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Continued use of LCOE

LCOE was developed to compare costs of individual dispatchable baseload projects, such as nuclear and coal
plants, with similar capacity factors and generation attributes. LCOE does not provide a suitable metric when
comparing costs of intermittent renewable generation with dispatchable generation, and its continued use will
lead to flawed policy making.

The limitations of LCOE, particularly in the context of a modern energy system with significant amounts of
variable renewable energy, have been well known for many years'i. CSIRO’s own work has highlighted many of
the deficiencies of this metricii. The U.S. Energy Information Administration (EIA) said in 2022:

“LCOE and LCOS by themselves do not capture all of the factors that contribute to actual investment
decisions, making direct comparisons of LCOE and LCOS across technologies problematic and misleading as
a method to assess the economic competitiveness of various generation alternatives.”

It is therefore extremely problematic that the GenCost report states, without qualification, that: “LCOE is a simple
screening tool for quickly determining the relative competitiveness of electricity generation technologies.” This is
demonstrably not true.

As we highlighted in our consultation response to last year’s report, this statement is in direct contradiction with
real-world data from Europe, where variable renewable penetration is now significant across multiple countries.
Whilst wind and solar are often assigned low LCOE figures in Europe, analysis from JP Morgan clearly shows
that electricity costs to household consumers tend to rise with renewable penetration. In Australia, South
Australia generates 75% of its electricity from renewables — more than any other inland state — but consistently
has the highest residential electricity costs" Vi,

It should be acknowledged that since its 2023-2024 GenCost report CSIRO has attempted to account for
integration costs of different technologies to address some of the limitations of LCOE. Unfortunately, however,
this is incomplete, with the method used including only a fraction of the additional grid, storage and ancillary
service costsVii x,

Whilst there are fundamental issues with using LCOE as a metric for cost comparison, a secondary issue is that
outputs are highly sensitive not just to the capital cost estimates used, but also the modelling assumptions made
(e.g. capacity factors, asset lifetimes, and discount rates), which are clearly subjective. Both capital costs and
modelling assumptions are addressed in the text that follows.

Assumptions: capacity factors
The report in section D.4.2. explains the difference between the availability factor and capacity factor. It states:

“Stakeholders are sometimes not aware of the difference between the availability factor, which is how often a
plant will be technically available to generate electricity and the capacity factor which is how often they
typically generate electricity after the effects of competition or other market constraints which limit generation.”

The report’s authors also offer the following explanation for the feedback they have received about the
inappropriateness of the low capacity factors assumed for nuclear energy:

“The sensitivity of some stakeholders to recognising this possibility is likely because, given the high capital
cost of nuclear generation, the cost of generation could be very high if the capacity factor is low. Other
technologies such as solar PV and wind have much lower capacity factors, but their capital costs are low and
so the implications of low capacity factors are not as significant for them.”



Whilst the authors are right that capacity factor assumptions have a significant impact on LCOE calculations, they
are wrong in identifying this as the reason for the “sensitivity” of stakeholders on this point. To be clear, it is this:
capacity factors assumed for nuclear are low as a function of CSIRO’s market expectations, not the technical
limits of the technology. For renewables, the capacity factors are low as a function of the technical limits of the
technology.

While it is true that market dynamics impact the actual power dispatched from power plants, this should not feed
into comparative technology cost assessments. Doing so conflates a technology’s capabilities with transient
market dynamics, leading to distorted cost assessments.

Nuclear capacity factors

The report assumes a plausible range in capacity factors for nuclear to be 53% to 89%. In justifying the lower end
of that range, the authors make two main points.

Firstly, the authors state that World Nuclear Association data show that in 2023 “some 10% of reactors” were
operating at 60% capacity factor or below. Whilst that is correct, it does not provide justification for CSIRO’s use
of capacity factors well below the global average. Among the 51 reactors with capacity factors below 60% in
2023 were:

- 22 reactors in France, 13 of which were returning to full commercial operation following repair work

- Two reactors that were grid connected in 2023, and so were still ramping up to full commercial operation

- One reactor ramping down to permanent shutdown

- Afurther eight reactors that have energy availability factors of more than 60% - i.e. the capacity factor is
not a reflection of their performance, but of a deliberate choice of operation.

2019 is the most recent dataset not impacted by either the major repair programme of the French fleet or COVID-
19. In 2019, just 25 reactors had capacity factors below 60%, excluding start-ups, shutdowns and those with
availability factors in excess of 60%. This represents approximately 5% of the global fleet at the time.

Secondly, the report states that the capacity factor range used for nuclear plants is based on the performance of
black coal in the ten-year period 2011 to 2021. Specifically, it is stated that 89% represents “...the best
performance of black coal...” and that 53% is “...10% below the average capacity factor of black coal...” between
2011 and 2021.

The rationale for using black coal as a benchmark for nuclear capacity factors simply does not stand up to
scrutiny. Australia currently has about 20GW of black coal capacity operating at capacity factors above 60%. This
could be replaced by 10-15 GW of nuclear operating at 90% capacity factor.

It is also notable that the report states:

“There are individual generators that do achieve around 90%. These are typically brown coal plants which
have a significant fuel cost advantage which allows them to keep running at full production during low demand
periods by underbidding other generators for the right to keep generating at a high level.”

According to GenCost’s own analysis, nuclear has a lower fuel cost than brown coal in 2040. It is not clear why
the report’s authors do not think the same economic logic applies to nuclear power plants.

Assumptions: project lifetime

LCOE is a poor tool for assessing the societal value of assets that operate over many decades. Nevertheless,
that is not a reason or excuse for using unrealistic asset lifetimes as modelling inputs.



The draft report provides an analysis of the economic benefit of nuclear’s long operational lifetime. The authors
find that adjusting the asset lifetime for nuclear from 30 to 60 years reduces LCOE by about 10%. This does not
confer the true value of nuclear’s long operational lifetime as the use of discounting has the effect of diminishing
the scale of future costs and the scale of future benefits. It does, however, at least partly demonstrate that it is
important to accurately reflect expected asset lives in LCOE calculations. Inexplicably, having demonstrated this,
the authors continue to use an asset life of 30 years for nuclear energy in their headline LCOE calculations.

The authors state:

“Our finding is that there are no unique cost advantages arising from nuclear technology’s long operational
life. Similar cost savings are achievable from shorter lived technologies, even accounting for the fact that
shorter lived technologies need to be built twice to achieve the same life”

What the authors have in fact found is that there is limited cost advantage conveyed by their LCOE calculations
for technologies that have long operational lives. The reasons for this are twofold:

1) Discounting reduces the present value of benefits that occur far in the future, meaning that for assets
operating over 40 years, much of their generation and reliability benefits are significantly down-weighted
in the LCOE calculation.

This demonstrates one of the many limitations of LCOE, which is a variation on net present value
analysis. For long-lived generation assets, a substantial portion of their economic value is accrued in
later years, effectively introducing a bias in LCOE calculations towards short-lived generation assets.

2) Despite the intrinsic bias of LCOE calculations, the authors finding of “no unique cost advantages arising
from nuclear technology’s long operational life” relies on the questionable assumptions that solar and
wind costs will approximately halve in the next couple of decades, whilst nuclear costs remain
unchanged.

Capital cost estimates
Nuclear SMR

The capital cost of “around $29,600/kW” for nuclear SMR is not sourced or justified in the 2024-25 report. We
assume that this continues, as in previous years, to be based on cost data published by the cancelled UAMPS
Carbon Free Power Project (CFPP).

The capital costs presented for all technologies in the CSIRO report apart from nuclear SMR are for so-called
nth-of-a-kind (NOAK) projects. For nuclear SMR CSIRO states that “It is likely that 2023 nuclear SMR costs
include some first-of-a-kind (FOAK) costs” but says that it cannot reliably make an estimation of these costs.

It is notable that the US Energy Information Administration (EIA) in its 2024 report* on Capital Cost for Electric
Power Generating Technologies has been able to provide an estimated NOAK capital cost for a 6 x 80 MW SMR.
The figure that the EIA arrives at is 8,936 USD/kW net. This converts to about 14,000 AUD, considerably less
than half the capital cost used by CSIRO.

It should be made clear throughout the report that, wherever presented, current capital costs and LCOE figures
for nuclear SMR represent FOAK costs, not NOAK, as per all other technologies.



Learning rates
Nuclear

The authors do not apply any learning rate to large-scale nuclear, expressing a reluctance to do so on the basis
that “...it is difficult for any mature technology to double its global capacity which is the required trigger to achieve
an assigned learning rate.”

This text has not been updated from the final copy of the 2023-2024 GenCost Report. That report utilized the
International Energy Agency’s (IEA) 2023 World Energy Outlook (WEO), which showed nuclear increasing
across all three reported scenarios, but doubling in just one — its decarbonization scenario, Net Zero by 2050.

IEA has since released WEO 2024. In that report, the amount of nuclear energy deployed across all three
scenarios has increased significantly from WEO 2023. Importantly, nuclear capacity now more than doubles by
2050 in both the IEA’s Announced Pledges scenario, and its Net Zero by 2050 scenario. In the Announced
Pledges Scenario, nuclear capacity increases from 417 GWe in 2022 to 874 GWe in 2050. In the NZE by 2050
scenario, nuclear’s capacity increases to 1017 GWe.

Renewables
Our observations regarding CSIRO’s cost assumptions for renewables remain unchanged from last year.

It is true that major technological improvements over the past several decades have driven down the cost of
wind, solar and batteries. However, raw materials now account for the majority of the costs of batteries and solar
modules (60-70%) and over 20% of the cost of wind turbines. These material costs are highly likely to rise in the
short to medium term; the IEA’s decarbonization scenarios show demand for key minerals used in the
manufacture of these technologies, such as lithium, graphite, cobalt and nickel, increasing by 2000-4000% by
20407,

Modelling costs for wind, solar and batteries based on production volume assumptions and technology learning
rates is no longer a credible approach.

Backup requirements

The report, as in previous years, attempts to estimate backup costs for wind and solar based on 9 years of
weather data. A recent study modelling solar and wind generation in the UK using 37 years of weather data
found variations in supply on a multi-decadal timescale. Its authors concluded that 37 years’ worth of data was in
fact inadequate and that “...studies of single years or even decades will generally give misleading results.”

Duration of construction
The report argues that there is some evidence that big projects take longer to build in democracies.

It is true that there have been recent examples of projects in Finland, France and the US that have taken longer
than those in China. However, when looking at average construction times (from first concrete to grid connection)
achieved in each country for all reactors currently in operation, there is no such pattern (see Figure 1). Even for
more recent construction there are clear examples of democratic countries achieving a fast build rate, for
example for reactors starting operations since 2001 the country with the fastest construction time is Japan, which
achieved an average of 47 months, followed by Pakistan (66 months) and China (71 months).

We would also refer the authors to: https://www.sustainabilitybynumbers.com/p/nuclear-construction-time.




The IAEA routinely advises on best practice for stakeholder engagement and public communication. United Arab
Emirates (UAE) — given as an example in the report of a country that would not engage in public consultation to
the same extent as Western democracies — has hosted such meetings to provide case studies to other
newcomer countries. Moreover, the UAE’s commitment to public consultation has been evident right from the
start of the country’s nuclear energy programme:

"Finally, aware of the issues raised by nuclear power in respect of health, safety and the environment, and
desiring that decisions leading to the potential development of nuclear power be grounded in the acceptance
of its citizens, the UAE will take the steps necessary to ensure effective public information and engagement.
Transparent communication vis-a-vis the general public will also be bolstered by effective communication with
Governmental and appropriate expert organizations, neighboring countries and the larger international
community." X

Figure 1: Average construction time (in months) of all operable reactors
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