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Background 

The stationary energy sector currently contributes around half of Australia’s greenhouse 
gas emissions. The majority of stationary energy emissions are from electricity 
generation – comprising around 35 per cent of total national emissions. Electricity is a 
critical input to all sectors of the economy and is an essential component of the 
Australian way of life. Even with increased energy efficiency, electricity demand is 
forecast to grow by over 65 per cent at 2030. The energy supply industry therefore has 
an important role to play in reducing Australia’s greenhouse footprint. 

The Energy Supply Association of Australia (esaa) is undertaking ongoing work to inform 
and support the development of the industry’s policy position on greenhouse gas 
abatement. A central component of this work is the Association’s Energy and Emissions 
Study. 

Stage 1 of the Energy and Emissions Study focussed on the greenhouse gas emissions 
outlook for the Australian power generation sector to 2030 and provided an overview of 
current research on the availability, cost and greenhouse gas intensity of a wide range of 
electricity generation technologies.  

The findings of the first stage of the Study suggested that: 

• New investment in lower emission supply capacity to meet growing demand would 
not significantly reduce the greenhouse gas emission trajectory from the electricity 
generation sector, at least in the period to 2030. 

• A reduction in the total level of greenhouse gas emissions from the electricity 
generation sector could only occur before 2030 if there were changes to the nature 
of existing generation plant. 

• A wide range of existing and emerging generation technologies could potentially be 
deployed to meet supply needs over the longer term, however low emission 
technologies are currently expensive compared with conventional fossil-fuel based 
plant. 

• Advanced fossil-fuel technologies, incorporating carbon capture and storage, are 
not likely to be commercially available until at least 2020. 

In light of these findings, the esaa CEO Forum agreed that Stage 2 of the Energy and 
Emissions Study should consider three potential greenhouse gas emission targets (for 
all six greenhouse gases) for the electricity sector at 2030 and determine the least-cost 
mix of available generation technologies to meet each target and the impact these 
targets would have on both existing generation assets and the cost of supplying 
electricity. 

Importantly, it was also agreed that Stage 2 of the Study should not consider the policy 
mechanisms that could be used to achieve the targets. Stage 3 of the Energy and 
Emissions Study will consider the most appropriate least-cost policy measure/s that 
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could be introduced by government to deliver these abatement targets and their 
applicability for the stationary energy sector. 

Three emissions targets at 2030 

The study determined the least cost generation mix required to meet the following 
emission targets for the power generation sector at 2030: 

• 140% of 2000 emissions 

• 100% of 2000 emissions 

• 70% of 2000 emissions 

Three technology suites with sensitivities 

To meet these targets, the study considered three technology suites: 

• All known and likely future technologies available, including nuclear and carbon 
capture and storage 

• All technologies as described above but without nuclear 

• All technologies described above but without nuclear or carbon capture and storage. 

In addition several sensitivity analyses were run, including one to measure the effects of 
post-combustion carbon capture and storage technology being available to retro-fit to 
both existing generation plants and to new pulverised coal plants. 
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Key messages 

 The study results are volatile and indicate that future improvements in capital and 
operating costs, as well as the emission intensity of the technologies modelled, 
could significantly change the nature of the investments that come on-line. 
Consequently, there is no clear technology ‘winner’. A portfolio of technologies 
will be required to meet any emission target. 

 As the future costs of the new and, as yet commercially unproven, 
technologies become more stable there may be greater opportunity to 
determine the role for specific generation technologies. 

 Least-cost delivery of greenhouse gas emission reductions requires the 
broadest range of technologies available including some technologies which are 
not yet commercially available in Australia including nuclear and carbon capture 
and storage. Currently the lowest greenhouse gas intensity technology that is 
commercially able to provide base load power is gas CCGT. 

 The greater the targeted emission reduction, and the narrower the range of 
technologies available to meet the target, the greater the cost will be of 
achieving the targets. To meet demand at 2030, installed capacity will need to 
increase by over 30,000 MW. With no emission limit, this new generation 
investment could cost in the order of $35 billion. However, targeting 140% of 2000 
level emissions increases this figure to over $40 billion while 100% and 70% 
targets could cost in the order of $55 billion and $75 billion respectively. 

 Similarly, with all technologies available, a 140% of 2000 level emissions 
constraint could increase total production costs by 7 per cent in 2030. However, 
targeting either a 100% or 70% of year 2000 level emissions could increase total 
production costs by 26 per cent and 45 per cent respectively (compared to the 
unconstrained case). These figures increase considerably when nuclear and 
carbon capture and storage technologies are unavailable. To achieve 70% of year 
2000 level emissions without nuclear and carbon capture and storage could 
increase total production costs by 94 per cent compared with the unconstrained 
scenario. 

 However, these costs do not include the cost of stranding existing assets. The net 
revenue of existing plant will be affected by emission constraints but whether this 
effect is negative or positive will depend on the design of the policy mechanism to 
achieve the targets (to be considered in Stage 3) and the interaction between price 
and the amount generated. 

 Stabilising emissions at 2000 levels in 2030 could result in a decrease 
in generation from existing brown coal units of up to 100 per cent and 
black coal units of up to 67 per cent depending on which technologies are 
available (compared to the unconstrained scenario). 
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 Significant ‘learning curves’ were employed to derive the 2030 costs of the still 
uncommercial zero and low emission technologies – significant R&D 
expenditure will be required to ensure these technologies are commercial in 
Australia within the timeframe and to minimise the cost impact of introducing any 
emissions constraint. 

 In the absence of an emission constraint, these advanced lower emission 
technologies are not brought on line because, even with the ‘learning curves’, the 
zero and low emission technologies are still at least 30 per cent more 
expensive at 2030 than conventional generation technologies. For these 
technologies to form part of Australia’s overall generation portfolio a clear financial 
benefit or signal will be required. 

 Increasing the capital cost of all new zero and low emission technologies by 
20 per cent increases the reliance on renewables, gas and more efficient 
forms of black coal generation to meet the tighter emission constraints. 
However, this switch means that some of the existing black and brown coal 
generation is further displaced in order to meet the targets. 

 This has a significant impact on total production costs and cost of new 
investment – particularly in the case of a deep cut – as some of the 20% 
more expensive technologies, such as nuclear and carbon capture and 
storage, are still required to meet the target but at a higher cost. 

 There is no nuclear generation in the unconstrained scenario but a target of 100% 
or 70% of year 2000 level emissions results in nuclear generation making up 
20 per cent of total generation. Increasing only the capital cost of nuclear by 20 
per cent or including waste and decommissioning costs lowers this to around 
15 per cent of total generation. 

 The detrimental impacts on existing black and brown coal fired capacity of 
meeting emission targets are significantly negated when it is possible to 
retrofit them with post combustion capture and storage technology. 
However, the cost of this equipment is expected to be capital intensive and some 
elements are still experimental at this stage. There is very little retirement of 
existing plant and, where new coal plants are also fitted with post combustion 
capture and storage, nuclear entry is much lower and there is no role for advanced 
coal technologies with carbon capture and storage. 

 All the scenarios modelled as part of the study have lower levels of demand 
compared to the unconstrained scenario. However, the reduction in demand is 
most significant in the scenario with the tightest emission target and 
smallest portfolio of technologies. The flow on effect of a significant reduction in 
demand is that it partially offsets the capital cost increase associated with meeting 
the emission target as investment in new capacity is avoided.  
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Stage 2: Report 

Scenarios 
Three potential greenhouse gas emission targets at 2030 

While Kyoto was based on 1990 greenhouse gas emission levels, a number of 
countries, along with some Australian jurisdictions, have begun to articulate long term 
greenhouse gas emission targets in terms of 2000 level emissions. It was therefore 
agreed that the chosen greenhouse gas emission targets should be expressed in terms 
of 2000 level emissions. 

The three greenhouse gas emission targets at 2030 considered by the Study were: 

 140% of year 2000 level greenhouse gas emissions (while representing an 
increase in emissions, Stage 1 of the Energy and Emissions Study found that even 
if all new investment in electricity generation to 2030 was in either zero emission 
technologies or gas-fired generation then total emissions would still grow between 
30 and 50 per cent on 2000 levels). 

 stabilise or 100% of year 2000 level greenhouse gas emissions (the New South 
Wales government is seeking to stabilise emissions at 2000 levels by 2020). 

 70% of year 2000 level greenhouse gas emissions (the South Australian 
Government, New South Wales Government and Federal Opposition have all 
called for a 50-60 per cent reduction on the 2000 level of greenhouse gas 
emissions at 2050. A 30 per cent reduction at 2030 would be a linear midpoint to 
achieving this type of ‘deep cut’). 

An unconstrained scenario, in which no emission limit was applied at 2030, was also 
considered for comparative purposes. 

The focus of the study was to model the impact of three greenhouse gas emission 
targets at 2030. There was no requirement to consider the emission pathway between 
now and 2030 or to achieve any interim greenhouse emission targets or a particular 
emission concentration ratio. The emission path will be an important consideration in 
Stage 3 of the Study when the most appropriate least-cost policy measures are 
considered. 

Available generation technologies 

Three separate technology scenarios were considered for the availability of generation 
technologies at 2030: 

 all technologies available at 2030; 

 all technologies except nuclear available at 2030; and 

 all technologies except nuclear and carbon capture and storage available at 2030. 
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Each of the three emission targets, along with the unconstrained case, were modelled 
for each of the technology scenarios. 

Model 
Charles River Associates International developed a model to optimise electricity 
generation supply within the Australian electricity system (National Electricity Market, 
WA South-West Interconnected System and Northern Territory) such that it was least-
cost; met demand; and achieved each of the three greenhouse gas emission targets at 
2030. 

The model used was linear and not a general equilibrium model - it did not provide an 
indication of the broader impacts of the three emission targets on the economy. 

Model period 

While the emission targets were set for 2030, generation investment decisions were 
modelled from 2010 to 2050. This was done to avoid a ‘cliff-edge’ solution where the 
model would assume that the emission constraint was binding only in 2030 and 
investments to meet the 2030 emission target would be stranded in 2031. If that was the 
case, investments with very low capital costs and high operating costs would be brought 
on-line as close to 2030 as possible and for one year only. Instead, investors know from 
2010 that an emission constraint will apply in 2030 and their plant can continue 
operation beyond 2030. 

Existing policy measures 

The model included existing policy measures including the Queensland 13% gas 
scheme, Mandatory Renewable Energy Target, NSW/ACT Greenhouse Gas Abatement 
Scheme (extended to 2020) and the Victorian Renewable Energy Target. 

Demand 

As with the Stage 1 Study, the ABARE demand forecasts to 2030 were utilised but 
adjusted downwards to remove private off-grid demand. The ABARE forecasts contain 
significant expectations about increased energy efficiency. As Stage 2 of the Study is 
policy neutral, no further energy efficiency measures were assumed. 

Short-term demand was adjusted downwards in response to increasing system costs 
using assumptions developed by NEMMCO. Long-term demand was adjusted iteratively 
using the NIEIR estimates of NEM average price elasticity. In scenarios that displayed 
significantly higher system cost, overall demand fell by as much as 10 per cent. 

Transmission investment 

Planned transmission augmentations to 2015, as set out in NEMMCO’s Statement of 
Opportunities, were assumed to proceed. Analysis was conducted on each of the 
interconnectors for each of the scenarios to determine whether any were significantly 
congested for a sustained period. However, none exhibited significant congestion so 
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transmission investment was developed uniformly across the period and no further 
model iterations were required. 

System reserve margin 

The Study assumed that a minimum of 10 per cent additional capacity (that is, system 
reserve capacity) would be required over the projected maximum demand levels. 
Maximum demand was based on a 50 per cent probability of exceedence, that is, the 
probability (as a percentage) that the maximum demand projected would be expected to 
be exceeded more than once in two years. This reserve margin constraint meant that the 
model allowed some plants to be built that were rarely used. Gas-fired capacity, because 
of its relatively lower capital cost, provided much of the incremental capacity needed to 
meet the system reserve constraint. 

Plant retirement 

Both Stages 1 and 2 of the Energy and Emissions Study assumed that between now 
and 2030 all generation plant will continue to operate with the exception of Swanbank B, 
which is scheduled to retire. 

However, the model allowed plant to be partially or fully retired if it is uneconomic and is 
not needed to meet system reserve requirements. The model did not take into account 
corporate decisions about plant retirement (with the exception of Swanbank B). 

Technologies 

In the “all technologies available at 2030” scenario the following technologies were 
included: 

 Renewables and cogeneration - small hydro, geothermal, solar thermal, PV, fuel 
cells, wind, biomass, cogeneration 

 Coal - sub-critical black and brown coal, super-critical black and brown coal, ultra 
super-critical black coal 

 Gas - combined cycle gas turbine, open cycle gas turbine 

 Carbon, capture and storage (available from 2020) - combined cycle gas turbine, 
integrated gasification combined cycle (advanced black coal), integrated drying 
gasification combined cycle (advanced brown coal) 

 Nuclear (available from 2020) 

In the “all technologies except nuclear” scenario, nuclear was excluded and in the “all 
technologies except nuclear and carbon capture and storage” scenario, nuclear and 
carbon capture and storage were excluded. 

The cost and emission intensities (not including fugitive emissions) of these technologies 
were agreed using publicly available information along with the volume of generation 
that each technology could supply to the market. Major sources included the US Energy 
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Information Administration, the Electric Power Research Institute, the CRC for 
sustainable coal development, ACIL Tasman, Sinclair Knight Merz, NEMMCO and esaa. 

Due to the physical or technical limitations of some technologies, the volume of 
generation that could be supplied to the market was restricted. 

 Renewables - small hydro (site availability), geothermal (site availability and 
technical considerations), wind (site availability), biomass (fuel availability) 

 Coal – coal was restricted in some states (eg. brown coal restricted to Victoria, no 
coal in Tasmania) 

 Gas – gas volumes were consistent with known reserves and so no limit was 
applied 

 Carbon, capture and storage – volume of emissions to be sequestered was tested 
with the CSIRO and deemed to be reasonable therefore no limit was applied 

 Nuclear – restricted to 9,000MW to reflect engineering limitations (3,000MW every 
five years with planning commencing in 2015) 

The cost and emission relativities between technologies primarily determine which 
technologies are used by the model. It was therefore critical that the technology 
assumptions were internally consistent. The data has been reconciled with other studies 
and was subjected to rigorous analysis by the esaa.  

Figures 1 and 2 provide an indication of the long-run marginal cost of key technologies 
modelled and their associated emission intensities. Some technologies are presented as 
ranges with the Reference Case (low end) and the Reference Case plus 20% higher 
capital costs (top end). The upper limit for nuclear capacity reflects nuclear 
decommissioning and waste disposal costs as well as 20% higher capacity costs. 

These costs represent a snapshot of the data and assumptions for selected technologies 
in 2030. The full dataset recognises that costs vary over time and the long-run marginal 
cost is dependent on how much each technology is used by the model. 

Although the figures are illustrative, they provide a concise example of the cost 
implications of targeting emission reductions. For instance, when a greater proportion of 
lower emission technologies (for example, combined cycle gas turbines with carbon 
capture and storage; wind; and nuclear capacity) are required to meet the emission 
reduction target, production costs increase. 
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Figure 1: Indicative base load long-run marginal cost and emission intensities in 
20301 
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It should be noted that some technologies, in particular coal and nuclear, are well suited 
to providing base load power due to their high capacity factors and relatively cheap fuel 
costs. However, these technologies are generally unsuited to serving intermediate and 
peak demand. Most coal-fired stations require around eight hours to begin operation 
while in a nuclear plant there is little variability that can be achieved in generation output. 
Intermediate and peak demand is better met by technologies such as gas or hydro which 
can be turned on and off in response to changes in demand.  

Cost assumptions between those technologies that are within a close range – most 
notably nuclear, advanced black and brown coal technologies with carbon capture and 
storage (IGCC CCS & IDGCC CCS) and combined cycle gas turbines – are critical. 
Small changes in assumptions about capital cost and operating characteristics over time, 
especially as new technologies emerge and develop, may potentially lead to significant 
shifts in investment. 

 

 

 

 

                                                 
1 All black coal, gas, biomass and geothermal figures are for NSW in 2030. All brown coal figures for VIC in 2030. 85% 
capacity factor is assumed for all base load technologies.  
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Figure 2: Indicative intermediate and peaking long-run marginal cost and emission 
intensities in 2030 
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Model results - generation 
All technologies available 

As set out in Table 1, when all technologies are available nuclear electricity generation 
capacity features prominently across the range of emission targets reaching its 
maximum limit of  9,000MW, or approximately 70 TWh, in both the 100% of year 2000 
emission and 70% of year 2000 emission scenarios. Generation from geothermal and 
ultra super-critical black coal plants also increases significantly across all scenarios 
compared to the unconstrained scenario. Advanced black and brown coal technologies 
with carbon capture and storage only come on line in the 100% and 70% of year 2000 
emission scenarios and at a much lower level than when nuclear isn’t available. Both 
existing and future combined cycle gas turbine plant show significant growth in the 100% 
and 70% scenarios. 

Existing black coal output, over the range of emission targets, is reduced by between 4% 
and 49%. Whereas, without nuclear generation capacity and carbon capture and storage 
technologies, output of existing black coal fired plants is reduced by between 12% and 
93% (in comparison to the unconstrained scenario). Output from existing brown coal 
units is considerably constrained across all emission limits compared to the 
unconstrained scenario and is virtually wiped out in the 70% of year 2000 emission 
scenario.  
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It is worth noting that in the unconstrained case there is no investment in nuclear 
electricity generation capacity and carbon capture and storage technologies as the bulk 
of demand in this case is met by existing black and brown coal-fired capacity and 
investment in future super-critical black and brown coal-fired capacity. 

Table 1: All technologies available - energy mix by major (over 5,000GWh) plant types2  

 2030 – GWh Unconstrained 140% of 2000 level 
emissions 

100% of 2000 level 
emissions 

70% of  2000 level 
emissions 

Existing CCGT 0.4% 0.4% 2.5% 2.5% 
Existing Hydro 4.8% 4.9% 4.9% 5.0% 
Existing Sub_Cr_BlkCoal 36.1% 35.2% 30.2% 19.1% 
Existing Sub_Cr_brownCoal 14.6% 10.6% 4.2% 0.1% 
Future CCGT 0.4% 0.2% 1.7% 1.7% 
Future Geothermal 1.9% 4.2% 6.6% 6.8% 
Future Nuclear   10.9% 19.9% 20.3% 
Future IDGCC_CCS     1.6% 11.7% 
Future IGCC_CCS     6.9% 13.5% 
Future Sup_Cr_BlkCoal 22.7% 11.2% 6.0% 3.9% 
Future Sup_Cr_brownCoal 10.0% 2.2% 0.7% 0.3% 
Future UltraSup_Cr_BlkCoal 7.4% 19.0% 13.2% 13.5% 

 

All technologies available except nuclear 

As set out in Table 2, without nuclear generation capacity to meet the emission 
constraints, generation from existing and future combined cycle gas turbines increases 
significantly in the emission constrained scenarios. In addition, in the 100% and 70% of 
2000 level emissions scenarios combine cycle gas turbines with carbon capture and 
storage are brought on-line. There is also a significant uptake of advanced black and 
brown coal technologies with carbon capture and storage, especially with the tighter 
emission constraints. 

The absence of zero-emission nuclear technology has a significant impact on existing 
brown and black coal fired capacity – in the 70% of year 2000 level emissions existing 
brown coal output is reduced almost to zero while existing black coal-fired output is at 
45% of its unconstrained output. Conversely, the impact on future super-critical black 
and brown coal plants is reduced in comparison to the ‘all technologies available’ 
scenario. 

                                                 
2Note: Columns do not sum to 100% as plant delivering <5,000 GWh not included  
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Table 2: All technologies except nuclear - energy mix by major (over 5,000GWh) plant types3  

 2030 – GWh Unconstrained 140% of 2000 level 
emissions 

100% of 2000 level 
emissions 

70% of  2000 level 
emissions 

Existing CCGT 0.3% 2.4% 2.5% 2.6% 
Existing Hydro 4.8% 4.9% 5.0% 5.1% 
Existing Sub_Cr_BlkCoal 36.1% 31.8% 20.9% 17.2% 
Existing Sub_Cr_brownCoal 14.6% 9.4% 2.9% 0.0% 
Future CCGT 0.4% 0.2% 1.9% 2.8% 
Future CCGT_CCS - - 0.6% 7.2% 
Future Geothermal 1.9% 6.6% 6.7% 6.8% 
Future IDGCC_CCS - 9.0% 15.8% 17.6% 
Future IGCC_CCS - - 13.4% 23.0% 
Future Sup_Cr_BlkCoal 22.7% 16.1% 12.8% 8.6% 
Future Sup_Cr_brownCoal 10.0% 3.3% 2.2% 0.0% 
Future UltraSup_Cr_BlkCoal 7.4% 15.0% 13.4% 6.8% 

 

All technologies available except nuclear and CCS  

In comparison to the all technologies available scenario, removing nuclear electricity 
generation and carbon capture and storage from the mix of available technologies 
completely alters the results. All existing fossil-fuel based generation capacity shows a 
significant decrease, especially in the tighter emission cases. 

Future combined cycle gas turbines, wind and biomass all increase substantially to meet 
the emissions constraint. Investment in combined cycle gas turbines is particularly 
striking with an additional 20,000MW of capacity built. In addition, there is significant 
investment in ultra super-critical black coal plants due to its increased efficiency 
compared to sub and super-critical black and brown coal plants. 

Table 3: All technologies except nuclear and CCS - energy mix by major (over 5,000GWh) plant 
types 4 

 2030 – GWh Unconstrained 140% of 2000 level 
emissions 

100% of 2000 level 
emissions 

70% of  2000 level 
emissions 

Existing CCGT 0.4% 2.5% 2.2% 1.4% 
Existing Hydro 4.8% 4.9% 5.0% 5.4% 
Existing Sub_Cr_BlkCoal 34.7% 30.7% 11.9% 2.8% 
Existing Sub_Cr_brownCoal 14.6% 8.3% - - 
Future CCGT 0.3% 8.5% 26.2% 49.4% 
Future Wind 0.2% 0.2% 0.8% 5.4% 
Future Biomass 0.1% 0.2% 2.7% 3.0% 
Future Geothermal 1.9% 6.5% 6.8% 7.2% 
Future Sup_Cr_BlkCoal 19.4% 2.6% 2.7% 2.4% 
Future Sup_Cr_brownCoal 10.0% 3.0% 0.2% 0.2% 
Future UltraSup_Cr_BlkCoal 12.2% 31.0% 40.2% 21.4% 

                                                 
3 Note: Columns do not sum to 100% as plant delivering <5,000 GWh not included 
4 Note: Columns do not sum to 100% as plant delivering <5,000 GWh not included 
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Model results – costs 
In calculating the overall cost impact of meeting the emission constraints imposed in the 
study it is necessary to consider the following three cost components: 

Total production costs 

Total production cost includes the annualised capital costs of new investment along with 
the operating and maintenance costs and fuel costs of both new and existing assets. 
Annualised capital costs are not included for existing plant however future prices would 
need to provide sufficient return to these assets to ensure their continued operation. 

The study reports total production costs to 2030 based on analysis to 2050. If the 
analysis were restricted to 2030, the optimisation of capacity would suffer from “limited 
vision” as the model may select very short-term, expensive decisions to mitigate 
emission constraints for 2030 only. 

An estimate of the impact on retail costs would be calculated as 50% of the (wholesale) 
total production cost increase relative to unconstrained scenario for 2030. This is not a 
proxy for price as the model is cost based. 

All Australia Increase in Total Production Costs (2030) 

 

 

 

 

 

 

 

 

 

 

New build capital costs  

Total production costs to 2030 only include the annualised capital costs of new 
investment to 2030. However, significant new investment will be required by 2030 to 
meet the emission constraints in 2030 with the bulk of the annualised capital costs of 
these new investments occurring in the period 2030-2050. 
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New build capital costs provide an indication of the amount of investment required by 
2030 to meet the emission constraints. These costs will be recovered beyond 2030 
because the new low-emission technology based plants will continue to run beyond 
2030. 

Stranded asset costs  

However, total production costs and new build capital costs do not include the cost of 
stranding existing assets. The net revenue of existing plant will be affected by emission 
constraints but whether this effect is negative or positive will depend on the design of the 
policy mechanism to achieve the targets (to be considered in Stage 3) and the 
interaction between price and the amount generated. 

As the model is cost-based (prices can not be determined) and does not presume the 
application of any particular policy measures to achieve the designated emissions 
targets, it is not possible to determine an accurate indication of the size of these costs. 

Cost impact 

Regardless of the technologies available, tighter emission constraints will be significantly 
more expensive than the unconstrained scenario. Total production costs for the 70% of 
2000 level emission scenario are between 45% and 94% higher than the unconstrained 
scenario while the new investment required is $30-$40 billion higher than the 
unconstrained scenario. The tighter emission cases also result in a greater reduction in 
generation from existing black and brown coal plants in particular, potentially stranding 
many of these assets at significant cost. 

Scenarios with no nuclear or no nuclear/no carbon capture and storage exhibit higher 
system costs because the cost of carbon reduction without these technologies is higher. 
In addition, the cost of new investment to 2030 is considerably higher in the no nuclear 
scenario as additional generation needs to be sourced from more expensive capital 
intensive low emission technologies (advanced black and brown coal technologies with 
carbon capture and storage). However, in the no nuclear/no carbon capture and storage 
scenario the cost of new investment to 2030 is actually lower – particularly in the 70% of 
year 2000 level emissions case. This is due to lower demand (10%) resulting from the 
significantly higher total production costs and the lack of availability of higher capital cost 
lower operating cost technologies like nuclear and carbon capture and storage. 

Sensitivity analysis 
Retrofitting and Post Combustion Capture and Storage (PCC) 

New black and brown coal plants (super-critical and ultra super-critical) were assumed to 
be fitted with post combustion capture and storage technology. It was assumed that this 
technology achieved the same emissions reduction as carbon capture and storage 
technology applied to advanced black coal plants but at a higher cost.  

The costs of post combustion capture and storage for new black and brown coal plant 
were derived by combining the carbon capture and storage costs that were used in the 
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base case for the advanced black and brown coal technologies and additional 
information from the Intergovernmental Panel on Climate Change (IPCC). According to 
the IPCC, new black and brown coal plant with post combustion capture and storage 
cost 60-70% more in capital costs compared to advanced black coal technologies with 
carbon capture and storage. 

In addition, all existing black and brown coal units were also assumed to be retrofitted 
with post combustion capture and storage from 2030 but with only a 50% reduction in 
emissions and with 50% higher capital costs than the post combustion capture and 
storage fitted to new black and brown coal plants. 

Introducing post combustion capture and storage technology for new black and brown 
coal fired plants, along with retrofitting existing black and brown coal fired capacity, has a 
significant impact on the viability of existing generation capacity. The results indicate that 
post combustion capture and storage retrofitting results in little retirement of existing 
capacity because of the sunk cost nature of the existing facilities. Furthermore, nuclear 
generation entry is much reduced, there is little uptake of ultra-super critical and 
supercritical black and brown coal fired plants without post combustion capture and 
storage and there is no role for advanced coal technologies with carbon capture and 
storage in the study period.  

Increased capital costs for all new zero and low emission technologies  

All new technologies available from 2020 (nuclear and carbon capture and storage) were 
assumed to have 20% higher annualised capex. 

Increasing the capital cost for all new zero and low emission technologies by 20% 
displaces more expensive zero emission technologies and increases the reliance on 
renewable generation capacity, existing and future gas capacity and new more efficient 
black coal fired capacity. Nuclear generation capacity uptake still reaches its maximum 
potential of 9,000 MW, or 70 TWh, in the 70% of year 2000 emission case.  

The increased capital costs of low and zero emission technologies has a significant 
impact on total production costs, particularly in the 70% of year 2000 emission case. In 
this case total production costs increase by over $225 million in comparison to the base 
scenario. This increase in costs is a result of the fact that zero emission technologies are 
still required to meet the emission target even though they have a higher capital cost.  

Increased capital costs for nuclear only 

Nuclear was assumed to have 20% higher annualised capex. 

Increasing the cost of only nuclear generation capacity by 20% decreases the utilisation 
of nuclear generation capacity in all emission target cases and in 2030 nuclear 
generation capacity is lower by 17 TWh in the 100% of year 2000 emission level case. 
As a result of the increased capital cost of nuclear generation capacity future coal 
technologies can compete more intensely, and the utilisation of future gas and future 
renewable energy capacity also increases. 
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Decommissioning and waste disposal costs for nuclear generation capacity 

The modelling also incorporates a sensitivity analysis where $4 per MWh is added to 
nuclear generation costs to reflect decommissioning and waste disposal costs. The 
results in this scenario were similar to those achieved when only the cost of nuclear 
capacity was increased by 20%. 

This scenario reveals that, by incorporating decommissioning and waste fuel costs, 
nuclear generation output reduces and there is an increase in advanced coal generation 
to meet the emission target, particularly in the 70% of year 2000 case. There is also a 
reduction in existing black and brown coal fired capacity in order to meet the emission 
reduction target as well as increased uptake of renewable energy capacity. 


