
How to destroy the myth of cheap
wind and solar

Wind and solar advocates often cite a metric called the Levelized Cost of Energy (LCOE) to

claim that these energy sources are cheaper than coal, natural gas, and nuclear power

plants.1

However, these claims, which are already tenuous due to rising wind and solar costs, ignore

virtually all of the hidden real-world costs associated with building and operating wind

turbines and solar panels while also keeping the grid reliable, including:

• Additional transmission expenses to connect wind and solar to the grid;

• Additional costs associated with Green Plating the grid;

• Additional property taxes because there is more property to tax;

• “Load balancing costs,” which include the cost of backup generators and batteries;

• Overbuilding and curtailment costs incurred when wind and solar are overbuilt to meet

demand during periods of low wind and solar generation and are turned off during periods

of higher output to avoid overloading the grid;

• These comparisons also ignore the cost differential between low-cost, existing power

plants and new power plants.

Add all of these factors together, and you have a recipe for soaring electricity prices due to

the addition of new wind, solar, and battery storage on the electric grid.

To remedy this situation, American Experiment developed a model to calculate the levelized

cost of intermittency (LCOI), which is the additional costs borne by the entire electric system

as ever-growing levels of intermittent wind and solar generation are incorporated onto the

electric grid.

Our model attributes these additional costs to the wind and solar generators on a per

megawatt-hour (MWh) basis to provide readers with an apples-to-apples comparison of the

cost of providing reliable electricity service after accounting for the different attributes for

dispatchable and non-dispatchable resources.

The graph below is from our study examining a 100 percent carbon-free electricity mandate

in Minnesota, where 80 percent of the state’s energy is provided by wind, solar, or battery

storage.
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As you can see, relying on wind and solar to provide the bulk of electricity demand results in

much higher costs compared to using the existing coal, natural gas, and nuclear power

plants currently serving the grid.

How did the LCOE become so misinterpreted by renewable advocates? Because it stems

from a time when, for the most part, only reliable power facilities were built on the grid, and

it has been grandfathered into the present energy environment where less reliable, weather-

based resources are now a major consideration. However, as we’ll explain below, LCOE

estimates are no longer an appropriate metric for assessing system costs on the electric grid

with these intermittent energy sources included.

Before we examine the hidden factors that make wind and solar so expensive, it helps to

understand what the LCOE is, and its limitations.

What is the Levelized Cost of Energy?

The LCOE is a cost estimate that reflects the cost of generating electricity from different

types of power plants on a per-unit-of-energy basis—generally megawatt hours (MWh)—over

an assumed lifetime and quantity of electricity generated by the plant.

In this way, LCOE estimates are like calculating the cost of your car on a per-mile driven basis

after accounting for expenses like your initial down payment, loan, insurance payments, fuel

costs, and maintenance.

The main factors influencing the LCOE for power plants are the capital costs incurred for

building the facility, financing costs, fuel costs, fuel efficiency, variable operational and

maintenance (O&M) costs such as water consumption or pollution reduction compounds,

fixed O&M costs such as routine labor and administrative expenses, the number of years the

power plant is expected to be in service, divided by the amount of electricity the facility

expected to generate during its useful lifetime.

If you want to learn more about these variables, you can check out this link.

Limitations of LCOE

While the use of LCOE may have been appropriate in the past when most, if not all, newly

proposed generating units were dispatchable, the introduction of intermittent renewable

resources has made LCOE calculations less informative over time because this metric was

https://www.eia.gov/tools/faqs/faq.php?id=107&t=3#:~:text=Heat%20rate%20is%20one%20measure,kilowatthour%20(kWh)%20of%20electricity.
https://www.eia.gov/analysis/studies/powerplants/capitalcost/archive/2020/pdf/capital_cost_AEO2020.pdf


developed to compare resources that were able to provide the same reliability value to the

grid.

Because wind and solar are not able to supply reliable power on demand like dispatchable

energy sources such as coal, natural gas, or nuclear power, it is not appropriate to compare

LCOE estimates for dispatchable and non-dispatchable electricity sources because they are

not an apples-to-apples comparison of value.

This is why the U.S. Energy Information Administration explicitly cautions readers against

comparing the LCOE of dispatchable and non-dispatchable resources. Unfortunately, this

word of caution is seldom heeded.

In other words, LCOE estimates do not reflect the system cost of utilizing each energy source

on electrical grids – they are the cost incurred by the developers for each project (or the

revenue needed for cost recovery). They do not cover the total cost incurred by energy

consumers who pay not only for the facility and its production but also for transforming the

grid to accommodate and provide backup for these energy sources.

Assessing the System Cost of Each Energy Source

The only true way to assess the system cost of each energy source is to model the entire grid

using each technology at desired penetration levels—including each of the hidden costs

mentioned above— and compare the costs of the new grid to a realistic baseline that

includes continuing to utilize the existing system. This is especially true for non-dispatchable

generators.

We flesh out the hidden cost drivers that we evaluate in our modeling to determine the true

“All-In” LCOE of different resources below.

Transmission Costs

Transmission lines are important: It is pointless to generate electricity if it cannot be

transported to the homes and businesses that rely upon it. Transmission costs will be much

higher on an electric grid with high penetrations of wind and solar than on systems reliant

upon dispatchable generators. This is because wind and solar are often located farther away

from high-energy use areas and would require a large buildout of costly transmission

capacity to move wind and solar power across the country depending on whether they’re

producing electricity.

A report by the Energy Systems Integration Group examining six studies found that a reliable

power system that depends on very high levels of renewable energy would be impossible to

https://t.co/WeO7dCkJX3
https://t.co/WeO7dCkJX3
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implement without doubling or tripling the size and scale of the nation’s transmission

system.

Similar conclusions were drawn by Wood Mackenzie analysts, who estimated that achieving

a 100 percent renewable grid would require doubling the nation’s 200,000 miles of high-

voltage transmission lines at a cost of $700 billion.

Green Plating Costs

Most LCOE calculations include a utility return or capital cost into their calculations, but

because these LCOE estimates don’t include the cost of transmission or other system costs,

they don’t fully capture the amount of money that will be siphoned from ratepayers as

profits for utility shareholders.

Property Taxes

Property taxes increase due to wind and solar buildouts because compared to operating the

existing grids, there is much more property —wind turbines, solar panels, substations, and

transmission lines— to tax.

While the property taxes assessed on power plants are often a crucial revenue stream for

local communities that host power plants, these taxes also effectively increase the cost of

producing and providing electricity for everyone.

For example, Xcel Energy saw its property taxes increase exponentially as it built wind, solar,

and transmission facilities to satisfy Minnesota’s original renewable energy mandate, which

was passed in 2007.

Load Balancing Costs

Attributing load balancing costs to wind and solar allows for a more equal comparison of the

expenses incurred to meet electricity demand between non-dispatchable energy sources,

which require a backup generation source to maintain reliability, and dispatchable energy

sources like coal, natural gas, and nuclear facilities that do not require backup generation.

The key determinant of the load balancing cost is whether natural gas or battery storage is

used as the “firming” resource. While natural gas provides relatively affordable firm capacity,

battery storage is often prohibitively expensive.

https://www.greentechmedia.com/articles/read/renewable-us-grid-for-4-5-trillion


We calculate load balancing costs by determining the total cost of building and operating

new battery storage or natural gas facilities to meet electricity demand during the time

horizon studied. In the case of our Minnesota report, we used battery storage due to the

state’s carbon-free mandate.

These costs are then attributed to the LCOE values of wind and solar by dividing the cost of

load balancing by the generation of new wind and solar facilities (capacity-weighted).

Overbuilding and Curtailment Costs

The cost of battery storage for meeting electricity demand is prohibitively high, so many

wind and solar advocates argue that it is better to overbuild renewables, often by a factor of

five to eight compared to the dispatchable thermal capacity on the grid, to meet peak

demand during periods of low wind and solar output.

These intermittent resources would then be curtailed when wind and solar output improves.

As wind and solar penetration increase, a greater portion of their output will be curtailed for

each additional unit of capacity installed.

This “overbuilding” and curtailing vastly increases the amount of installed capacity needed

on the grid to meet electricity demand during periods of low wind and solar output. The

subsequent curtailment during periods of high wind and solar availability effectively lowers

the capacity factor of all wind and solar facilities, which greatly increases the cost per MWh

produced because, to use our car analogy from above, the cost of the car is being spread

over fewer miles.

As you can see in the graph below from our Minnesota report, the more the grid tries to rely

on wind and solar to meet demand, the more expensive the overbuilding and curtailment

cost gets. Conversely, these costs are lower in a grid with more dispatchable generators.

Comparing New Renewables with Existing Resources

When wind and solar advocates claim that renewable energy sources are cheaper than coal,

natural gas, and nuclear power, they usually compare the cost of building wind or solar to

building new coal, natural gas, or nuclear plants.

However, these comparisons are missing the main point: we aren’t building a new electric

grid from scratch, so we should be comparing the cost of new wind and solar with the cost

of existing power plants that these intermittent generators would hope to replace. The truth

is that we already have reliable, depreciated assets that produce electricity at low cost, and

they could’ve kept doing so for decades.



This means that building new wind and solar adds to the cost of providing electricity to the

grid. If wind and solar were truly lower cost than other forms of energy, we would expect

states like California and Minnesota, which have high penetrations of wind and solar, to see

falling electricity costs. Instead, electricity prices in these states have increased much

faster than the national average.

Keep in mind that wind and solar buildouts, which were driven by state mandates

and not by the need for new energy sources to meet growing demand, were undertaken

during a time of flat electricity demand, which spread more capital and hidden costs over

the same number of megawatt hours. This is a major reason why the cost of electricity has

soared in recent years, leaving families and businesses unable to realize significant cost

savings from existing power facilities.

Conclusion

LCOE estimates can make wind and solar look cheap, so long as you ignore most of the costs

of integrating them on to the grid and backing them up.

Comparing LCOEs makes sense when examining reliable, dispatchable power plants

because these power plants can be turned on or off to meet electricity demand. It makes

very little sense when you start including intermittent and weather-based energy sources

that don’t provide the same value as thermal generators.

The intermittency of wind and solar imposes unique expenses on the electric grid that

require an evaluation of the entire electric system in order to derive meaningful cost

estimates from these generators. This is difficult to do, which is why most people don’t do it.

Our modeling attempts to provide this apples-to-apples comparison of running a reliable

grid with dispatchable energy sources like coal, natural gas, and nuclear versus that of

intermittent facilities like wind and solar. In every case, the answer is clear: wind and solar are

by far the most expensive.
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evinmn  

Reply

− ⚑

15 hours ago

For the existing plants on the left in the first graph, there is no cost for additional capacity.

Are you assuming no growth in electricity use in Minnesota in the next few decades? That seems very
unlikely.

 3  0

David May  

Reply

− ⚑

a day ago  edited

Many of these costs will become evident when MN utilities go to the PUC for the rate increases that
will be necessary and sadly warranted because of the expenses that have been incurred to fulfill the
mandates of transition. In addition, it should be understood that a great deal of the additional costs will
not show up in rates but in federal deficit and additional taxes. That additional deficit spending will
result in additional inflation (a sinister tax that hits us all but the poor the worst).

What I'm watching for is how the utilities will handle the public relations nightmare created when the
rates skyrocket and rolling blackouts become a normal reality. After all, they have been bragging about
how rates will be kept low by the transition to renewables. Also, when reliability failures show up in the
form of energy curtailments, how will the utilities explain that bragging in advertising about the
increased reliability of renewables.

Now for the politicians. How will they explain the failures of the mandates by forcing a transition to
renewables so quickly? How will they explain the destruction of still viable and paid for base load
generation assets? How will they explain the failure to honestly consider a transition to nuclear power
using the existing and viable generation as a bridge to the future, now impossible because it was
destroyed? How will they explain the stagnation of the economy due to the skyrocketing energy costs
and lack of adequate supply? How will they explain the loss of jobs and income for citizens? How will
they explain the depressed standard of living that we will all experience as a result of these policies?
How will they explain the unsafe conditions created in extreme weather situations when power is
curtailed at the worst possible times? I know what will happen. These politicians will be nowhere to be
found. They will be hiding out in their districts or somewhere else. The citizens will be left holding the
bag to try and rebuild a reliable and cost-effective electric infrastructure from a position of poverty. It
will be a monumental task, take decades and was so unnecessary.

 5  2

David May  

Reply

− ⚑

4 hours ago

Great article guys! I'm hoping all of the comments are the result of the impartation of some very
relevant facts injected into the issues. I hope it will spur others to engage and learn more about this
incredibly important issue for the future of our country. Much damage has been done and the longer
we wait to begin to turn the ship of fate the worse it will be.
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My annual contribution to CAE was due a few days ago but I skipped because I moved from Minnesota
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Reply

My annual contribution to CAE was due a few days ago but I skipped because I moved from Minnesota
to Nevada last year. But doggone it, work like this deserves support.

 2  0

David May  

Reply

− ⚑> broose

8 hours ago

It does! CAE accepts support from all over the country for it's work is applicable everywhere.

 2  0

Easton Elliot  

Reply

− ⚑> David May

7 hours ago

Mostly Koch money.

 0  0

USMC OV-10 Bronco  

Reply

− ⚑> Easton Elliot

5 hours ago

So you assume the study is erroneous?

Did you even read the article.

Have you looked into this issue before?

I've read similar claims many times before, both foreign and domestic.

 0  1

Easton Elliot  

Reply

− ⚑> USMC OV-10 Bronco

4 hours ago

I've asked to see the actual model, but they refuse because they are scared

 0  0

USMC OV-10 Bronco  

Reply

− ⚑> Easton Elliot

an hour ago

I have seen more than one study that made similar claims about solar and
wind power.

It's not like the these issues have not been raised before.

I have no problem with solar or wind, or farts...as long as the taxpayers
(State or Federal) are subsidizing the cost of these products. But, I know
that the Feds and some states are subsidizing wind and solar.
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Holly Burch  

Reply

− ⚑

a day ago

A thorough and well researched article, Isaac. It seems as though you have readers who prefer to
critique what you write and comment on where the CAE funding is sourced. They fail to read the article,
lack the fundamental understanding of electricity and how the power grid works, or simply comment
on a subject they are emotionally driven to refute, with no scientific basis for doing so.
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Easton Elliot  
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− ⚑> Holly Burch

a day ago

Oh please

 0  3

Holly Burch  

Reply

− ⚑> Easton Elliot

a day ago

That is a truly helpful statement.
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Easton Elliot  

Reply

− ⚑> Holly Burch

20 hours ago

You're welcome
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Dave Begley  

Reply

− ⚑

6 hours ago

This article is going to be entered into the official records of Omaha Public Power District by me. The
directors, however, won't pay attention as they are Zealots committed to net zero regardless of the cost
or effectiveness.

 1  0

deminn  

Reply

− ⚑> Dave Begley

3 hours ago

It would help if more people from Omaha understood that their representatives at the
regulatory level are not making responsible, constitutionally respectful, and reasonably
supportable decisions.

Sounds like you need a now OPP administration.

 0  0

idm356

Reply

− ⚑

21 hours ago

David May a.k.a. Isaac Orr. Holly Burch a.k.a. Mitch Rolling. Just so you know.

 1  0

Holly Burch  

Reply

− ⚑> idm356

20 hours ago

Now David..how is that for an amusing comment?

 1  1

chef_utd

Reply

− ⚑

a day ago

Specialized subjects can be submitted to the scientific community for evaluation. This ensures the
content is balanced, fair and satisfies the scrutiny of peer review. If, on the other hand the subject
matter is simply a collection of factoids compiled and published into a superficial article for political
and industrial gain, any unqualified writer can become an 'expert', claiming his findings as the gospel
truth. Does the writer of this piece plan on submitting his findings for peer review? Otherwise his
musings have no more validity than the rantings of a second rate radio talk show host.
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Holly Burch  

Reply

− ⚑> chef_utd

a day ago

How much Green New Deal, Q45, and Inflation Reduction Act funding is the 'scientific
community' to which you refer receiving? I have known grant writers who have stated that if
you can link jelly bean recipe formulations to the green agenda in a grant, your chances of
Federal funding approach 100%.
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John Hinderaker  

Reply

− ⚑> chef_utd

a day ago

This is a very funny comment. Unlike the vast majority of "scientific" claims, the entire basis
for the calculations that Isaac and his colleagues make is set forth--every fact, every number,
every calculation, every assumption. If they have made a mistake somewhere, what is it? So
far, not a single critic has identified such an error. Including, of course, you. And the logic of
Isaac's approach should be evident to any intelligent reader, presumably including you.
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chef_utd

Reply

− ⚑> John Hinderaker

a day ago

This comment epitomizes the issue. Writers can publish 'data' which is taken as
gospel by those who are already in agreement. Question everything. Remember
American Experiment openly admits to an inherent bias in its agenda.
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deminn  − ⚑> chef_utd

a day ago

Questioning is different than ignoring or marginalizing through false or
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unethical review. And we've already seen the experts lie about reality in this
area so, expects, review? That's pretty much up to each of us to do based
on our understanding of science, costs, impacts, the issues at hand.

Do you own thinking. Words to live by today more than ever.

 3  1

deminn  

Reply

− ⚑> deminn

a day ago

The scientific method is based on questioning, testing, and questioning
again. I see where that would be problematic for cultists like you Elliot.

 1  1

Holly Burch  

Reply

− ⚑> chef_utd

18 hours ago  edited

For the past 20+ years, the EIA has slanted their figures in favor of RE, to
the point of including anticipated regulatory penalties on coal and gas unit
figures, BEGORE the penalties were instituted! I have watched them do
this. Still, Isaac and others use them as 'credible' sources of data. As most
research is grant funded, it is well known that applications are much more
likely to receive funding when they propose to affirm the findings, opinions,
or leanings of the funding source, which puts both your scientific
community and the research published here on rather level footing.

 1  0

TrumplingsAreTraitors  

Reply

− ⚑> John Hinderaker

a day ago

Not true. Isaac and his team are paid obstructionists. They twist the truth in EVERY
ARTICLE to confuse and slow the transition away from fossil fuels.

 2  2

Easton Elliot  

Reply

− ⚑> John Hinderaker

7 hours ago

Cat got your tongue now?

 0  0

Easton Elliot  

Reply

− ⚑> John Hinderaker

a day ago

Make the model accessible and open. What are you scared of little Johnny?

 0  0

deminn  

Reply

− ⚑> chef_utd

a day ago  edited

How about a bowl of bat soup instead?

C'mon Elliot, you like Bats. Experts agree.

 1  2

Tom Henry  − ⚑

6 hours ago  edited

As a grid modeler, I find this analysis lacking. I'd like to open up your model. Are you planning on
making it public? At the very least, the dataset it produces would be very interesting if you are not
comfortable showing methods and assumptions.

The entire model hinges on the costs you assign for curtailment. Where do these come from? You
imply the energy is curtailed to prevent 'overloading the grid.' What exactly does that mean? Most cost-
optimized high penetration renewable modeling scenarios have high levels of curtailment, but this isn't
a significant cost. Curtailments due to transmission constraints are not significant compared to
curtailments due to the lack of load. In the latter case, there are no costs... Grid-constrained
curtailment costs are also highly sensitive to model assumptions... Also, without specifying the
underlying reasons for curtailment, we can't assess whether these systems are available to provide
other grid services, such as load balancing, reserve generation, etc, which looking at your other
variables likely leads to double counting. Are these services accounted for?

On the other side of the equation, transmission costs for what must be an exceptional build out of wind
and solar are exceptionally low. Why aren't we building more transmission to accommodate these
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systems? The model seems to assume we'd rather curtail energy instead? Doesn't seem like a very
good choice from an economic or resource efficiency perspective. Does the model assume
transmission can't be built? MISO recently described a $23B transmission build. Are the costs and
benefits of this included in the model?

Why aren't utilities earning profits on non-renewable generation? Is there no load growth? Are we not
replacing end of life thermal generators? Or upgrading them over time?

 1  2

deminn  

Reply

− ⚑> Tom Henry

3 hours ago

Costs are exceptionally low when you are able to pollute the environment for generations by
leaving the 8000 ton cement anchors in place on private property when abandoning the
current primitive windmill technology there.

I'll leave it there.

 0  0

TrumplingsAreTraitors

Reply

− ⚑

a day ago

@Isaac Orr How much do you get paid to slow the transition off fossil fuels?!

I hope you and your ilk will be jailed for your efforts one day.

 1  3

Redleg67A  

Reply

− ⚑> TrumplingsAreTraitors

20 hours ago

Is it the fascists who always want to put those who disagree with them in jail. Just asking.

 1  2

TrumplingsAreTraitors  

Reply

− ⚑> Redleg67A

15 hours ago

I wonder what today's kids will charge the hired guns by the fossil fuel lobbies and
think tanks like The Heartland Institute and the Center for the American Experiment.
Ones that actively and knowingly spread lies to slow the energy transition to fight
climate change. Crimes against humanity? Child endangerment? We'll see. The
younger generation, even the conservative ones, want action today. When they get
into power in 20 years, they'll come after the lobby groups, but it'll be easier to get
these misinformation spreaders like these writers.

 2  0

David May  

Reply

− ⚑> TrumplingsAreTraitors

8 hours ago

What will the younger generation do when they realize that civilization has
been sold a bill of goods for a sinister agenda that has little or nothing to
do with the planet other than their own sick transitional geopolitical
aspirations.

 3  0

Easton Elliot  

Reply

− ⚑> David May

7 hours ago

Commie.

 0  0

Holly Burch  

Reply

− ⚑> Easton Elliot

7 hours ago

You are so good at self-reflaction!

 1  1

Easton Elliot  

Reply

− ⚑> Holly Burch

7 hours ago

And you are so smart.

High school education or just GED?
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Reply 0  1

Easton Elliot  

Reply

− ⚑> Holly Burch

7 hours ago

Zing! So clever

 0  1

Easton Elliot  

Reply

− ⚑> Redleg67A

16 hours ago

See John's post on Powerline...he says climate change supporters should be jailed.

 1  0

deminn  

Reply

− ⚑> Easton Elliot

7 hours ago

Some of them should, those who attempt to impose an illegal state religion
through public offices. these people have committed high crimes and merit
high penalties.

 1  2

Easton Elliot

Reply

− ⚑

a day ago

The model has many flaws. Not surprising for a Koch funded organization.

 1  4

Holly Burch  

Reply

− ⚑> Easton Elliot

a day ago  edited

Always willing to criticize, but not willing to look for and reason a solution to anything. Since
you claim there are flaws, point them out so all can learn from your expertise.

 3  0

Easton Elliot  

Reply

− ⚑> Holly Burch

a day ago

I'm willing to review little Issacs model if he willing to share.

 0  0

David May  

Reply

− ⚑> Easton Elliot

a day ago

And since we are comparing expertise, what is yours?

 1  0

Easton Elliot  

Reply

− ⚑> David May

a day ago

HBS grad and PE.

 0  0

David May  

Reply

− ⚑> Easton Elliot

21 hours ago  edited

That's great! We can all benefit from your engineering insight and business
expertise. So go ahead and counter much of what is being presented by
mere mortals and those that have worked in the trenches for decades. And
your engineering discipline is?

 2  1

Easton Elliot  

Reply

− ⚑> David May

20 hours ago

Do you even know what HBS and PE stand for?

 0  0

Holly Burch  − ⚑> Easton Elliot

19 hours ago  edited

A TON of college debt last I looked. So far you have not proven that you
learned anything, except how to argue. Perhaps Law would have been a
b tt ti f
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better option for you.
A friend of mine passed the PE certification requirements with no
undergraduate in Engineering. She had about 15 years of operations
experience at two different utilities. She holds a NIULPE Instructor License
and went on to earn her MBA. Your point is?

 1  1

Easton Elliot  

Reply

− ⚑> Holly Burch

19 hours ago

You don't know what PE stands for nor what HBS stands for. And no
college debt for me, luckily!

 0  0

Holly Burch  

Reply

− ⚑> Easton Elliot

17 hours ago

Biden forgive it for you? Harvard is big coin.

 1  0
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