
  

 

SYSTEMS AND ENGINEERING TECHNOLOGY www.fncaustralia.com.au 

Industry white paper 

Identifying the role for nuclear power in Australia’s energy transition 

Dr Benjamin Heard, Consultant 

Frazer-Nash Consultancy 



 

 

 
 

Frazer-Nash Consultancy Ltd 
Level 8 
99 Gawler Place 
Adelaide 
SA 5000, AUSTRALIA 
 
 
 
T +61 (0)8 7325 4200 
F  +61 (0)8 8231 2507 
E info@fncaustralia.com.au 
 
www.fncaustralia.com.au 
 
Head Office: 
Dorking, Surrey, UK 



© Frazer-Nash Consultancy Ltd, 2018  2  

Introduction  

Australia’s electricity sector is undergoing a transition. Our aging fleet of assets has 

commenced an inexorable process of retirement during a period of sustained vacuum in energy 

policy. Novel generation and storage technologies have been introduced in a relatively 

disorganised way, bringing benefits, costs, disruptions and further opportunities 1.  

 

This transition is, ultimately, driven by global investment trends tied to appreciation of the human 

disruption of normal climate cycles 2, with a consensus that in the absence of strong mitigation 

measures, the risks this poses are potentially severe, pervasive and irreversible3, 4. Despite a particularly 

high dependence on fossil fuels for electricity generation, Australia is yet to establish a policy and 

investment environment that can achieve an orderly transition to a clean, reliable and affordable 

electricity supply for coming generations.  

Many technologies can generate electricity without combusting fossil fuels. A diverse group called 

‘renewables’ includes hydro-electric dams, combustion of processed plant material (biomass), wind 

turbines, solar technologies (direct electricity production with photovoltaic cells or thermal generation 

using captured heat), geothermal (based on either shallow, hot aquifers or deep, hot-dry rocks), or 

technologies seeking to exploit the movement of oceans 5. Nuclear technologies, which power turbines 

with the heat from nuclear fission, also create electricity without combusting fossil fuels.  

GENSLER: Industrial Hub, Third Way Think Tank 
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Initial investment and uptake of wind and solar was largely driven by shifting policies in response to 

climate change. Deployment has since accelerated as prices of both on-shore wind and solar photo-

voltaic generation have declined6. Globally, the contribution of renewable electricity generation from 

non-hydro renewables grew over 16 % year-1 for the ten years to 2016. Global investment in renewable 

generation in 2016 was larger than global investment in fossil-fuel generation for the fifth year in a row7.  

 

However, integrating variable renewable energy sources into electricity girds is challenging1, 8-13 and 

Australia is not immune. One specific challenge as penetration of variable supply increases is meeting 

the evolving net load: the total load profile minus the supply from variable renewable sources 14-16. If we 

develop a system that relies more on renewable energy driven by weather conditions, in a climate that 

is itself changing, then it is also necessary to explore how to meet an increasingly variable net load to 

achieve an overall supply that is reliable, affordable and — consistent with the imperative driving the 

use of variable renewables in the first place — sufficiently low in greenhouse-gas emissions to contribute 

to mitigating rapid climate disruption. An important corollary is that we must actively consider to what 

extent such a system could be in the national interest. 

 

Elsewhere in the world, reliable, affordable electricity supply with greenhouse-gas emissions of < 100 g 

CO2-e kWh-1 has been achieved at large scale based mainly on two technologies: hydroelectricity and 

nuclear fission 17. In no jurisdictions apart from a few small-scale examples (e.g., Iceland), are non-

hydro renewables alone providing large-scale, reliable electricity supply. 

Providing all global energy needs without either fossil fuels or nuclear fission might 

in some sense be ‘possible’, however there is disagreement as to whether it is 

plausible, necessary, wise, cost-effective or optimal 13, 18-29. 

Most investigations to date for the National Electricity Market have excluded the potential role of nuclear 

generation in partnership with renewables 8, 30-38. A standing prohibition on the approval of nuclear power 

technologies, in place since 1998 39, has served as the principal justification for constrained terms of 
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reference in government-funded work 30, 37, 38. Independent research teams have excluded nuclear 

technologies with varying justifications 8, 31-35. Investigation has therefore been limited, despite the 

supportive recommendations of a 2006 investigation40, a 2007 parliamentary committee review41, the 

recommendation of a 2016 Royal Commission42, a current crisis in the price and security of Australian 

electricity38, and a call for the inclusion of nuclear power from one of Australia’s largest business lobby 

groups43. More time will pass before relevant prohibitions are rescinded. Any commissioning of nuclear 

power will also involve lead times related to establishing licensing and regulatory infrastructure, 

proposals, tendering, and construction. In that time, new products are likely to hit the global nuclear 

market, and prices for renewable generation will continue to change.  

 

It is therefore vital to actively consider what role nuclear technology might play in the National Electricity 

Market of the future along with other low-carbon electricity generating options. This white paper series 

begins to address these knowledge gaps. 

 

  

GENSLER: Catalyst for Clean Growth, Third Way Think Tank 
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Our modelling  

In this paper, we provide results from an hourly electricity supply model, integrating on-shore wind, 

utility-scale solar photovoltaics with single-axis tracking (SAT), and generic nuclear generation. We 

included open cycle gas turbines as an economically rational option for ensuring full reliability with a 

minimal overall level of greenhouse pollution. We modelled three variants (a-c) covering projected price 

reductions for renewable technologies. Our model ensures combinations of these technologies meet 

100% of the supply of the National Electricity Market on an hourly basis, based on demand forecasts 

for 2030, net of forecast rooftop solar photovoltaic and existing hydroelectric capacity. Our model seeks 

lowest average levelised cost of supply for systems with minimal over-build and maximum capacity 

factor for all suppliers.  

 

Our economic inputs for wind, solar, and gas and nuclear, along with the sources of the figures, are 

shown in Tables 1-3. We applied a uniform discount rate of 7%. The modelled outcomes are not driven 

by levelised cost per se, but rather the relative difference between the levelised costs of the different 

generation sources. These values can be reduced to a simple ratio. Readers can therefore infer 

Arctic Village, Third Way Think Tank 
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changes in pricing for any of these technologies based on different assumptions and consider the likely 

outcomes on the basis of these modelled outcomes. The ratios of starting levelised cost of electricity 

for the sources in each model are shown in Table 4. 

 

Please refer to the Supplementary Material for more detail on the design and operation of our model 

and for details on the development of the demand profile, as well as further information on the crucial 

role of discount rates in energy analysis. 

 
Table 1: Inputs for determining levelised cost of electricity (LOCE) of wind and solar photovoltaic. All 

dollars are 2020 AU$. MWh = megawatt-hour; MWe = megawatt electrical output; O&M = operation and 

maintenance; $m = millions of dollars. Source: All values from Gerardi and Galanis (2017)37 except 

Construction period from Bureau of Resource and Energy Economics (2012)44. Capacity factors 

determined independently based on published inputs. 

 

  

Variant Onshore wind SAT solar 

a b c a b c 

Capacity factor (base assumption) 33 33 33 32 32 32 

LCOE ($ MWh-1 sent out) (base 

assumption) 
92 79 70 91 61 49 

Fixed O&M ($ MWe-1) 40 40 40 35 35 35 

Variable O&M ($ MWh-1 sent out) 5 5 5 2 2 2 

Capital cost ($m MWe-1) 2.400 1.972 1.727 2.300 1.380 1.114 

Asset life (amortisation)(years) 25 25 25 20 20 20 

Discount rate (real, pre-tax weighted 

average cost of capital) (%) 
7 7 7 7 7 7 

Construction period (years) 2 2 2 2 2 2 
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Table 2:  Inputs for determining levelised cost of electricity of nuclear power. All dollars are 2020 AU$. 

MWe = megawatt electrical output; MWh = megawatt-hour; O&M = operational and maintenance; $m = 

millions of dollars; GJ = gigajoule; HHV = higher heating value. Source: All inputs from Syed (2013)45 

with capital cost adjusted to 2020 AU$ except Asset life from Nuclear Energy Institute Nuclear Energy 

Institute (2016)46, discount rate from Gerardi and Galanis (2017)37. 

 

Variant  a-c 

Capital cost ($ m MWe-1) 5.558 

Asset life (Amortisation)(years) 40 

Discount rate (real, pre-tax weighted average cost of capital) (%) 7 

Construction period (years) 6 

Capacity factor (base assumption) (%) 91 

Fixed O&M ($m MWe) 0.344 

Variable O&M ($ MWh-1 sent out) 14.7 

Fuel cost ($ GJ HHV-1) 0.75 

Thermal efficiency (%) 34 

Energy conversion (GJ MWh-1) 3.6 

Levelised cost of electricity ($ MWh-1 sent out) 89.3 

GENSLER: Transit Hub, Third Way Think Tank 



© Frazer-Nash Consultancy Ltd, 2018  8  

Table 3: Inputs for determining levelised cost of electricity and greenhouse gas emissions from open-

cycle gas turbines.  All dollars are 2020 AU$. MWe = megawatt electrical output; MWh = megawatt-

hour; O&M = operational and maintenance; $m = millions of dollars; GJ = gigajoule; CO2-e = carbon 

dioxide equivalent. Source: All inputs from Gerardi and Galanis (2017)37. 

 

 

 
Table 4: Ratio of starting levelised cost of electricity for each generation source in each model, 

relative to the starting levelised cost of electricity for nuclear generation. 

Variant Nuclear Gas Wind Solar PV 

a (nuclear + wind + solar + gas) 1.0 1.5 1.0 1.0 

b (nuclear + wind + solar + gas) 1.0 1.5 0.9 0.7 

c (nuclear + wind + solar + gas 2050) 1.0 1.5 0.8 0.6 

 

  

Variant a-c 

Capacity factor (base assumption) 20 

LCOE ($ MWh-1 sent out) (base assumption) 129 

Gas price ($ GJ HHV-1) 6.4 

Fixed O&M ($m MWe-1) 0.013 

Variable O&M ($ MWh-1 sent out) 10 

Carbon intensity from fuel combustion (kg CO2-e MWh-1) 620 

Construction period (years) 2 

Thermal efficiency (%) 35 
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Results 

Here we summarise the results for the cost optimal combinations. These results are intended to be 

informative illustrations, rather than definitive prescriptions.  

 

Table 5: Cost-optimal supply mix for forecast demand in the Australian National Electricity Market in 

2030, net of hydro-electric and rooftop photovoltaic: Variant a.  

Variant a 
Installed 

capacity (MWe) 

Capacity factor 

(%) 

Proportion of 

supply (%) 

Levelised cost ($ 

MWh-1) 

Nuclear 15,500 91 59 89 

Gas 18,600 19 14 128 

Wind 12,500 35 17 82 

Solar 8,300 30 10 97 

System Average LCOE ($ MWh-1) 94    

Average emissions (g CO2-e kWh-1) 88    

 

  GENSLER: Naval Base, Third Way Think Tank 
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Table 6: Cost-optimal supply mix for forecast demand in the Australian National Electricity Market in 

2030, net of hydro-electric and rooftop photovoltaic: Variant b.  

Variant b 
Installed 

capacity (MWe) 

Capacity factor 

(%) 

Proportion of 

supply (%) 

Levelised cost 

($ MWh-1) 

Nuclear 15,600 91 59 89 

Gas 18,600 19 14 128 

Wind 12,200 35 17 82 

Solar 8,500 30 10 97 

System Average LCOE ($ MWh-1) 89    

Average emissions (g CO2-e kWh-1) 87    

 

Table 7: Cost-optimal supply mix for forecast demand in the Australian National Electricity Market in 

2030, net of hydro-electric and rooftop photovoltaic: Variant c.  

Variant c 
Installed capacity 

(MWe) 

Capacity factor 

(%) 

Proportion of 

supply (%) 

Levelised cost ($ 

MWh-1) 

Nuclear 15,100 91 58 89 

Gas 19,000 20 15 129 

Wind 12,900 35 17 61 

Solar 8,300 30 10 50 

System Average LCOE ($ MWh-1) 86    

Average emissions (g CO2-e kWh-1) 93    
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Figure 1: Cost-optimised average levelised cost of electricity for supply of the Australian National 

Electricity Market in 2030, for three increments of renewable prices, using combinations of nuclear, wind 

power, utility-scale single-axis tracking solar photovoltaic and open cycle gas power, by proportion of 

nuclear supply. 
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Discussion 

Our results (Tables 5-7 and Figure 1) demonstrate a fully reliable electricity supply for the Australian 

National Electricity Market at under 100 g kWh-1 of CO2-e, based on combining generation from nuclear 

power, on-shore wind, utility-scale single-axis tracking solar photovoltaics, and open-cycle gas turbines. 

The lowest average cost combinations are around $85-$95 per MWh. Forecast reductions in the prices 

of wind and solar (Model variants b & c) lower the average price of supply. 

 

In each variant the installed nuclear sector performs an economically optimal role to serve the baseload. 

This also provides a floor in the amount of synchronous generation in the system, delivering adequate 

inertia for overall system stability. Similarly, neither the wind nor solar sector is over-built, curtailing 

minimal supply and operating with capacity factors that are high by industry standards. This lowers the 

overall average cost of the supply, with a small gas sector effectively filling the remaining gaps in supply 

for a modest penalty in greenhouse gas emissions. 

 

Storing surplus electricity from both nuclear and renewable sources for later dispatch could further 

reduce greenhouse-gas emissions and might alter the proportions of supply from different generators, 

as well as the average cost of supply (see Limitations and further research in the Supplementary 

Material). However, the impact on greenhouse-gas emissions could only be modest. 

 Even without building an expansive new storage sector, deploying nuclear 

technology with renewables would ensure the National Electricity Market becomes 

among the cleanest grids in the world.  

Our model therefore illustrates different generating technologies being deployed in a complementary 

way, according to their respective advantages and disadvantages. This is achievable if we prioritise 

affordable reduction in greenhouse-gas emissions from electricity generation, rather than maximum 

penetration of either renewables or nuclear per se 47,48.  
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One challenge to this combination is the necessary transmission network across the geographic 

expanse of the National Electricity Market, to overcome the assumption (in our model) of free and 

‘copperplate’ transmission. This must be considered to identify a realistic grid 13. The Australian Energy 

Market Operator suggested additional transmission capacity for widespread renewable development 

might add $6-10 MWh-1, although they acknowledged this was an underestimate because it excluded 

several costs, including land acquisition 30. New transmission costs could be reduced by a smaller 

transmission build, with a trade-off in reducing the geographic smoothing of the supply traces for wind 

and solar. Similar contributions from variable renewable generators would therefore require either 

increased generating capacity and/or the addition of broad-scale and high-magnitude storage capacity 

13, 49-51. Additional costs cannot be avoided; they can only be displaced.  

 

Given highly publicised recent cost overruns for nuclear build in the United States and Western Europe 

52-54, we must ask whether nuclear could be provided to Australia at a capital cost of $5.6 million MWe-

1 or below, as in our base assumption. The new-build program of the United Arab Emirates is on track 

to deliver 5,600 MWe of generating capacity, on time and on budget 55, 56, at a price of approximately 

US$3,600 MWe-1 (~ AU$4,600 MWe-1). Were Australia to emulate the model of the United Arab 

Emirates with a competitive global tender, capital costs of ~ AU$5.6 million MWe-1 as assumed in our 

models could be available immediately. However, the sensitivity of the price of nuclear electricity to 

capital cost must not be ignored. 

 

But can Australia tolerate wholesale average cost of ~AU 2020 $86 MWh-1 in future? Achieving the 

lowest possible wholesale average price for clean power is in the national interest. Our modelling 

demonstrates that the falling cost of variable renewables could lower the average levelised cost of 

electricity (assuming transmission is perfect). However our modelling suggests this will not necessarily 

raise their penetration above certain thresholds due to other associated costs of integration and 

managing variability. Achieving lower average wholesale costs therefore substantially depends on 

cheaper nuclear generation than assumed in our modelling. How might this be achieved? 

 

The levelised cost of nuclear electricity is particularly sensitive to both the capital cost and the cost of 

capital (i.e. the discount rate). A 7 % discount rate is consistent with the relevant literature 57-62. However 
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lower discount rates could be considered based on the challenge of mitigating climate change and the 

long design life of nuclear power plants (60-80 years). For example, holding all else constant, the 

application of a 5 % discount rate (as per Blakers et al. 63 in their modelled build-out of solar, wind, and 

pumped-hydro storage infrastructure), lowers the cost of the nuclear electricity to $73 MWh-1 (Table 8).  

Supporting the availability of low-cost capital might be a place for modest 

governmental intervention in the long-term national interest.  

The other pathway is for nuclear technology to change its product to reduce both the capital cost and 

the exposure to cost of capital. This is a major driver for the development of Small Modular Reactors 

(SMR). SMR refers to reactor units of 300 megawatts-electric (MWe) or smaller. SMR power plants are 

intended to be built with several units at the same location, operated via a single control room. Factory-

based manufacturing raises quality, boosts learning and hence lowers capital cost. ‘Drop in’ delivery of 

the reactor unit to a completed balance-of-plant lowers overall project risk. Early revenue can flow from 

the operation of the first units while further units are manufactured, delivered, installed and 

commissioned. Smaller operating units facilitate connection to existing electricity networks with minimal 

upgrade requirements. This is particularly pertinent to the long, skinny grid of the National Electricity 

Market, as well as Australia’s many small inland communities and off-grid mining operations. The appeal 

of this type of nuclear is obvious but we must apply reasonable scepticism. At the time of writing none 

of the above is operational.  
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However, there is cause for serious consideration, with two SMR companies currently engaged in the 

licencing process with tier-1 regulators in the USA and Canada. If a reactor were to be saleable to 

Australia at ~ AU 2020 $5 million MWe-1, the levelised cost falls further to $68 MWh-1 (at 5 % discount 

rate). If an SMR project can additionally reduce construction time from six years (as assumed in our 

model) to three years, the levelised cost then falls to $65 MWh-1 *. This progression to more affordable 

nuclear is shown in Table 8. 

 

Table 8: Progressive reduction in levelised cost of electricity of nuclear generation by lowering 

discount rate, trimming capital cost and cutting construction time. 

Variant  a-c Lower discount Lower capex Shorter build 

Capital cost ($ m MWe-1) 5.558 5.558 5.000 5.000 

Asset life (Amortisation)(years) 40 40 40 40 

Discount rate (real, pre-tax weighted average cost of 

  

7 5 5 5 

Construction period (years) 6 6 6 3 

Capacity factor (base assumption) (%) 91 91 91 91 

Fixed O&M ($m MWe) 0.344 0.344 0.344 0.344 

Variable O&M ($ MWh-1 sent out) 14.7 14.7 14.7 14.7 

Fuel cost ($ GJ HHV-1) 0.75 0.75 0.75 0.75 

Thermal efficiency (%) 34 34 34 34 

Energy conversion (GJ MWh-1) 3.6 3.6 3.6 3.6 

Levelised cost of electricity ($ MWh-1 sent out) 89.3 73 68 65 

 

 
  

                                                 
* It must not be assumed that smaller reactors will axiomatically be cheaper per MW installed than larger reactors. Historically, 
the nuclear industry proceeded to larger reactors for economies of scale. However leading SMR designers are now looking to 
‘economies of simplification’ and ‘economies of quality control’ and aspiring for lower capital costs. NuScale currently quotes an 
expected cost of approximately US$4.4 million per MWe (~AU$5.7 million based on exchange rate of 1.3) for their first build of a 
684 MWe power plant, with 28.5 months for construction from first concrete pouring.  Contemplating nuclear technology available 
at $AU 5 million per MWe and 3-year build appears plausible.  
https://www.nuscalepower.com/benefits/cost-competitive  

https://www.nuscalepower.com/benefits/cost-competitive
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Conclusions 

If a better nuclear product can intersect with an enlightened policy of low-cost capital 

for long lived, reliable, zero-carbon supply, Australia might be able to have its 

electricity cheap, clean and reliable by merging SMRs with a growing renewables 

sector. However, this is impossible under current legislative prohibitions. 

Australia’s energy transition is a great societal challenge. Meeting that challenge will necessarily span 

many decades, in which technological developments will continue to shape our decisions as we pursue 

outcomes that are financially, socially, and environmentally acceptable. It is reasonable to be wary of 

prescriptions, but if Australia is to act with the necessary efficacy then we must, at the minimum, seek 

firm directions.  

 

Real-world operational evidence demonstrates that nuclear fission provides reliable, affordable 

electricity supply at relevant scales 17, 64, 65. Our models demonstrated a medium-sized nuclear sector, 

if delivered for the right price, could bring stability, reliability, affordability, and overall feasibility to a 

decarbonised electricity supply, alongside greatly expanded wind and solar generating capacity and the 

existing hydroelectric sector. Our work removes much of the hearsay from the discussion of whether 

nuclear power is ‘affordable’, by identifying the approximate capital cost that would be required, the 

ability to influence affordability through discount rates, and the potential benefit from shorter construction 

periods with SMRs. 

If it meets the right conditions, near-term investment in nuclear power will boost the 

affordability of Australian electricity, as well as bolstering system security, for the next 

60-80 years. 
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These findings support the need for achieving genuine technology neutrality in Australian energy policy, 

to create the conditions in which economically, environmentally and socially optimal outcomes are 

possible.  Removing legislative prohibitions on nuclear power generation is a logical first step to 

achieving these outcomes, which should be taken soon for Australia to have the best opportunity to 

capitalise on new energy offerings. The final mix of technologies will be determined in decades to come, 

but today’s knowledge is sufficient to set a revised policy pathway with confidence. 
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