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Reducing the negatives
Good to see the AFR getting into electricity modelling
Its great to see that John Kehoe, economics editor at the AFR now wants to write about the CSIRO Gencost report. Kehoe implys or states that the CSIRO report is biased and makes incorrect assumptions. Specifically he quotes others as saying that coal generation is cheaper than renewable generation and that the CSIRO report underplays the advantages of always on dispatchible power. In my opinion the article gets quite a few things wrong, probably most importantly the assumption that always on power is somehow “better” than power that is not always on and that this should be allowed for in the Gencost report.In my opinion this reflects the usual naive biases of someone that hasn’t put much work into the topic.
In this note I seek to show that LCOE capacity factor assumptions can be done on a number of bases and that there is no single right or wrong answer. As with all modelling the suitability of the assumptions comes down to the question that is being answered. Gencost style LCOE modelling does not suit my own taste because it trys to go beyond the individual asset into the system cost, a task far better left to the ISP. However even in the stricter view of LCOE that I espouse there is an inescapable need to choose between technical and economic capacity factor assumptions for dispatchible plant. At the least within the context of what I see as a “potshot” article Kehoe could have acknowledged the issue.
The AFR is a fine paper that I have been reading for more than 50 years. but on electricity and decarbonisation, in my opinion as a long term reader and professional analyst, its been garbage from the beginning. It could take some lessons on how to do it from “The Economist”. One of my great pleasures and dailly motiviations was when Angela Macdonald Smith wrote as if was an insult “David Leitch analyst at UBS - a greenie”. It was an insult to be a labelled a “greenie”, and from within the investment banking research community no less. For the record I do not personally support the “Greens”. There was no concept then at the AFR and so far as I can tell, still isn’t, that global warming is an existensial style problem which will massively impact Australia’s economy and that denial or dismissal wasn’t going to cut it. Indeed my own investment philsophy is based around the concept that there is money to be made because most investors will react to slowly to the changing world. And that the sluggishness of their views will be confirmed by reading mainstream media such as the “AFR”
The entire reason why I reached out to Giles Parkinson in the very early days of Reneweconomy when I was still at UBS was because Reneweconomy offered a fresh voice in a sea of garbage.
So its no surprise to see an article that just “doesn’t get it” in the AFR. That’s normal. They don’t get it there. Fair enough. However what is surprising is to see such a value ridden biased piece of research from Kehoe.
Hiistorically Kehoe’s research has been balanced and reasonable, even enjoyable. This article, it seems to me is not balanced.
Kehoe writes:
“GenCost bizarrely assumes coal is more expensive than renewables”
That statement is both biased and flat out incorrect. An outcome of the Gencost process is to find that a new coal plant built under the Gencost assumptions has a higher LCOE than a wind or solar plant. That’s of course even ignoring the carbon cost. There is no “bizarre assumption” its an outcome of the model assumptions. By all means have at the modelling assumptions, but please avoid assuming the conclusion.
Kehoe then quotes Aidan Morrison with seeming approval:
“Renewables are definitely not cheaper than coal”.
In fact numerous studies find renewables to be cheaper than coal. Kehoe does absolutely nothing in the article to check the validity or otherwise of that statement.
I might add I do my own modelling but I’m not shy of checking my numbers against those that others use.
Globally, in my opinion, there are at least two publishers of LCOE that are a source of authority. The first is Lazard who published Version 17.0 of the their annual Gencost study just recently. The numbers are for the USA in $US
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Lazard LCOE. Source: Lazard 2024
Every estimate of LCOE has several assumptions. Here I draw attention to Lazard’s use of: 60% debt at 8% and 40% equity at 12% and the assumption that a nuclear plant operates at 97% capacity utilisation for 80 years.
[image: ../media/image-20240612145416346.png]
LCOE sensitivity to WACC. Source:Lazards 2024
The other major source is BNEF. BNEF almost certainly have the industry’s largest global team of full time energy related analysts. However most of their work is highly paywalled reflecting the value added.
This figure is taken from an early 2022 publication. [image: ../media/image-20240612145958923.png]
To summarise no global analyst would be in the least bit surprised to find a report stating that in Australia the LCOE of wind and solar is less than coal. To be honest I’d have been very suprised at anything else. its been that way for years and even if wind costs are much higher then its likely that new coal generaion costs have risen as much.
What is LCOE and should we care?
I’ve been calculated LCOEs for 30 years and more and I am here to tell you there is no definitive “right” answer. No two people doing the sums will use the same assumptions. Also unsurprisingly the assumptions going into an LCOE calculation can generally be changed to to give a different answer.
I doubt that people in the industry really spend a lot of time on published LCOEs. Personally I have never paid any more attention to Gencost numbers than to Lazard numbers. Every financial analyst there has ever been is basically fine calculating their own NPV estimates of a generation asset and it takes only the slightest amount of rearranging to turn that NPV calculation into an LCOE. As such why use someone else’s numbers when you can use your own. Where the skill comes is understanding the assumptions and why you would choose one and not another and how sensitive the result is to an assumption choice.
Its also important to appreciate that costs change in the real world as well as in the spreadsheet. A few years ago onshore wind LCOEs could be calculated in the A$40/MWh area. Today the numbers are double that.
LCOE = Levelised Cost of Energy essentially represents the price required for an electricity plant to exactly earn its cost of capital over its life. The origin of the term is unclear but it appears to have been first used in the 1980s. I understand it to be the same as Long Run Marginal Cost (LRMC) in the microeconomics lexicon.
To calculate the LCOE an analyst is required to forecast all costs of an asset over its life and then find a price for the annual output that will recover the present value of those costs.
To calculate the present value we make use of the time value of money. That is for example $1 to be received in one year’s time is worth less than $1 received today.
In short to calculate the LRMC:
· A discount rate must be chosen. In strict theory, and in practice not all technologies “should” have the same discount rate because some technolgies have riskier cash flows than others. For instance a gas generator may be subject to the market price of gas. In general higher discount rates will more heavily penalise technologies with longer term cash flows compared to those getting their cash back more quickly.
· The useful life of the technology must be assumed. However it is very widespread practice to calculate the net present value of a project for a finite life. Typically one of 20, 25 or 30 years is chosen. Due to the magic of discounting the value today of a life longer than 30 years is a small part of the total value. For instance at a discount rate of 10% years 30-60 add 6% to the value of a project and years 60-90 add nothing to the present value today. So making a nucleare plant 80 years instead of 30 changes the answer by 6-13%. Not trivial but not all that big. Equally if you are going to do that for one technology you have to do it for every technology. Pumped hydro developers are always complaining that us analysts don’t give them enough credit for long life.
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· PV of $1. Source:ITK
· Of course these discount calculations take no account of the technology and uncertainty that the future bring, just the time value calculation.
· The capacity factor needs to be estimated. Capacity factor is expected output/output if operated every hour of the year. Solar plants have a low capacity factor, they only operate in daylight hours. The industry even has a term for plants that are dispatchible but only expected to operate occassionally and that’s “peakers”. In fact the entire concept of the “merit order” presupposes that capital intensive plant will need a higher capacity factor than capital light but higher operating cost plant.
· Mr Kehoe is on safer ground than in most places in his article when he observes that cost and value are not the same. Consumers every where will be grateful for this epiphany.
· Capital cost needs to be estimated. In the case where lots of a technology is being built capital costs are not that hard. For technologies like coal and nuclear capital cost estimates in Australia are pretty much a guess. Another associated assumption is generally that the piece of kit can be built “overnight”. That is a nuclear plant can be built in the same time as a solar plant or coal plant or offshore wind plant. I am reasonably confident that if the construction time was factored into a nuclear plant then from an NPV estimate it would likely take care of the continuing life assumption. If we factored in carbon costs between now and 2030 this overnight cost assumption would look like a bigger miss than the continuing value.
· Fuel costs need to be estimated. It should be obvious that thermal fuel costs, including perhaps future carbon costs are uncertain in some cases. For some coal generation you can assume an owned or “captivee” coal mine in other cases less so. In the end someone has to take the risk around the cost of the fuel, either the generator or further upstream.
· [bookmark: X9a2c2d482ba127a3ea7bfb3ac2c02b28a57eb60]System cost v technology cost, the true weakness of Gencost
· In the past exercises such as Gencost or LAZARD 17, LCOE estimates served a limited purpose of calculating the price required to justify the investment in one piece of kit. It was never the case that a piece of kit can operate in isolation from a system. A coal plant or a nuclear plant needs transmission as much as a wind or a solar plant. Its a matter of historical record that the pumped hydro industry in the USA was developed to back up nuclear plants.
· However in the past noone cared that the LCOE of a coal plant was only part of the total system cost. And in my opinion the preferred view should be that LCOE estimates, Gencost included, should in general confine them selves to the price required for the individual asset.
· Its the job of system builders, the job of the ISP designers, to put the bits of kit together and create a system and estimate the system LCOE. That is the cost required to build and operate a system, such as the NEM.
· The ISP uses a complex modelling methodology, orders of magnitutde above what can be provided in any LCOE individual asset analysis.
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· ISP methodology. Source:AEMO
· The ISP has its own strengths and weaknesses like any other model, but the point here is that within its assumptions it builds the lowest cost system capable of keeping the lights on and meeting policy objectives.
· Certainly the ISP takes account of capacity factors.
· [bookmark: Xb9425c6aed22bd99deb479032be9e80395b2a7a]Dispatchible power capacity factors require a viewpoint
· Capacity factors were briefly discussed above. Even for wind and solar plant capacity factor is not as simple in the real world as is sometimes assumed in the spreadsheet. For instance should “spillage” be allowed for, should capacity factor be before or after an MLF assumption? For single axis solar there is an assumption about the DC:AC ratio.
· Where the question becomes a double or nothing kind of thing is for dispatchible power. Specifically gas, coal and nuclear. The question is whether to use technical or economic capacity factor. Its not a question that I’ve worried much about in the past, but its a legitimate question.
· Its most obvious to think about this in the context of open cycle gas. I imagine that an open cycle gas plant is technically capable of operating at about a 70% capacity factor. Maybe more. That is even allowing for blade maintenance if there was enough gas, noone cared about carbon emissions and the price was right you could run it about 70% of all the hours in the year. I don’t really know what the technical capacity factor is because generally open cycle gas plants are not run like that. They are run to provide peak capacity and because of the prices they receive can sometimes earn their cost of capital on capacity factors less than 10%.
· From the point of LCOE if you assumed a capacity factor of 70% the gas plant would require a much lower price than if you assume a capacity factor of 10%.
· The plant is technically capable of 70% but in use won’t run more than 10% of the time. What capacity factor should the modeller use? I am going to suggest that a modeller that uses 70% won’t be taken all that seriously.
· [bookmark: nuclear-capacity-factor-in-australia]Nuclear capacity factor in Australia
· In summary: Nuclear is very expensive even when modelled at full capacity factor. Using the latest recently published Lazard estimate for the USA which itself employes a capacity factor of 97% its around US$190/MWh or A$280/MWh. However even though nuclear is technically capable of being ramped up and down it ruins the economics.
· Consider the changing look of coal generation in the NEM,
· [image: ../media/image-20240613102753516.png]
· Coal generation NEM wide
· This is a year long average by time of day and why I used 2023 rather than 2024.
· In another 5 years there will be at least another 10 GW of solar, actually counting behind the meter and utility very likely there will be another 15 GW of solar. In the middle of the day that will ON AVERAGE FOR THE ENTIRE YEAR just about reduce demand for any other source of generation to zero in the middle of the day.
· Its hard to see why any rational policy maker would want to run a nuclear plant in the middle of the day, let alone 5-10 of them. Its an utter waste of resource.
· Generation technology choices do not live in isolation from the system in which they operate. For those not already tired of the debate around small, modular reactors (SMR) the fact is that they are a technology designed to deal with the reality of a system that has lots of renewables and specifically lots of solar.
· It is a fact that a nuclear plant built in Australia that sold its electricity into the spot market would, for the forseeable future get pretty much zero for that electricity during daylight hours. Rationally it would be turned off, or alternatively like wind and solar plants operating at the same time the energy can be spilled.
· Although apparently not appreciated by John Kehoe this was explained by Steve Hamilton and Luke Heeney in the SMH back on 18 March,. It would be tedious for readers for me to repeat the discussion but the whole reason that coal plants are going away is because they lose money in the middle of the day, more than they can recover in the evening. Consultants have been writing reports about this for years.
· As Hamilton and Feeney write:
· “The trouble is that nuclear is a terrible companion to renewables. The defining characteristic of being “compatible” with renewables is the ability to scale up and down as needed to “firm” renewables. Countries like France can only make nuclear work by exporting large amounts of energy when it’s surplus to demand. ”
· This then is the problem that the CSIRO faces when thinking about a new coal or nuclear plant, what is the appropriate capacity factor to use?
· In short there is nothing wrong with using 97% as the capacity factor for a nuclear plant, but if you are looking at it from an economic viability point of view neither is there anything wrong with using say 50%. And if you use 50% you end up with far higher cost.
· More to the point, nuclear has two advantages for Australia. First it is carbon free, second to some extent it can make use of existing transmission.
· Against that it has massive disadvantages. Its incredibly expensive, the potential construction delay risk is totally unacceptable and the technology is fundamentally unsuited to Australia’s generation mix.
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Lazard and Roland Berger estimates and publicly available information.
Here and throughout this analysis, unless otherwise indicated, the analysis assumes 60% debt at an 8% interest rate and 40% equity at a 12% cost. See page titled “Levelized Cost of Energy Comparison—Sensitivity to Cost of Capital”
for cost of capital sensitivities.
Given the limited public and/or observable data available for new-build geothermal, coal and nuclear projects the LCOE presented herein reflects Lazard’s LCOE v14.0 results adjusted for inflation and, for nuclear, are based on then-
estimated costs of the Vogtle Plant. Coal LCOE does not include cost of transportation and storage.
The fuel cost assumptions for Lazard's LCOE analysis of gas-fired generation, coal-fired generation and nuclear generation resources are $3.45/MMBTU, $1.47/MMBTU and $0.85/MMBTU respectively, for year-over-year comparison
purposes. See page titled “Levelized Cost of Energy Comparison—Sensitivity to Fuel Prices” for fuel price sensitivities.
Reflects the average of the high and low LCOE marginal cost of operating fully depreciated gas peaking, gas combined cycle, coal and nuclear facilities, inclusive of decommissioning costs for nuclear facilities. Analysis assumes that the
salvage value for a decommissioned gas or coal asset is equivalent to its decommissioning and site restoration costs. Inputs are derived from a benchmark of operating gas, coal and nuclear assets across the U.S. Capacity factors, fuel,
variable and fixed operating expenses are based on upper- and lower-quartile estimates derived from Lazard’s research. See page titied “Levelized Cost of Energy Comparison—New Build Renewable Energy vs. Marginal Cost of
Existing Conventional Generation” for additional details.
Represents the illustrative midpoint LCOE for Vogtle nuclear plant units 3 and 4 based on publicly available estimates. Total operating capacity of ~2.2 GW, total capital cost of ~$31.5 billion, capacity factor of ~97%, operating life of 60 —
80 years and other operating parameters estimated by Lazard’s LCOE v14.0 results adjusted for inflation. See Appendix for more details.
Reflects the LCOE of the observed high case gas combined cycle inputs using a 20% blend of green hydrogen by volume (i.e., hydrogen produced from an electrolyzer powered by a mix of wind and solar generation and stored in a
nearby salt cavemn). No plant modifications are assumed beyond a 2% increase to the plant’s heat rate. The corresponding fuel cost is $6.66/MMBTU, assuming ~$5.25/kg for green hydrogen (unsubsidized PEM). See LCOH—Version 9
4.0 for additional information.
This analysis has been prepared by Lazard for general informational and illustrative purposes only, and it is not intended to be, and should not be construed as, financial
or other advice. No part of this material may be copied, photocopied or duplicated in any form by any means or redistributed without the prior written consent of Lazard.
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This analysis has been prepared by Lazard for general informational and illustrative purposes only, and it is not intended to be, and should not be construed as, financial
or other advice. No part of this material may be copied, photocopied or duplicated in any form by any means or redistributed without the prior written consent of Lazard.
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Renewables are the cheapest power source in countries
where two-thirds of the world lives

Cheapest source of bulk generation ($/megawatt-hour, levelized), 1H 2022
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Two-thirds of the global population lives in a
country where either onshore wind or utility-
scale PV is the cheapest source of new bulk
electricity generation.

This set of countries also accounts for three-quarters of

global gross domestic product, worth $65 trillion, and
90% of world electricity generation.

Rising gas and coal prices have made new
wind and solar capacity cheaper than
operating existing fossil fuel plants in a
growing number of countries.

This is already the case in countries making up 58% of
the world’s population and two-thirds of electricity
generation. Brazil, Argentina, Colombia, Chile, Peru,
South Africa, Kenya, India, Thailand, Vietham and
Philippines are among the emerging markets that have
reached this milestone.

Source: BloombergNEF. Note: The map shows the technology with the lowest levelized cost of energy (LCOE) for new-build plants in each country where BNEF has data. The dollar numbers denote the per-MWh
benchmark levelized cost of the cheapest technology. All LCOEs are in nominal terms. Calculations exclude subsidies, tax-credits or grid connection costs. CCGT is combined-cycle gas turbine.
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