 2000 
and August 2004, and in Spain in March 2004 and January 2007. The increased supply of 
solar PV from the introduction, and subsequent amendments to legislation, can be seen 
clearly in Figure 3 (see Appendix for full list of installations by country). Figure 3 also shows 
how Australia’s share of the solar PV market has fallen from around 7 per cent in 1992 to 1 
per cent in 2007. 

In recent years, the development of gross feed-in tariff (FIT) schemes in countries such as 
Germany, Italy and Spain, has sparked rapid development of solar photovoltaic industries in 
those countries. For example, since implementing a gross FIT scheme in 2000, Germany 
has experienced the highest rate of growth of solar PV in the world (Figure 3). During the 
same time frame, Australia’s share of global PV capacity has dropped considerably. 

The rapid take up in 2007 in countries applying gross FIT programs, is evidence that the 
gross FIT approach is the prime mechanism for promoting grid-connected PV applications4, 
and that countries not currently employing or considering employing some form of FIT in the 
near-term are now clearly in the minority5. The conclusion among many researchers on this 
issue is that feed-in systems have many advantages over quota and tendering systems6. 
Further, gross over net metering is generally considered the appropriate method when 
implementing a FIT as key externalities (peak pricing benefits, network augmentation benefits 
and reduced transmission losses) from embedded generation are present for every unit of 
electricity produced, not just the amount sold — implying that gross metering is the more 
appropriate approach for capturing these benefits7, rather than net metering. 

                                                
4 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 30 
5 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 30 
6 Miguel Mendonca, 2007: Feed-in Tariffs: accelerating the deployment of renewable energy pg 16 
7 Garnaut Climate Change Review – Final Report – Chapter 19 
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FIGURE 3:  GLOBAL SOLAR PV INSTALLATIONS (CUMULATIVE) 
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Source: IEA (2008) 

BENEFITS OF SOLAR PV 

Access Economics has not undertaken a formal cost benefit analysis of the gross National 
FIT program. 

On the costs side, the gross National FIT would drive investment in solar PV systems by the 
commercial and residential sectors, assuming 3,000 MW of capacity is deployed, of up to 
$17.9 billion over the next 20 years (NPV at 5.7 per cent).  

The productive capacity of the solar PV industry in Australia will have to increase many times 
over to cater for the increased demand that a gross National FIT could drive. Approximately 
1,660 people are employed in the solar PV industry in Australia, which is quite low by 
international standards (42,600 in Germany). Analysis of international employment and 
production data, points towards substantial employment requirements in the industry to ramp 
up to increased production levels. Such increases would also be expected in Australia under 
the application of a gross National FIT as described above. 

While not a one for one substitute for more traditional electricity generation technologies, the 
deployment of solar PV systems will have electricity load dampening effects, reducing 
electricity demanded from the grid during daylight hours. Modelling undertaken as part of this 
report indicates that the deployment of 3,000 MW of solar capacity could defer approximately 
500 MW of new electricity generation capacity in the NEM in the period 2009-2030. This 
deferred capacity would likely by gas-fired OCGT and CCGT technology. The estimated 
capital cost savings of this deferred capacity is just over $610 million. 

Solar PV technology has affects on embedded electricity generation that are not likely to be 
adequately priced in the market. These externalities relate to peak electricity supply (solar 
output is maximised at peak summer periods), reduced transmission losses and likely 
deferred augmentation of transmission and distributions systems.   

Modelling of selected NEM regions using Access Economics electricity market model shows 
that average wholesale prices for electricity generated by solar PV are at a premium to 
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average wholesale prices (Table 2).  This reflects the time of day that solar PV systems are 
in operation and the correlation between peak output from solar PV and peak summer 
electricity prices. 

TABLE 2:  COMPARISON OF AVERAGE WHOLESALE PRICE FOR SOLAR PV COMPARED WITH 
ANNUAL AVERAGE WHOLESALE PRICES IN SELECTED NEM REGIONS (2007) 

State/indicator NSW 
($/MWh) 

Victoria 
($/MWh) 

Queensland 
($/MWh) 

 Solar PV  70.17 76.06 76.88 

 Annual average wholesale price  61.83 58.11 55.69 

% difference 13% 31% 38% 

Source: Access Economics modelling 

At a sufficient scale, embedded energy generation such as solar PV (particularly during peak 
periods) can reduce the engineering requirements of the system to the extent that this allows 
deferral of network augmentation8.  Any delays in augmentation works would vary by 
substation, however, lower or delayed augmentation costs would lower overall costs with the 
reduction passed through to end users. A detailed analysis of the actual cost savings of 
these system benefits was not undertaken in this report. Such an analysis would need to 
take account of the likely location of solar PV systems, whether there were capacity 
constraints in the system and likely planned transmission and distribution network 
investments. 

ESAA data indicates that distribution losses in Australia varied by state and territory in the 
range of 5.6-7.2 per cent in 2005-06, with an Australia weighted average of 5.9 per cent. A 
greater reliance on solar PV systems could reduce this lost capacity from having the source 
of production closer to the final point of use. By siting a generator near a load, the amount of 
energy required to be imported from the network is reduced. The non-linear relationship 
between load and loss means that all customers benefit from reductions in system losses9. 
Based on historical distribution losses data from ESAA and projections of annual electricity 
supplied by solar PV with 3,000 MW in place by 2028, the distribution losses reduced by this 
deployment would sum to $149 million in NPV terms over the life of all PV units (valued at 
nominal wholesale prices). 

Based on average emissions intensities of electricity generation derived from the ESAA, by 
2028 some 92 million tonnes of CO2e (cumulative, including transmission losses reduced) 
could be abated by the scheme if 3,000 MW of capacity was achieved. With high and low 
carbon price scenarios the foregone emissions costs are $1.6 billion and $0.9 billion, 
respectively, in NPV terms over the life of all the systems deployed through the gross 
National FIT scheme. 

Other potential benefits of the scheme which have not been quantified, and may be difficult 
to do so, include diversity of supply and security benefits from solar PV as dispersed 
electricity supply sites10. 

                                                
8 Garnaut Climate Change Review – Final Report – Chapter 19 
9 Garnaut Climate Change Review – Final Report – Chapter 19 
10 Borenstein, 2008. The Market Value and Cost of Solar Photovoltaic Electricity Production. University of 
California Energy Institute. 
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ESTIMATED COSTS OF A GROSS NATIONAL FIT 

Access Economics has constructed a financial model to estimate the required level of a 
gross National FIT to support pay back periods on solar PV investments (residential and 
commercial) of 10 and 20 years. The gross FIT is highly sensitive to the payback period that 
is targeted. To achieve 10 year pay back on investments, a FIT (additional to retail electricity 
price revenue) of 74c/KWh would be required in year one of the scheme, falling to 62c/KWh 
for units installed in year 20 of the scheme (2028). With a 20 year pay back period, the FIT 
rates are 45c/KWh and 38c/KWh in 2009 and 2028 respectively. The FIT is modelled to fall 
throughout the program due to assumptions about reduced up front costs of installing PV 
units going forward.  

FIGURE 4:  ANNUAL FIRST YEAR FIT PAYMENTS FOR A UNIT INSTALLED IN YEAR 2009-2028 – 
REFERENCE CASE 
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Assuming that 3,000 MW of residential (1,000 MW) and commercial (2,000 MW) capacity is 
added over the next twenty years, scheme costs are set out below.   
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TABLE 3:  PROJECTED COSTS OF A NATIONAL GROSS FIT SCHEME, COMMENCING 2009, 20 YEAR 
SCHEME (3,000 MW COMMERCIAL AND RESIDENTIAL ) 

Scenario Total scheme cost ($m NPV @5.7%) 

 10 year 
payments 

(spread over 
thirty years) 

15 year 
payments 

(spread over 
thirty five 

years) 

20 year 
payments 

(spread over 
forty years) 

10 year payback period    

Reference case 16,198 21,275 25,023 

Low carbon price 15,850 20,818 24,485 

High carbon price 15,622 20,518 24,133 

15 year payback period � � �

Reference case � 14,305 16,825 

Low carbon price � 13,864 16,307 

High carbon price � 13,551 15,938 

20 year payback period   �
Reference case   14,751 

Low carbon price   14,292 

High carbon price   13,960 

Source: Access Economics modelling 

The costs are significantly smaller if the scheme only targets residential PV units. In the 
analysis, 1,000 MW was assumed to be installed in the residential sector. The scheme costs 
would range from $5.6 billion to just over $10 billion. 

TABLE 4:  PROJECTED COSTS OF A NATIONAL GROSS FIT SCHEME, COMMENCING 2009, 20 YEAR 
SCHEME – RESIDENTIAL ONLY (1,000 MW) 

Scenario Total scheme cost ($m NPV @5.7%) 

 10 year 
payments 

15 year 
payments 

20 year 
payments 

10 year payback period    

Reference case 6,525 8,570 10,079 

Low carbon price 6,408 8,417 9,900 

High carbon price 6,333 8,317 9,783 

15 year payback period � � �

Reference case � 5,894 6,932 

Low carbon price � 5,747 6,759 

High carbon price � 5,642 6,636 

20 year payback period   �
Reference case   6,042 

Low carbon price   5,889 

High carbon price   5,779 

Source: Access Economics modelling 
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The extent of solar PV capacity take up has an important bearing on total costs. For 
example, if the scheme drives the take up 1,500 MW of capacity in the commercial and 
residential sector (rather than 3,000 MW) the scheme costs roughly halve in NPV terms. 

SUMMARY 

This report shows that rapid growth in solar photovoltaic (PV) has been driven, 
internationally, by the application of gross feed-in tariffs (FIT). The Australian market for solar 
PV has also responded strongly to policy support, such as capital rebates. 

Australia has the highest average solar radiation of any continent in the world, and so the 
potential for solar PV exists given the appropriate policy settings.  

The main focus of the report is to estimate the costs of a gross National FIT. Access 
Economics has constructed a financial model to estimate the required level of a gross 
National FIT to support pay back periods on solar PV investments (residential and 
commercial).  

To achieve 10 year pay back on investments, a FIT of 74c/KWh is estimated in year one of 
the scheme. This falls to 62c/KWh for units installed in year 20 of the scheme (2028) under 
reference case assumptions. Based on a target of 3,000 megawatts (MW) of commercial and 
residential solar PV, the cost of the scheme is $16.2 billion. 

The costs are significantly smaller if the scheme only targets residential PV units (1,000 
MW). Under this scheme, the costs under reference case assumptions are $6.5 billion. 

Access Economics has not undertaken a formal cost benefit analysis of the gross National 
FIT scheme. The benefits of solar PV could include electricity load dampening effects, 
network augmentation, reduction in line losses, reductions in greenhouse gas emissions and 
industry development impacts. 

This study is an important first step in considering the costs and benefits and, ultimately, the 
merits of a policy designed to increase the uptake of solar PV. 
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2. BACKGROUND 

Access Economics was commissioned by the Clean Energy Council (CEC) to estimate the 
costs of introducing a gross National feed-in tariff (FIT) scheme for photovoltaic (PV) solar 
energy. 

The International Energy Agency (IEA)11 describes Australia’s PV market as: 

The largest installed capacity of PV in Australia is for off-grid industrial and 
agricultural applications. These include power systems for telecommunications, 
signalling, cathodic protection, water pumping and lighting. Significant markets 
also exist for off grid residential and commercial power supplies and increasingly 
for fuel saving and peak load reduction on community diesel grid systems. The 
number of PV installations connected to central grids has increased steadily. The 
main grid applications are rooftop systems for private residences, schools and 
community buildings, with commercial interest now emerging, as a result of green 
building codes. There is also a growing market for recreational PV applications, 
for caravans, boats and off-road vehicles. 

The IEA noted that Australia has the highest average solar radiation of any continent in the 
world12, as shown in Figure 1 below. 

FIGURE 5:  GLOBAL SOLAR ENERGY 

 
Photo: Reuters, the red colouring indicates where solar energy has the maximum effect 

The Garnaut Report released on 30 September 2008 refers to solar technology as one area 
with the potential for exceptional value within Australia. With Australia’s target of lower 
carbon emissions, solar PV has the potential to play an important role in helping to achieve 
those targets using Australia’s abundance of natural light and competitive advantage. 

The development of the Australian solar PV industry could potentially be further enhanced by 
the Government’s commitment to renewable technology. The Government recently 
confirmed its commitment to the Australian renewable energy sector and the development of 
Australia’s solar industry, which should provide the industry with the funds to bridge the gap 
between Australia and the rest of the market. Martin Ferguson, the Minister for Resources 
and Energy, recently stated (October 2008); 

                                                
11 IEA Photovoltaic Power Systems (2008) Annual Report 2007 (April) Utrecht, the Netherlands 
12 http://www.mretreview.gov.au/pubs/mret-submission93.pdf 
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Our vision is that Australia will be a global leader in solar research and 
technology; a nation exporting our expertise worldwide.  The Government 
recognises the potential for growth in this sector, which is why the 2008 
Budget contains Australia's largest ever investment in renewable energy 
research and development.  The $500 million Renewable Energy Fund and 
the $150 million Energy Innovation Fund are administered by my 
Department and these Funds will support the research, development, 
demonstration, and adoption of renewable energy technologies throughout 
Australia13. 

Furthermore, the Senate Standing Committee on Environment, Communications and the Arts 
reported on its inquiry into the Renewable Energy (Electricity) Amendment (Feed In Tariff) 
200814. Its key recommendations included, that: 

�  The Commonwealth Government, through COAG, work as quickly as practicable to 
implement a FIT framework that is as far as possible nationally uniform and consistent; 
and  

�  All governments consider carefully the evidence received by this Senate inquiry 
regarding metering, as well as the track record of existing FIT schemes overseas, in 
designing a Nationally consistent FIT framework for Australia. 

An integral part of a successful gross FIT scheme would see a consistent approach adopted 
nationwide. Although a nationwide approach may not require the same tariff rate to apply in 
each state, any policy objective should require a consistent methodology to be applied 
across Australia. Such a consistent scheme would ease the regulatory burden of operating 
across jurisdictions and promote economies of scale for solar PV suppliers. Additionally, it 
would reduce business costs for both industry participants and avoid distorting market 
uptake. 

While there is at present no gross National FIT scheme in Australia, several states and 
territories have recently announced their own FIT schemes. In addition to these schemes, 
there is also a range of Commonwealth and state policies - both current and prospective – 
aimed at supporting uptake of alternative energies. These include: 

�  The Renewable Energy Target (RET)  

����  currently under review and to be expanded to 20% of energy production by 2020. 

����  Renewable Energy Certificates (RECs) issued on the basis of abated emissions 
and can be traded. 

�  Carbon Pollution Reduction Scheme (CPRS) 

����  the Australian Government’s recently announced emissions trading scheme will 
be introduced from 2010, but full details of the scheme are yet to be defined. 

�  A variety of Federal Government initiatives including: 

����  Solar Homes and Communities Plan; 

����  Solar Cities; 

����  Renewable Remote Power Generation Programme;  

����  National Solar Schools Programme; and 

                                                
13 http://www.alp.org.au/media/1008/msrese070.php 
14 http://www.aph.gov.au/Senate/committee/eca_ctte/renewable_energy/index.htm 
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�  Complementary policies, including building standards, minimum standards for 
whitegoods and energy efficiency trading schemes. 

These initiatives are canvassed in more detail in Section 3, together with an assessment of 
their effectiveness to date in increasing PV uptake by households and businesses. 

Section 3 discusses the policy environment and state of the solar PV industry in Australia 
and FIT programmes introduced outside Australia, in particular those operating in Germany, 
Spain, as well as the policies adopted in Japan and the US which have met with some 
success in driving increased uptake of solar energy. 

In Section 4, the economics of solar power is discussed in detail. 

Detailed modelling of a FIT, including a range of scenarios and key sensitivities, is provided 
in Section 5. This section also considers the impact that solar PV could have on emissions 
abatement. 
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3. POLICIES AFFECTING UPTAKE OF SOLAR PV IN 
AUSTRALIA AND OVERSEAS 

3.1 PV IN AUSTRALIA 

During 2007 a total of 12.2 MW of solar PV power was installed in Australia, as shown in 
Figure 6, an increase on 2005 and 2006 with 8.3 MW and 9.7 MW installed in each year, 
respectively. Until recently, most of these installations were off grid applications (in industry 
and agriculture). However, in the last 18 months the uptake of grid applications has 
increased. Grid systems accounted for 50% of installations in 2007 and now account for 18% 
of installed capacity15.  

FIGURE 6:  ANNUAL MW OF SOLAR PV INSTALLED  
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Source: Watt et al, 2007 

 

By 2007, there was over 80 MW of PV capacity installed in Australia, primarily in domestic 
and non domestic off grid applications. 

                                                
15 Dr Muriel Watt, 2008, National Survey Report of PV Power Applications Australia 2007, June 
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FIGURE 7:  TOTAL MW OF SOLAR PV INSTALLED IN AUSTRALIA , 1992-2007 
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Source: Watt et al, 2007 

The continued increase in installations can be largely attributed to uptake by households and 
community buildings due to grant/rebate programs. The small number of commercial 
installations commissioned to date have been underpinned by Government grants and would 
not have otherwise occurred. 

The possible introduction of the Carbon Pollution Reduction Scheme (CPRS) in 2010 will 
further fuel the increase in demand for renewable energy sources, although the impact on 
solar is expected to be marginal. The CPRS will require companies with emissions of 25,000 
tonnes of CO2e annually to purchase emissions permits, which will be auctioned during the 
year, for every tonne of CO2e released into the atmosphere. 

Current or proposed FITs offered to consumers across Australia, as detailed in Section 3.1.2, 
vary by state and territory.  A consistent approach across Australia could see increased 
demand within states, with compensation geared towards encouraging consumers and 
business to adopt solar energy.  The gross National FIT scheme would ensure payments 
achieve a considerably shorter payback period than what the current schemes offer and 
provide the policy certainty the industry needs to continue to invest and grow.  Such a 
scheme would create a broader market for solar power and provide considerable 
opportunities in all states.  

In addition to the Australian Government’s Carbon Pollution Reduction Scheme (CPRS), 
which will provide some, but perhaps limited, impacts for solar, a number of other policies will 
affect the up take of solar PV in Australia. 

3.1.1 CAPITAL INVESTMENT SUPPORT PROGRAMMES  

3.1.1.1 SOLAR HOMES AND COMMUNITIES PLAN (SHCP). 

The Solar Homes and Communities Plans (SHCP) provide residential rebates of up to 
$8,000 for new installations, and $5,000 for upgrades, to households with an annual taxable 
income of less than $100,000. Systems must be a minimum of 450 watts. 
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Grants of up 50% of the cost of a PV system (up to a maximum size of 2kW) are also 
available to community organisations installing PV systems where there is “significant 
educational value”. 

Figure 8 below shows the number of systems installed over the period 2000 to September 
2008. It highlights the substantial increase in installations under the program following from 
the announcement to increase the rebate from $4 per watt to $8 per watt caped at 1kW per 
system in May 2007 and the continued growth in demand despite the means test in May 
2008. Due to the rebate being capped for systems up to 1kW and the recent introduction of 
means testing, the average size of systems being installed has fallen to around 1.2kW, down 
from 1.6kW16 over the life of the program. 

Based on the experience in foreign markets to the introduction of FITs and the 
responsiveness in Australia to the initial rebate program, we would anticipate a similar trend 
for the Australian market in terms of take up, however, to a lower extent given the overall 
size of the Australian market.  

FIGURE 8:  WATTS INSTALLED BY MONTH UNDER SHCP, 2000-2008 
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Source: DEWHA 

Figure 9 below, however, shows the disparity in uptake between the states and territories 
towards on- and off-grid connections. 

                                                
16 Standing Committee on Environment, Communications and the Arts Save Our Solar (Solar Rebate Protection) 
Bill 2008 [No. 2] (August 2008) 



� �������������������� �
 

 

�
15 

FIGURE 9:  NUMBER OF PV SYSTEMS INSTALLED , BY STATE, JANUARY 2000 TO 
SEPTEMBER 2008 
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Source: DEWHA 

3.1.1.2 SOLAR CITIES  

Solar cities is a trial program undertaken by selected cities in collaboration with the 
Australian Government and a consortium of energy, banking and building companies as well 
as local governments. Commonwealth funding of $75 million over 5 years has been 
provided. Cities currently in this program are Adelaide, Townsville, Blacktown, Alice Springs 
and Central Victoria, with plans to include Perth and Coburg.  

Energy options being trialled through the Adelaide Solar City trial include: 

�  Installation of 1,700 solar PV panels (up to 2 MW) on homes and commercial buildings 
that will double South Australia's current photovoltaic capacity. (According to the IEA, 
the average installation in SA is 1.6 MW); 

�  Installation of solar panels on up to 5 iconic buildings such as the Adelaide Central 
Markets, the new Adelaide Bus Depot, Salisbury Watershed, Playford Aquadome and 
SA Water Building; 

�  Assistance for consumers to help finance their solar systems; 

�  Installation of 7,000 smart meters in homes and businesses that will help people 
monitor their energy use and assist electricity providers to better understand consumer 
demand patterns; 

�  Provision of 40,000 energy efficiency and information packages to households and 
commercial customers; 

�  The opportunity to participate in an extensive consumer campaign to adopt Green 
Power; and 

�  Solar power and solar hot water trials by some community housing tenants. 

Programs of a similar nature, but differing scales, are being trialled in other solar cities. 
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3.1.1.3 OTHER CAPITAL INVESTMENT SUPPORT PROGRAMS  

Other programs to promote the installation of solar PV include: 

�  National Solar Schools Program. 

The Federal Government’s $480 million programme, under which schools may apply 
for grants of up to $50,000, was introduced in June 2008 (replacing the Green 
Vouchers for Schools program). Almost 1,400 schools throughout Australia had signed 
on to the program as of mid-August 2008. 

�  Renewable Remote Power Generation Program. 

The RRPGP provides rebates for households, communities, not-for-profit, business, 
government and other organisations, in areas of Australia not close to a main grid, to 
support the installation of renewable generation systems. 

Rebates of up to 50 per cent of the capital cost of renewable generation and essential 
enabling equipment are available to complying applicants. This program is the key 
driver for installation of off-grid solar PV applications. 

�  The Low Emissions Technology and Abatement (LETA) program 

LETA provided $26.9 million in 2006 to assist the uptake of low emission technologies 
by supporting development of PV-related standards, training of PV designers and 
installers, and of solar resource mapping. 
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3.1.2 STATE AND TERRITORY FIT PROGRAMS 

For households and businesses that have PV systems connected to the grid, credits can be 
given for any electricity generated by their solar PV units. The credit, specified on a per KWh 
basis, is referred to as the feed-in tariff (FIT). FIT programs have been announced in a 
number of states, with varying rates and conditions. For example, returns will be affected by 
whether the tariff applies to gross or net output, any size restrictions on systems and even 
relative hours of sunlight per day. A gross FIT applies to all electricity generated by the PV 
system, whereas a net FIT applies to the electricity supplied from the household to the grid 
(total electricity generated less that consumed by the household). Details of the state and 
territory FIT schemes in place or planned are set out in Table 5 below. 

TABLE 5:  STATE FIT SCHEMES 

State/Territory Implementation 
Date 

Tariff Rate Tariff 
Gross/Net  

Duration Sectors 
included in 

FIT 

New South 
Wales 

n/a Indicated 
notional 
support for 
National 
gross FIT 

   

Victoria 1 January 2009 60¢/kWh  Net 15 years Domestic 

Queensland 1 July 2008 44¢/kWh  Net 20 years Domestic 
and Small 
Business 

West Australia Yet to be 
determined 

60c/KWh  Gross   

South Australia 1 July 2008 44¢/kWh  Net 20 years Residential, 
churches 
and small 
business 

Tasmania n/a (90% of 
state needs 
hydro-
generated) 

   Domestic 

ACT No later than 
July 2009, but 
possibly sooner. 

3.88x retail 
tariff – 
approx.  
60¢/kWh  

Gross 20 years Domestic 
and 
commercial 

NT May 2008, Alice 
Springs Solar 
City only 

45¢/kWh  Gross   

Source: Access Economics research 

At present, Australia has no policies or programs  targeted at commercial or industrial 
sectors that would encourage the take up of solar PV to the extent that has been seen in 
other countries. 
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3.1.3 MANDATORY RENEWABLE ENERGY TARGET (MRET) 

In 2001 the Australian Government introduced a Mandatory Renewable Energy Target 
(MRET) scheme which has set targets for an increase in the uptake of renewable energy as 
a percentage of Australia's electricity supply. Under MRET, all electricity retailers and 
wholesale buyers (known as ‘liable parties’) have a legal obligation to contribute towards the 
generation of additional renewable energy by acquiring Renewable Energy Certificates 
(RECs) from accredited renewable energy generators or displacement sources. The national 
requirement initially targeted an increase in electricity sourced from renewable energy from 
around 2 per cent to 4 per cent of total production by 2010.  Figure 10 below shows the REC 
production by renewable energy type, with solar PV only accounting for around 0.04 per cent 
of total REC production in 2007. Since 2001, hydro has produced the majority of RECs 
followed by wind and solar water heaters. However, over the last six years wind has 
continued to gain a higher market share and has been the main producer of RECs for the 
last three years. The MRET has not been a key driver for the increased uptake of solar PV. 

FIGURE 10:  RECS PRODUCTION BY GENERATION YEAR  
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Liable parties are required to either pay a shortfall charge for each megawatt hour of liability 
for renewable energy, or acquire and trade RECs. RECs will eventually be surrendered 
either voluntarily or legally to demonstrate liability compliance with the MRET. The RECs can 
be acquired from eligible renewable energy power stations and other eligible renewables or 
REC sellers. 

Owners of eligible Small Generation Units (SGUs) may be able to create and trade RECs, 
which may help to offset the cost of installing renewable energy systems, including PV, in 
households and business. 

Individual states also employ a variety of Renewable Energy Target schemes. The COAG 
Working Group on Climate Change and Water is currently assessing options to expand 
MRET (from the current 9,500 GWh target to 45,000 GWh, or 20% of total energy production 
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– the Renewable Energy Target) by 2020 and to introduce a truly national scheme to ensure 
consistency across states.  

3.2 OVERSEAS SUPPORT PROGRAMMES 

In 2007, Germany accounted for over half of all solar PV installed worldwide, followed by 
Japan, Spain and the US (Figure 11). According to the IEA, around 73 per cent of all solar 
PV installations in 2007 occurred in Germany and Spain, and almost all of this additional 
capacity was for grid applications17. 

In 2007, the IEA reports that the Spanish annual PV installations increased fivefold, the 
French tripled, Italy’s increased fivefold and Korea’s doubled. This growth is attributed by the 
IEA to a number of support programmes taking effect. Legislation that supports solar energy 
programs was introduced in Germany in April 2000 and subsequently improved in August 
2004, and in Spain in March 2004 and then expanded in January 2007. The increased 
supply of solar PV from the introduction or subsequent amendments to legislation can be 
seen in Figure 11.  

 

FIGURE 11:  GLOBAL SOLAR PV INSTALLATIONS (CUMULATIVE) 
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Source: IEA (2008) 

By 2007, gross feed-in Tariff laws were in place in 46 states, provinces and countries 
(including South Australia) across the world18. While 19 of these are in the European Union, 
developing countries are also increasingly adopting a variety of support programs including 
FIT schemes. The most well-developed (and arguably successful) of these FIT schemes is in 
Germany, which accounted for just over half of global PV installations by 2007 (see Figure 
11).  

                                                
17 IEA Photovoltaic Power Systems (2008) Annual Report 2007 (April) Utrecht, the Netherlands 
18 REN 21 (2007) Renewables 2007: Global Status Report  p.43 
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At least 44 jurisdictions had enacted renewable portfolio standards (RPS) or target/quota 
policies by 2007.  

Other forms of policy support for renewable power generation include: 

�  Capital investment subsidies or rebates (particularly successful in Japan between 1994 
and 2005); 

�  Tax incentives and credits (US), sales tax and value-added tax exemptions; 

�  Energy production payments or tax credits; 

�  Net metering; and 

�  Public investment or financing. 

The section below describes the German, Spanish, US, UK and Japanese solar PV policy 
experience in more detail. 

3.2.1 GERMANY 

In 2007, Germany’s solar PV installed capacity grew by 42 per cent (IEA) and grew on 
average by 72 per cent over last 5 years. 

In 1991 the German Government introduced the Electricity Feed Act, requiring utility 
companies to purchase electricity generated from renewable resources such as domestic 
solar power systems at set rates (feed-in tariffs). 

The scheme was expanded and enhanced in 2000 under the Renewable Resources Act 
(EEG) which has been the major driver of the dramatic growth seen in Germany’s renewable 
energy market, particularly the solar PV industry, since that time. The rapid uptake of Solar 
PV has generated employment and business opportunities, with around 42,60019 labour 
places created in Germany from the solar PV industry. 

In the first five years since the EEG, the quantity of electricity fed into the grid from eligible 
sources more than doubled and, since 2004, Germany has had the highest rate of PV 
installations in the world. In 2007, the IEA estimates that 3.5% of Germany’s total renewable 
energy (itself 14.3% of total grid electricity produced) was PV-generated. Figure 12 shows 
the responsiveness of annual solar PV installations in Germany to the introduction of an 
amended FIT scheme in 2004. 

                                                
19 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 29 
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FIGURE 12:  RESPONSIVENESS OF SOLAR PV UPTAKE TO A FEED IN TARIFF IN GERMANY 

 
Source: European Photovoltaic Industry Association (2007) 

In 2007, Germany’s FIT rates ranged between €0.380 and €0.492/kWh, with a bonus for 
façade-integrated systems. The scheme has a term of 20 years. 

3.2.2 SPAIN 

In the last five years Spain has seen a considerable increase in installed solar PV power, 
increasing from a total of 11 MW in 2003 to 655 MW in 2007, of which around 95% are grid 
connected systems. 

A new FIT scheme was announced in Spain in 2006, after which PV installations increased 
rapidly (see Figure 11). The amended legislation provided certainty to consumers as the 
payments were embedded in legislation and improved the economic benefit of the FIT 
payments to consumers20. Subsequent amendments by the Spanish Government to the tariff 
system in Spain after September 2008, included a cap of 500MW and a reduced tariff (€32-
34 cents per kilo-watt hour for roof mounted systems and €32 cents for ground-based 
systems). 

About 80 per cent of Spain’s solar capacity resides in the Huertas Solares projects, which 
are large investor owned PV farms made up of individual units of 5-100 kW size. The 
capacity range reflects that units above 100 kW in size attract a FIT rate that is almost half of 
that which applies for units below 100 kW.  Also, interest in market implementation of high 

                                                
20 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications 
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concentration PV systems is beginning to gain momentum, with the involvement of numerous 
industry partners in significant pilot plant developments21.  

3.2.3 UNITED STATES 

In 2007, solar PV installed capacity in the US grew by 42 per cent (IEA), with California 
accounting for 70 per cent (IEA) of all PV installations.   

In 2006, the California Solar Initiative (CSI) was enacted by the California Public Utilities 
Commission, the largest solar program outside of Germany, and the Million Solar Roofs Bill 
was signed into law in August. The initiatives include a mandate that solar systems become 
a standard option for new homeowners and increasing the number of customers who can sell 
excess energy back to the grid from 0.5 per cent to 2.5 per cent, allowing around 500,000 
new solar systems into the metering program.  These initiatives are targeting the installation 
of 3,000 MW of electricity capacity in the next ten years. 

At the State Government level, increased renewable portfolio standards across 25 states and 
the District of Columbia have been introduced in the US.  These standards require suppliers 
of electricity to provide around 20 per cent to 30 per cent of electricity from renewable energy 
sources over the next 15 to 20 years. 

In 2006, the US Government introduced Federal tax credits for the purchase of PV systems.  
The credits included a 30 per cent investment tax credit for commercial and residential 
grid-connected PV systems, with an annual cap of US$2,000 per system.  The solar 
investment tax credit has since been extended and will; 

�  Extend for 8 years the 30-percent tax credit for both residential and commercial solar 
installations; 

�  Eliminate the $2,000 monetary cap for residential solar electric installations, creating a 
true 30 per cent tax credit (effective for property placed in service after 
31 December 2008); 

�  Eliminate the prohibition on utilities from benefiting from the credit; 

�  Allow Alternative Minimum Tax (AMT) filers, both businesses and individuals, to take 
the credit; and 

�  Authorize $800 million for clean energy bonds for renewable energy generating 
facilities, including solar22.  

The extension of the tax credit is likely to pave the way for continued growth of solar PV 
across the US with a recent study stating more than 28 GW of electricity will be produced 
from solar energy by 2016 – enough to power more than 7 million homes22. 

In addition to tax incentives net metering was previously introduced to around 38 states in 
the US.  The experience in the US market was that without other financial incentives, net 
metering is not enough to advance market penetration.  Neither California nor Texas saw 
much benefit from net metering for wind power, let alone for more costly renewables like 
solar PV, until other incentives were added to the mix23.  

                                                
21 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications 
22 Solar Energies Industry Association: Press Release Industry Leaders Forecast Dramatic Growth in the U.S. 
Solar Market by 2016 with Extension of Credit 
23 Miguel Mendonca, 2007: Feed-in Tariffs: accelerating the deployment of renewable energy pg 15 



� �������������������� �
 

 

�
23 

3.2.4 JAPAN  

During 2007, around 210 MW of PV was installed in Japan, predominantly through 
residential PV systems (IEA).  Total installations declined compared to the previous year 
which is partly attributed to the completion of funding at the end of 2006 for the introduction 
of residential PV systems.  The subsidy had previously allowed for around 120,000 Yen/kW 
for systems up to 10kW.  In spite of the subsidy no longer being made available, a number of 
local Governments still offer some kind of support for solar PV, which contributed to 
residential systems accounting for around 90 per cent of total installations in 2007.  

The Japanese Government provided subsidies from 1994 to 2006.  With the subsidy 
program coming to an end in 2006, the Ministry of the Environment began a campaign 
promoting large scale PV systems with subsidies to businesses which provided systems of 
around 1,000 kW.Given the reduction in demand that is apparent from the completion of the 
subsidy program, some economies of scale in Japan may be lost due to the reduced demand 
for solar PV technology.  The reduction, from around 290 MW in 2006 to 210 MW installed in 
2007, demonstrates that a support scheme that delivers an economic benefit to the 
consumer which adequately compensates for the cost of installing renewable technology is 
an important tool in increasing the uptake for solar PV and assisting in minimising the overall 
costs.   

Japan continues to promote public awareness of PV and local Governments continue to 
develop their own support schemes.  The Ministry of Economy, Trade and Industry has also 
commenced support of solar PV with a number of projects aimed at non-residential facilities. 

3.2.5 UK 

Recently the UK has announced the introduction of a feed-in tariff for households and 
communities that install solar PV on their property.  The current system of price support is 
considered overly complicated for small producers and will be replaced by the FIT scheme 
for generation of electricity up to 3 MW.  The amendments to the energy bill will be debated 
and are due to be passed into law by December 2008, with the scheme to commence by 
2010.   
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4. THE ECONOMICS OF SOLAR POWER 

The key component of the costs structure in solar PV deployment is the up front capital cost 
of acquiring and installing a PV unit. Typically, installation costs vary in the range of A$7-
12,000/kW installed capacity. The main single component of this cost is the unit manufacture 
cost (43 per cent), with manufacturer, distributers, dealers and installer’s delivery costs 
comprising the remainder. In addition to upfront capital costs, inverters (an important 
component of the system) are typically replaced every 10 years. 

FIGURE 13:  COST STRUCTURE OF SOLAR PV SYSTEM IMPLEMENTATION  

 
Source: BP solar 

4.1 THE POTENTIAL FOR COST REDUCTIONS 

Increased demand for solar PV technology has been accompanied by falls in module and PV 
system prices in foreign markets. Figure 14 below shows the reduction of module and PV 
system costs for three selected countries. The graph shows reductions in PV system costs 
ranging from around 30 per cent to 50 per cent over a ten year period (PV system costs 
include the PV modules, inverters, storage batteries and all associated mounting and control 
components as appropriate24). Figure 15 shows the lowest price achieved for the module 
cost, USD per watt, for countries who have installed at least 50 MW of solar PV.  As shown 

                                                
24 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 4 
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below, those countries with a higher solar PV installation have achieved a lower USD cost 
per watt of around US$4, compared to Australia with a cost of US$5.80. 

FIGURE 14:  EVOLUTION OF PRICE OF PV MODULES AND SYSTEMS IN SELECTED REPORTING 
COUNTRIES ACCOUNTING FOR INFLATION EFFECTS  

 
Source: IEA (2008) 
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FIGURE 15:  INDICATIVE MODULE PRICES (USD PER WATT) 
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The introduction of a gross FIT scheme in many overseas countries has seen demand 
increase year on year, most notably in Germany and Spain, as discussed in the previous 
scetion. The underlying factor that is driving demand is that customers are receiving a 
reasonable economic return on their capital outlay through FITs..     

The worldwide production of solar PV cell and module production is expected to grow by 
around 70% over the next few years, with demand increasing by around 30% to 40%. There 
are a number of factors on the demand side that will affect the rate at which the market 
continues to grow, including; 

�  Whether changes to the tariff system in Spain, which included a cap of 500MW and a 
reduced tariff (€32-34 cents per kilo-watt hour for roof mounted systems and €32 cents 
for ground-based systems) will slow demand; 

�  Whether the reduction in the FIT of around 9% in 2009 and 8% in 2010 in Germany will 
stall demand; 

�  The recent announcement that the solar investment tax credit will be extended in the 
US for an additional eight years; 

�  The continuation of the 100,000 rooftop programme which played a major role in the 
growth of solar PV in Korea during 2007; 

�  The FIT introduced in Italy in 2007 is now one of the highest in Europe and contributed 
to significant growth during the year.  The introduction of the FIT and positive growth in 
2007 is expected to continue in 2008 with a steady expansion of the domestic market; 
and 

�  Total PV power installations increased by 65% in France during 2007 and the French 
Government has adopted an objective of achieving a contribution of 20% of renewable 
energies in the energy mix by 2020. In conjunction with the renewable energy target a 
decision was made to reinforce research and development activity on crystalline silicon 



� �������������������� �
 

 

�
27 

materials and new products for building integration, which should see the continued 
growth of the PV industry in the French market. 

Given the sheer size of overseas markets in relation to Australia (Germany and Spain 
accounting for around 60% to 70% of the market), the demand side of the market will be 
dominated from abroad with the Australian take up of solar PV not expected to influence the 
worldwide price of production. However, there is a trend emerging that supply will exceed 
demand and that prices will fall, which we would expect to be mirrored in Australia should a 
gross National FIT scheme be introduced.  

The cost of solar PV systems in Australia has remained in the region of around $12/W for 
grid applications up to 5 kW25 since 2004. The take up in Australia has not been sufficient to 
realise the benefits from economies of scale in production, which would lead to a reduction in 
costs as has been seen in Germany.  

Compounding any economies of scale issues has been the silicon shortfall during the last 
couple of years. Silicon accounts for around 45% of production costs and there has been a 
shortfall in the supply of silicon which has enabled producers to retain high profit margins. 
This trend is widely expected to reverse in the short term with a number of new entrants 
investing in the production of silicon which should see supply outweigh demand in the near 
future and result in price reductions in 2009 and beyond. 

According to the IEA, potential future cost reductions in the supply of solar PV are listed in 
the table below. 

TABLE 6:  PROJECTED SOLAR PV CAPITAL COST REDUCTIONS ASSUMED IN NETT ETS 
MODELLING  

Year 2005-2010 2011-2025 2026- 2050 

Solar PV capital cost 
(annual reductions) 

5.0% 4.0% 2.0% 

Source: MMA, IEA 

According to Solarbuzz, solar PV prices have declined on average 4% per annum over the 
past 15 years. This is attributed to progressive increase in conversion efficiencies and 
manufacturing economies of scale associated with increased supply. 

4.2 SOLAR PV AND THE NATIONAL ELECTRICITY MARKET 

This section provides a comparison of solar PV capital and operating costs with other 
electricity supply sources in the context of the National Electricity Market (NEM). 

4.2.1 COMPARISON WITH RETAIL ELECTRICITY PRICES  

Figure 16 shows the levelised price for generating electricity with solar PV compared to 
average retail electricity prices, for solar PV startup in years 2009-2028. The retail electricity 
prices in the analysis are based on Access Economics modelling of wholesale NEM prices 
and allowances for contracting, transmission/distribution and retailer margins based on 
recent regulator determinations. The levelised price is the revenue stream required for an 

                                                
25 Dr Muriel Watt, 2008, National Survey Report of PV Power Applications Australia 2007, June 
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electricity generator to recover its costs (capital and operating) over its operating life (in this 
case assumed to be 20 years) in NPV terms, given the starting year. Based on the high 
starting capital (product and installation) costs of solar, and even with assumed capital cost 
reductions leading to a schedule of decreasing levelised price, solar PV operates at a 
significant premium to average retail electricity prices. The effects of carbon pricing do little to 
bridge this gap.  

The Carbon Pollution Reduction Scheme (CPRS) and Renewable Energy Target (RET) are 
expected to be insufficient on their own to drive market outcomes similar to countries that 
have experienced significant growth, such as Germany and Spain. With the absence of a 
policy that adequately encourages the commercial or industrial sector to invest in solar PV 
technology, any carbon reduction initiatives from these sectors due to the CPRS are likely to 
be in existing solutions.  

FIGURE 16:  LEVELISED PRICE SOLAR PV AND PROJECTED AVERAGE ELECTRICITY RETAIL PRICES 
($2008 REAL) 
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4.2.2 SOLAR PV COMPARED WITH OTHER TECHNOLOGIES  

Figure 17 shows the levelised price for solar PV compared with current and future electricity 
generating technologies with a carbon price in place ($80/t CO2e by 2030, commencing at 
$20/t CO2e in 2010). Even with such a carbon price in place, solar PV operates at a 
significant cost premium relative to the next dearest fuel/technology (gas OCGT peaking) 
and particularly when compared with base load technologies (coal supercritical and gas 
CCGT). 



� �������������������� �
 

 

�
29 

FIGURE 17:  LEVELISED PRICE OF SOLAR PV COMPARED TO OTHER GENERATING 
FUEL/TECHNOLOGIES ($2008 REAL) – HIGH CARBON PRICE ($80/T CO2E BY 2030) 
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The disparity in levelised prices derives almost wholly from the installed capital costs (Figure 
18). 
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FIGURE 18:  INSTALLED CAPITAL COST COMPARISONS , EXISTING AND EMERGING GENERATING 
TECHNOLOGIES, ($2008 REAL) 
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5. MODELLING GROSS FIT COSTS 

5.1 METHODOLOGY 

The aim of the gross National FIT payment scheme is for scheme participants to receive 
annual payments that will cover their initial capital outlay and annual running costs over a 10 
year period (in the case of a 10 year payback period), with payments continuing for a 
specified period.  The methodology used to calculate the annual FIT rates is to take the 
annual electricity produced by a 1kW solar PV system and derive a fixed FIT rate which 
gives an NPV equal to zero over the target payback period, therefore repaying the capital 
outlay.  The FIT rate is reported on a c/kWh basis. 

The modelling has been run on an Australia wide basis assuming the FIT scheme will be 
available for 20 years, with each participant receiving payments over 10-20 years and a 
payback period of 10 years (results for 10 and 20 year payback periods reported).  The FIT 
has been calculated to give an NPV equal to zero over the first 10 years for each takeup 
year.   

The initial capital outlay in each year is based on the size of the solar PV unit (residential and 
commercial), the inflation rate, assumed annual production cost savings (due to increased 
production of units worldwide and/or technology improvements assumed) and assumed 
annual margin cost reductions on distribution and installation. This initial capital expenditure 
plus anticipated running costs and any recurrent capital costs will be recovered by those 
participating in the scheme in annual FIT payments. 

The net annual revenue stream is equal to the FIT rate commencing from the year of take 
up, the retail electricity price and the REC price, multiplied by the electricity production for the 
year. The expected level of MWh each solar PV unit will produce is on average around 1.64 
MWh in the first year the unit is installed.  The annual production is based on the peak hours 
of sunlight per day, an average of 5.3 across Australia, reduced by losses in production from 
inverter and cabling efficiency.  The electricity production is also assumed to reduce by 0.5% 
annually due to degradation of the solar PV unit. 

The main assumptions underlying the FIT model are listed below and applied on a basis of 
gross generation of electricity; 

�  Gross FIT assumed, net of retail electricity prices and RECs; 

�  Grid-connected systems, residential and commercial; 

�  For the FIT modelling, no rebates were assumed – ie the national FIT replaces all 
capital investment support programs (although the model developed has the facility to 
incorporate capital rebates); 

�  Discount rate – 5.7%; 

�  Analysis is nominal: inflation rate – 2.5% per annum; 

�  Production discount – 5% per annum; 

�  Margin discount – 3% per annum; 

�  Peak hours of sunlight – 5.3; 

�  Retail electricity price inflation – 2.0% per annum; and 

�  Annual increase in electricity demand – 1.9%. 
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5.2 ASSUMED DEPLOYMENT 

A Gompertz growth function has been employed to project the annual take up rates of solar 
PV throughout the scheme duration. The curve distributes the total capacity expected to be 
installed over the scheme period according to empirical evidence of the take up of new 
technologies, for example the adoption of solar PV in Germany and Spain, and the adoption 
of mobile phones. The Gompertz curve models an initially slow take up in the technology, 
rapid uptake then followed by a maturation or tapering (Figure 19). 

FIGURE 19:  TAKE UP DISTRIBUTION AND MEGAWATTS INSTALLED – RESIDENTIAL AND 
COMMERCIAL (3,000 MW TARGET BY 2028) 
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Source: Access Economics modelling 

Additionally, as can be seen from Figure 20 below, the uptake from the introduction of a solar 
PV FIT scheme has achieved similar results across different markets.  The uptake for 
Germany, Spain and Korea is attributed to the introduction of a Gross FIT scheme, while 
Japan introduced a subsidy for solar PV installations. Subsequent legislation changes in 
Germany and Spain from Government which enhanced the economic return to customers 
under the FIT scheme, as occurred in Germany (2004) and Spain (2006), as discussed 
earlier, resulted in a surge in demand.  We would expect the supply to stabilise once the 
market for solar PV has matured. 

In Australia, we would expect the take up from a solar PV FIT scheme to be greater in the 
early stages, but overall to follow a similar pattern to that experience abroad.  The higher 
initial take up assumed is due to; 

�  A greater awareness of environmental issues compared with when the other schemes 
commenced; 

�  An obligation on behalf of the Australian Government to reduce greenhouse emissions, 
which could lead to increased incentives to participate in a solar PV scheme; and 
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�  Any new legislation introduced in Australia will be able to draw on the experience of 
foreign legislation which could be used as a guide to determine what has been 
successful in promoting solar PV technology abroad.   

FIGURE 20:  ANNUAL TAKE UP OF SOLAR PV – GERMANY, SPAIN, KOREA AND JAPAN  
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Source: Watt et al, 2007 

5.3 CARBON PRICE AND REC SCENARIOS 

Figure 21 shows the high and low carbon price trajectories used in the modelling. These 
trajectories derive from Access Economics’ modelling of emissions abatement targets 
announced by the Commonwealth Government and from Access’ understanding of the 
current and anticipated policy environment.  In addition, REC prices similar to those modelled 
by International Energy Systems (IES) were assumed.  IES modelled a long term REC price 
of approximately $55/MWh26. 

                                                
26 Intelligent Energy Systems, 2007. Modelling the price of renewable energy certificates under a Mandatory 
Renewable Energy Target.  A report submitted to the Office of the Renewable Energy Regulator. 
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FIGURE 21:  CARBON PRICE TRAJECTORIES ASSUMED IN THE MODELLING , $/TCO2E 
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5.4 CAPITAL COST ASSUMPTIONS 

As discussed in the preceding section, substantial capital cost reductions have been 
observed in countries that have experienced increased uptake of solar PV. These reflect 
such factors as improvements in manufacturing technology and efficiencies, learning by 
doing and greater volumes over which to disperse overheads. Based on the historical 
experience and drawing from IEA projections, it has been assumed for Australia that 
materials costs decrease in real terms by 5 per cent per annum, and that distribution, 
installation and retail costs decrease by 3 per cent per annum – assuming the uptake shown 
in Figure 19 is delivered. This yields an effective halving in the real capital cost of solar PV 
over the next twenty years (Figure 22). 
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FIGURE 22:  CAPITAL COST PROFILE FOR SOLAR PV DEPLOYMENT (REAL $2008, NET OF GST) 
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5.5 SOURCE: ACCESS ECONOMICS MODELLING RESULTS 

This section sets out the modelling results. The analysis was undertaken for a reference (no 
carbon price) case and two carbon price cases. 

5.5.1 FEED IN TARIFF LEVELS  

This section presents results of financial modelling of the required FIT to enable the 
investment on a residential or commercial PV unit to pay itself off over a specified period – in 
this case 10 and 20 year payback periods were considered. All FIT payments are modelled 
as net of retail electricity price and renewable energy certificate (REC) revenue. 

The FIT rates modelled are shown below in Figure 23. This is an overall fit rate incorporating 
both residential and commercial units as per the take up assumptions in the previous section. 
The FIT is highly sensitive to the payback period that is targeted. To achieve 10 year pay 
back on investments, a FIT of 75c/KWh would be required in year one of the scheme, falling 
to 62c/KWh for units installed in year 20 of the scheme (2028). With a 20 year pay back 
period, the FIT rates are 45c/KWh and 38c/KWh in 2009 and 2028 respectively. The first 
year FIT is modelled to fall throughout the program due to assumptions about reduced up 
front costs of installing PV units going forward. 



� �������������������� �
 

 

�
36 

FIGURE 23:  ANNUAL FIRST YEAR FIT PAYMENTS FOR A UNIT INSTALLED IN YEAR 2009-2028 – 
REFERENCE CASE, C/KWH 
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Source: Access Economics modelling 

An analysis has been undertaken to assess the impacts of carbon pricing on the FIT reported 
above, in both a low and high carbon price world. Figure 24 shows the results with a 10 year 
pay back period. The carbon price, through it’s affect on retail electricity prices, is modelled 
to have at most a 1-2c/KWh effect on the level of the FIT required. 

FIGURE 24:  ANNUAL FIRST YEAR FIT PAYMENTS FOR A UNIT INSTALLED IN YEAR 2009-2028 – 10 
YEAR PAY BACK – CARBON PRICE SCENARIOS , C/KW/H 
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Source: Access Economics modelling 

Figure 25 shows the FIT modelled under a 20 year payback period for low and carbon price 
scenarios respectively.  
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FIGURE 25:  ANNUAL FIRST YEAR FIT PAYMENTS FOR A UNIT INSTALLED IN YEAR 2009-2028 – 20 
YEAR PAY BACK – CARBON PRICE SCENARIOS , C/KW/H 
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Source: Access Economics modelling 

5.5.2 COST OF THE SCHEME 

Access Economics has estimated the overall costs of the 20 year scheme in terms of the 
overall gross FIT payments required to sustain the assumed roll out of residential and 
commercial PV up to a total of 3,000 MW of installed capacity. The net present values 
(NPVs, at a 5.7 per cent discount rate) of the FIT payments across the scheme are shown in 
the table below. Likewise, the payment period has a substantial bearing on the scheme’s 
total costs, which vary from $13.9 billion to $25 billion over a 10 to 20 year payment range. 
For example, a gross FIT scheme that targeted a 10 year payback period with 10 year 
payments, would amount to $15.6 billion with a high carbon price in place ($16.2 billion with 
no carbon price), with payments spread over the next thirty years (twenty year scheme plus 
10 years of payments for PV units installed in year 20). 

The extent of solar PC capacity take up has an important bearing on the scheme costs. For 
example, if the scheme drives the take up 1,500 MW of capacity (rather than 3,000 MW) the 
scheme costs set out in the table below roughly halve. 
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TABLE 7:  PROJECTED COSTS OF A GROSS NATIONAL FIT SCHEME, COMMENCING 2009, 20 YEAR 
SCHEME (3,000 MW COMMERCIAL AND RESIDENTIAL ) 

Scenario Total scheme cost ($m NPV @5.7%) 

 10 year 
payments 

(spread over 
thirty years) 

15 year 
payments 

(spread over 
thirty five 

years) 

20 year 
payments 

(spread over 
forty years) 

10 year payback period    

Reference case 16,198 21,275 25,023 

Low carbon price 15,850 20,818 24,485 

High carbon price 15,622 20,518 24,133 

15 year payback period � � �

Reference case � ������� �������

Low carbon price � ������� �������

High carbon price � ������� �������

20 year payback period   �
Reference case   14,751 

Low carbon price   14,292 

High carbon price   13,960 

Source: Access Economics modelling 

The costs are significantly smaller if the scheme only targets residential PV units. In the 
analysis, 1,000 MW was assumed to be installed in the residential sector. The scheme costs 
would range from $5.6 billion to just over $10 billion. 

TABLE 8:  PROJECTED COSTS OF A GROSS NATIONAL FIT SCHEME, COMMENCING 2009, 20 YEAR 
SCHEME – RESIDENTIAL ONLY (1,000 MW) 

Scenario Total scheme cost ($m NPV @5.7%) 

 10 year 
payments 

15 year 
payments 

20 year 
payments 

10 year payback period    

Reference case 6,525 8,570 10,079 

Low carbon price 6,408 8,417 9,900 

High carbon price 6,333 8,317 9,783 

15 year payback period � � �

Reference case � 5,894 6,932 

Low carbon price � 5,747 6,759 

High carbon price � 5,642 6,636 

20 year payback period   �
Reference case   6,042 

Low carbon price   5,889 

High carbon price   5,779 

Source: Access Economics modelling 
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Table 9 shows the costs of the gross national FIT spread across all electricity customers as a 
levy on retail electricity prices. 

TABLE 9:  PROJECTED COSTS OF A GROSS NATIONAL FIT SCHEME, COMMENCING 2009, 20 YEAR 
SCHEME (3,000 MW COMMERCIAL AND RESIDENTIAL ) – SPREAD ACROSS ALL ELECTRICITY 

CUSTOMERS, C/KWH 

Scenario Total scheme cost c/KWh 

 10 year 
payments 

(spread over 
thirty years) 

15 year 
payments 

(spread over 
thirty five 

years) 

20 year 
payments 

(spread over 
forty years) 

10 year payback period    

Reference case 0.40 0.49 0.54 

Low carbon price 0.40 0.48 0.53 

High carbon price 0.39 0.47 0.52 

15 year payback period � � �
Reference case  0.33 0.36 

Low carbon price  0.32 0.35 

High carbon price  0.31 0.34 

20 year payback period   �
Reference case   0.32 

Low carbon price   0.31 

High carbon price   0.30 

Source: Access Economics modelling 

 

Table 10 shows the corresponding levy if a residential only program was targeted (however, 
costs recouped over all electricity customers). 
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TABLE 10:  PROJECTED COSTS OF A GROSS NATIONAL FIT SCHEME, COMMENCING 2009, 20 
YEAR SCHEME – RESIDENTIAL ONLY (1,000 MW) – SPREAD ACROSS ALL ELECTRICITY 

CUSTOMERS, C/KWH 

Scenario Total scheme cost c/KWh 

 10 year 
payments 

15 year 
payments 

20 year 
payments 

10 year payback period    

Reference case 0.16 0.20 0.22 

Low carbon price 0.16 0.19 0.21 

High carbon price 0.15 0.19 0.21 

15 year payback period � � �
Reference case  0.14 0.15 

Low carbon price  0.13 0.15 

High carbon price  0.13 0.14 

20 year payback period   �
Reference case   0.13 

Low carbon price   0.13 

High carbon price   0.12 

Source: Access Economics modelling 

On a per household basis, therefore, assuming an average annual household consumption 
of 5,840 kWh, the annual cost of the FIT by year is shown below in Table 11. 

TABLE 11:  PROJECTED COSTS OF A GROSS NATIONAL FIT SCHEME, COMMENCING 2009, 20 
YEAR SCHEME (3,000 MW COMMERCIAL AND RESIDENTIAL ) – SPREAD ACROSS ALL HOUSEHOLDS  

Scenario Total scheme cost $/household 

 10 year 
payments 

(spread over 
thirty years) 

15 year 
payments 

(spread over 
thirty five 

years) 

20 year 
payments 

(spread over 
forty years) 

10 year payback period    

Reference case 23.61 28.61 31.54 

Low carbon price 23.10 28.03 30.95 

High carbon price 22.77 27.44 30.37 

15 year payback period � � �
Reference case  19.24 21.26 

Low carbon price  18.65 20.68 

High carbon price  18.07 20.09 

20 year payback period   �
Reference case   18.64 

Low carbon price   18.06 

High carbon price   17.47 

Source: Access Economics modelling 
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Table 12 shows the corresponding cost per typical household per annum if a residential only 
program was targeted (however, costs recouped over all electricity customers). 

TABLE 12:  PROJECTED COSTS OF A GROSS NATIONAL FIT SCHEME, COMMENCING 2009, 20 
YEAR SCHEME – RESIDENTIAL ONLY (1,000 MW) – SPREAD ACROSS ALL HOUSEHOLDS  

Scenario Total scheme cost $/household 

 10 year 
payments 

15 year 
payments 

20 year 
payments 

10 year payback period    

Reference case        9.51       11.53       12.74  

Low carbon price        9.28       11.29       12.50  

High carbon price        9.04       11.06       12.27  

15 year payback period � � �
Reference case         7.93         8.76  

Low carbon price         7.69         8.53  

High carbon price         7.46         8.29  

20 year payback period   �
Reference case   7.63 

Low carbon price   7.40 

High carbon price     7.17 

Source: Access Economics modelling 

5.6 A DISCUSSION OF THE BENEFITS 

The costings set out above relate to the direct costs of distributing funds to owners of solar 
PV investments by way of the gross National FIT. A more complete analysis would take into 
account a range of potential benefits or costs foregone as a result of the gross National FIT 
and the deployment of solar PV it would likely drive. For example, the 3,000 MW of solar PV 
capacity assumed in the modelling could defer or obviate the need for amounts of traditional 
electricity generation capacity in the form of power stations, and any supporting or additional 
transmission and distribution infrastructure. Solar PV would also generate employment and 
business opportunities, with around 42,60027 labour places created in Germany alone in the 
solar PV industry. 

Some of these are discussed in the following sub sections. However, the extent to which 
these benefits would translate into solid financial considerations is not explored in this report. 
Some benefits have been estimated in an indicative sense, where possible, but this should 
not be viewed as a formal cost benefit analysis.  

5.6.1 ELECTRICITY MARKET BENEFITS  

This section discusses the potential impacts of solar PV deployment in the context of the 
NEM. 

                                                
27 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 29 
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5.6.1.1 DEFERRED GENERATION CAPACITY  

The ramp up to 3,000 MW of solar PV capacity in Australia by 2028 could lead to over 4,500 
GWh of annual electricity output28 from PV systems, accounting for 1.4 per cent of all 
electricity produced/consumed in Australia in that year29. Figure 26 shows this output spread 
across each state and territory based on regional take up assumptions from BP Solar. 

FIGURE 26:  OUTPUT FROM SOLAR PV BY STATE AND TERRITORY  
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Source: Access Economics modelling, BP Solar 

Modelling of the roll out of 3,000 MW of solar PV indicates that there is potential for the 
deferral of additional generation capacity in the NEM. This is because solar PV will supply 
electricity that otherwise would have been supplied by principal generation plant. However, 
because of the intermittent nature of solar PV, it is not an equal (one for one) substitute in 
capacity terms for traditional base load and peak generation capacity, in fact far from it. 
Modelling of the solar PV rollout using Access Economics’ electricity market model of the 
NSW, Queensland and Victoria regions, indicates that the assumed 3,000 MW rollout would 
likely defer the addition of intermediate combined cycle gas turbine (CCGT) and peaking 
gas-fired open cycle gas turbine (OCGT) plant capacity of approximately 500 MW during the 
life of the FIT scheme (2009-2028), that would otherwise have been added by 2020. 
However, it is important to note that this capacity would not be deferred indefinitely and 
would subsequently be added at a later date. 

                                                
28 Based on industry consultation, it is assumed that each kW of solar capacity could produce up to 1,644 KWh 
per annum, allowing for hourly fluctuations in solar radiation. 
29 Access Economics modelling 
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Based on estimates of typical capital costs of OCGT and CCGT power plants of 
$993,000/MW and $1,445,000/MW installed capacity (nominal) respectively in 202030, the 
capital costs foregone would equate to $610 million. 

5.6.1.2 PEAK PRICING VALUATION  

Research suggests that average electricity prices may underestimate the value of returns to 
solar PV systems31. 

Solar PV output is increases in the summer months and is observed to align with NEM 
summer peak prices (Figure 27). As such, solar PV systems generate disproportionate 
amounts of electricity in times at or approaching peal electricity prices. 

Typically, NEM peaking generators bid into the NEM and generate output as prices approach 
peak levels. These generators therefore receive prices well above annual average prices. 
Such high prices are required to recover the substantially high operating costs of peaking 
power plants relative to base load and intermediate generators. Any peak pricing benefits 
that would otherwise flow to solar PV generators will not be captured in average electricity 
prices.  

                                                
30 ACIL Tasman, 2007. Fuel resource, new entry and generation costs in the NEM, Report 2 – Data and 
documentation. Report to NEMMCO. 
31 Borenstein (2008), pg3. 
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FIGURE 27:  SOLAR PV OUTPUT AND NEM SUMMER PEAK PRICES  

 
Source: BP Solar 

Modelling of selected NEM regions using Access Economics electricity market model shows 
that average wholesale prices for electricity generated by solar PV are at a premium to 
average wholesale prices (Table 13). This reflects the time of day that solar PV systems are 
in operation and the correlation between peak output from solar PV and peak summer 
electricity prices. 

TABLE 13:  COMPARISON OF AVERAGE WHOLESALE PRICE FOR SOLAR PV COMPARED WITH 
ANNUAL AVERAGE WHOLESALE PRICES IN SELECTED NEM REGIONS (2007) 

State/indicator NSW 
($/MWh) 

Victoria 
($/MWh) 

Queensland 
($/MWh) 

 Solar PV  70.17 76.06 76.88 

 Annual average wholesale price  61.83 58.11 55.69 

% difference 13% 31% 38% 

Source: Access Economics modelling 

In addition, the deployment of such volumes of solar PV capacity will exert downward 
pressure on wholesale electricity prices to maintain them at close to new entrant pricing 
levels, much as the addition of any new entrant in the NEM would do so. It is not anticipated 
that solar PV would offer any additional price suppression over and above the traditional 
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generation capacity it would displace, but these effects have not been modelled as part of 
this report. 

5.6.1.3 TRANSMISSION AND DISTRIBUTION NETWORK IMPACTS  

Where constraints exist in transmission and distribution systems, the ability to ramp up 
production during peak times could reduce stress on the network and therefore the 
occurrence of system failures. In addition, transmission losses, which increase with 
throughput and therefore are maximised at peak times, would be reduced. However, such 
benefits would be contingent on solar PV capacity being focussed in capacity constrained 
networks.  

For solar PV that is installed for distributed applications (for example, urban rooftops), the 
source of electricity supply is co located with the load, thereby removing the need for 
associated transmission and distribution infrastructure.  

During times of peak system demand, the marginal network costs are much higher than the 
average network charges faced by customers. This is due to the cost of network 
augmentation to manage system load is driven solely by the extent of peak demand32. At a 
sufficient scale, embedded energy generation (particularly during peak periods) can reduce 
the engineering requirements of the system to the extent that this allows deferral of network 
augmentation33. Any delays in augmentation works would vary by substation, however, lower 
or delayed augmentation costs would lower overall costs with the reduction passed through 
to end users. 

Where the existing supply capacity is constrained or is projected to become constrained, 
there is potential for solar PV generators to defer or altogether remove the imperative to 
upgrade and/or expand capacity. Such benefits would not be expected to derive from 
remotely located solar PV farms that will require their own supply infrastructure to be grid 
connected. According to Borenstein (2008), the assertion that solar PV deployment can defer 
the need to augment the transmission and distribution system is a valid one, but is highly 
contingent on the capacity status of the system in question (highly variable by location) and 
the location of the solar PV capacity in the system. Applying an average benefit figures to 
solar PV capacity installed will likely grossly overstate the benefits. In this report, the benefits 
are acknowledged as being real but have not been quantified. 

ESAA data indicates that distribution losses in Australia varied by state and territory in the 
range of 5.6-7.2 per cent in 2005-06, with an Australia weighted average of 5.9 per cent. 
Solar PV systems would greatly reduce this lost capacity from having the source of 
production closer to the final point of use.  Losses are exponentially related to load. The 
non-linear relationship between load and loss means that all customers benefit from 
reductions in system losses34.  

Based on the historical distribution losses data from ESAA and projections of annual 
electricity supplied by solar PV with 3,000 MW in place by 2028, the transmission losses 
reduced by this deployment would sum to $149 million in NPV terms over the life of all PV 
units (valued at nominal wholesale prices). 

                                                
32 Garnaut Climate Change Review – Draft Report – Chapter 17 
33 Energy Supply Association of Australia 
34 Garnaut Climate Change Review – Final Report – Chapter 19 
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5.6.2 INDUSTRY DEVELOPMENT  

In 2007, Australia accounted for 0.3 per cent of global PV module production and contributed 
36 MW of PV cell production out of a global total of 2,600 MW (IEA).   

The deployment of 3,000 MW of solar PV capacity over the next 20 years will lead to 
substantial investment in new PV systems. The costing modelling and estimation of FIT rates 
described above is based on the success of the gross National FIT in driving this investment. 
The investment by private sector PV owners over the FIT period would amount to $17.9 
billion in NPV terms (2009-2028 at 5.7 per cent discount rate) if 3,000 MW were achieved by 
the end of the FIT scheme.  

Such investment would have important implications for the solar PV supply industry. In 2007, 
12 MW of solar PV was installed across Australia, its highest annual installation figure. With 
an installation of 3,000 MW of capacity over the period 2009-2028 as modelled in this 
analysis, a peak total annual output of 332 MW would be required in 2014. This is almost a 
thirty fold increase in the annual capacity of the industry. To support such productive 
capacity, large investments in manufacturing, delivery, retail and installation capability would 
be required.  

FIGURE 28:  PROJECTED ANNUAL PV INSTALLATIONS IN AUSTRALIA WITH A 3,000 MW GROSS 
NATIONAL FIT TARGET (2009-2028) 
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Source: Access Economics modelling 

According to the IEA, the solar industry employed 1,660 workers in Australia in 2007. 
Employment is distributed across PV research, manufacturing, development and installation 
– an increase of about 40% compared to the 2006 figure which in turn had increased by 30% 
over 2005.35. Figure 29 shows how this figure compares to other selected OECD countries. 

                                                
35 IEA Photovoltaic Power Systems (2008) Trends in Photovoltaic Applications, pg 29 
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FIGURE 29:  ESTIMATED EMPLOYMENT IN SOLAR PV RESEARCH, DEVELOPMENT, MANUFACTURING 
AND DEPLOYMENT , 2007 
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Source: IEA 

Analysis of the IEA data on employment and annual deployment volumes yielded a strong 
positive relationship between employment and production. Such employment increases, in 
line with deployment scale, would also be expected in Australia under the application of a 
gross National FIT scheme. 
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FIGURE 30:  RELATIONSHIP BETWEEN ANNUAL SOLAR PV DEPLOYMENT AND EMPLOYMENT IN 
SELECTED OECD COUNTRIES 
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Source: IEA, Access Economics analysis 

According to an economic study by Navigant Consulting, Inc., the 8-year extension of the 
income tax credit in the US will create 440,000 permanent jobs and lead to $325 billion in 
private investment in the solar industry36. 

5.6.3 EMISSIONS SAVED 

Figure 31 shows the estimated emissions abatement that would be driven by up take of solar 
PV at the quantities modelled, based on average emissions intensities of electricity 
generation in each state and territory derived from the ESAA37. The total emissions saved 
would be 92 million tonnes CO2e assuming a twenty year life for each solar PV unit 
deployed. This figure includes the emissions abated through distribution loss reduction using 
ESAA average regional distribution losses38. With a high carbon price scenario the emissions 
costs foregone total $1.6 billion in cumulative NPV terms, $0.9 billion in a low carbon price 
scenario. 

                                                
36 Solar Energies Industry Association: Press Release Industry Leaders Forecast Dramatic Growth in the U.S. 
Solar Market by 2016 with Extension of Credit 
37 ESAA, 2007. Electricity and Gas Australia 2007. 
38 ESAA, 2007. Electricity and Gas Australia 2007. 
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FIGURE 31:  ANNUAL EMISSIONS ABATEMENT ACHIEVED BY SOLAR PV SYSTEMS IN EACH STATE 
AND TERRITORY, ASSUMING 3,000 MW INSTALLED BY 2028, TCO2E 
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Source: Access Economics modelling 
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 APPENDIX 

TABLE 14:  CUMULATIVE INSTALLED PV POWER (MW) IN IEA PVPS COUNTRIES – SOURCED FROM THE IEA 

 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003 2004 2005 2006 2007 
                

AUS 8.9 10.7 12.7 15.7 18.7 22.5 25.3 29.2 33.6 39.1 45.6 52.3 60.6 70.3 82.5 
AUT 0.8 1.1 1.4 1.7 2.2 2.9 3.7 4.9 6.1 10.3 16.8 21.1 24.0 25.6 27.7 

CAN 1.2 1.5 1.9 2.6 3.4 4.5 5.8 7.2 8.8 10.0 11.8 13.9 16.7 20.5 25.8 

CHE 5.8 6.7 7.5 8.4 9.7 11.5 13.4 15.3 17.6 19.5 21.0 23.1 27.1 29.7 36.2 

GER 8.9 12.4 17.7 27.8 41.8 53.8 69.4 113.7 194.6 278.0 431.0 1034.0 1897.0 2727.0 3862.0 

DNK 0.1 0.1 0.1 0.2 0.4 0.5 1.1 1.5 1.5 1.6 1.9 2.3 2.7 2.9 3.1 

ESP        1.0 3.0 7.0 11.0 22.0 45.0 143.0 655.0 
FRA 2.1 2.4 2.9 4.4 6.1 7.6 9.1 11.3 13.9 17.2 21.1 26.0 33.0 43.9 75.2 

GBR 0.3 0.3 0.4 0.4 0.6 0.7 1.1 1.9 2.7 4.1 5.9 8.2 10.9 14.3 18.1 

ISR 0.1 0.2 0.2 0.2 0.3 0.3 0.4 0.4 0.5 0.5 0.5 0.9 1.0 1.3 1.8 

ITA 12.1 14.1 15.8 16.0 16.7 17.7 18.5 19.0 20.0 22.0 26.0 30.7 37.5 50.0 120.2 

JPN 24.3 31.2 43.4 59.6 91.3 133.4 208.6 330.2 452.8 636.8 859.6 1132.0 1421.9 1708.5 1918.9 

KOR 1.6 1.7 1.8 2.1 2.5 3.0 3.5 4.0 4.8 5.4 6.0 8.5 13.5 34.7 77.6 
MEX 7.1 8.8 9.2 10.0 11.0 12.0 12.9 13.9 15.0 16.2 17.1 18.2 18.7 19.7 20.8 

NLD 1.6 2.0 2.4 3.3 4.0 6.5 9.2 12.8 20.5 26.3 45.9 49.5 51.2 52.7 53.3 

NOR 4.1 4.4 4.7 4.9 5.2 5.4 5.7 6.0 6.2 6.4 6.6 6.9 7.3 7.7 8.0 

PRT 0.2 0.3 0.3 0.4 0.5 0.6 0.9 1.1 1.3 1.7 2.1 2.7 3.0 3.4 17.9 

SWE 1.0 1.3 1.6 1.8 2.1 2.4 2.6 2.8 3.0 3.3 3.6 3.9 4.2 4.8 6.2 
USA 50.3 57.8 66.8 76.5 88.2 100.1 117.3 138.8 167.8 212.2 275.2 376.0 479.0 624.0 830.5 
                

Total 130.5  157.0 190.8 236.0 304.7 385.4 508.5 715.0 973.7 1317.6 1808.7 2832.2 4154.3 5584 7840.8 
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