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1.2 Cost competitiveness 
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EXECUTIVE SUMMARY 

1.3 Implications for Australia 

Australia must examine social, technological and economic drivers to understand the range of 
technologies which may be suitable for our future energy mix. There are a broad range of technological 
opportunities for reconfiguring the electricity system. However no single technology can address all of 
Australia's needs. Indeed many technologies are viable within a given cost and operational range. As a 
consequence, local resource conditions and synergistic benefits such as flexibility/intermittency pairing 
and social acceptance will all playa role in determining the likely future mix in any region and acros.ll 
the system as a whole. . 

The challenge for Australia, therefore, is how to realise technological change while still allowing energy 
investors to obtain a return on their investment and providing energy at a competitive price for industry 
and householders. Business, government and the research community are partnering locally and 
globally to invest in cost reducing research, development and deployment and also working to address 
the social acceptability of some technologies. 

However there are some significant barriers. For some technologies the scale required for demonstration 
adds significantly to the cost Another major concern is that it is often unclear what role Australia can" 
play in reducing technology costs relative to the global research effort. While we benefit substantially as 
a nation from global technology development 'spillover' effects which can occur through global 
collaborations, CSIRO research demonstrates that local technology development does playa role in 
reducing local component costs. Australia will also receive other benefits such as reduction in per capita 
emission levels and contribution to global effort. 

The complex interplay of factors - social and technical; global and local; intermittent with non­
intermittent technologies -lead to some level of confusion about how various technologies compare,. 
what they cost and what is required to advance them to a stage ofbeing a significant part ofAustralia's 
future energy supply. The challenge for all energy sector stakeholders is to develop more integrated 
road mapping approaches that address this whole range of complex drivers in delivering a sustainable 

- e~ergy future. . 
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TECHNOLOGY OPPORTUNITIES 

2. INTRODUCTION 

The Australian Energy Resource Assessment has demonstrated that Australia has an abundance of 
different energy resources (Geoscience Australia and ABARE 2010). State of technology development 
and cost are the key factors that will determine how successfully we exploit this resource endowment. 
These factors will be amongst the main determinants of the future cost of electricity. 

This report, commissioned by the Department ofResources, Energy and Tourism, addresses the 

prospects for technology development and deployment in three ways. First, Section 3 ofthis report 

qualitatively assesses the development stage of each of the key renewable and fossil energy 

technologies groups. For each technology, or groups of technologies, this report summarises the: 


• Technology Description 
• State ofDevelopment 
• Technology Strengths and Challenges 
• Priorities for Further Development and Demonstration 

The descriptions include both existing and potential technologies that might be deployed in Australia 
. and does not assess the role that the technology might deliver jn the overall future energy mix. It is not 

intended to be an exhaustive list and is restricted to technologies that could be introduced into Australia 
from now up to 2030. 

In Section 4, the report synthesises the projected levelised costs ofelectricity generation from different 
technologies. Electricity generation capital and fuel cost projections and technology performance are 
essential to understanding the costoflowering greenhouse gas emissions in the electricity sector over 
time. A variety of international organisations publish levelised cost projections on a regular basis. In 
Australia publications of this type tend to be more ad hoc although several have appeared in the last 18 
months. Section 4 provides a discussion ofthe observed differences surrounding the underlying data 
assumptions behind levelised cost of electricity (LCOE) projections from five available studies. The 
studies were selected on the basis that they cover a significant number of electricity generation 
technologies. The authors of the reports are ACIL Tasman (2010), Hayward et al. (2010i, EPR! (2010), 
IEA (2010) and US DOE (2009). 

The report summarises a substantial body of data which may be of use to other research. Accordingly 

we have provided data appendices. 
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TECHNOLOGY OPPORTUNITIES 

3. TECHNOLOGY OPPORTUNITIES 

3.1 Introduction 

The following technology overview presents summaries of the conversion (energy resources to 
power/fuel) technologies that align with Australia's resource endowment. 

For each techuology, or groups oftechnologies, the technology summary sheets are laid out under the 
following headings: 

• Technology Description 
• State of Development 
• Technology Strengths and Challenges 
• Priorities for Further Development and Demonstration 

The descriptions include both existing and potential technologies to 2030 and concentrate on the 
technology rather than the role that the technology might deliver in the overall future energy mix. It is 
not intended to be an exhaustive listing. 

. . 
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TECHNOLOGY OPPORTUNITIES 

3.11 Nuclear Power 

The production of energy from nuclear reactions comes from two basic processes - fission and fusion. 
Only nuclear fission will be presented in this technology summary as commercial fusion processes are 
still only a long-term possibility. 
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TECHNOLOGY OPPORTUNITIES 

3.11.1 Technology Description 

Nuclear fission energy is released when a heavy atomic nucleus absorbs a neutron and splits into two 
lighter fragments. This is a highly energetic reaction, releasing up to 10 million times mOre energy than 
the combustion of one atom of carbon'3. 

Uranium provides the basic heavy element fuel for fission reactions. Natural uranium consist of99.3% 
U-238 and 0.7% U-235. Conventional light water reactors use uranium with an initial U-235 
concentration enriched to around 3.5%. The heat from the nuclear reactions comes from the fission of 
U-235 and Pu-239 (plutonium). Pu-239 is formed by neutron capture on U-238. The heat from the 
reactions is used to drive steam turbines for.electricity generation. Typically, the reactor fuel is replaced 
once the U-235 concentration falls below 1.2%24. 

3.11.2 State of Development 

Currently, there are 441 nuclear plants operating world-wide. They have a combined generating 
capacity of386GW and produce around 16% of the world's electricity. Ofthese plants, 147 are in 
Europe, 104 in the USA, 31 in Russia, 17 in India and II in China'9. 

Reactor technology is classed into first to fourth generation types. The United Kingdom (UK) is the 
only country still operating Generation I reactors and these are scheduled to close within the next few 
years. Generation II reactors are largely Light Water Reactors (LWR) in which the water acts as a 
coolant and neutron moderator. The fuel is enriched uranium. Variations of the technology include; 
pressurised water reactors (PWR), boiling water reactors (BWR) and heavy water reactors (HWR). 
Generation II reactors account for 90% of existing reactors and 88% ofnew builds. Generation II 
technologies will dominate until at least 2025". 

Generation III reactors are generally of the Advanced Water Reactor (A WR) type. Some designs are 
slowly entering commercial operation. There are many designs in various stages of development, 
mainly evolving from Generation II technology. There is also a class ofgeneration III+ reactors, the 
most well known of these being the Pebble Bed Modular Reactor (PBMR) that uses helium coolant to 
directly drive a turbine. PBMR are safer, modular, lower cost and non-prolific'6. 

Generation IV reactors are intended to be revolutionary. In 2002, the Gen IV International Forum (GJF) 
nations, a consortium of 10 nations proposed a long term R&D program to investigate 6 new designs ­
the gas-cooled fast reactor (GFR), very high temperature reactor (VHTR),supercritical water cooled 
reactor (SCWR), sodium cooled fast reactor (SFR), lead cooled fast reactor (LFR) and the molten salt 
reactor (MSR). While all these conceptual designs face considerable challenges, they have the potential 
to use uranium more efficiently, use "spent" fuel from current reactors, destroy some nuclear waste via 
transmutation and be inherently "fail safe" compared to current technology. Some of the designs can 
also use thorium, rather than uranium as a fuel, so substantially increasing the nuclear fuel resource base 
while reducing the waste level. Another advantage is reactors that use thorium are non-prolific'7. 
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TECHNOLOGY OPPORTUNITIES 

3.11.3 Technology Strengths and Challenges 

Perhaps the biggest strength of nuclear power generation is that it provides a source of large scale, base 
load, very low GHG emission, electricity. It is an off-the-shelf technology with prospects of 
evolutionary and revolutionary future improvements, including in safety, non-proliferation and lower 
waste production. . 

The major challenge for the nuclear industry is the management of the waste that all fission reactors 
produce. Fission products include various isotopes ofbarium, strontium, cesium and iodine. These 
products remain in the spent fuel, together with left over uranium and plutonium. The wastes are hot 
and highly radioactive, and have to be stored for a 'cooling off' period and then reprocessed to extract 
unused fuel. The remainder can be stored permanently in geological repositories. Spent fuel volumes are 
around 2 to 3 cubic metres per year for a 1,000 MW power station if reprocessed, and around 10 cubic 
metres ifnot28 

• Currently, no country has a complete system for permanent storage of high-level waste, 
but many have plans to do S027. Storage facilities can and do generate social resistance on environmental 
safety grounds. 

3.11.4 Priorities for Development and DemonstraJion 

Australia has one research fission reactor at Lucas Heights. OPAL was opened in 2007 and is a research 
instrument and production facility for radiopharmaceuticals29

• The Government's policy is not to 
introduce nuclear power into Australia. 

From a theoretical perspective, if Australia was to add nuclear power to our future supply mix, there are 
many issues to be resolved, including31 

: 

• 	 Legislative and regulatory framework development, including for protection, operational safety, 
waste storage and decommissioning 

• 	 Education and science and technical skills development 
• 	 Commercial and economic frameworks to support significant up-front capital costs and eventual 

plant decommissioning 
• 	 A 10-15 year interval for start up ofa first reactor 
• 	 Reactor locations 
• 	 Water use (nuclear plants use more cooling water than coal/gas plants), and 
• 	 Political and social acceptance of nuclear power 

There are no universities in Australia offering courses in nuclear engineering and there is little nuclear 
engineering experience. Ramping up nuclear engineering education and development of nuclear R&D 
activities would be apriority if nuclear energy were to be seriously considered as part of Australia's 
energy future. 
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ECONOMIC COMPETITIVENESS 

Table 6: Harmanised data for the year 2015 

Amortisation Construction Capture Rate CO2 storage Fuel cost Capital,cost Variable Fixed Q&M Capacity Efficiency Transmission Discount Emission LCOE from 

Nuclear 

e. 
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ECONOMIC COMPETITIVENESS 

Table 7: Harmonised data for the year 2030 

Amortisation Construction Capture CO2 storage fuel Capital cost Variable Fixed Capacity Efficiency Transmission Discount Emission LeOE 
period time Rate cost cost O&M O&M factor cost cate Factor from 

-Nuclear-

---

cost cost Report 
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ECONOMIC COMPETITIVENESS 

General variation in assumptions 

Apart from interrogation ofthe assumptions from each report, we can also examine in general 
the relative importance of each assumption on the resultant LeOE by looking at the effect on 
LeOE of±50% variation in each assumption from the mean or harmonised value. This is 
shown by the blue and green bars on the tornado plot. If we examine capacity factor for 
example, an increase in capacity factor by 50% will reduce the LeOE by 17%. Decreasing the 
capacity factor by 50% will increase the LeOE by 50%. Note however that for some 
technologies which already have a high capacity factor such as all of the coal-based 
technologies, nuclear and all geothermal technologies, it was not possible to increase the 
capacity factor by 50% since·it would then be greater than 100%. Alternatively, we increased it 
to the highest possible value, 100% although in reality 100% is not achievable due to the need 
for maintenance shutdowns. 

By comparing the length of the bars between each assumption we can then form an 
understanding of which assumptions in general can have the greatest effect on LeOE. From a 
quick glance at the tornado plot, variations in capacity factor have the greatest effect on LeOE. 
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Nuclear 

All studies report on nuclear energy except for the lEA (20 I 0). 

Variation in reported assumptions - 2015 
The 20 IS tornado plot is shown in Figure 47. The reported assumption with the greatest effect 
on LCOE is capital cost. The US DOE (2009) capital cost ($36S6/kW) reduces the LCOE by 
22% from the harmonised value ($S247IkW) and the EPRI (2010) value ($S742IkW) increases 
the LCOE by 7% from the harmonised value. EPRI (20 I 0) assume a generation III plant with 
seawater cooling. As this is a new technology it is expected to be more expensive. We do not 
know what is behiod the US DOE (2009) assumption, however, as there are many nuclear 
plants in the US, the technology and skills required are well known and understood. Therefore 
constructing a new nuclear plant should theoretically be cheaper in the US than in Australia. 
Capital cost has a large effect on LCOE because of the large capital cost component to nuclear, 
as can be seen in Figure 48. 

Fuel cost is the assumption that has the second greatest effect on LCOE. It is also the 
assumption that has the greatest variation between the different reports. The ACIL Tasman 
(2009) uranium price ($0.46/GJ) reduces the LCOE by 7% compared to the harmonised value 
($l.lSIGJ) and the CSIRO (2010) uranium price ($2.04/GJ) increases the LCOE by 9%. The 
ACIL Tasman (2009) uranium price is based on a recent estimate by the Australian Nuclear 
Science and Technology Organisation (ANSTO) and the CSIRO (2010) is from an older 
estimate. The effect offuel price on LCOE is small at less than ±IO%. 
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Figure 47: Tornado plot showing variation in LCOE for nuclear in 2015. An emission permit price of 
$28/tCOz has been included in the. LCOE calculation 

General variation in assumptions - 2015 
Capacity factor is the assumption that has the greatest overall effect on LCOE. A reduction in 
capacity factor of50% increases the LCOE by 71 % and an increase in capacity factor to the 
maximum value 100% (a 20% increase), reduces the LCOE by 24%. Capacity factor affects the 
capital and fixed O&M components and both of these are large for nuclear, as can be seen in 
Figure 48. 

The assumption with the second greatest overall affect is capital, which has already been 
discussed in "Variation in reported assumptions -2015". A ±50% change in capital changes the 
LCOE by ±35% in the Same direction. 

Variation between reported assumptions - 2015 
Fuel cost has the most variation but that has been discussed above. Both fixed and variable 
O&M also have variation in reported values ofmore than ±50%. The CSIRO (2010) fixed 
O&M value ($5.49IMWh) is 55% lower than the harmonised value ($12.17IMWh), while the 
EPR! (2010) value ($ I 9.73lMwb) is 62% higher tban the harmonised value. The EPR! (2010) 
value is based on a bottom-up understanding of the O&M required for this type of plant. It is 
also an average value, rather than a marginal value. CSIRO (2010) estimated their value on 
older plant types. Even though there is significant variation, the effect on LCOE is small at less 
than ±7%. 

The variable O&M reported by US DOE (2009) is very low ($0.56IMWh) and is 88% lower 
than the harmonised value ($4.73/MWh) .. However, the total O&M value is only 20% lower 
than the harmonised value and thus the difference in variable O&M may reflect the ratio 
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between fixed and variable O&M accounting procedures. This variation only affects the LCOE 
by less than ±5%. 

Figure 48: Calculated and harmonised LCOE breakdowns for nuclear in 2015. A carbon permit of 
$28/tCO, has been included 

Variation in reported assumptions - 2030 
The trends are the same as in 2015, as can be seen from the tornado plot in Figure 49. Because 
of this, only the numbers will be reported here and the reader is referred back to 2015 for a 
discussion of the reasons behind the differences in assumptions and the effects on LCOE. 

The reported assumption with the largest effect on LCOEis capital, due to the lower value 
reported by US DOE (2009) ($2699IkW), which reduces the LCOE from the harmonised value 
($4575/kW) by 29%.The reported assumptions with the second greatest effect on LCOE is fuel 
cost, discount rate and fixed O&M. The ACIL Tasman (2010) uranium price ($0.46/GJ) reduces 
the LCOE by 6% from the harmonised value ($0.9S/MWh) and the CSIRO (2010) price 
($1.551MWh) increases the LCOE by 6%. The CSIRO (2010) discount rate (7%) reduces the 
LCOE by 6% from the harrnonised value (7.7%) and the EPR! (2010) value (S.4%) increases it 
by 6%. The fixed O&M value reported by CSIRO (2010) ($5.49IMWh) decreases the LCOE by 
6% from the harmonised value ($11.l7/MWh) and the EPR! (2010) cost ($16.75IMWh) raises it 
by 6%. 
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Figure 49: Tornado plot showing variation in LCOE for nuclear in 2030. An emission permit price of 
$52/tC02 has been included in the LCOE calculation 

General variation in reported assumptions - 2030 
Capacity factor is the assumption that has the greatest overall effect on LCOE. A reduction in 
capacity factor of SO% increases the LCOE by 70% and an increase in capacity factor to the 
maximum value 100% (a 21 % increase), reduces the LCOE by 23%. Capacity factor affects the 
capital and fixed O&M components and both of these are large for nuclear, as can be seen in 
Figure SO. 

The assumption with the second greatest overall affect is capital, which has already been 
discussed in "Variation in reported assumptions -2030". A ±SO% change in capital changes the 
LCOE by ±3S% in the same direction. 

Large variation between reported assumptions - 2030 
Fuel cost has variation in the reported values greater than ±S3%. Fuel cost has already been 
discussed under "Variation in reported assumptions·- 2030". Both ·fixed illld variable O&M 
have values outside of the ±SO% range.. Fixed O&M has been discussed above. The CSIRO 
(20 I 0) reported fixedO&M is SI % greater than the harmonised value. There is more variation 
in the variable O&M. The US DOE (2009) report a variable O&M ($0.S6/MWh) that is 88% 
lower than the harmonised value ($4.73fMWh) and CSIRO (2010) report a value ($2.20fMWh) 
that is S4% lower than the harmonised value. However, some of this variation in O&M 
disappears on examination of the total O&M; the outlier is CSIRO (2010), which has a total· 
O&M that is SI % greater than the harmonised value. Therefore, except for CSIRO (2010), the 
variations in O&M between the other studies may reflect the ratio between fixed and variable 
O&M accounting procedures. This variation only affects the LCOE by less than ± 7%. 
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4.2.2 Summary of results from tornado plot studies 

Technologies have been grouped into five categories to summarise the results of the tornado 
plot analysis. The categories are: coal without CCS, coal with CCS, gas, nuclear and 
renewables. We have then tallied the number of times each assumption appeared as important 
under "Variation in reported assumptions" (I in the table), "General variation in assumptions" 
(2) and "Large variation between reported assumptions" (3). The assumptions that scored the 
highest are shown in Table 8 below within their respective categories. 

Table 8: Summary of highest contributing assumption across the three types of analysis (for selected 
technology categories) 

Coal no CCS Coal CCS Gas Nuclear Renewables 

1 Capital, 

2 Capacity factor 
and capital 

3 Fuel and all 
O&M 

Nuclear is in a category on its own because it is different from other technologies. Variations in 
the capital cost, mainly due to a lower capital cost from US DOE (2009) resulted in capital 
having the largest effect ofthe reported assumptions. Capital also shares the largest general 
effect on nuclear LCOE with capacity factor, and this is due to the large capital cost component 
of LCOE for a nuclear power plant. 
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4.3 Scope of studies 

This section contains a discussion of the differences in scope of the studies under examination. 
By scope we mean the type and size ofplants, whether any specific component suppliers' 
equipment and costs were used, and other issues such as the inclusion or exclusion of 
transmission and distribution costs and carbon pricing. 

4.3.1 Plant Types 

Each report provides cost projections for centralised generation plants and in some instances 
distributed generation technologies. The different plant types from each report are listed in 
Table 10. EPRI (2010) include a comprehensive list of plants. The report describes in detail the 
power plants being used in the study including any regional assumptions .and size of plant. 
ACIL Tasman (2010) derives its performance data for new entrant technology from the EPRI 
report, however it does go on to provide time dependant data for efficiencies for each plant type 
when relevant. As such ACIL Tasman (2010) matches many of the EPRI (2010) plant types but 
not all. 

In the sections below, we tabulate the key input assumptions across the .studies for the common 
plant types covered in those studies. Two of these factors are explained further below: 

• 	 Capacity Factor: the percentage of a year that the power plant will produce electricity. 
The greater the value the more power is produced. This factor is used in the conversion 
of capital cost and fixed O&M cost from $/kW to $IMWh 

• 	 Efficiency (or heat rate): is how much energy in the form of electricity is produced for a 
given input of energy in the form of a fuel source. This value can be expressed in a 
number ofways. Firstly, it can be expressed as being based on the Higher Heating 
Value (HHV) of the fuel or as the Lower Heating Value (LHV). From lEA (2010) the 
difference between lower and higher heating value, based on lEA (2010) conventions, 
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is 5% for coal and 10% for gas. Additionally, the efficiency reported can be based on 
the electricity generated, or on the electricity sent-out (i.e. the generated electricity less 
any electricity used internally). 

The efficiency is used in the calculation of a number of costs. It is used to convert fuel 
cost from $/GJ to $/MWh. A decrease in efficiency will result in a greater fuel cost 
while an increase will lower fuel costs. Efficiency is also used in the conversion of CO2 

emissions per GJ of fuel to calculation of storage costs and greenhouse gas permit costs .. 
Again a +/- variation on efficiency will have the same effect on the storage costs and 
the emission cost. . 

It is important to ensure that a consistent basis is taken for other costs in regard to whether they 
are based on sent-out or generated electricity. 

The reader is referred to the Data Tables Appendix at the back of the report for detail on 
assumptions other than those covered here. 
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Open cycle gas turbine 

Nuclear 

EPR! (20 I 0) used Generation III nuclear reactor technology. This plant was assumed to be 
located on the coast and provided with seawater cooling. 

CSIRO (20 I 0) did not consider any particular nuclear plant type other than the current standard. 
However, because of the cost reductions associated with technology learning and because the 
efficiency of the plant increases over time, it was assumed that the technology will improve. 

We do not know what technologies are behind the ACIL Tasman (2010) or US DOE (2009) 
estimates. The IEA do not report on this technology. 

135 



ECONOMIC COMPETITIVENESS 

Table 17: Technical parameters for nuclear plants from.each study * estimated 

US DOE EPRI ACILTasman 
. 

CSIRO 

Size (MW) 1350 1117 - -

Capacity 

Factor 

2015 89.7­ 85 
. 

85 80 

(%) 2030 89.7­ 85 85 . 80 

Efficiency 

(%) 
2015 

2030 

31 33 34 33.6 

31 33 34 35.1 

Biomass 

A steam turbine was assumed for the biomass plant in CSIRO (2010) with some drying ofthe 
biomass, as standard. Gasification of the biomass was not considered to be an option. However, 
as with nuciear, the experience curve in conjunction with improvements in efficiency leads to 
technology improvements over time . 

• 
Wind 
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ACRONYMS 

AC Air cooled 
AGEA Australian Geothermal Energy Association 
ANSTO Australian Nuclear Science and Technology Organisation· 
AOSTRA Alberta Oil Sands Technology and Research Auth6rity 
ATP AOSTRA Taciuk processor 
AUD Australian dollars 
AWR Advanced water reactor 
boe barrels of oil equivalent 
BOS Balance of System 
BWR Boiling water reac(or 
CBM Coal bed methane 
CC Cumulative capacity 
CCGT Combined Cycle Gas Turbine 
CCS Carbon dioxide capture and storage 
CC(S) Carbon dioxide capture and storage 
CCT Clean coal technology 
CNG Compressed natural gas 
CO, Carbon dioxide 
CO,-e Carbon dioxide equivalent 
CR Central receiver 
CSC Carbon dioxide storage cost 
CSG Coal seam gas 
CSIRO Commonwealth Scientific and Industrial Research Organisation 
CSP Concentrating solar power 
CTL coal to liquids 
DCFC Direct carbon fuel cell 
DE Distributed energy 
DICE Direct injection coal engine 
DME Dimethyl ether 
DNI Direct Normal Irradiance 
DRET Department ofResources, Energy and Tourism 
EPR! Electric Power Research Institute 
ESAA Energy Supply Association ofAustralia 
ETF Energy Transformed Flagship 
EV Electric vehicle 
FC Fuel cost 
FLNG Floating liquefied natural gas 
FT Fischer Tropsch 
FTS Fischer Tropsch synthesis 
GAB Great Artesian Basin 
GALLM Global And Local Learning Model 
GE General Electric 
GFR Gas-cooled fast reactor 
GHG Greenhouse gas 
GIF Generation IV international forum 
GJ Gigajoule 
GM Genetically modified 
GTL Gas to liquids 
GW Gigawatt 
GWh Gigawatt-hour 
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HDR Hot dry rocks 
HEW! Heat exchange within insulator 
HHV Higher heating value 
HFR Hot fractured rocks 
HR Hot rock 
HRSG Heat Recovery Steam Generator 
HSA Hot sedimentary aquifers 
HWR Heavy water reactor 
IC Investment cost 
ICT Information and communication technology 
IDC Interest during construction 
IEA International Energy Agency 
IGCC Integrated gasification combined cycle 
IPCC Intergovernmental panel on climate change 
KC Capital cost 
kW Kilowatt 
kWh Kilowatt-hour 
LCOE Levelised cost of electricity 
LFR Lead-cooled fast reactor 
LHV Lower heating value 
LNG Liquefied natural gas 
LWR Light water reactor 
MJ Megajoule 
ML Megalitre 
MSR Molten salt reactor 
MW Megawatt 
MWe Megawatt electric 
MWh Megawatt hour 
NEMS National Energy Modelling System 
NSW New South Wales 
O&M Operating and maintenance 
OCGT Open Cycle Gas Turbine 
ORE Ocean renewable energy 
OTEC Ocean thermal energy conversion 
OWC Oscillating water column 
PBMR Pebble bed modulator reactor 
PC Greenhouse gas emission permit cost 
PCC Post-combustion capture 
pf Pulverised fuel 
PJ Petajoule 
PT Parabolic trough 
Pu Plutonium 
PV Photovoltaic 
PWR Pressure water reactor 
R&D Research and Development 
SC Super critical 
SCWR Super critical water cooled reactor 
SFR Sodium-cooled fast reactor 
SMEs Subject matter experts 
SRAC Short run average cost 
SRMC Short run marginal cost 
tCO,e Tonnes ofcarbon dioxide equivalent 
TECC Tool for Electricity Cost Comparison 
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ACRONYMS 

TC Transmission cost 
TWh Terawatl-hour 
UK 
USA 

United Kingdom 
United States ofAmerica 

USC 
USD 

Ultra super critical 
United States dollars 

US DOE 
USSR 
UWA 
VHTR 
WA 

United States Department ofEnergy 
Union of Soviet Socialist Republics 
University ofWestern Australia 
Very high temperature reactor 
Western Australia 

WACC Weighted Average Cost of Capital 
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Table 27: Projected LeOE for the year 2015 for each study. 
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Table 28 Projected LeOE for the year 2030 for each study. 
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Fixed O&M Costs For Non-Renewables (2015) 
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Fixed O&M Costs For Renewables (2015) 
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Variable O&M Costs For Non-Renewables (2015) 
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Variable O&M Costs For Renewables (2015) 
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Total O&M Costs For Non-Renewables (2015) 
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Fuel Costs For Non-Renewables (2015) 
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Efficiency For Non-Renewables (2015) 

176 



APPENDIX D - DATA TABLES 

Capacity Factor For Non-Renewables (2015) 
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. Capacity Factor For Renewables (2015) 
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Emission Factor For Non-Renewables (2015) 
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Exchange Rate For Non-Renewables (2015) 
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Small degree of difference. Reflects differences in cost inclusions and methodologies and location of plant. 
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Capital Costs For Non-Renewables (2030) 
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Medium degree of difference. Reflects differences in obtaining O&M estimate and ratio between fixed and variable. 
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Nuclear 
Large degree of difference. Reflects differences in obtaining O&M estimate and ratio between fixed and variable and location. 

Variable O&M Costs For Non-Renewables (2030) 
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Small degree of difference. Reflects differences in obtaining Q&M estimate 
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Nuclear kg 
Large degree of difference due to inclusion of fugitive nuclear emissions by ACIL Tasman (2010) 
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