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Myths and realities of renewable energy 

http://judithcurry.com/2014/10/22/myths-and-realities-of-renewable-energy/ 

by Planning Engineer 

Power System Planners do not have the expertise or knowledge to say whether or not the 
benefits of reducing carbon emissions are worth the costs.   However they should be respected 
as experts for obtaining a better understanding of what the implications and costs of such 
programs are. 

Unfortunately many non-experts, driven by fear of AGW, have done much to cloud, distort and 
ignore critical issues around the cost and capabilities of renewable energy and the realities 
relating to the provision of electrical power. This is harmful because even if carbon reductions 
justify any level of power system costs; we are better served knowing at least generally the 
range of those costs.   If however, a balancing between costs and emission reductions is 
required – it is crucial that we understand the true costs and challenges imposed by renewable 
energy. To provoke discussion this post offers some preliminary thoughts, observations and 
personal opinions. 

Where are we now? The US is seeing exponential growth in renewable resources. This is largely 
because of the mandates or directives imposed upon utilities. Examination of these renewable 
programs today could provide valuable information to drive future decision making in the 
power supply area. Potentially real world results modelled along with falling costs for 
renewables and estimated benefits from carbon reduction could drive the further expansion of 
renewables.   However what is being observed is that you need ridiculously high valuations for 
carbon reduction to justify significant increases in renewable generation. Current efforts to 
increase renewables have abandoned carbon valuations and focused instead on mandates, 
directives and incentives that are not built upon any sort of comprehensive cost benefit 
analysis. A cynical observer might believe that the urgency to adopt renewable mandates is 
driven by fears that we must take action now; as such action will not be justifiable in the near 
future as the true costs and benefits become better understood. 

Myth 1 – Utilities are too conservative and unwilling to investigate and utilize new and 
promising technologies.   In the US alone there are hundreds of utilities operating on very 
different business models including Investor Owned Utilities, Cooperatives, Municipals, Energy 
Marketers, State and Federal entities. No group of related utilities provides even 5% of the US 
market.   Furthermore, FERC Order 1000 allows non-utility power suppliers to compete as well. 
Additionally the development of alternative resources is not just limited to the US. The idea 
that the collective reluctance of a diverse mix of utility engineers, or worse a conspiracy among 
them, is slowing down the implementation of alternative technology does not make sense. 
Those who argue that we must trust climate scientists on climate issues should also consider 
trusting the experts when it comes to power supply. 
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Myth 2 – The US has a third world grid. The Eastern Interconnection is the largest, best 
machine ever built. It’s highly reliable, flexible and economic. The idea that it, or the other two 
US grids, function as third world grids or are less than smart has been promulgated by entities 
hoping to make a buck (GE/Siemens) and by those who wanted to hide the costs of adding 
renewables to the grid (Wind/Solar). 

While utilities have had occasional (and unacceptable) blackouts– they have learned from these 
and made improvements to lessen the likelihood of such events. Much of what is being called 
for as regards a smart grid has little or nothing to do with reliability. Pushing what is new and 
different is good for consultants, those producing the new technology and those who want to 
subsidize specialized costs. The balancing voices speaking in defense of the current grid do not 
have the same incentives, motivations or resources and as such are not as widely heard. 

Myth 3 – All Megwatts are equal – An electric power system is very complex and must operate 
within narrow parameters while balancing loads and resources and supporting synchronism. 

Conventional rotating machinery such as coal, nuclear, and gas plants as well as hydro 
generation provide a lot of support to the system. This includes reactive power (vars), inertia, 
regulation of the system frequency and the capability to ramping up and down as the load 
varies. Most renewable resources lack these important capabilities and furthermore are only 
intermittently available (not dependable). Since wind turbines must rotate at variable speeds 
their rotational energy cannot be used to support the system. 

Some, but not all of the disadvantages of solar and wind energy can be mitigated at extra costs 
through electronic and mechanical means. When these resources only make up a small 
percentage of the generation on the system, it is not a big deal. The system is strong enough 
that utilities are ok with letting a small percentage of solar lean on the system. But as the 
penetration of solar and wind energy increases the system robustness will degrade and 
reliability will be compromised without costly improvements. Such additional costs are not 
generally applied to renewable resources at this time. 

Myth 4 – Renewable resources will degrade the reliability of the power system. This may or 
may not be seen as a myth. Could a power system operating similar to ours be built that relied 
on only renewable resource? The answer is yes and no. As noted above there are essential 
system characteristics that most renewables do not supply or supply well. However a 
renewable system could be coupled with extensive batteries and other storage devices, large 
mechanical flywheels and condensers (basically an unpowered motor/generator that can spit 
out or consume reactive power). These devices could approximate the behaviors of our 
conventional power system but they would require huge and prohibitive costs. On top of the 
renewable resources, the total cost for such a system would be many multiples times the cost 
of our current systems. 

This “confusion” between cost and reliability allows it to be technically true that renewables do 
not necessarily degrade the system. But in practice they do, or they pass high costs on to 



others. When it’s advocated that some reasonable portion of cost recovery come from 
renewables it is denounced as unfair, discriminatory or anti-competitive. The new resources 
and technologies have significantly different operational characteristics than conventional 
technology and sometimes from each other. Planners typically assume the best for renewables 
but unanticipated results have already occurred. We don’t know how good our models are or 
how well we understand their expected performance as compared to technologies that have 
played out over decades. Renewables increase risks and costs. 

Myth 5 – There are many success stories of renewable generation supporting the increase 
usage of such technology. There are some successes but the overall success of such 
technologies has been greatly overblown and exaggerated. This myth perhaps deserves a series 
of posts. We cannot replace large (or significant) amounts of conventional technologies with 
wind and solar without either wrecking the economy or degrading system reliability or 
both.   Countries, regions and entities that have aggressively undertaken renewable, solar or 
wind ventures have not seen results which would justify their emulation. Sometimes the costs 
are hidden subsidies such as tax credits, biased cost allocation and creative financing. 

Misinformation is rampant. “Major breakthroughs” regarding alternative technology are 
frequently announced but typically do not materialize. We frequently see stories as to how 
much of countries resources are provided by renewables and pleas are made for the US to 
reach for those levels. A country is not always the same thing as a power system.   For example 
Germany can only have a large amount of solar and wind (for the exorbitant cost they incurred) 
because they are interconnected to a bigger more balanced grid. The important fact is that the 
power system that Germany is a part of does not have that high a level of renewables. Similarly 
Denmark has a lot of wind based generation, but they too are not a standalone system – their 
wind level would be highly problematic if they were not integrated with the vast hydro facilities 
in Norway and Sweden 

The true costs of these renewables are often hidden though cost shifting and subsidies. The 
approval of such projects frequently rely on cost shifts along with the most optimistic 
projections imaginable for the alternative technology and highly pessimistic projections for 
conventional alternatives. Reality does not match projections for renewable performance. 
Similarly when performance is analyzed, many costs and burdens imposed by renewable 
technology are ignored. This topic calls for a much more thorough treatment, but from the 
sidelines there are many large and small observations that can be made which seemingly in the 
real world always come out to show renewables underperforming and conventional technology 
over performing. For example: Wind facilities are not lasting nearly as long as projected due to 
bearing failures. The output of solar and wind facilities is typically less than projected during 
peak periods. More costly maintenance than projected is required for renewables. 
Conventional technology usually exceeds planned life and with refurbishment and can last 
years longer than it is credited for. Conventional fuels have not escalated anything like assumed 
projections.   Unanticipated improvements to the system are often needed to integrate the 
operation of renewables. Backup generation required by renewables is not adequately 
accounted for. 



A significant problem is that mandates are made with little, bad or no information. After that 
programs are judged as to how well that met the mandate, but the mandate’s themselves 
escape scrutiny. Renewable technologies can be touted as successful because they enabled a 
Utility to meet a mandate, but that is not the same as saying they would be successful 
compared to other technologies in an open evaluation. 

As a magician can show a gullible audience that a cage is empty by selective exposure, so too 
can studies of renewables show their apparent benefits. But the seasoned observer in both 
cases can recognize that there is a curtain that likely has tiger behind it.   Unfortunately, as a 
lead in to Myth 6, it may be the case that often nobody with decision making ability really cares 
whether or not renewables meet their performance expectations or not. The sponsoring 
utilities can still be granted a good return on such investment and others are pleased with 
vague “understandings” that they are doing something “worthwhile” for the environment 

Myth 6 – Consumers are protected by their public service commissions and other regulatory 
bodies. Some commissioners (or other regulatory enforcers) are political appointees and some 
are elected. In theory they oversee the utility and look out for the consumers. They generally 
have broad powers and can determine critical items such as rate of return, capital inclusion, 
rate increases and cost recovery. Many commissioners and regulators lack training and 
expertise and believe that protecting consumers from CO2 emissions can be done more cheaply 
than possible or that it is more important than their traditional responsibility of ensuring that 
the utility provide economic and reliable power.   I’m afraid that contrary to the design, in far 
too many cases utilities are trying to look out for their customers and protect them from their 
commissioners. 

Political pressures exist for all power suppliers, but for brevity I will focus on Investor Owned 
Utilities (IOU’s) to describe the workings of power supply planning. An IOU’s primary goal is to 
earn a rate of return for their investors, their secondary concern is providing economic and 
reliable power. All things equal Utilities seek to do both. However Utilities focused on providing 
reliable and economic power to their consumers can find themselves under significant pressure 
from their green regulators. Their decisions are criticized (with hindsight) and cost recovery and 
rate of return decisions can be very punitive.   Utilities pursuing green programs that satisfy 
their commissioners can be well rewarded regardless of the bottom line cost on consumers. 
Political oversight based on cost recovery makes it so a utility might prefer a more costly less 
effective program that harms their consumers but is rewarded by the legislators. 

Many small renewable projects have been undertaken for the purpose of relationship 
enhancements with regulators.   Regulators have huge power to cripple or reward utilities. 
Politics impact utility resource decision making and it is generally biased towards (not away) 
from renewables and there is little incentive to negatively evaluate much less publicize the 
shortcomings of such programs once they are undertaken. Speaking honestly and truthfully to 
regulators and other stakeholders can easily be re-interpreted by them as the utility being anti-
renewables, inflexible and protectionist. Worst case as noted they can find some of your 
decisions imprudent and not allow cost recovery. 



My comments above should not be taken to imply that I believe that Planners or Utilities 
deliberately undertake significant projects to the detriment of their consumers in order to gain 
benefits from their regulators.   I believe it is a much more subtle process. Utilities are criticized 
and chastised for not embracing renewables and face additional scrutiny and demands which 
hurt their bottom line. Over time with pressure study assumptions begin to fall in line more 
with those of the regulators. Perhaps against better judgment – alternative technologies are 
credited with higher performance, lower maintenance and/or greater longevity than is 
warranted. Existing technology does not receive similar benefits and may be penalized. Fuel 
prices for conventional technology are projected to steeply escalate. High compliance costs are 
associated with conventional technology. Extra costs to the transmission system associated 
with intermittent resources are ignored or minimized. The strategic value of experience with 
new technology is given a high value. Individually most any of these study decisions may be 
reasonable; collectively they skew the results tremendously. Planners who buy into the benefits 
of renewables are more likely to participate in forums with environmental groups, industry 
renewable task forces, and PR opportunities because it matches their perspectives and their 
presence helps the utilities image. 

Some personal observations: I believe there is one large investor owned utility that is adding a 
bit of solar, just to please the Public Service Commission so that they can get a Nuclear Plant 
built and have a decent return approved for the investment. Pushing back on solar could cost 
them far more than the solar program they are adopting. While I think IOUs generally do the 
right thing the perverse incentives make that difficult. If the Commission is going to approve 
both your solar and your nuclear and you will get a good return on both, it’s hard for a business 
to insist on consumer good against the wishes of the Public Service commission who is 
supposedly looking out for those same consumers. 

The major generation alternative to renewables: 

Even with studies skewed by overly optimistic treatment of alternative energy and overly 
pessimistic treatment of conventional technology it’s still generally hard to make the 
alternative technology appear competitive with natural gas generation. Major studies built 
upon biased assumptions favoring alternative technology, nevertheless show huge costs for 
renewable resources as opposed to high gas generation scenarios.  To get around this 
alternative resources are given huge amounts of credit for clean air impacts, conventional 
technologies are punished, all concurrent with low availability and high projections for natural 
gas prices (or gas generation is ignored as an option).   At national workshops on the future of 
the grid various scenario’s around skewed assumptions on future resources are developed and 
discussed. In one forum I asked why we did not have a scenario assuming plentiful and cheap 
natural gas availability (as forecast by many). After a bit a silence the response was that fracking 
could be curtailed and that gas generation might be limited in the future. Quite a remarkable 
statement when you consider the myriad assumptions and uncertainties built into the modeling 
scenarios that are needed to favor renewables. How reasonable is it to be so optimistic on one 
hand and so pessimistic on the other? If the optimism shown towards renewables applied in 



other areas as well, we’d see projections showing huge amounts of generation at highly 
affordable costs from improved clean coal technology. 

Ignoring C02 emission issues, there is no question that over the next 20 years that with the 
commonly projected availability and cost of natural gas that gas turbines and combined cycle 
plants should make up the overwhelming bulk of resource additions. Cheap plentiful natural gas 
is a path to a low cost secure energy future for America. If gas plants are limited by 
environmental or other reasons, we face a much more costly and challenging future. The 
economics, operations and reliability benefits offered by modern gas generators cannot be 
approached with even the most optimistic foreseeable projections for large scale renewables. 
We need comparisons of this scenario to the renewable scenarios. Likely the savings from 
natural gas over renewables would be significantly large enough to support carbon capture or 
other more effective carbon reduction programs. 

Going forward:  

In the end, to many people the facts and numbers don’t matter. This hit home hard with me 
once a few year back. The Sierra Club was touting a big efficiency program but their numbers 
seemed off. The calculation of such efficiency benefits is easily subject to manipulation, but I 
found it strange their numbers were so low. After a close examination of the original study I 
saw that they had confused units between Mega and Giga in their calculation and were under 
expressing the benefit of the touted program by a factor of 1000 in the presentation I had sat 
through and all their printed material.   Accidently they were saying the program was 1000 
times less effective per dollar invested than their analysis warranted. I wrote them a nice note 
explaining that their program would look much better if they revised the numbers.   I never 
heard anything back nor did any updates on their material ever appear. The numbers did not 
matter. They were presenting an emotional argument for the program and the number 
associated with it sounded just as big to them regardless of whether they were expressed 
correctly in GWHs or incorrectly in the much smaller units of MWHs.   For most of us, at the end 
of the day it does matter whether our monthly bill is $200 or $200,000 and so we need to pay 
attention to people who transcend emotion and have some facility with numbers. If we should 
be panicking – let’s panic intelligently 

The EPA is considering broad and sweeping mandates that will aggressively drive increased 
renewables and hinder traditional generation technology greatly to the detriment of power 
system costs and reliability. In public dialogues, utilities typically have not wanted to upset their 
regulators. Planners don’t want to upset their employers. So in the public conversation the 
voices of vested interests, alarmists and others drown out the more muted voices of the 
experts. As policy makers grapple with issues around CO2 it would be highly desirable if System 
Planners could share their knowledge and expertise without fearing censure. 

I expect we will hear more honesty from utility experts. We are moving past the point where 
the industry is mostly only accommodating token and small programs that have small limited 
impacts upon grid costs and reliability. The potential EPA mandates would have major impacts 



adversely hurting grid reliability and economics. The money that pours into the grid from such a 
change could greatly benefit utilities and planners in terms of business and work opportunities. 
However I believe most planners and utilities recognize that the overall impacts to society 
(unless needed to aver environmental disaster) would be extremely harmful in the net analysis. 
I hope that the voices of concerned utility experts are not drowned out by the noise of “true 
believers” or disbelieved because of false accusations of self-interest. 
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More renewables? Watch out for the Duck Curve 

http://judithcurry.com/2014/11/05/more-renewables-watch-out-for-the-duck-curve/ 

by Planning Engineer 

It can be very misleading to compare the energy costs for wind and solar to the energy costs for 
more conventional generation technology and assume the difference is the cost of providing for 
“clean” energy. 

The power grid requires so much more support than the injection of energy. Unfortunately 
wind and solar do not provide support “services” as well as many other generation resources 
do. Accounting and providing for these extra “services” should be part of any comparison of 
resource types and inform any directives or plans impacting the provision of electric 
power.     To the degree that wind and solar resources make up a larger portion of the supply 
mix, significant costs will be incurred to maintain system functionality and reliability. This 
posting is focuses solely on how various resources impact just one of these “services”, the 
balancing of system loads and resources. 

Background 

In a power grid load and generation must be carefully balanced instant by instant. While there 
are energy storage technologies, the grid demands alternating power that must be generated in 
real time. Thus pumped storage energy must physically turn a turbine and battery storage must 
be converted to alternating current when needed. Thus all technologies (including storage) 
transform some form of energy (fuel, potential energy, electrical storage) to AC power in real 
time. Their combined contributions much match the system load demand on a near 
instantaneous basis. 

On a power system when a load is added, the system frequency slows down slightly. This 
signals some generators to ramp up their output. When loads decrease, the frequency 
increases and this signals generators to back down. The system sees bumps when a generator is 
removed from or added to the system, loads change or when equipment is outaged. During 
system disturbances, large amounts of load or generation may be lost and the system must 
respond quickly and effectively to maintain balance and avoid further problems.  Frequency 
continually shifts to signal generation changes, hovering very closely to a frequency of 60 cycles 
per second in North America. 

Since the grid is interconnected and electricity flows at nearly the speed of light, when the 
system sees frequency departures available units across the system help somewhat regardless 
of who is responsible for the need. The grid is subdivided into control areas. Control areas try to 
ensure that generation and loads within their control are balanced at zero (or match total 
imports or exports).   When a frequency disturbance hits one area – other control areas will 
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help briefly, but then over a longer time period as the frequency disturbance is resolved the 
systems will correct for the oversupply of energy to keep everyone whole. 

The flatter and smoother the load shape and the less steep the departures, the easier it is 
manage the system. In addition to minor and major perturbations system load can change 
dramatically over the course of the day.   In the summer most areas see very low load levels at 
night rising during the day with temperature but continuing on until late in the evening due to 
people returning home from work. In the winter many areas see peaks before sunrise and then 
again in the evening. Loads and resources have to be balanced so new generation is brought on 
and taken off not only to provide balance. Generation must match load but with enough 
surplus to ensure the system can operate reliably should potential disturbances 
occur.   Differing resource types vary in their ability to follow the system loads and provide a 
surplus. 

Hydro 

Generally hydro plants with the ability to store water have excellent characteristics for load 
following. They can ramp up or down quickly when system loads change. They are easily started 
and shut down and can be kept spinning in no load conditions ready to provide near 
instantaneous support to the system. As part of a pumped storage system they can even 
provide load if generation levels are too high. They work well with renewables as water can be 
held back when the sun is shining or the wind blowing and released quickly whenever those 
conditions change. Abundant levels of hydro generation make it easier to add wind and solar to 
a system. 

Gas Combustion Turbines and Combined Cycle Units 

Gas based resources are good at following load. They can be kept in standby mode when 
needed and they generally have good ramping capability. There are consequences from starting 
and stopping these units however, showing up in extra maintenance requirements and 
refurbishment costs. When these resources spin to back wind and solar facilitates there are 
system costs and plant emissions. The simple combustion turbines are more nimble, but the 
combined cycle units are more efficient. 

Coal Plants 

Coal plants generally can operate anywhere between their full load and half load capability. 
They can ramp up and down in that range depending on system needs and economics. 
However they have limited ramp rates (how fast they can go up or down) and if shut down they 
have minimum down times before they can be restarted. More so than with gas plants, shutting 
down and restarting is more costly and cumbersome. Coal plants operating between their peak 
and minimum values can provide load following capability to the system. 

Nuclear Plants 



Due to economic, safety and regulatory concerns nuclear plants are set to run pretty much full 
out except during maintenance outages.  For older plants this was a necessity as they could not 
be ramped up or down without significant risks. Newer plants have the capability to ramp, but I 
don’t think anyone is seriously considering significant ramping of Nuclear plants at this time in 
the US. It may be necessary at times in some locations where nuclear makes up a large part of 
the power supply portfolio. Further this capability is being looked at for the purpose of 
integrating renewables. 

Operating the System 

The tools for following load consist mostly of the above resources. For increasing load levels, 
just before a plant is brought on line, other resources are taken near their maximums so they 
can be quickly backed down when the new unit is added. As loads decline, plants are run nearer 
their minimums and then rapidly increase output as plants are taken off. The steeper the 
ramping rates, the greater the challenge in varying generation back and forth to add or subtract 
units. In addition to meeting system loads, operators need to have a set amount of generation 
on quick standby (spinning reserve). These are units (or spare generation capability from an 
operating unit) that can be counted on (and are already online and already operating 
synchronously with the grid) to provide generation very quickly. Additionally other dependable 
resources need to be available that can be counted on within ten minutes (non-spinning 
reserves). Beyond that there are planning reserves which are extra generation needed for plant 
outages. 

Operators must plan ahead for generation needs. For example, if coal plants are needed the 
next day, they can’t be taken off at night when the load drops. Their goal is to come up with a 
transitioning of resources that reliably serves the load in an economic manner. Because of 
unpredictability’s associated with loads and generation it is a challenge to bring in and remove 
resources from the system as demands ramp up or down. 

For completeness it should be noted that to achieve balance operators sometimes have control 
of system loads as well. Utilities have some portion of their load tied to under frequency load 
shedding (UFLS)programs, to drop load when the frequency is sufficiently low such that 
generator ramping capability alone may be ineffective. Under frequency load shedding is 
rightfully a rare event that should occur only in very limited conditions when multiple things go 
simultaneously wrong.   In addition to emergency load shedding some customers have time of 
use rates or special interruptible rates.   Operators may be able to switch off air-conditioning, 
water heaters or industrial loads as well as employ other load modifying schemes such as 
voltage reduction. Non-emergency load reductions programs are not implemented to help 
follow loads, but rather to reduce peak demands to for limited generation and transmission 
capacity. 

Wind and Solar 

http://www.nerc.com/pa/RAPA/ri/Pages/UnderFrequencyLoadShedding.aspx


Wind and solar cannot be counted on to help with load following, in fact they work to make the 
load-generation balance more unpredictable. There can be a lot of fluctuations in MW output 
from wind and solar which other resources must balance when cloud cover rolls in or the winds 
change. This is true in the short term as well as on hour by hour basis.   It’s hoped with enough 
resources the intermittent effects will tend to cancel out, but that often does not appear to 
work as optimistically as might be hoped. 

 

It is often said the solar is good because it produces power during periods of peak demand. This 
is somewhat true, but not strictly true. For many winter morning peaks, solar is absent and 
begins to ramp up as the operators are beginning to ramp down the system. They typically do 
not give full output at evening peaks. For economic reasons (related to maximizing solar output, 
not grid operation) solar panels are oriented to catch the most sun midday. As the peak builds, 
solar tends to ramp down increasing challenges for operators. While the additional energy 
during the day has value, solar often ramps on and off opposite to the system needs. 

Wind cannot be counted on. It can be zero during times of maximum demand. It often reaches 
maximum output level when system demands are minimal. Significant problems with wind may 
occur at night when winds are high. In some regions there is an oversupply of power at night. 
To prevent over-generation, penalties (costs) are imposed for adding power to the grid during 
minimum load hours. In some cases (for example in the high wind areas of Texas) utilities are 
penalized for generating at night (even though their plants need to be kept on line for 
tomorrows load) while wind energy (which could be removed with no operational 
consequences) adds to a generation surplus in order for their developers to collect a 
guaranteed rate for their generation. 

http://webberenergyblog.wordpress.com/2013/04/06/wind-power-in-texas-and-the-negative-pricing-conundrum/
https://curryja.files.wordpress.com/2014/10/slide12.png


A similar balancing problem can be attributed largely to solar as illustrated by the “California 
Duck Curve”. The curve below shows that the projected growth for residential solar power will 
have a limited impact upon the system peak but a huge impact on mid-day loads. This 
introduces the risk of over-generation during the afternoon and increased need for ramping as 
solar drops off.   If solar is also part of the bulk generation supply, the stress on remaining 
generation as it works to meet the steep increase from afternoon to evening loads will be 
increased further. 

 

High Renewable Future? 

To integrate large amounts of wind and solar into the grid you will need some form of backup 
generation. Mixed solar, wind and hydro systems with adequate hydro capacity and storage 
well located relative to loads, could function well. Unfortunately, few areas have an abundance 
of hydro or the potential to develop such. Conceivably extensive use of pumped storage 
technology might enable such a future, but would involve high costs. 

Backing up intermittent energy with nuclear power seems highly counterproductive. (Please 
provide comments if I am missing something here.) The incremental costs and burdens of up 
and running nuclear generation is small enough that displacing nuclear generation with 
intermittent generation seems nearly pointless. 

Backing up intermittent resources with gas turbines and combined cycle units would work. The 
cost comparisons for such a system should not be based on the difference between average 
solar or wind energy cost and the average cost of gas generation. Rather the proper cost 

http://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
http://www.caiso.com/Documents/FlexibleResourcesHelpRenewables_FastFacts.pdf
https://curryja.files.wordpress.com/2014/10/slide22.png


comparison is the average cost of solar and wind plus the backup costs of gas generation, 
compared to just gas generation. Numbers such as these are rarely shared and are probably 
would not be politically feasible if they were well understood. The key to this understanding is 
that a high penetration of renewables will only reduce the fixed costs of needed gas generation 
resources by a small amount. While the reduction is gas fuel use may be moderate, the 
additional fixed cost of the renewables will be very high. 

Lastly renewables could be supported with batteries, other stored energy resources and 
technologies allowing advanced control of load demand. This may well be the grid of the future, 
but would have extremely high costs based on today’s projections. These costs should be well 
understood and shared before embarking upon such a future. Certainly we should be adding 
wind and solar whenever it can be justified and also for research benefits, but becoming too 
ambitious could have dire consequences for system reliability, cost and performance. 

Concluding Comments 

As with all “engineering” decisions there are tradeoffs. Resources that do not help with load 
balancing may be a good selection at times and have a place in the generation mix if they have 
other positive characteristics.  A system mix that primarily employs conventional synchronous 
generation technology will generally have load following capability in excess of needs, 
accommodating some level of penetration for intermittent resources. When there is sufficient 
hydro, gas and coal resources higher levels of renewables can be backed up at moderate costs. 
However when renewables are increased dramatically or the resource mix is altered to remove 
significant amounts of conventional technology, the additional costs needed to support wind 
and solar generation can be extreme. 

This discussion has just focused on load balancing or matching generated MWs to load 
MWs.   From this consideration alone we see that it is inappropriate to compare solar and wind 
to more conventional power sources by looking at energy costs alone. In terms of the critical 
task of balancing the system, wind and solar load do not help, but rather instead impose 
significant burdens. These burdens cannot be ignored as increasing levels of such intermittent 
generation are added to the system.   Certainly we should be adding wind and solar whenever it 
can be justified and also for research benefits, but becoming too ambitious could have dire 
consequences for system reliability, cost and performance. 
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All megawatts are not equal 

http://judithcurry.com/2014/12/11/all-megawatts-are-not-equal/ 

by Planning Engineer 

Some of the Climate Etc. denizens have requested a post on the generation planning process to 
help them better understand cost issues surrounding the large scale addition and integration of 
renewable resources. 

The major takeaway is that differing types of generating resources bring diverse sets of costs 
and benefits to the power system so that they cannot be compared solely based on a cost per 
Megawatt (MW) produced basis. As this post will conclude, it matters very much when energy 
is generated, where the energy comes from and how well it works to support the system. For 
large scale bulk projects, the average cost of solar and wind will need to be significantly below 
the average cost of conventional generation well before wind and solar can begin to approach 
general competitiveness on a cost basis. 

Generation Planning 101 

Traditional Generation Planning starts with a Load Duration Curve (LDC) as illustrated in the 
accompanying figure. The plot is made by sorting hourly load/demand levels from highest to 
lowest as you move across the graph from left to right. In the graph below the peak demand is 
just below 70,000 MWs and the minimum is above 20,000 MWs. It cannot be seen from the 
chart, but the highest values will occur during the peak daily hours concurrent with extreme 
temperatures. The lowest values usually occur at night during mild weather. Values from peak 
hours with mild weather and night hours with more extreme weather get mixed in the middle. 
The curve below is fairly typical for most large power systems. Energy is the most valuable 
during hours on the left side of the curve and the incremental costs generally decreases with 
lower load levels. 

http://judithcurry.com/2014/12/11/all-megawatts-are-not-equal/


 

A generation planner needs to make sure that there is enough generation capability on line to 
meet the peak demand and provide for reserve margins under forecast growth conditions. The 
limited peak hours account for a significantly disproportionate share of power system 
costs.  The peak demand hour(s) on the left side of the curve drive the need for new 
generation. Once the need level is established, generation is selected to work with the existing 
system resources to provide for economics and reliable operation across all hours and load 
levels. The best resource mix will have a balance of baseload, intermediate and peaking 
generation resources. The balance is needed for the system to work effectively in the differing 
parts of the load duration curve. Typically baseload plants have higher fixed costs and lower 
incremental costs, so they are operated around the clock. Peaking resources typically cost less 
but have high incremental costs. If you don’t have to run them very often the extra incremental 
fuel costs are made up for by the savings in fixed costs. Intermediate plants take the middle 
ground. Generally it costs more per installed MW for a more efficient plant. The more a plant is 
expected to operate the more those dollars can be justified. For illustration purposes the chart 
below illustrates hypothetical cost distributions for potential peaking, intermediate and base 
load plants based on the percentage of the time they operate (capacity factor). 

https://curryja.files.wordpress.com/2014/12/slide12.png


 

The average cost per KWH varies for each resource type by capacity factor. In this hypothetical 
example it would not make sense to compare peaking, intermediate and baseload resources at 
any single specified capacity factor. It would make even less sense to compare their average 
costs when they areoperating at differing capacity factors. 

Depending on the system they will supplement, any of the three might be the best choice. Put 
simply if you have a lot of low variable cost generation sitting idle, peakingresources will likely 
be justified. If high variable cost generation is running too frequently, your next additions 
should likely be baseload or intermediate. For this chart, if the new resource is going to run at 
less than 20% of its capability, a peaking plant will provide the best economics. If the plant 
needs to run full load around the clock, investing in baseload generation makes sense. At 
moderate levels of operation the intermediate resource provide better economics. 

Traditionally generation was added to meet peak demand (left side of the load duration curve), 
but the resource type was selected to optimize energy costs across all hours of the curve in 
concert with existing generation mix. 

The above tools give help us sort out options, but don’t have sufficient complexity to evaluate 
the multiple factors affecting economics over a generating plants life. After looking at the 
options with the above tools, the potential “best” generation additions are identified through 
detailed computer modelling. The models included system hourly loads, existing generation 
costs, fuel costs, operating limits and capabilities (ramp rates, heat rates…), maintenance, 
outages and so on extended out as muchas 30 years out into the future. This is done on an 
hourly basis across multiple scenarios varying factors such as fuel cost escalations, regulations 

https://curryja.files.wordpress.com/2014/12/slide21.png


changes, the availability to purchase or sell energy to other system and alternative growth 
scenarios. Generation resources are typically selected to operate the most economically with 
minimal risk across the range of scenarios judged most credible. The goal is to achieve 
reasonable costs, hedge risks and provide flexibility. The selected plants may not be the optimal 
choice in any given scenario, but rather the selected plants are “best” because they perform 
well across a diverse mix of potential scenarios. 

Operating the System 

As the future often doesn’t correspond to our best guesses, generation often does not operate 
as projected. Fuel costs change and the actual operation of plants may be much different from 
what was forecast. When dispatching plants, sunk costs are ignored and dispatch is driven by 
incremental costs. 

Power systems operation can depart from planning expectations. For example, natural gas 
costs now are much lower than in many past forecast and costs associated with coal generation 
have risen above projected levels. Thus in many areas coal plants are functioning as 
intermediate plants, while combined cycle plants natural gas plants function as base load units. 
Alternative scenarios studied through planning models will mimic these sorts of transitions in 
future years as new resources are added and alternative fuel projections are modelled. 

Providing Value to the System 

Of prime importance is the ability of proposed resource is its ability to increase the system 
capacity so that peak load requirements can be met. Ideally you will increase the system 
capacity with resources that balance fixed costs and incremental costs in an appropriate 
manner for the system demands and existing resource mix. The value of any particular addition 
will be highly dependent on the existing resource mix in a given area. There are times and areas 
where baseload additions are needed and times and areas where peaking or intermediate 
generation is needed. Finally generation resources can add value through the provision of 
system services, such as load balancing, var support, inertia and frequency regulation. 

Below is a sample table for various resource types highlighting the value they bring to a power 
system. Some of the characterizations are vague and most could be argued. As this is a “101” 
level positing, I’m not trying to resolve the issue of what resources are best, but rather setting 
up the framework for how they should be compared. Greater specificity would be warranted 
when looking at real choices for actual areas.   This is a conceptual presentation and for space 
reasons I limited my column selection to major drivers and factors which tend to be overlooked. 
However, the table below could be expanded to include an additional columns showing “fuel 
escalation risk” and “carbon impacts” which would highlight benefits of alternative generation. 
In the final analyses we need to consider all significant factors. 

http://judithcurry.com/2014/11/05/more-renewables-watch-out-for-the-duck-curve/


 

Fitting Wind and Solar in with Traditional Generation Planning  

The greatest challenges in fitting wind and solar resources within the traditional generation 
planning framework revolve around their limited ability to increase system capacity and provide 
support to meet system peak demand load levels.   Intermittent resources are not dependable 
on the left side of the load duration curve. 

Various formulas and approaches have been taken for deriving a “firm” capability contribution 
based on the installed wind or solar capability. At the high end, solar resources with tracking 
capability can in some areas approach capacity values of 75% of installed capacity. Near the 
lower end ERCOT derates wind to 8.7% of installed capacity. For systems with a winter morning 
peak, solar may need to be derated to near 0. 

Assuming an intermittent alternative where a 30% derate would provide sufficient assurances 
of on-peak availability you need you would need an installed capacity value more than 3 times 
as high as the target for conventional technology. Another alternative would be to use the 
target addition for the renewable resource and then add an additional 70% of the target value 
in backup combustion turbine resources. The savings from the low incremental cost wind and 
solar resources however, are not usuallysufficient to justify the large construction cost for so 
many additional MW of capability (but not on-peak capacity). The ability to serve peak load and 
increase system capacity has been essential for project justification in traditional planning 
justifications. 

http://www.cpuc.ca.gov/NR/rdonlyres/D05609D5-DE35-4BEE-8C9A-B1170D6E3EFD/0/R1110023ELCCandQCMethodologyforWindandSolar.pdf
https://curryja.files.wordpress.com/2014/12/slide31.png


The next challenge in justifying solar and wind projects is that their intermittent operation 
cannot be concentrated in the left hand side of the load duration curve for maximal economic 
and reliability benefits. Comparing the average cost of wind to the average cost of another 
resource, ignores the fact that the other resource can generate almost exclusively as needed in 
the left most part (where displaced energy prices are the highest) of the load duration curve. 
Even when intermittent resources generate on the left side of the chart, they do not have the 
same value as other concurrently operating resources because the intermittent resources 
cannot be fully counted on as being dependable. 

On the right side of the load duration curve intermittent generation can cause problems. While 
generally it is desirable to back down costly generation and replace it with renewable 
resources, that is not always the case. There are times when generators must be kept on-line to 
meet upcoming daily peaks or avoid costly shutdowns and startups. Operators struggle at times 
backing down plants to minimum operating levels to make sure they have enough capable 
resources for the coming daily peaks. Intermittent energy generated during these periods can 
impose negative costs on the system. It makes sense for renewables to operate when they are 
displacing more costly resources, but not when they are contributing to system problems. Such 
counter-productive generation however, works to lower the average cost for solar and wind. 

Between Average Cost and Detailed Studies 

For completeness I should mention that there are other methods to compare generation 
resources that are more sophisticated than average cost and less cumbersome than detailed 
area by area detailed analyses. Levelized Cost of Electricity (LCOE) was developed to allow 
differing competing technologies to be more easily compared.   While LCOE is a better measure 
than average cost, it is vulnerable to serious criticism as to its appropriateness for comparing 
dispatchable and intermittent resources. 

I’ll leave it to those readers who may be interested to investigate further. See the references via 
hyperlinks provided earlier and here, here, here and here. My perspective is that measures 
such as LCOE are flawed but may be suitable to encourage the consideration of options and 
drive study work.   However by themselves they can be misleading and do not give sufficient 
system specific guidance to support the adoption of programs, mandates or targets on their 
own. In any case the results of detailed modeling should be expected to be more accurate and 
appropriate. 

Conclusions 

Determining the value of various potential generating resources is significantly more 
complicated than comparing the costs of MW production by various technologies. Average cost 
comparisons can be very misleading.   Electricity value varies by time of day, whether it can be 
scheduled or not, how it ties to other resources and a host of factors which cannot be 
accounted for in “average cost” calculations. Itmatters very much when energy is generated, 
where the energy comes from and how well it works to support the system. The average cost of 

http://www.eia.gov/forecasts/aeo/electricity_generation.cfm
http://www.ise.fraunhofer.de/en/publications/veroeffentlichungen-pdf-dateien-en/studien-und-konzeptpapiere/study-levelized-cost-of-electricity-renewable-energies.pdf
http://www.internationalenergyworkshop.org/docs/IEW%202013_4E1Ueckerdt.pdf
http://www.lazard.com/PDF/Levelized%20Cost%20of%20Energy%20-%20Version%208.0.pdf
http://instituteforenergyresearch.org/wp-content/uploads/2009/05/2.15.13-IER-Web-LevelizedCost-MKM.pdf


solar and wind will need to be significantly below the average cost of conventional generation 
well before wind and solar can begin to approach general competitiveness on a cost basis. 

Traditional generation planning studies can and have been run with various future renewable 
scenarios. As opposed to comparing “average costs” these studies can provide reasonable 
expectations for system costs and performance. I do not know of any detailed studies (even 
with highly optimistic assumptions around renewables and pessimistic assumptions for 
conventional technology) showing competitive costs from the the large scale integration of 
today’s renewable resources into any US power system. To date, most such studies 
overwhelmingly show significantly higher costs associated with high penetration levels from 
wind or solar resources. (Please share if you know where I can find studies that show 
widespread intermittent penetration scenarios that have feasible cost differences.) 

We need more dialogue on the true costs associated with increased renewables. When 
renewable resources are mandated and the detailed published studies only examine 
“compliant” alternatives and scenarios, the true “extra” costs of renewables will be 
hidden.   Without proper detailed alternative studies, we can’t really begin to estimate the 
costs of a transition to renewables. Projections, based on average costs, that suggest we can 
transition to renewables at reasonable costs are worthless if they do not address the many 
ways in which MWs are not equal. 
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Taxonomy of climate/energy policy perspectives 

http://judithcurry.com/2015/02/03/taxonomy-of-climateenergy-policy-perspectives/ 

by Planning Engineer 

Debates on policy issues around climate and energy often feature opposing sides talking past 
each other. 

One side cries that either we switch to superior clean renewable technologies or we face 
climatic doom. The other side responds that is there is no problem and we couldn’t fix it 
anyway. In the debate over climate and energy policy two independent major factors stand out. 
The first is our understanding around the probability, degree and immediacy of adverse effects 
from man-made Climate Change. The second factor impacting policy determinations concerns 
the suitability of today’s various available “clean” energy sources as policy options. Since the 
policy implications are driven by two major factors there should be at least theoretically four 
distinct policy perspectives. Unfortunately most debate seems primarily to feature two factions 
and major policy concerns may get lost in the noise. This essay will provide a framework 
classifying the potential perspectives and discuss related issues in that context. 

Factor 1 Risk of Anthropogenic Climate Change 

The first classification is between those holding the perspective that climate change poses clear 
risks and that immediate action is warranted and those who believe that adverse projections 
are premature or too extreme. Clearly this is a gross oversimplification that in general should be 
avoided, however it will be used to speak generally about policy options. 

Factor 2 Suitability of Current Renewable Technology to Address Climate Change 

Basically we will split perspectives between those who believe a transition from fossil fuel 
technology can be accomplished without undue difficulty and those who believe that such a 
transition will be extremely challenging and difficult. Again there are a range of perspectives 
and complexities in the real world based on understandings around the capabilities and costs of 
“clean” technology; however the nuances of those concerns will be ignored to develop the 
basic taxonomy for policy options. 

Taxonomy of Perspectives 

Using the two factors above, four differing groups emerge as presented in the table below. 

 

Easy/beneficial 
transition to 
renewable/clean 
resources 

Costly/burdensome 
transition from Fossil 
Fuels 

http://judithcurry.com/2015/02/03/taxonomy-of-climateenergy-policy-perspectives/


Settled-Science, 
Alarmists 

ACTION(1) CHALLANGED(2) 

Lukewarmers, 
Delayers, Deniers 

NURTURE(3) DELAY(4) 

  

Policy Implications of the Perspectives 

ACTION(1) – Given that climate change poses a serious risk and current technology can avert 
the risk, action is warranted. Potential policy options would include measures such as forced 
retirements of coal plants, renewable portfolio standards and other mandatory compliance 
measures. EPA’s Clean Power Plan emerges from this perspective. 

CHALLENGED(2) – Confronting dangerous climate change without good resource options 
presents policy makers with serious challenges. The difference among perspectives classified 
within this group may be the most diverse. Policy options include considerations as to major 
changes in how modern society functions as regards economics and energy consumption. Also 
included in this grouping would be support for out of the box technology, as exemplified by the 
Google Engineers’ call for achieving the “impossible” with currently unknown disruptive 
technologies. 

NURTURE(3) – Removing the urgency but recognizing the availability of underutilized beneficial 
technology, would pit progressive policy options against market approaches and raise questions 
as to why beneficial technology is not being readily adopted. Policy actions would seek to 
encourage beneficial change. Renewable portfolio standards would also be an option from this 
perspective as well as other less compulsory incentives. Policy responses might be to educate 
and could also include proof of concept, demonstration programs, tax breaks, subsidies, 
penalties and the like. 

DELAY(4) – Recognizing the inadequacy of current “clean” technologies and understanding that 
there is time to react, allows the benefit of delay and further study. Policy responses from this 
square would include broader more strategic research on all fronts. Given that internationally 
efforts have been made from the ACTION(1) perspective, those should be fully evaluated by 
others and assessed in order to focus on the best alternatives. 

Risks if the “Correct” perspective is Unheeded? 

If ACTION(1) is correct – In this scenario the worst response would be to DELAY(4). The debates 
between ACTION(1) and DELAY(4) proposals are the most vociferous. Those minimizing 
concerns around global warming and those put roadblocks up against adopting change 
represent serious threats when focus and broad consensus are needed to avert disaster. 
Cooperative policy efforts to mobilize and bring forward workable mitigation plans would be of 
prime importance. 

http://spectrum.ieee.org/energy/renewables/what-it-would-really-take-to-reverse-climate-change
http://spectrum.ieee.org/energy/renewables/what-it-would-really-take-to-reverse-climate-change


Policy perspectives from a CHALLENGED(2) perspective, depending on underlying values, may 
bring about results competitive with those taken under an ACTION(1) approach. Ignoring that 
“clean” technology works may be a benefit if your desire is to change society and you prefer 
non-technological resolutions. Research in new areas may bring about answers which are 
better than existing “clean” technology, but assuming the ACTION(1) scenario is correct, such 
policies would represent a bigger gamble. 

The Policies springing from an NURTURE (3) approach and also proposals from DELAY(4) could 
have some near term benefits and would support a response to climate change but at a slower 
initial pace than optimal. However well-crafted polices from these perspectives could likely 
provide significant future benefits. 

If CHALLENGED(2) is correct – If this were the actual scenario, ACTION(1) may be the worst 
response. In addition to wasting considerable resources the ACTION(1) focus will limit flexibility 
and out of the box approaches. As adopted policies based upon inadequate technology fail to 
address climate problems and create economic and power supply problems we will find 
ourselves in a much worse position than we are in today. 

Policies developed under DELAY(4) or NURTURE(3) perspectives may help in this situation to 
the extent that they involved research and programs of robust value in the long run. 

If NURTURE(3) is correct – This is the best case scenario all around as fears of climate change 
are exaggerated and “clean” technology works well. Policies providing pressure and incentives 
to adopt workable “clean” technologies should have far reaching benefits. Policy actions from 
all of the perspectives have the potential to be beneficial in the long run and while some may 
be sub-optimal none will likely have significant long lasting negative consequence. 

If DELAY(4) is correct – If this scenario is true the worst response is ACTION(1), forcing the 
adoption of inadequate “clean” technology. The economic and social impacts of costly new 
inadequate technology and the abandonment of existing resources could have dire 
consequences. Taking a huge economic hit to retire existing facilities and building inadequate 
“clean” renewable facilities may leave us weakened such that we lack resources and will when 
real otherwise addressable risks materialize. The impacts of CHALLENGED(2) based policies may 
have value if their associated costs have not been extreme and similarly Limited NURTURE(3) 
policies may be both cheap insurance and of educational value. 

Discussion 

This framework suggests that given any significant uncertainty as to the risks of climate change 
or the ability to mitigate change with today’s “clean” technologies we should be very hesitant 
to adopt over focused and precise policy objectives whose underlying justifications may depart 
from reality. Ignoring pending climatic tipping points because of a false belief that existing 
technology is inadequate for the task at hand could lead to unnecessary environmental 
disaster. Widespread efforts to mandate inadequate technology and abandon existing 



infrastructure to confront exaggerated environmental problems could cripple economies and 
tragically delay third world advancement. Perhaps the worst case would be marching rapidly to 
ineffectually address a very real climate risk with inadequate technology and then having to 
face the environmental consequences with depleted infrastructure and damaged 
economies.   Today’s policy debates often seem to overly focus on the either/or when in fact 
the problem is more multifaceted allowing for a greater range of response. It may be prudent 
to consider more multipronged strategies for balancing energy needs with climate impacts. 

Hopefully, this taxonomy raises many issues for discussion in the comments such as: Why do 
people clump in the perspectives ACTION(1) or DELAY(4)? Does the framing of debates under 
an understanding of ACTION(1) versus DELAY(4) push us towards unnecessary 
polarization?   Following “consensus” science and the understandings of energy “experts” 
should we expect the CHALLENGED(2) perspective to be dominant? Why isn’t it the major 
perspective? Might it be easier to argue either ACTION(1) or DELAY(4) against CHALLENGED(2) 
rather than pairing them in discussions? Should we be as skeptical of climate experts speaking 
on energy technology as as we are of energy experts speaking on climate? Do both get fair 
hearings from policy makers and the public? What are the likely risks and consequences from 
our current policy approaches? Should policy be broad based and have components of each 
perspective?   Are there other factors that should be used to classify policy perspectives? This 
piece by necessity used gross oversimplifications, how important do nuanced differences 
become as we consider clean energy policy? 
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What should renewables pay for grid service? 

http://judithcurry.com/2015/04/21/what-should-renewables-pay-for-grid-service/ 

by Planning Engineer 

There is a lot of public debate around the rates utilities charge solar customers, but very little of 
it shows an awareness of the embedded technical and philosophical issues. 

This posting will seek to provide a general context to help sort out issues in that ongoing 
debate. It will focus on transmission for simplicity’s sake, but the concepts can be extended to 
generation as well. 

Part of the problem is that people associate rates with costs. Rates are crude ways to collect 
costs that work out on average. Early innovators can often take advantage of rate structures to 
get more than they pay for. But as usage patterns change and as more consumers “game” the 
system – rates need to be refined and adjusted. For example, for many years many systems did 
well charging residential customers just a flat energy rate. Based on the average use of their 
customers over the year they were able to collect their fixed cost and variable costs. However, 
for example, some areas saw increasing numbers of summer cottages that used only limited 
amounts of energy. Charging for their limited usage did not accrue enough to cover the fixed 
cost for providing the meter, the line and their usage. Some utilities corrected by adding a fixed 
monthly charge. People get irate when they have to pay something they did not before. They 
rarely realize that perhaps before they were getting below cost service and that as rate 
structures are exploited they need to change. 

Traditionally the costs of transmission service were collected from consumers through their 
electric energy usage charges. For homes with behind the meter solar the price of the 
transmission cost can’t effectively be distributed for them across regular usage hours. While 
transmission costs are driven by peak demand periods, it would be extremely cumbersome and 
costly to individually monitor and bill residences for their contribution to transmission costs. 
Rate methods are devised to get approximate appropriate charges from individual customers, 
but these rate methods need to keep up with changes in how customers use (and “game”) the 
system. 

Customers with their own generation are receiving a different service from the utility than 
traditional customers and traditional cost structures will not work for them. They are benefiting 
from back up service that will not be paid for by their use under existing rates in most cases. 
Extra costs are incurred to provide backup service to residential solar customers from the grid. 
Utilities can’t collect transmission expenses from them that are spread out across hourly energy 
costs. To recoup the costs associated with backup, utilities either can have a general charge for 
backup, charge backup customers’ extremely high costs when it is needed or subsidize them by 
charging rates designed for higher usage customers. The subsidized approach was acceptable 
when roof top solar made up a small portion of the customer base. The inequity could be 
ignored because supporting fledgling renewables did not cost other customers much and was 
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seen as desirable or not worth the trouble to fix. This approach will cause problems with higher 
penetrations of intermittent renewables. 

A digression 

To get away from the emotion generated by consideration of renewables here is a short 
discussion of potential philosophies around cost sharing. 

Imagine you are having a contractor do some work in your backyard for a cost of $8,000. You 
learn that your neighbor is planning a similar smaller project that will cost him $4,000. You talk 
to your contractor and he can combine both jobs and do it for $10,000. There are multiple ways 
that the $2,000 savings could be apportioned. 

Business Model: You go to your neighbor with an offer that competes with his. Perhaps because 
you are overseeing all the work, he would prefer to have you do it for $4,000 or perhaps you 
have to lower the price some to be competitive. But basically you seek to use your capabilities 
to meet your neighbor’s need and offer him some small benefit, so you can maximally offset 
your costs. 

Subsidy Model: Perhaps you decide to treat your neighbor. If you decide to pay more than 
$8,000 for the combined project you are subsidizing your neighbor. He could see anywhere 
from a $2,000 to $4,000 benefit from the combined project from this approach. There likely 
needs to be some other motivating factor to make you accept this arrangement. 

Incremental Cost Model: You pay the $8,000 for your share and charge the neighbor the $2,000 
increment. The neighbor gets his project at half of what his cost would be otherwise, as the 
entire $2,000 saving goes to benefit him.  You’ve done your neighbor a favor, but received no 
benefit. 

Shared Savings Model: You and your neighbor each reduce your cost by $1,000 or perhaps you 
each reduce your cost by 20%. This provides benefits to both parties and encourages 
cooperation from both sides. 

None of the above models are generically right or wrong, but may be more or less applicable in 
various situations. 

Hypothetical renewable example 

Imagine a system with a level of solar roof penetration such that the transmission system would 
cost $10 billion for combined service to traditional and solar rooftop customers. If the system 
only served traditional customers it would cost $8 billion. A system to serve just the solar 
rooftop customers would cost $4 billion. Let’s look at the models introduced above in the 
context of this example. 



Business Model: the utility would seek to get as close as possible to $4 billion from the solar 
customers to provide benefits to their traditional customers. I don’t believe anything 
approximating such an arrangement has or would occur in the electric utility industry. Such a 
model would cripple the potential for most self-generating customers who require grid back up 
as they do not have other feasible alternatives. 

Subsidy Model: The traditional full service customers could be responsible for most of the costs. 
This is the model which dominates the utility industry today. At small penetration levels the 
costs are not large for the traditional customers, but as costs increase they can get very 
burdensome increasing the risk of a death spiral. A death spiral would occur if rising costs to 
traditional customers cause defections to solar customers and the reduced customer base has 
to continue subsidizing the growing base of solar customers. 

Incremental Cost Model: Here the traditional customers are held neutral and the solar 
customer reaps all the benefits of the combined system. This is a controversial model today 
because it makes it very difficult to justify solar programs in many areas. 

Shared Savings Model: For those familiar with cost accounting, charging renewable customers 
their fully allocated costs would be one way of doing this. I don’t know anywhere that this 
approach is currently being seriously and successfully advocated in cost of service studies for 
renewables, though it is generally common for other classes of service. (I welcome reader input 
and enlightenment here.) It would greatly reduce the risk of a death spiral but it would also 
greatly delay the implementation of renewable resources until such time as they were more 
cost competitive. 

Discussion 

History, inertia and the desire to support renewables have resulted in significant support for 
the idea that traditional customers should subsidize renewable customers. Perhaps this is 
coupled with the idea that traditional customers should be punished while renewable 
customers should be rewarded. Many of the battles around charges to solar customers are just 
over what the appropriate degree of the subsidy should be. Moving away from the subsidy 
model engenders great conflict. I have not read all the details, but I believe the Salt River 
Project’s controversial pricing plan is just trying to recoup the incremental costs of serving 
rooftop solar. (Perhaps they are asking for some help with shared/common costs. Any help 
readers?) In the press Salt River Project has been accused of “penalizing” solar customers, being 
anti-competitive, sabotaging their customer’s right to choose and far worse. 

We need to move the public debate so that it is not just about the level of subsidy utilities 
should provide to solar. The subsidy model nearly guarantees that if the system transitions to 
high levels of local renewables there will be a major death spiral collapse as the traditional 
customer base erodes and the subsidized population increases. While some envision utilities as 
highly profitable entities with deep pockets that can well afford massive subsidies, in fact, the 
subsidies come from the ratepayers. Whether utilities pay for their system through money 



collected from their traditional customers or backup customers, their profits are in the hands of 
their public service commissions. Unlike the utilities, which will make money if they work with 
their regulators, ratepayers will be materially impacted by the cost sharing model selected. 
Indirect taxes placed upon electric utility ratepayers are terribly regressive and in the area of 
rooftop solar they result in significant wealth transfers from the less affluent to the more 
affluent. 

Renewable subsidies disproportionately impact the poor, impacting their quality of life. To 
avoid these effects traditional customers should pay no more than incremental costs. If as a 
society we want to offer subsidies to rooftop solar we should consider funding it through a less 
regressive and punishing approach. That source will likely be less convenient to target but far 
more appropriate. 

Aside from the appeals to fairness for ratepayers, the other models have further benefits. They 
send appropriate price signals to encourage more rational choices. They could help provide 
better flexibility for a transition to a renewable future that avoids price collapses and is open 
and potentially better able to serve newer and better “clean” energy alternatives. 
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Transmission planning: wind and solar 

http://judithcurry.com/2015/05/07/transmission-planning-wind-and-solar/ 

by Planning Engineer 

Some of the denizens have requested an introduction to transmission planning and a discussion 
of how the transmission system is impacted by renewable resources. 

This post complements a previous post which addressed renewable resources and generation 
planning. The considerations here are not of major importance when renewable resources only 
make up a miniscule portion of the generation mix but they become significant as renewable 
generation begins to make up larger portions of the resource mix. 

Powerflow 101 

On the grid power does not flow downhill, take the shortest path or move from areas of high to 
low pressure. The grid cannot be well understood as a highway system or a set of pipelines. 
Energy simultaneously takes every possible interconnected path from source to destination. For 
the most part in normal operating ranges the flows between a generation addition and a new 
load are unaffected by the flows that are already on the lines. Energy flows on every possible 
interconnected path based on the inverse ratio of that paths impedance (resistance). 

As can be seen below, the US has three major grids (two shared with Canada). The grids have to 
be built so that the flows serve planned loads from planned generation without overstressing 
any part of the system. This is true not just for the major lines shown below but for all the lower 
voltage lines and interconnected portions of sub-transmission systems as well. The graphic 
below does not include voltages below 230 kV, however 115 kV and 161 kV lines make up a 
large part of these interconnected transmission networks. 
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If a plant is added in Nevada to serve a new load in southern California, some of the power will 
take the most direct routes, some will flow northward to Canada and then come back through 
Washington and Oregon and some will go west and south before circling back towards 
California. This flow of energy on the less direct interconnected paths is referred to as loop flow 
or inadvertent flow. Every possible interconnected path will be impacted somewhat by any 
changes in the locations of loads or generation. Loop flow can and frequently does impose 
burdens and stresses on the components they pass through. When the loop flows are small or 
non-consequential they can be ignored, but when they cause problems – they must be 
addressed through improvements or by imposing operational limits. 

A little extra background on how power flows work. Altering the previous example, if the 
generation is now located in southern California and the load is in Arizona the results will be 
pretty much the opposite so that whatever power flows were increased by an additional X, will 
now be decreased by X and whatever increased by Y now decreases by Y. (Note – I have framed 
this discussion in terms of simultaneous changes of both generation and matching load so that 
the resulting flows can be described as delta changes. Alternatively you can conceptualize every 
generator as serving a portion of every load on the interconnected system.) 

Bottom line is that any time you change generation source locations or add new generation 
sources, they will to some degree stress some parts of the system and unload others. When the 
“new” flows go in the same direction as the already existing flows, this can cause potential 
overloading and voltage problems. When the flows run against the existing flows they serve to 
net out and reduce the total flows, thus providing benefits. Every new generation resource can 
be seen as supporting some parts of the system and stressing other parts of the system. 
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Similarly, the loss of any generation source can be seen as supporting some parts of the system 
and stressing other parts of the system. From a transmission planner’s perspective system 
additions and system retirements both require careful attention, as either can create problems 
(or provide relief) depending on how and where they stress or unburden the system. 

Introduction to Stability 

Modern power grids are complex machines that require a near instantaneous balancing of 
various electro-mechanical properties. In the US, traditional generators provide three phase 
voltage and current sinusoidal waveforms that alternate 60 times per second. Every rotating 
generator within each of the “Interconnections” shown in the map above must be in 
synchronism with every other generator within that same Interconnection. While the voltage or 
current wave forms can lag or lead each other by a little bit, they can’t get us much as a whole 
cycle (1/60th of a second) behind or ahead of any other generator without causing a major 
system problem. A major problem would involve serious events which would include 
generation tripping off line and possibly including a collapse of at least some portion of the grid. 
Generators in Miami, Ontario, Kansas and New Orleans remain in synchronism around the clock 
with each other and over the years they don’t deviate in the number of turns by as much as a 
single1/60th of a second cycle. The power input from generators coupled with load 
characteristics and disturbance conditions makes it possible (likely) for electromechanical 
forces to begin oscillating and grow to destructive levels if the system is not carefully designed 
and operated. 

Understanding this phenomenon involves challenging math, engineering and computer 
modelling that are hard to summarize. If you want to get more into the details you might check 
out these Lectures (part 2 and part 3) which unfortunately are about as good as any discussion 
on the topic that I’ve sat through. 

The grid is built upon and supported by heavy rotating machinery. Synchronous spinning 
generators combine with power lines and loads to make up complex electro-mechanical 
machine that must maintains stability. Stability refers to the ability of the system to stay in 
synchronism, balance loads and generation and maintain voltages following system 
disturbances. Intermittent generation (wind/PV solar) does not rotate in synchronism with the 
grid. As such they do not have performance characteristics that support the grid as well as 
synchronously rotating generators (hydro, coal, gas, nuclear plants) do. The system must be 
able to ride out power imbalances caused by faults and outages. Greater penetrations of non-
synchronous generators (inverters used for PV Solar and Wind) tend to make the system, all 
else equal, less stable. Without expensive additional equipment and the wasting of some power 
output, inverter control delivers power based on the performance of the PV solar or wind 
resource, not the needs of the grid. Synchronous generators on the other hand can naturally 
respond to grid conditions and work to support stability. This report by a NERC Task Force 
provides more detail. 

The Changing Grid 
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It takes many years to complete a major transmission system improvement even under the best 
of circumstances. To determine and prepare for future needs, transmission planners simulate 
the system operation years in advance using computer models with expected generation and 
load levels. In years past, transmission planners had greater certainty around expected 
generation resources and the likely stresses they would place on the grid. Dependably large 
baseload coal and nuclear plants would operate around the clock. Hydro units with storage 
capability would cluster their operation around peak demand hours. Based on economics other 
gas plants depending on their efficiencies would cycle in and out at differing load levels. 
Simulations could do a good job of matching generation to load level while modelling the 
anticipated stresses to the system. The grid was not intended to handle all possible generation 
scenarios but rather just “planned” operations and “likely” generation scenarios. Understanding 
generation patterns on peak and across load levels enabled planners to make cost effective 
improvements that supported the peak as well as year round grid operation. Planners and 
operators take the system models and expose them to a host of potential disturbances (called 
contingency outages). The system must be able to withstand the disturbances and remain 
stable while not have unacceptable overloads, load shedding or voltage problems. The system 
is built and operated to allow recovery from “credible” outages. 

Generally the grids operate today to allow for the economic and reliable operation of all 
planned resources. Additionally the grids typically have sufficient robustness to allow for 
unplanned economic power exchanges on a non-guaranteed basis. Occasionally system 
loadings in combination with events such as generator or line outages create conditions where 
the system operators have to call for redispatch of the system or in very rare cases curtail load 
to keep the system flows within acceptable boundaries. This may be for loadflow or stability 
reasons. In system redispatch situations the operators can either call for generating units that 
serve to relieve the stress to increase their output, or force generating units that contributed to 
the stress to curtail generation. This may involve in turning units off and on, or just moving 
generating units between their maximum and minimum output levels. When redispatch fails to 
resolve the situation, as a last resort system operators will call for the shedding of system load. 

Renewables impose new challenges. Wind and solar operate intermittently. Their availability 
for future system peaks is unknown as it is for off-peak hours as well. As they will undoubtedly 
be both off and on during most hours when the system can be stressed, the system must be 
built for both their presence and absence. Other plants have to provide them backup service 
and are cycled on and off. This shifting of generation resources and backups, at high renewable 
penetration levels will lead to considerable uncertainty around potential grid flows and 
operating points for stability. The potential set of “likely” generation scenarios will increase 
exponentially as the penetration level of intermittent resources increases and at the same time 
the operators have less control over the generating resources. 

Real World Challenges 

The retiring of large coal plants provides planners with challenges. The system has been built to 
support these units and at the same time these units have supported the system. Losing major 



units that the system has been built around should be expected to provide significantly more 
dis-benefits than benefits. Their retirement will leave some areas with excess transmission 
capability and introduce stresses in others. Preparing for the retirement of a large coal plant 
contains the same challenges as preparing for the addition of a new large generating resource. 
Limiting the operation of a coal plant (as opposed to shutting it down) may impose problems, 
but at least in such cases they are available for redispatch during peak demand or emergency 
situations. When regulations require coal plants to be shut down completely it is important that 
the timeline provides enough advance notice to allow for needed grid improvements. 

Preparing for the additions of large intermittent resources requires planning as well. As with all 
generation sources these additions will at times support the system in some locations and 
stress it in others. Since the generation is intermittent in nature, planners cannot count on any 
support it might provide, but must prepare for stresses the resources introduce. Their potential 
to stress the system requires action, but their ability to support cannot be counted as 
dependable. Intermittency introduces extra complexity into the study process and results in 
extra costs for needed improvements. 

The power grid does not always operate as planned. Extreme weather, unanticipated outages 
and a host of other factors can result in the system operating somewhere outside of planned 
conditions. Generally the system is robust enough to handle most departures without 
problems. For more severe departures from planned conditions the re-dispatch of generating 
resources is a major tool for the system operators. Changing the location of contributing 
generating sources can relieve stresses and strengthen the system. As the amount of 
intermittent generation increases, this tool will become blunted from a lack of qualifying 
capable dispatchable resources. The justifying economics require that intermittent resources 
run all out pretty much whenever they are able. There are suggestions that intermittents could 
better mimic conventional generation, but it would incur significant costs. Curtailing existing 
intermittent resources for reliability reasons could be helpful at times, but it adversely impacts 
the economic performance of such resources and is politically challenging at this time in most 
places. Building a surplus of renewable resources to sit idle waiting to back each other up and 
respond as needed is economically implausible at this time. 

Greater penetration of renewable resources will limit the options available to operators while 
at the same time increasing uncertainty around expected generation patterns. To 
accommodate such uncertainty the choices are to: 1) increase grid costs and infrastructure, 2) 
limit the operational flexibility of the grid , 3) increase generation costs through backup 
generation resources or 4) live with increased risks and degraded reliability. Likely all four are 
and will continue to occur to some extent as the penetration of intermittent resources 
increases. 

As noted at the start, when intermittent resources only make up a small percentage of total 
system generation, the adverse impacts are masked by the margin and robustness built into the 
system. The small additional costs they may incur are fairly easily shared by all users of the grid. 
As penetration levels rise and renewables replace non-intermittent conventional units, they will 



have major impacts upon grid costs and reliability. These costs have not been accounted for 
adequately in many studies estimating the costs of renewables. 
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True costs of wind electricity 

http://judithcurry.com/2015/05/12/true-costs-of-wind-electricity/ 

by Planning Engineer and Rud Istvan  

Wind turbines have become a familiar sight in many countries as a favorite CAGW mitigation 
means. Since at least 2010, the US Energy Information Agency (EIA) has been assuring NGOs 
and the public that wind would be cost competitive by now, all things considered. Many pro-
wind organizations claim wind is cost competitive today.  But is it? 

 

Yet incentives originally intended only to help start the wind industry continue to be provided 
everywhere. This fact suggests wind is not competitive with conventional fossil fuel generation. 
How big might the wind cost gap be? Will it ever close? We explore these questions in four 
sections: incentives, lifetime cost of electricity generation (LCOE), system costs, and market 
distortions. We examine onshore wind, since EIA says offshore is almost 3x more expensive. For 
simplicity, we examine EIA national averages, rather than regional ranges. 

Incentives 

The main US federal incentive is the wind Production Tax Credit (PTC), created by the Energy 
Policy Act of 1992. It is now $21.50/MWh for the first ten years of generation. It was intended 
to jumpstart the industry, so has expired via sunset provisions several times over the past 23 
years. Each time, US wind investment promptly collapsed. Each time, Congress promptly 
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renewed PTC at the same or higher incentive rates. Why? At Berkshire Hathaway’s (BH) 2014 
annual meeting (BH’s Iowa based electric utility MidAmerican Energy has $5.6 billion invested 
in wind generation) Warren Buffet said: 

“I will do anything that is basically covered by the law to reduce Berkshire’s tax rate. For 
example, on wind energy, we get a tax credit if we build a lot of wind farms. That’s the only 
reason to build them. They don’t make sense without the tax credit.” [1] 

U.S. 
Congressman Lamar Smith asked the Congressional Budget Office to estimate PTC’s 2013 cost 
(as part of that year’s reinstitution debate): the 2013 cost was $13 billion. 

Iowa has enacted an additional state PTC of $10/MWh. Buffet gets a total PTC of $31.5/MWh 
from both federal and Iowa taxpayers. YE2014, BH’s MidAmerican Energy, had 2953MW of 
Iowa wind capacity. Warren Buffet wind farms  are receiving $253 million of annual tax credit 
from Iowa wind generation on an investment of $5.6 billion (2953 MW * 0.31CF * 8766 hr/year 
*$31.5/MWh). BH’s effective tax rate last year was 31%. Those wind credits are equivalent to 
earning (253/0.31) $816 million on his $5.6 billion wind investment—a 15% return before any 
operating profit from selling electricity. That is a good deal for the Nebraska billionaire, but not 
for the rest of us. 

The EIA estimates wind costs five years in the future. Since 2010, each cost estimate has had a 
separate entry for subsidies. Each estimate since 2012 (for 2017) has zero wind subsidies. EIA 
assumes the PTC expires (it has yet again YE2014). The Obama administration is proposing it be 
made permanent, with strong support from the AWEA (American Wind Energy Association). 
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This suggests EIA’s estimated wind costs are too low, and partly political rather than mostly 
factual. How much is shown by closer examination of their other cost components. 

LCOE 

The most recent ‘official’ EIA estimates are available in Table 1 of EIA’s Annual Energy Outlook 
2015, Electricity Generation Forecasts. The EIA explains: 

Levelized cost of electricity (LCOE) is often cited as a convenient summary measure of the overall 
competiveness of different generating technologies. It represents the per-kilowatthour cost (in 
real dollars) of building and operating a generating plant over an assumed financial life and 
duty cycle. Key inputs to calculating LCOE include capital costs, fuel costs, fixed and variable 
operations and maintenance (O&M) costs, financing costs, and an assumed utilization rate for 
each plant type. The importance of the factors varies among the technologies. For technologies 
such as solar and wind generation that have no fuel costs and relatively small variable O&M 
costs, LCOE changes in rough proportion to the estimated capital cost of generation capacity. 

EIA’s LCOE is the annualized net present value (aka annual annuity cost). The estimate is always 
5 years into the future. That is why their 2010 estimate above was only verifiable in 2015. 

EIA calculates LCOE as the sum of five components: Capital, Fixed O&M, Variable O&M 
(including fuel), Transmission (incremental), and Subsidies (none). Capital costs are spread over 
a 30-year life at an interest rate of 6.5%. This appears superficially reasonable, but as we show 
below, isn’t. Following are the basic LCOE generation comparisons in $/MWh and capacity 
factor (CF) %, from the EIA AEO 2012 and 2014. 

………………………CF%       ($2017)              ($2019) 

CCGT                         87               66.1            66.3 

Conv.Coal                85               97.7             95.6 

Wind                         35               96.0             80.3 

GT (peaker)           30             127.9           128.4 

Three things stand out. Combined cycle gas turbine (CCGT) costs are cheaper than coal. That 
makes directional sense; in the US CCGT is gaining share at the expense of coal. CCGT cost 
advantages include: (a) better net thermal efficiency (61% versus 41% for USC coal), (b) 
abundant inexpensive natural gas thanks to fracked shale, and (c) cheaper capacity. It takes 
three years to build a CCGT for about $1000-1250/kw. USC coal takes 4 years to build for about 
$2850/kw.[2] Peak load gas turbine (GT) capacity only costs about $750/kw, but its LCOE is 
twice CCGT because its capital is under utilized–only operating 30% of the time. Finally, EIA says 
wind is competitive with coal and will become more so (about 20% more in just three years!). 

http://www.eia.gov/forecasts/aeo/electricity_generation.cfm
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‘True’ wind LCOE is understated since the PTC is missing. The annuity value of $21.5/MWH for 
10 years at 6.5% interest, annuitized over 30 years is $7.2/MWh. A ‘truer’ comparison to coal is 
(96+7) ~$103/MWh from the general taxpayer perspective, rather than from Warren Buffet’s. 

This unsurprising result just shows the PTC was intended to make wind ‘grid competitive’, and 
seems to do so—at taxpayer expense. That is why investment collapses toward zero in its 
absence. There are, however, two further ‘obvious’ plus two additional ‘hidden in the fine print’ 
issues with the EIA LCOE comparisons that are equally consequential, and similarly biased. 

Wind capital cost  

Wind capital declines 22% from 2017 to 2019; CCGT only declines 8%. This difference is not 
attributable to turbine production volume. According to GWEC, 51,473 MW was delivered 
globally in 2014, comprising at least 17000 units (at ~3MW each). Installation costs don’t scale. 
Past reductions in wind capital per megawatt came from developing larger turbines, not from 
increased volume. 

But actual 
installed cost/MW stopped declining, and started rising around 2005. There are few onshore 
turbines larger than 3 MW because of transportation (road/rail) constraints on blade length. 
The above 2012 NREL composite chart is deliberately misleading; it ended in 2005 although 
LBNL data was available to 2011. 
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EIA’s projected 
22% decline in wind capital LCOE is very dubious. We shall use $96/MWh total, the same as 
EIA’s 2010 LCOE midpoint charted above. 

Capacity Factor 

The record US annual wind capacity factor was 2014 at 33.9%. EIA itself says the median CF 
over the past decade is 31%. (Still better than the UK, where CF ranged from a low of 21.5% in 
2010 to a record high 27.9% in 2013.) The assumed US 35% CF is unrealistically optimistic. [3] 
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Using the historic 
median CF, a ‘truer’ wind LCOE is roughly (35/31*$96/MWh) $108/MWh.Using the historic 
median CF, a ‘truer’ wind LCOE is roughly (35/31*$96/MWh) $108/MWh. 

Fine Print interest rate 

The first fine print fudge is the annuity interest rate. The 2014 EIA text says 6.5% (same as 
2012). Ah, but the fine print also says that for coal generation without carbon capture and 
sequestration (CCS), 9.5% is used. EIA’s fine print inside that fine print says this is the equivalent 
of a $15/ton CO2 emissions tax on coal (buried inside Capital rather than exposed in Variable 
O&M explicitly including fuel cost). 

EIA says conventional coal produces about 2.15 pounds of CO2 per kWh (depending slightly on 
coal rank). That is ~2.15 tons of CO2 /MWh, a ‘hidden’ LCOE coal fuel penalty of (2.15*$15) 
$32.25. There is no US ‘carbon tax’; Congress refused to enact Obama’s proposal. A ‘truer’ 
comparison is wind at $108/MWh to coal at $65.45/MWh. 

This also makes intuitive sense. The newest technology UltraSuperCritical (USC) coal must be 
similar in cost to CCGT in favorable locations (considering coal transport and quality). One was 
just completed for $1.8 billion (SWEPCO’s 600MW Turk plant in Arkansas) and 10 additional 
USC coal facilities are presently planned for the US. None of these will be built until the 
constitutionality of EPA’s proposed CO2 limit (which effectively prohibit them) is settled. 

Fine Print lifetime 
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EIA comparisons are based on a 30-year lifetime; this introduces a large bias. The EIA itself says 
the average age of the US coal fleet is 42 years; effective coal lifetime is at least that. GE’s 
marketing materials say the expected life of its CCGT is at least 40 years. In other words, the 
capital annuity component of non-wind LCOE should be reduced by ~25% to reflect longer 
useful lives (40 rather than 30 year annuity, EIA capital only, 0.065 r). That is $8.35/MWh lower 
LCOE for coal after first subtracting the $32.25 fuel penalty hidden in capital, and $4.30/MWh 
lower for CCGT. 

On the other hand, the design life for wind is 20 years; with maintenance they may last 
25 years. EIA’s assumed wind lifetime is longer than the industry’s most cheery estimate, 
thereby understating LCOE. A ‘truer’ comparison would be wind at (capital component annuity 
25 rather than 30 years, 0.065 r) $121/MWh compared to 40 year CCGT $57.5/MWh and Coal 
$57.1/MWh. ‘True’ wind LCOE is about twice the cost of conventional generation from either 
coal or natural gas. 

Studies of UK and Denmark wind farms suggest their actual economic lives appear to be 12-15 
years due to wear and tear.[4] One of the unanticipated problems that arose with larger 
turbines is premature cracking failure of the main axial bearing(s). These failures arise from two 
very difficult engineering conditions. First is uneven loading. Wind speeds increase with altitude 
so the three blades, which span great distances, are never evenly loaded. The bearing(s) wobble 
under the tremendous forces generated. Second, braking when wind speed exceeds 25mph 
suddenly loads reverse torque on the axial side where previously unloaded (and wobbling) 
individual bearings are in natural misalignment to their trace. If things go ‘well’, cracking can be 
caught before catastrophic failure. It is expensive to repair. The blades must be detached so the 
turbine can be dismounted and sent back to the factory. The following image shows a 3MW 
unit. 

http://www.eia.gov/tools/faqs/
http://www.renewablesfirst.co.uk/wind-learning-centre/how-long-do-wind-turbines-installations-last/
http://www.renewablesfirst.co.uk/wind-learning-centre/how-long-do-wind-turbines-installations-last/
http://judithcurry.com/2015/05/12/true-costs-of-wind-electricity/#_edn4


 

Sometimes things do not go well. 

To summarize the 
second section on LCOE: EIA’s wind future capital, capacity factor, and lifetime all understate 
the ‘true’ cost of wind. Conventional coal generation is misleadingly overstated. Given other 
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information provably at EIA’s disposal, its wind-biased US findings appear driven by political 
considerations. 

System Costs 

We have looked at wind from the perspective of wind farmers and electricity generators. But 
that is not the whole story, since wind is intermittent. Intermittency has two broad utility 
system consequences not captured in generation LCOE. First, the grid has to have some level of 
offsetting backup generation to maintain stability. Those costs are not borne by wind operators 
unless they also happen to own the regional grid. Most don’t. Second, transmission capacity 
has to be added. The full extent of those costs is not usually borne by windfarms, but rather 
(again) by grid owners. 

 Intermittent backup 

Grids always have some spare capacity beyond average peak load. This safety margin handles 
unexpected peaks, unplanned outages, and other random fluctuations. How much depends on 
a grid’s many specific details, but 10 – 20% reserve margins are typical. A portion of this 
amount must be fast start gas turbines, or spinning reserves (older smaller depreciated plants 
operating at minimum capacity that can be ramped as needed), or flexible hydro, or (newly) 
flexible CCGT. For very small wind generation proportions, the ‘normal’ reserve suffices. As the 
percentage of wind in the generation mix grows, it increasingly does not. There are inefficiency 
costs and (depending on the grid) additional backup capacity costs incurred by the system as a 
whole. 

Additional backup requirements depend on grid details beyond just wind generating 
penetration. For example, Ontario generation is about 58% nuclear, 24% hydro, and 4% wind 
(although wind is growing since Ontario subsidizes it with above market feed in tariffs). Nuclear 
is base loaded. Hydro is flexed for peak loads. The large proportion of hydro in Ontario means 
wind can grow to double-digit penetration without any significant additional backup capacity 
costs. 

Backup has been studied for the UK National Grid and the Texas ERCOT grid, both of which have 
a more traditional generation mix than Ontario as well as higher wind penetration. 

UK’s zero wind for three days 12/11-13/12 during its winter peak load season illustrates the 
National Grid’s need for wind backup. UK peak load is handled by flexing fossil fuel generation. 



Newer CCGT is 
specifically designed to flex as efficiently as possible. In recent years GE, Siemens, Alstom, and 
Mitsubishi have all introduced units. For example, GE’s FlexEfficiency 50 is a 510MWCCGT that 
can ramp 50MW/minute. At rated output, it operates 61% efficient. It is 60% efficient down to 
87% load, and 58% efficient at 40% load (and not designed to operate below 40%). Cycling at 
less than rated output increases capital cost/MWh via under utilization, and increases fuel cost 
via reduced efficiency. Notionally, wind 30% CF means a supporting FlexEfficiency 50 running 
70% of the time at rated capacity, and the remainder at 40% minimum load. Using GE’s 
numbers, that would add about $7.20/MWh LCOE of wind intermittency flex cost on a 30-year 
annuity basis.[5] 

The Texas ERCOT grid is quite different. It has high summer peak load demand because of air 
conditioning. Texas backup capacity is therefore from high LCOE gas turbine peaker units which 
are unused except in summer. 

http://judithcurry.com/2015/05/12/true-costs-of-wind-electricity/#_edn5
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As the proportion 
of wind generation increases, grids less blessed than Ontario have to add additional standby 
capacity of some sort. How much of which sort depends on grid details like those illustrated 
above. The UK National Grid has published estimates. An analysis by the UKERC suggested 15-
22% additional for 10% wind production. A different analysis by the IEA ranged from 6% at 2.5% 
wind generation, to 12% at 5%, to 18% at 15%.[6] UK wind is presently 9.3% of generation. For 
the UK National Grid using flexed CCGT, these estimates imply about ($66.1+$7.2/MWh *0.15) 
~$11/MWh for additional backup, a ‘truer’ wind LCOE of ($121+$11) $132/MWh for UK’s 
National Grid 

On the Texas ERCOT grid, wind in 2014 was 10.6% of generation. For ERCOT’s summer gas 
peakers, wind’s ‘true’ cost is about ($121+ 0.15*$128) $140/MWh. Little wonder the Austin, 
Texas utility finds its renewable generation portfolio loses $80 million, while its fossil fuel 
generation earns $180 million annually at grid wholesale electricity rates! [7] 

Transmission constraints 

ERCOT also illustrates clearly the wind impact on transmission planning. Much of the wind 
capacity is in northern Texas, whereas the demand is in Dallas and Houston. ERCOT’s ‘CREZ’ 
wind driven grid capacity expansion added/upgraded 3600 miles of transmission lines at a cost 
of $6.9 billion over 3 years. That compares to $26 billion of cumulative (YE2014) investment in 
Texas wind generation. Annualized over 30 years at 6.5% and spread over ERCOT’s 36.1 million 
MWh of 2014 wind generation, CREZ adds wind LCOE of $6.44/MWh. That is 6.7% of EIA’s wind 
LCOE. EIA’s own incremental transmission estimate is 4%–yet again biased substantially low. 

http://www.ukerc.ac.uk/publications/the-cost-and-impact-of-intermittency.html
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The ‘true’ system LCOE of ERCOT wind is ($140+$6) ~$146/MWh, not anywhere near the 
general EIA estimate of $96/MWh — it is off by half. 

 

In the UK, lack of transmission capacity between Scotland’s wind farms and England/Wales 
consumers has led to National Grid Balancing Mechanism ‘constraint payments’ netting about 
£165/MWh for wind NOT produced when it could have been. That comes out of British 
ratepayer pockets, even though they get no electricity in return. 

          Market Distortions 

In 2011, MIT’s Paul Joskow circulated a Sloan School discussion paper pointing out that non-
dispatchable generation (wind) not only has a different cost profile, it has a different value 
(price) profile. 

“Wholesale electricity prices reach extremely high levels for a relatively small number of hours 
each year (see Figure 1) and generating units that are not able to supply electricity to balance 
supply and demand at those times are (or should be) at an economic disadvantage. These high-
priced hours account for a large fraction of the quasi-rents that allow investors in generating 
capacity to recover their investment costs (Joskow 2008) and failing properly to account for 
output and prices during these critical hours will lead to incorrect economic evaluations of 
different generating technologies.” 

Here’s a rough overview of studies that have looked at the impact of intermittent wind upon 
energy markets. This British study found that wind serves to change the capacity mix more so 

http://www.ref.org.uk/energy-data/notes-on-wind-farm-constraint-payments/
http://economics.mit.edu/files/6317
http://papers.ssrn.com/sol3/papers.cfm?abstract_id=1851311
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than the pattern of prices. The market shift to lower fixed cost higher variable cost stations 
results in relatively small price changes. This study from Ireland finds that increased wind 
penetration does not impact the pricing of electricity in Ireland (that is argued in the paper as a 
plus for encouraging more wind). This study found that wind in Denmark reduced costs to 
consumers. This study of ERCOT in Texas found that the spot market prices were reduced but 
price variance, volatility and risk increased. This study of the Pacific Northwest concluded that 
despite being more economical and easier to integrate in a hydro-rich area, “the direct 
economic benefits to end-users from greater investment in wind power may be 
negligible.”   There are many factors to consider and the interactions between spot prices and 
long term cost savings are uncertain. Perhaps the situation is best summed up as this report 
concluded, “the financial impacts of wind power generation are unclear due to the complex 
nature of wholesale power markets and the many variables that can impact wholesale 
electricity prices and generator revenues (i.e., location, natural gas prices, generation mix, and 
electricity demand).” It is not clear in any case that subsidizing wind production will lower 
overall energy prices in any region, and we already showed that subsidized wind raises 
generation costs. 

Wind generation is associated with challenges in scheduling resources and participation in 
energy markets. Operators serve load with a varied generation mix. Generation plants have 
limited flexibility including minimum and maximum output levels, ramp up limitations, 
minimum down times and startup costs. The unpredictability of wind complicates the resource 
scheduling process. For more background see these Climate Etc postings: Watch out for the 
Duck Curve and All Megawatts Are Not Equal. 

There is a limit to how far conventional plants can be backed down and remain available for 
service when they may be needed in the upcoming scheduling period. Wind availability coupled 
with low load periods can present major problems for system operators. It may be the case of 
simply having mismatched loads and generation of conventional plants may be needed to 
maintain grid reliability. Under “constraint payments” generators are paid for not injecting 
power into the grid. Under “negative power pricing” generators are charged for injecting power 
into the grid. Overwhelmingly conventional resources are not giving favorable treatment 
relative to intermittent resources. 

This Study notes the additional harm caused by the US Production Cost Credit, which incents 
wind generators to make money by injecting power even during times of oversupply. Short 
term this impacts reliability and raises costs for others. Long term this serves to destabilize the 
market for conventional generation, which will defer investment and lead to further reliability 
concerns. 

The ERCOT region was plagued by negative pricing concerns until the CREZ transmission 
improvements reduced such instances. 

http://www.sciencedirect.com/science/article/pii/S1876610214017822
http://www.wind-energy-the-facts.org/the-impact-of-wind-power-on-the-power-market-dk-case.html
http://bear.warrington.ufl.edu/centers/purc/docs/papers/1114_Woo_The_Impact_of.pdf
http://ieeexplore.ieee.org/xpl/login.jsp?tp=&arnumber=6529186&url=http%3A%2F%2Fieeexplore.ieee.org%2Fiel7%2F59%2F4374138%2F06529186.pdf%3Farnumber%3D6529186
https://www.fas.org/sgp/crs/misc/R42818.pdf
http://judithcurry.com/2014/11/05/more-renewables-watch-out-for-the-duck-curve/
http://judithcurry.com/2014/11/05/more-renewables-watch-out-for-the-duck-curve/
http://judithcurry.com/2014/12/11/all-megawatts-are-not-equal/
http://judithcurry.com/2015/05/07/transmission-planning-wind-and-solar/
http://www.hks.harvard.edu/hepg/Papers/2012/Negative_Electricity_Prices_and_the_Production_Tax_Credit_0912.pdf


Some have argued 
from this that increased transmission build up can solve the problem of negative pricing and 
touted Texas as an example. However, what the transmission build out did was expose the 
wind resources to a larger market pool, thus reducing the effective penetration level of wind. 
The problem that wind at significant penetration levels will cause negative pricing remains. If 
you increase the penetration level in the larger pool, negative problems will remerge. 
Consistent with that, as Texas has continued to add wind resources, negative pricing problems 
reemerged in March of this year. 

Conclusion 

It is reasonable to ask why utilities still invest in wind, when even after PTC ‘true’ wind 
generation is very uncompetitive with Coal or CCGT, as well as distorting the entire wholesale 
electricity marketplace. EIA LCOE is not the whole story. EIA does not include other incentives 
such as state level above market feed in tariffs. Ontario wind gets 13.5¢/kwh versus the 
Province’s 2014 average wholesale generation price of 9.25¢/kwh–a 46% premium. Texas has a 
variety of state wind incentives (e.g. job credits and property tax breaks) estimated to cost $1 
billion in 2014. Oklahoma has a complete income tax moratorium on wind farms. In 2011, 
California mandated 33% renewables by 2020 no matter the cost (up from 20% in 2006). The 
UK has the 2008 Climate Change Act. Germany has the Energiewende. Wind operators 
generally do not pay a price penalty for the market distortions they create. The most severe 
example of distorted consequences is Germany’s E.ON utility. Late in 2014 E.ON announced it 
was taking a $5.6 billion impairment charge on its conventional generating assets then spinning 
them off into a separate (unprofitable) company.[8] Conventional generation simply is no 

http://www.greentechmedia.com/articles/read/Wind-And-The-Myth-of-Widespread-Negative-Pricing
http://www.argusmedia.com/News/Article?id=1025896
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longer profitable in Germany given Energiewende’s renewables pricing distortions and forced 
flexing. 

We can only approximate the ‘true’ cost of wind, and how much the reality differs from ‘official’ 
EIA (and industry) claims. Wind resources have often been presented in a far more favorable 
light than they deserve. Looking at the costs presented here they are far higher than can be 
justified. It has been hoped that subsidies would make wind self-sustaining in short order, but 
wind appears no closer to economic viability today than years ago. 

The impacts of subsidized wind upon electricity markets are highly uncertain, and in many cases 
demonstrably harmful. Wind serves to raise costs, complicate scheduling, destabilize markets, 
and adversely impact reliability all in a hopeless effort to receive “free” energy that is actually 
quite costly. 

The potential for wind is limited. Any sub area can have a high penetration of renewables if 
those resources are diluted into a larger area. Wind can provide adequate performance when 
correctly integrated with hydro and fossil resources. But the challenges are significant at this 
time to reach high penetration levels within most standalone resource mixes in most system 
grids. 

[1] US News and World Report 5/12/2014 
[2] Essay No Fracking Way in ebook Blowing Smoke. 
[3] The aptly named National Renewable Energy Lab (NREL) has an even worse bias. Their 2013 
“Transparent Cost Database” (a misnomer) has a selection biased sample of 109 onshore wind 
farms with a CF of 39% used for LCOE. 
[4] Renewable Energy Foundation, Wear and Tear Hits Windfarm Output and Economic Life 
(2012). Available at www.ref.org.uk. See also Staffel and Green, How does wind farm 
performance decline with age?, Renewable Energy 66: 775-786 (2014). 
[5] We decided not to put this calculation in the text due to its complexity. CCGT LCOE capital 
$14.3/MWh. 70% operating at rated capacity, and 30% operating at 40% (14.3/.4) costing 
$21.45. Fuel inefficiency at 40% rated output is (61/58) times LCOE $49.1, a difference of $2.54. 
Total rated output difference is $23.99/MWh, but only for 0.3 of the time, so Δ$7.20/MWh. 
[6] Holttinen et. al., Design and operation of power systems with large amounts of wind power, 
Final Report IEA Wind Task 25, p.170 (2009) 
[7] Texas Comptroller of Public Accounts, Texas Power Challenge (2014) 
[8] BloombergBusiness 11/30/14 
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Solar grid parity? 

http://judithcurry.com/2015/05/31/solar-grid-parity/ 
by Rud Istvan and Planning Engineer                                                  

There are many journal articles, media stories, NGO papers, and blogs claiming solar already 
has, or soon will, reach general grid parity. Grid parity  is when the cost of solar equals the cost 
of conventional electricity alternatives. It should also mean equal without subsidies like feed in 
tariffs (FiT), net metering, and tax credits. 

This seemingly simple idea is not so simple. Grid parity depends on what sort of solar, on whose 
grid, and in what location. Solar needs insolation (sunlight energy), and that is quite variable 
with latitude and regional cloudiness. Red/orange is good, blue/violet is bad, yellowish is so-so, 
and greenish is worse than yellow but not as bad as blue. 

 

What might work well in Phoenix will not in Seattle. Or in Germany, which we will examine in 
more detail, since its grid is now 6.9% solar generation coming from the world’s greatest 
installed photovoltaic (PV) capacity (now 38.5 GW, 26% of world total PV). 

http://judithcurry.com/2015/05/31/solar-grid-parity/
http://www.scientificamerican.com/article/rooftop-solar-cost-competitive-with-the-grid-in-much-of-the-u-s/
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Grid parity is another wicked problem. As with the true cost of wind we are not assigning 
‘carbon externality’ costs to conventional generation, which are debatable. 

Solar Distinctions 

There are two fundamental kinds of solar generation. Photovoltaic (PV) uses semiconducting 
solar cells to generate DC electricity, which is ‘inverted’ to grid compatible AC. Einstein 
explained the underlying theoretical photoelectric physics in 1905, which earned his 1921 
Nobel Prize. The other kind is concentrated solar power (CSP), which is simply a magnifying 
glass concentrating sufficient sunlight energy to drive a thermal generator, usually an ordinary 
steam turbine. There are two sorts of ‘magnifying glasses’: parabolic troughs and heliostat 
‘power towers’. 

http://www.judithcurry.com/2015/05/12/true-costs-of-wind-electricity/
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CSP requires high 
insolation, which explains why ‘blue’ Germany’s solar is PV. 

Solar grid parity depends on whether one is comparing residential or utility scale solar and 
electricity pricing. Residential has the highest grid distribution costs, so the highest electricity 
price/kWh. A U.S. rooftop PV system cost about $5.80/W in 2014; utility PV cost about $4.5/W 
(shown below). 

Solar parity also depends on the alternative generation mix in the grid comparison, which 
depends on the grid. We show below that both forms of solar may be at grid parity in northern 
Chile. Chile electricity generation costs from ~$0.16/kWh (off peak spot market) to ~$0.25/kWh 
(peak). Chile is split roughly equally into 1/3 inexpensive hydro (in the south), and 1/3 natural 
gas plus 1/3 coal in the north. Chile imports all of its natural gas (most as expensive LNG), and 
most of its coal. Northern Chile has inherently high cost generation. 

Economic Baseline 

The 2014 Energy Information Agency (EIA) estimates 2019 utility scale solar levelized cost of 
electricity (LCOE) is nowhere near parity: $130/MWh for PV ($119 after subsidies), and 
$243/MWh ($224 after subsidies) for CSP. Those generation figures compare to ‘true’ (hidden 
carbon tax and lifetime adjusted) CCGT or USC coal at ~$57/MWh. The EIA analysis’ table 4 
estimates the difference between levelized avoided cost of electricity (LACE, that is, the 
alternative cost of the actual generating mix in 22 separate US regions) and LCOE. If LACE-LCOE 
is positive, then solar generation costs less and should be built. EIA says utility PV will be past 

http://www.eia.gov/forecasts/aeo/electricity_generation.cfm
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grid parity by 2019 in some regions (red/orange insolation), but not in most or on average–
contrary to Scientific American. CSP will still not be viable in any US regions. 

The basic question we explore here is whether, when, and where solar might reasonably be 
expected to improve enough to reach general grid parity— depending on better efficiency and 
lower cost. Secondarily, why has so much solar already happened if parity has not yet been 
reached? And why do the media claim parity has been achieved? 

PV 

In 1961, Shockley and Queisser (S-Q) first calculated the theoretical quantum efficiency of a 
simple single junction solar cell. A simple PV cell can be at best ~31% photoelectric efficient 
converting sunlight energy into electricity. 

 

Theoretical S-Q PV efficiency cannot be achieved in reality. There are a number of hurdles 
including reflectance, charge carrier recombination, grain boundary charge trapping (in 
polysilicon), and conductor resistance. These vary by semiconductor material and cell design. 
For example, the highest efficiency monocrystalline silicon cells add special coatings to reduce 
reflectance, and use copper rather than aluminum to reduce resistance. They are ‘thick’ to 
maximize light capture efficiency, but that thickness increases charge carrier recombination and 
lowers photoelectric efficiency. 

Solar cells have been researched for four decades. The three commercial types are maturing in 
efficiency and in manufacturing cost. 

http://www.nrel.gov/ncpv/
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There has been no meaningful increase in research cell silicon efficiency since about 2000 
(monocrystalline silicon (mSi) 25%, polycrystalline silicon (pSi) 20.4%). There has been some 
recent progress in thin film cadmium telluride (CdTe, First Solar 21%). Research cells deceive 
concerning grid parity. The highest production efficiency mSi panels (uniform dark blue with 
little aluminum ‘diamonds’ from missing round boule corners) are 21.5% (SunPower). pSi panels 
(mottled light blue, no ‘diamonds’) from China—which drove the rapid drop in panel prices 
from about 2010 to about 2013 when China’s SunTech went bust—are now 15.6% (Yingli). First 
Solar CdTe (black) production panels have reached 14.7%.[1] 

On the other 
hand, high purity high efficiency mSi is expensive. SunPower’s best E20 panels cost about 
$1.70/W and sell now for about $2.15/W. Thin film CdTe is inexpensive; First Solar says panel 
manufacturing cost is now $0.54/W. Their panel ‘price’ is under $1/W (uncertain since FSLR 
sells utility systems, not panels). So PV has high efficiency high cost panels, or low efficiency low 
cost panels. PV does not have high efficiency low cost panels. FSLR says it can achieve 17.5% 
CdTe production efficiency by 2017, and EIA says that would enable true utility PV LCOE parity 
in a few US regions. 

As with most ‘factory made’ goods, PV costs follow an experience (aka learning) curve. This is a 
log/log linear relationship. The PV curve is about 20% cost reduction per doubling of cumulative 
production. But with so much PV already produced, each additional cumulative doubling takes 
much longer in calendar time. First Solar says it has now installed 10GW over its entire 
history.[2] So the next ~20% cost reduction (from ~$0.54/W to ~$0.43) requires production of 
another 10 GW. Rapid cost reduction lies in the past, not in the PV future. 

http://us.sunpower.com/solar-panels-technology/facts/
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The reason that PV 
panel efficiency/cost is such a big deal (now mature and slow to improve on both dimensions) is 
that panels have become the lesser cost of any PV installation. The remainder is ‘balance of 
system’ (BOS). BOS includes mounting brackets (and for utility installations, sometimes one or 
two axis sun tracking mechanisms), wiring, inverters, installation, and maintenance (cleaning 
dirty panels no different than cleaning dirty windows). At least 80% of BOS costs are directly 
related to efficiency. For any given amount of generation, a 21.5% efficient panel compared to 
14.7% requires (14.7/21.5) ~2/3 the land or rooftop, mounting bracketry, wiring, installation 
labor, maintenance. 

Nobody knows how to significantly reduce BOS other than by higher efficiency (now with no to 
slow gains). Most BOS costs do not scale, and only inverters follow a learning curve. Grid parity 
is no longer about PV panels, but rather about BOS.[3] Note that the following 2014 NREL figure 
is on a WDC basis. The city of Palo Alto says a 5kWDC rooftop installation only produces about 
4kWAC (owing to inverter losses, suboptimal roof angle/orientation, …). Note further that NREL 
BOS ‘reality’ was more expensive than NREL projections for 2012 and 2013. Note that ‘Analyst 
Expectations’ are those of the PV industry. Finally, note that the actual 2014 residential PV cost 
in Palo Alto was $5.83/W, not NREL’s ~$3.50/W. California’s 550MW Topaz PV project 
completed in 2014 cost $1.8 billion or $4.54/W (with capacity factor 23%). California’s 550MW 
Desert Sunlight PV was completed January 2015 at $4.18/W because it sits on federal land in 
the Mohave Desert. Those new California utility PVs are presently the largest in the world. 

http://judithcurry.com/2015/05/31/solar-grid-parity/#_edn3
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BOS and efficiency 
are so important that First Solar (CdTe) opened a line in Malaysia in 2014 to manufacture 
100MW/year of high efficiency mSi panels in order to compete beyond the utility marketplace. 

Given all this information, we return to our initial background question. How did low insolation 
‘blue’ Germany become the world leader in installed PV capacity? In short, Germany passed the 
2000 Erneuerbare Energien Gesetz (EEG, Renewable Energy Law). Since that time, Germany’s 
residential electricity price has more than doubled, and Germany now has the second highest 
rate in Europe after Denmark. Denmark also has a higher renewables penetration (39% wind in 
2014) than Germany (19% wind and 7% PV). The EEG Umlage (surcharge for PV FiT) has grown 
from nothing to €0.0624/kWh, 22% of what a German household paid in 2014. That Umlage 
provides about €11billion (2014 estimate) of FiT subsidy to PV owners.[4] 

http://judithcurry.com/2015/05/31/solar-grid-parity/#_edn4
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Germany’s 
residential electricity cost is now about €0.29/kWh. When the EEG law passed in 2000, it was 
€0.14/kWh. Fraunhofer ISE claims residential PV reached German grid parity in 2012. But that is 
only thanks to Energiewende elevated electricity pricing. It is not close to ‘true’ parity, and 
probably never could be due to ‘blue’ Germany’s low insolation. 

The same thing has happened in the US, where residential solar is said to be at grid parity in 
California. California’s average delivered residential electricity price (EIA March 2015) was 
$0.17/kWh. So EIA’s $0.13/kWh utility PV estimate ‘works’. Except that compares residential 
apples to utility oranges. So does Palo Alto’s rooftop PV LCOE estimate of $0.155/kWh before 
subsidies, linked above. But neighboring Arizona’s March 2015 residential rate was 
$0.115/kWh. In 2005, the year before California passed its 2020 renewables mandate, its 
average residential rate was $0.116/kWh—like Arizona today. PV is at California parity only 
because of electricity pricing distortions from its renewables mandate– an economically 
irrational self-fulfilling prophesy. 

CSP 

Thanks to Chile’s inherently high cost generation, Spain’s Abengoa just won an open bid auction 
to supply 950GWh of solar to Chile’s central grid over 15 years. Atacama Desert (highest 
insolation in the world) generation will come from two 110MW power tower systems and one 
100MW PV. Since the auction was open to CCST and coal bidders, this might seem market 
evidence of unsubsidized CSP grid parity under those circumstances. Not according to Abengoa 
Solar’s own announcement about the award.[5] Abengoa receives direct subsidies from Chile 
and the EU; Chile set a goal for 20% renewables by 2025. The facilities are partly funded by the 
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Clean Technology Fund, a World Bank administered $5.3 billion clean tech aid program. Even in 
high cost high insolation northern Chile, CSP is apparently not at grid parity without subsidies. 

Abengoa’s Solana parabolic trough CSP figured above is 70 miles southwest of Phoenix Arizona, 
where the residential rate is $0.115/kWh. It cost $2 billion for 250MW (net), of which $1.45 
billion was covered by a federal loan guarantee. Plus Abengoa received ~$600 million in federal 
cash payments under the 2009 American Recovery and Renewal Act (ARRA2009) in lieu of the 
30% Investment Tax Credit (ITC) on renewables, itself an optional alternative to the Production 
Tax Credit usual for wind. So Abengoa effectively has nothing invested. It has a contract to sell 
Solana’s utility generation to Arizona Public Service (APS) for 30 years at $0.14/kWh, which is 
21% over the residential rate, and more than twice what equivalent dispatchable CCGT would 
have cost. APS made this unfavorable power purchase agreement (PPA) because Arizona 
mandated 15% of its power be renewable by 2025. 

Brightsource’s Ivanpah power tower CSP figured above sits in the Mohave Desert on 3500 acres 
of federal land. It cost $2.2 billion for 377MW (net). It received a $1.6 billion federal loan 
guarantee, plus ~$660 million in federal cash payments in lieu of ITC under ARRA2009. It is also 
‘free’ for its backers. But not free for California ratepayers of SoCalEd and PGE, who are 
purchasing its utility generation under a 25 year PPA at $0.185/kWh after time-of-day 
adjustments.[6] That is 8% above California’s residential rate, 59% above what the California 
rate was before its 2006 renewables mandate, and 3x CCGT generation rates. Ivanpah ironically 
helps guarantee California residential PV ‘grid parity’, but only in a very costly artificial sense. 

The fairly unique characteristics of each CSP installation make experience curve cost reductions 
unimportant. Since steam turbine efficiency is already mature, it is probably not possible for 
CSP to ever reach true grid parity even in high insolation areas. Abengoa and Brightsource 
might disagree; but then why are they lobbying to make the 30% ITC subsidy permanent? 
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Grid 
Considerations 

As noted in a previous posting, all megawatts are not equal nor are they fungible. The portion 
of the bill associated with generation makes up roughly 50% to 70% of a typical bill. 
Conventional CCGT and coal base load costs about $0.06/kWh (see wind post). Intermittent 
generation that does not reliably reduce peak dispatchable generation cannot lower generation 
costs. It raises them by forcing flexing of daytime base load generation, which may reduce fuel 
efficiency and always reduces capital efficiency. Germany’s Energiewende illustrates the cost 
magnitude. E.ON just imposed a €4.5 billion impairment charge on its conventional generating 
assets because of renewables flexing. [7] 

Solar is variable (day/night) and intermittent (clouds). How this affects grid backup cost 
depends on the grid location. Those ‘hidden’ costs are lower where peak is summer midday 
driven by air conditioning, such as southern California. The hidden PV backup costs are much 
higher if peak is winter evenings, such as the UK and Germany. 

The benefits of residential solar are also inflated by a hidden ‘net metering’ subsidy. Net 
metered residences receive a credit for each kWh injected into the grid equaling the billed price 
of each kWh drawn from the grid. 44 US states including California have net metering. In 
California, utilities pay the customer ~$0.17/kWh for residential PV flowing onto the grid. The 
utilities could have purchased that electricity from conventional generators for about 
$0.06/kWh. The ~$0.11/kWh difference is a wealth transfer from non-solar to solar customers. 
Net metering means PV owners pay less, so non-PV customers have to pay more to cover total 
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utility costs. California’s Public Utilities Commission (CPUC) estimates this will be $1.1 billion by 
2020. 

Such subsidies cannot be sustained as the proportion of residential PV on the system increases. 
The subsidies grow exponentially with increased participation as the subsidizing group gets 
smaller and the subsidized group gets larger. For example, if the annual subsidy cost non-PV 
customers only $1 at a 0.1% penetration level, it will grow to $10 at 1% penetration, $53 at 5% 
penetration, and $250 at 20% penetration. Germany’s Umlage illustrates this. 

A practical solution to net metering’s hidden subsidy is suggested by Ontario. Because of the 
large number of summer vacation cottages little used in winter, Ontario electricity bills are split 
into a monthly delivery charge (just for being on grid, largely independent of kWh) and an 
electricity charge for kWh that pays for generation. But implementing that practice would 
reduce or eliminate ‘apparent’ residential PV parity. 

Conclusions 

PV is probably already at ‘true’ grid parity anywhere high insolation and inherently high cost 
conventional electricity generation coincide. This is, for example, the case in Hawaii where the 
average electricity price is presently $0.385/kWh, insolation is ‘yellowish’, and a number of 
utility PV installations have been built. It is credible that in reasonably insolated areas, PV will 
approach grid parity in the next few years even considering intermittency costs. The 
Southwestern US, Spain, southern Italy, northern Africa and its southern desert tip, India, and 
parts of Australia are plausible regions for eventual ‘true’ PV grid parity given their summer 
peak loads. The Saudi Arabian peninsula would be a candidate but for its abundant inexpensive 
natural gas and CCGT. 

Renewables advocates can now show PV at ‘artificial’ grid parity where subsidies and/or 
renewable mandates have distorted electricity pricing, which is the case in Germany and 
California. PV parity becomes a lot easier if the price of electricity is increased 50 to 100 percent 
by fiat. 

In the U.S., existing CSP projects would not have been built but for federal loan guarantees, the 
provisions of ARRA2009, and state mandates. All proposed but unbuilt U.S. CSP projects have 
been postponed due to expiration of most ARRA2009 provisions and uncertainty about the ITC 
set for reduction to 10% in 2016. These actions by CSP developers prove there is no US parity. 
So long as the US has abundant inexpensive natural gas for CCGT, there will never be. 

Like wind, solar is ‘horses for courses’. Where conditions are favorable (California’s Mohave, 
Chile’s Atacama), some solar will sometimes make sense. Because of intermittency and ‘hidden’ 
grid backup costs, a lot of solar may not make sense even with summer peak air conditioning 
loads, as California is apparently in the process of learning. The pell-mell PV rush in the UK and 
Germany (where peak loads are winter evenings) only makes sense if CAGW is believed so dire 
a problem that high mitigation costs are of no consequence. We doubt that is the case, and 



suspect the UK and Germany will eventually discover reality the hard way as their conventional 
generators are driven out of business by renewables forced flexing. 

[1] Forbes 11/10/2014 and 1/19/2015, FSLR 1Q2015 earnings call. 

[2] First Solar PR 1/19/2015 

[3] NREL/PR-6120-62558 (9/22/2014) 

[4] Fraunhofer ISE, Recent Facts about Photovoltaics in Germany (1/7/2015) 

[5] Abengoa Solar PR 1/9/2014 

[6] FERC report for Ivanpah production and revenue January-September 2014 

[7] www.wsj.com 3/11/2015 
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Intermittent grid storage 

http://judithcurry.com/2015/07/01/intermittent-grid-storage/ 
by Rud Istvan 

From the utility grid perspective, a fundamental problem with wind and solar is intermittency. 

In the US, wind has a median capacity factor of 31%. In California’s Mohave Desert, solar PV has 
a capacity factor of 23%. To make up the electricity supply difference during the rest of the 
time, grids must either add otherwise unnecessary backup generation, or flex base load 
generation (dropping below optimum output so the grid can accept the intermittent renewable 
input). At a minimum, flexing results in costly capital inefficiency. Otherwise unnecessary 
backup generation is even more costly. 

The higher the renewable penetration, the greater this intermittency burden becomes. For 
Texas’ ERCOT grid with 10.6% wind, the additional costs are ~$19/MWh for generation plus 
~$6.50/MWh for transmission. It is now so expensive in Germany (26% renewable generation) 
that its largest utility, RWE, took a €3.3 billion impairment charge 1Q2014. The second largest, 
E.ON, took a €4.5 billion impairment charge 4Q2014, and announced it was spinning its 
conventional generating assets off into an unprofitable separate company. E.ON will also be 
shutting Irsching 4 and 5, large efficient CCGT units completed in 2010 and 2011! Irsching 
simply is not viable without being compensated for the forced Energiewende flexing it endures, 
while selling its electricity against the subsidized renewables with which it is also forced to 
compete. 

So renewables advocates hope for major advances in grid storage to offset wind and solar 
intermittency. This guest post surveys what might be possible in the future given what is 
presently known. The focus is on utility scale, but takes an irresistible detour through TESLA’s 
newly hyped residential Powerwall. Sandia has a more detailed (albeit somewhat dated and 
hopefully slanted) utility storage analysis than this post, for CE denizens interested in digging 
deeper. 

There are in principle only five ways that generated electricity can be subsequently ‘stored’: 
potential energy (e.g. pumped hydro), kinetic energy (e.g. flywheels), electrostatic energy 
(capacitors), electrochemical energy (batteries), and chemical energy (e.g. water 
hydrolysis). Anyone inventing another is in line for an automatic Nobel Prize (probably two, 
physics or chemistry plus peace). 

Pumped hydro storage (PHS) 

Potential energy in the form of pumped hydro storage (PHS, essentially reversible 
hydroelectricity) is >99% of existing grid storage worldwide.The figure is from EPRI 2011. EPRI 
has not updated their overall grid storage analysis, but did estimate that ~140,000MW of PHS 
was installed by YE2014. 
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All that a grid 
needs are upper and lower water ‘reservoirs’ in ‘hilly’ terrain, and reversible 
hydroturbogenerators. It is possible to excavate a lower reservoir deep underground, but at 
much higher cost. One such facility is proposed for Holland. O-PEC would be 1400MW x 6 hours 
for €1.8 billion, using a 1400m (!) hydrostatic head to minimize water and underground 
chamber volume. 
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Round trip 
efficiency is high at over 80%, and facility life is long at much over 40 years. The LCOE depends 
on facility size, cost, and hydrostatic head, ranging from as low as ~$85/MWh (EIA) to as high as 
~$150 to $200/MWh (Sandia). PHS has so far been used mainly for peak load shifting. Off peak 
base load is used to pump water into the upper reservoir, which then generates back into the 
lower during peak load. This allows a larger grid proportion of low cost base load generating at 
optimal output 24/7 than would otherwise be possible. Where grid/terrain possible, PHS can 
also support renewable intermittency as already done somewhat in southern Germany, Austria 
and Switzerland (the Alps). 

PHS always pays on a grid system basis if suitable affordable terrain is available. Many places 
favorable for wind (low relief Iowa, Denmark, northern Germany) or solar (low relief Mohave 
Desert) are distinctly NOT favorable—even though PHS does not have to be co-located, just 
very strongly grid intertied. 

Developed world grids have already taken most of the advantage they can of PHS. California is 
an odd exception. 

Kinetic Energy Storage 

Kinetic energy storage is also extensively used on the grid, in the form of synchronous 
condensers for reactive power compensation (aka volt amp reactive, VAR). These are 
essentially unpowered generators spinning on grid. Some old decommissioned coal generating 
plants repurpose the old generators as ‘new’ synchronous condensers. Rotors may weigh 
hundreds of tons and spin at up to 3600 rpm, but still only store enough kinetic energy to 
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provide transient voltage/frequency regulation (VAR). Downtown Tokyo alone uses six Toshiba 
purpose built 200MVARs. The human figure illustrates the enormous size/mass of grid scale 
kinetic storage machines. They are still grossly insufficient for bulk intermittent renewable 

storage. Beacon 
Power enhanced kinetic energy density by using grid-coupled carbon fiber flywheels spinning at 
16000 rpm (reaching Mach 2, requiring they spin in a vacuum). Beacon’s first (subsidized) 
20MW x 0.25hour facility comprised 200 flywheels and cost $4800/MWh. Its purpose was 
frequency regulation (VAR), not bulk energy storage. This facility is the flywheel capacity in this 
post’s initial EPRI energy storage figure. 
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That is far too little 
energy for bulk utility wind or solar intermittency. To back up a single 2MW wind turbine at 
30% capacity factor would require ([1-0.3]*24 hours / 20MW/ 2MW * 0.25hour) 6.7 of the 
pictured facilities. 

Electrostatic storage 

Electrostatic storage in capacitors is ubiquitous. There are large capacitor banks for reactive 
power compensation (VAR) on all utility grids. 
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Super capacitors 
have the highest energy density of any capacitor type, an order of magnitude more than the 
next best kind. Supercaps plus power electronics have created a rapidly growing new utility 
device class in the past decade, static compensators (statcoms). These substitute for smaller 
synchronous condensers; ABB’s statcoms come in sizes up to 30MVAR. Their advantage is no 
moving parts/maintenance. Like synchronous condensors and capacitors, statcoms store far too 
little energy for bulk wind and solar needs. 

Electrochemical batteries 

Electrochemical batteries presently have limited use on the grid. Rechargeable battery 
electricity is stored in some reversible electrochemical reaction. Familiar lead acid (PbA) 
electrochemistry is sponge lead/lead dioxide electrodes creating/removing lead sulfate, with 
sulfuric acid electrolyte conducting the needed sulfate ions. Which is also why deeply cycled 
PbA batteries have inherently short cycle life unsuited to utility storage. Cycling grows ever-
larger and increasingly insoluble lead sulphate grains (sulfation), while the growing/shrinking 
lead sulfate in the electrodes eventually causes them to disintegrate from mechanical stress. 
Xtreme Power designed an industrial/utility PbA capable of 650 cycles to 80% discharge, which 
would last less than two years supporting solar. Xtreme delivered (to utilities) about 35MW at 
about $1000/MWh before going bankrupt. Xtreme is the PbA in the initial figure. 

There are many reversible electrochemistries. Commercial ones include PbA, Nickel Metal 
Hydride (NMH, in most hybrid autos), lithium ion (LiIon, ubiquitous in portable electronics and 
electric vehicles), and sodium sulfur (NaS). There are several ‘experimental’ chemistries with 
one or more as yet unresolved issues. These include lower cost lead carbon (PbC, cycle life), 
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lower cost and higher energy zinc air (cycle life, safety), lower cost and higher energy sodium 
ion (cycle life), higher energy lithium air (cycle life, safety), higher energy solid state LiIon 
(SSLiIon, cost, cycle life), and higher energy lithium sulfur (LiS, cycle life). Furthest along seem to 
be PbC, SSLiIon, and LiS (the links are illustrative, not exhaustive of all the entities working on 
these electrochemistries). 

There is a lot of uninformed MSM reporting on battery progress, often based on hyped lab PR 
(most recently Harvard’s rhubarb battery, below). Electrochemistry has been known since 
Alessandro Volta’s 1799 stack of zinc, brine soaked paper separator, and copper twitched a 
frog’s leg. Sticking zinc and copper into a lemon still works—but not for any practical 
application. Many, many $billions have been spent on battery R&D over the past century. 
Progress remains a very slow slog. It is beyond unlikely that any fundamental electrochemical 
miracles remain unrevealed. 

There are two basic battery design concepts. The familiar one (like PbA, NMH, and LiIon) stores 
electricity in the electrodes. This is not a problem for portable electronic tiny energy storage 
needs. It is a big problem for utility bulk storage requiring a lot of expensive electrode. A123 
Systems delivered one 20MWh LiIon system (10 of the imaged containers) that cost (based on 
its federal loan guarantee) $17.1 million. This facility is the LiIon capacity in the initial figure. 

 

Backing up a single ~$3.5 million 2MW wind turbine at 30% capacity factor would require 8.4 of 
these containers at a cost of ~$14.4 million. They would be purchased from NEC Energy 
Solutions; A123 went bankrupt. Its assets were sold to the Chinese at a $119 million loss to US 
taxpayers who gave A123 grants and loan guarantees. The Chinese sold the utility portion to 
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NEC. NEC has a new order for 3 20MW installations for the PJM grid. Like Beacon’s flywheels, 
these are for frequency regulation, not bulk renewable energy storage. In that application 
(which does not deeply discharge the batteries), NEC says they last 20 years—still insufficient 
for wind or solar without replacement. 

If energy density can be increased, then the amount of electrode per unit electricity can be 
decreased proportionately. LiIon’s theoretical limit is 1015 Wh/liter. The Panasonic cells Tesla 
uses (below) are about 620 Wh/L (cells, not the Powerwall battery at ~350 Wh/L with liquid 
cooling). Panasonic produces more advanced (and more expensive, shorter lived) smartphone 
cells that approach 800 Wh/L. There will undoubtedly be some further improvement in LiIon 
energy density, but nothing like what has already been achieved. 

The main ‘electrode concept’ utility battery is NaS. Several hundred MW are already on grid, as 
the first figure shows. These operate at 350C (and must be kept at that temperature 
continuously), have a 15-year life (significantly longer than deeply discharged LiIon at ~10 years 
per Tesla), and have a round trip efficiency of 75%. They are used in special grid distribution 
situations, for example to support remote peak loads where a small peaker or a beefed up 
transmission line would be even more expensive than NaS. California’s PGE just installed a 
4MW x 6hour NaS facility from Japan’s NGK. It cost $18 

million.   At 30% 
capacity factor, about (16.8 hr *2MW/[4Mw x 6hr = 24MWh NaS] /0.75 efficiency) 1.9 of these 
facilities would be needed to back up a single 2MW wind turbine. NaS would cost $34 million to 
back up one $3.5 million turbine. And it would have to be replaced after 15 years to support the 
turbine’s ~25 year life. NaS is not commercially feasible for renewable bulk electricity storage. 
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The other class of battery design stores electricity in the electrolyte, and only uses smallish 
expensive electrodes to put it in and take it out as electrolyte is pumped through the 
electrodes. In such ‘redox flow’ batteries, the electrolyte can be stored in arbitrarily large tanks. 
This theoretically solves the grid scale electrode cost problem. And also part of the battery cycle 
life problem, since the electrolyte and/or electrodes can be separately replaced. 

There are several redox flow chemistries in development. Some are expensive and corrosive, 
like the vanadium redox battery (VRB). The most recently hyped experimental system uses 
inexpensive organic quinones similar to those found in rhubarb. No word yet from Harvard on 
round trip efficiency, or how long their ‘breakthrough’ rhubarb flow battery might last. 

One seemingly promising type (since a commercial unit exists) uses relatively (compared to 
vanadium) inexpensive iron/chromium, championed by 2008 California startup EnerVault. Their 
first ‘commercial’ flow battery (250kw x 4hour = 1MWh) was installed in 2014 to support a solar 
powered 250kw irrigation pump in Turlock, California. It has a round trip efficiency of 60%. To 
back up a single 2MW wind turbine at 30% capacity factor would require (16.8 hours *2MW/ 
1MWh/0.6 efficiency) 56 of the pictured EnerVault facilities. Or requires tanks, electrodes, and 
pumps that are 56x bigger than pictured. 

The facility cost 
$9.5 million, $4.7 million from a US grant. EnerVault told EPRI and DoE (as part of the grant 
process) that it expected to be ~$350/kWh in volume production. Backing up a single 
$3.5million 2MW turbine might cost ‘only’ $12 million in the future. The useful lifetime is TBD; 
EnerVault says >20 years. But EnerVault also says the pumps last “thousands of hours” before 
needing replacement. That could mean yearly—and probably does. On April 14, 2015 EnerVault 

http://www.news.harvard.edu/gazette/story/2014/01/renewable-energy-breakthrough/
https://curryja.files.wordpress.com/2015/06/flow-storage.jpg


announced it was ‘restructuring’ (laying off most employees) and ‘seeking new owners’. Existing 
investors including Japan’s Mitsui, French oil company TOTAL, and 3M declined to put in more 
money. EnerVault has failed. 

The foregoing examples illustrate the immensity of the utility bulk storage challenge. No 
foreseeable battery solution overcomes this enormous challenge. 

Distributed grid storage 

There has been much renewables discussion of ‘distributed’ grid storage. Put many smaller 
batteries at residential or commercial locations, in the hope that manufacturing volumes would 
provide cost economies of scale. Thus the MSM excitement Elon Musk created with his Tesla 
Gigafactory and the Powerwall. The 7kWh daily cycle unit (complementing rooftop PV) has a 
guaranteed 10 year life at 92% round trip efficiency for $3000, excluding installation and 
inverter. 

Whether Powerwall makes any sense is a less exciting question, which Musk’s fawning MSM did 
not ask. Palo Alto’s approximate LCOE for rooftop PV is ~$0.155/kWh for a 5kWDC system 
before subsidies, according to Palo Alto itself. To charge a single Powerwall while still using the 
original PV as before, about (7kWh/5.4 ‘sun hours’ per NREL /0.92 efficiency) 1.4 kW of 
additional PV would have to be installed. Using Palo Alto’s ‘official’ estimate, that is an 
additional PV cost of about $8400 (including the inverter Tesla does not supply). Total cost 
$11,400 for one Powerwall is no problem—if you can afford to live in Palo Alto and install PV 
there in the first place. The city says its average home consumes about 1000 kWh/month or 
(1000/~30.5) 32.8kWh/day. A 6.4kW PV plus one Powerwall will not take an average Palo Alto 
home off grid—it is (32.8-12) 20.8kWh short. It would take 4 Powerwalls (plus their additional 
PV) to go off grid. Not enough dollars or roof to make that work. 

Being a little bit Palo Alto/Tesla green comes at a large cost. The 10-year, 0.065 discount rate 
LCOE of single Powerwall is $0.118/kWh. To that must be added the LCOE of the extra charging 
PV, adjusted for Powerwall efficiency. According to Palo Alto, that is (~0.155/0.92) $0.168/kWh, 
for total Powerwall LCOE of $0.286/kWh. The residential cost of electricity in California (March 
2015) averaged ~$0.17/kWh. Powerwall is a bad deal, costing almost twice what California’s 
residential grid electricity does. (Tesla cars are a similarly bad deal.) 

Chemical storage 

Chemical energy storage involves electricity reversibly converted into simple chemical energy 
(some fuel). Two chemistries have been seriously proposed: hydrogen and methane. 

Hydrogen 

Hydrogen can certainly be hydrolyzed from water. And the necessary electricity can certainly 
come from intermittent renewables. The most efficient way to convert hydrogen back to 
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electricity at grid scale would be a PEM fuel cell or an SOFC. The math can be done using 
Ballard’s 1MW PEM, since a few have actually been sold as demos. Ignore the technical 
difficulties of bulk hydrogen storage, which the following methane alternative ‘solves’. 

The theoretical efficiency of hydrolysis is ~88%. About 4% of commercial hydrogen is made this 
way today, with real efficiencies of ~75%. EERE says PEM fuel cells can be 60% efficient. But 
that is also theoretical. Ballard’s real 1 MW ClearGen® is 40±2% efficient, with a lifetime of ~15 
years (similar to NaS). The round trip efficiency of a hydrogen electricity storage system would 
be about (0.75 * 0.4) 30%. For a utility, that is awful. 

The electricity to be stored comes mainly from otherwise flexed base load generation, with 
chemical storage buffering renewable intermittency no different than PHS buffers peaks. The 
energy cost alone would be about ($57/MWh baseload / 0.3 efficiency) $190/MWh. Ballard’s 
ClearGen® costs about $10 million/MW (including inverter, transformer, and installation).That 
calculates a capital LCOE of about $114/MWh. Adding hydrolysis and H2 storage, the system 
LCOE is >>$304/MWh. It is simply not commercially viable–by nearly an order of magnitude. 
Before solving the hydrogen storage problem. 

Methane  

Or, hydrogen from electrolysis could be reacted with CO2 over nickel catalysts to produce 
methane. Methanation is significantly exothermic, although up to half of the resulting ~20% 
‘waste’ heat could be reused (e.g. heating input feedstock, since the catalysis works between 
200C and 550C). A number of lab scale reactors plus at least one pilot facility have been built, 
with methane yields from ~70% for one pass to ~95% for three. Solves the hydrogen storage 
problem. The resulting synthetic methane can be stored and used like natural gas from any 
other source (e.g. in flexible CCGT with 58-61% efficiency). Input CO2 could theoretically be 
obtained from fossil fuel carbon capture (without sequestration), a process with 20-30% 
parasitic energy loads. 

Methane round trip energy efficiency would be about 0.75 (hydrolysis) * 0.95 (catalysis yield) * 
0.9 (net [half] methanation exothermic loss) * 0.8 (minimum CC parasitic load) * 0.6 (flexed 
CCGT) or ~31%— no better than hydrogen alone, after all the chemical complications. Methane 
storage avoids the technical hydrogen storage challenge, but at the expense of much additional 
chemical plant capital, operations, and maintenance cost. It worsens the chemical storage 
economics. 

Conclusions 

Most renewables advocates don’t appreciate the scope and scale of electricity grids, the 
difficulties intermittency creates, and the technical/ commercial inadequacies of electricity 
storage technologies other than PHS. 

http://www.ballard.com/fuel-cell-products/cleargen-multi-mw-systems.aspx
http://www.bloomenergy.com/
http://www.energy.gov/eere/fuelcells/fuel-cells
http://www.energysustainsoc.com/content/pdf/s13705-014-0029-1.pdf
http://www.globalccsinstitute.com/


Utilities already utilize four out of five forms of energy storage wherever they make sense. 
Potential energy is ubiquitous pumped storage. Kinetic energy is ubiquitous synchronous 
condensers. Electrostatic energy is ubiquitous capacitors and statcoms. Conventional 
electrochemical batteries are not practical except in special situations, and probably never will 
be. Flow batteries may improve on conventional batteries somewhat, but are still far from 
feasible for large-scale bulk wind and solar storage needs. Chemical storage is even worse than 
batteries because of its inherently greater thermodynamic inefficiency. 

It is very unlikely that any grid storage solution (other than PHS where feasible) could ever 
practically cover the intermittency of high penetration utility scale wind and solar. Utility voices 
(like RWE and E.ON) charged with making electricity grids work seamlessly and reliably despite 
ever increasing renewable intermittency burdens are only starting to be heard. Those voices 
are very negative. It may not be until some grid goes dark because of intermittency (as 
increasingly uneconomic flexed conventional generation is shut in Germany and UK) that the 
general public will understand. Germany, UK, and California seem determined to run this 
unfortunate experiment for the rest of us. One or more appear likely to succeed soon in 
experimentally proving the grid instability ‘blackout’ hypothesis. The question is mainly when, 
not if. 

[Top of Document] 

  



Microgrids and “Clean” Energy  

http://judithcurry.com/2015/07/28/microgrids-and-clean-energy/) 
by Planning Engineer and Rud Istvan 

Microgrids and “clean” energy are intertwined in the minds of many. There is a common belief 
that microgrids will facilitate “clean” energy and that “clean” energy will better support 
microgrids. 

Some express hopes that improvements in technology will allow “clean resources” and 
microgrids to jointly make the existing grid structure obsolete. 

This posting makes the case that it is more appropriate to perceive “clean” energy technology 
and the advancement of microgrids as competitors. They both have their individual greatest 
widespread chance of success when coupled with the bulk grid, versus working in tandem. 
While there may be some cases where there is synergy between the advancement of “clean 
energy” and microgrids, the more common occurrence is that their conflicting goals will be at 
odds with each other. 

What exactly is a Microgrid?  

The definition and expectations for microgrids can vary. Basically a microgrid is an electric 
system that can operate independently (for a limited or extended time period) in isolation from 
the bulk grid. Examples can vary from single off-grid residences to campuses/cities/regions 
which are tied to the grid but capable of disconnecting and being self-sustaining as well. 

The Lesson of Sandy 

In 2012 “Hurricane” Sandy resulted in extensive and extended power outages in the Northeast. 
Standing out during that period were systems which had the ability to disconnect from the 
outaged grid and provide energy from their local resources. These microgrids proved to be of 
great value in many cases. Princeton’s microgrid provided service for the day and half it took to 
restore the grid. Their microgrid was enabled by a large gas turbine cogeneration plant 
supplemented by a solar panel field which provides around 5.5% of their need. 

In general power outages result from local distribution outages not losses to the bulk grid. 
Large storms do take out large swathes of local distribution resulting in wide area outage. Such 
storms also take out some transmission, but usually much less as these are typically larger more 
resilient facilities. In addition the bulk system usually has sufficient redundancy so that the loss 
of these facilities does not automatically translate into user outages. In storms where portions 
of the bulk grid are lost, they generally are ready for service in advance of the distribution 
subsystems they serve. 

http://judithcurry.com/2015/07/28/microgrids-and-clean-energy/
http://www.climatecentral.org/news/nws-confirms-sandy-was-not-a-hurricane-at-landfall-15589


Microgrids are not immune from distribution outages. Undoubtedly, some areas with microgrid 
capability were not able to operate post Sandy due to local problems. A region served by 
independent microgrid system built upon wind turbines and solar panels would likely have 
many areas out for significant periods following Sandy type winds. Achieving very high levels of 
reliability following storms will require extreme costs or both bulk interconnections in addition 
to microgrid capability. Although some media reports post-Sandy have suggested that, do not 
think that complete grid independence can generally work to enhance reliability and resiliency. 
If you want the best bang for your buck providing microgrids to enhance storm recovery efforts, 
you will connect to the grid and use cheap fossil fuel back-up generators. 

An analogy to help understand some of the fuzzy thinking 

Comparing the functionality between microgrids and larger bulk systems can be seen as similar 
to comparing cars and trucks. While cars and trucks both do many of the same things and can 
have similar features, they have different specialties. Trucks are generally better at hauling 
heavier weights and towing and may have better off road capabilities. Cars are primarily for 
carrying passengers and typically offer more comfort and better fuel economy. Now you might 
have an old car that could be replaced by a new truck which has better fuel mileage, more 
nimble handling and greater passenger space. Similarly some cars may have higher towing 
capacity and be more rugged than some trucks. In the end you can make a truck behave like a 
car in multiple ways but it will cost a lot more and/or it will behave less like a truck. You can’t 
make a truck that is green, affordable, comfortable, roomy, nimble, fuel efficient, easily braked, 
crashworthy and carry’s a high payload with plenty of torque. But as you give up on some of the 
other characteristics and focus on what’s important in a particular application, a truck can have 
any one (and maybe more) of those special characteristics. 

Hypothetical expensive microgrids can outperform existing bulk grids for any specified purpose 
(ignoring cost). Promoting the potential value of microgrids based on such comparisons is 
irresponsible. This post will use well warranted generalities at times in discussing microgrids 
and bulk power systems, despite that in most all cases with improved technology and 
significant costs any of these individual limiting generalities could be surmounted and prove an 
exception. 

Microgrids do not have super powers above what is available to the bulk grid despite what 
some media sources might imply. Natural gas does not become a cleaner fuel just because it 
powers a microgrid. Economics and improvement that do not work for the bulk grid will likely 
not work for microgrids either. Technology that can be paired with microgrids can generally be 
paired with bulk grids. Microgrids can do many things, but a microgrid that is affordable, clean, 
reliable, grid independent, secure and allows the integration of renewables is a pipe dream at 
this time. 

Independent microgrids 



The supposed advantages of grid independence are largely illusory. The grid provides low cost 
back up and provides for economy exchanges. By covering greater areas and including more 
resources the bulk grid allows for economies of scale, diversity of resource mix, greater load 
stability as well as enjoys the benefits that come from the diversity within the broader region of 
demand. Bulk systems provide essential reliability services and needed operating characteristics 
at lower costs. 

In terms of “clean” generation very few areas have a sufficient diversity of resources with which 
to provide area loads. There may be a few idyllic areas where the local power supply can be 
complemented by hydro, wind and solar but most cities with their large load centers are for too 
dense to rely only upon the meager local resources available and construction options there 
may be limited for conventional technology as well. 

The business cases for microgrids 

• Microgrids can be justified where the cost and consequences of outages are extreme. In 
such cases the microgrid operates in synch with the grid and independently during 
emergency conditions to provide a high level of reliability. Hospital campuses and 
universities are often microgrids for this reason, as Princeton was justified pre-Sandy. 

• Some areas have strong security concerns coupled with reliability concerns. A specially 
designed microgrid can provide insulation from cyber and other service attacks, as it is 
easier to protect a smaller more controlled system. Note-this is not compatible with an 
open system providing vast information sharing between loads and resources. 

• Microgrids can be justified for remote areas where grid service is not available (or 
unreliable, as in remote northern Canada villages). The value of the microgrid is that it 
“pools” loads and resources reducing the needed resources and allowing more efficient 
operation. 

• A well designed microgrid can shield or insulate a system from power quality 
disturbances to protect sensitive loads (most wafer fabrication facilities are served from 
microgrids for this reason). 

• Lastly enabling renewable energy is often listed as a reason for developing microgrids. 
The next section will look into that assertion further. 

The business case for pairing microgrids and renewables 

We frequently see assertions that microgrids are more flexible and will help support renewable 
energy. The DOE in describing the potential benefit of microgrids states lists this benefit: 
“Enhances integration of distributed and renewable energy resources” but we could find no 
elaboration in the source as to how. The traditional grids and microgrids can integrate 
distributed and renewable resources, as well as incorporate new technology associated with 
renewables. Despite seeming assertions it not clear how or why microgrids might have a leg up 
on the traditional grid. 

http://www.nerc.com/comm/Other/essntlrlbltysrvcstskfrcDL/ERSTF_Draft_Concept_Paper_Sep_2014_Final.pdf
http://galvinpower.org/resources/microgrid-hub/smart-microgrids-faq/benfits
http://energyblog.dasolar.com/how-does-a-microgrid-support-renewable-energy
http://www.nrel.gov/international/pdfs/5a_ton_reif15.pdf


Looking for special abilities that microgrids might have to support renewables we turned to a 
white paper by SIEMANS titled The business case for microgrids. They identify various values 
that microgrids might support including “Sustainability” noting that, “A growing number of 
organizations place a higher value on renewable energy generation and are committing to long-
term targets, regardless of expected time to recoup the investment.” In terms of what might 
drive consumers to consider a microgrid solution they note “Altruism” and state: 

Organizations with a strong commitment to green energy and a vision of a sustainable future 
are likely to invest in renewable power generation and microgrid solutions. These groups may 
harbor concerns that the main grid faces reliability risks or are concerned about the 
environmental impact of fossil fuel generation. They will choose to reduce their own 
consumption and dependence on the main grid at almost any cost. 

Although such pairings greatly serve SIEMENS business interests, “Altruism” does not 
technically make a “business case”. Renewables and microgrids present all sorts of problems for 
SEIMENS to help solve. The different drivers for microgrids don’t necessarily support the same 
types of microgrid systems. 

When a grid is not available and “clean” energy sources are, obviously microgrids present a 
huge opportunity. If microgrids are paired with efforts at greater efficiency, diversity and having 
load near generation that may provide significant benefits, but these benefits could likely 
accrue with conventional grids as well. We welcome comments below describing any unique 
special synergies which might exist between microgrids and “clean” resources that we have 
missed. The best description of the business case might be that renewables may be advanced 
by microgrids because some who are making large investments in a microgrid for various other 
reasons might also value green energy and may also want to install renewables as well as 
purchase a lot expensive technology that will make it easier for renewables to work with that 
system. But for now it appears that when microgrids and renewables are jointly touted it is 
because of parroting, pandering, puffery and/or promotion of particular selfish interests. 

Conclusion 

Children will ask “can we do this?” PE used to annoy his children with the answer “We can do 
almost anything we want, but we can’t do everything.” They came to learn that response meant 
that something “unthinkable” would likely have to be given up to indulge the extravagance. 
There is no bargain to be found by pushing jointly for both more microgrids and the greater 
integration of “clean” resources. Having both will require huge sacrifices. If society’s utmost 
desire is a “clean”, highly reliable grid, resilient, secure grid – we likely can build that at some 
enormous cost. However, if cost is a factor impacting electric supply then tradeoffs will have to 
be made from among competing goals and technologies. For example, do you want high level 
protection and limited access to prevent cyber-attacks, or do you want everyone connected to 
share real time system information and control functions for load shaping? There are many 
tradeoffs: level of reliability, resiliency, CO2 emission levels, protection from magnetic pulses 
and solar flares, aesthetics, autonomy, economy, flexibility, risk… 

http://w3.usa.siemens.com/smartgrid/us/en/microgrid/Documents/The%20business%20case%20for%20microgrids_Siemens%20white%20paper.pdf


If your over-arching goal is for the wide penetration of “clean” renewable technologies then 
generically advancing micro grids will not serve to advance that goal. In most cases the bulk grid 
will provide for the most economic and reliable integration of large amounts of renewables. 
The best way to provide the reliability of microgrids is to use low fixed cost, high variable cost 
fossil fuel gensets. Placing a premium on the integration of intermittent resources as a part of 
efforts to develop microgrids is a pairing that generally will not work and will likely only serve to 
retard the advance and acceptance of both technologies. 

  



Renewable resources and the importance of generation diversity 
Posted on May 9, 2017 | 425 Comments  

by Planning Engineer 

How feasible are calls for 100% renewable energy? 

In previous columns I’ve discussed characteristics of wind and solar generation that will result in 
increasing concerns as they grow to provide an increase portion of the electric supply. PJM has recently 
made available a study which discusses these issues and furthermore PJM has done significant 
modelling to quantify these concerns. This analysis should put to rest any mistaken beliefs that current 
renewable resources perform just as well as conventional resources as regards grid support. The 
available reports do not provide full access to the findings and data, but I will attempt to highlight key 
findings. I strongly recommend that interested denizens read the reports for themselves. I welcome 
comments, observations and interpretations that I may have missed. 

Background 

 

PJM is a regional transmission organization (RTO) located in the Northeastern US that coordinates the 
movement of wholesale electricity in all or parts of Delaware, Illinois, Indiana, Kentucky, Maryland, 
Michigan, New Jersey, North Carolina, Ohio, Pennsylvania, Tennessee, Virginia, West Virginia and the 
District of Columbia. The referenced documents can be found at: 

https://judithcurry.com/2017/05/09/renewable-resources-and-the-importance-of-generation-diversity/
https://judithcurry.com/2017/05/09/renewable-resources-and-the-importance-of-generation-diversity/#comments


http://www.pjm.com/~/media/library/reports-notices/special-reports/20170330-pjms-evolving-
resource-mix-and-system-reliability.ashx 

http://www.pjm.com/~/media/library/reports-notices/special-reports/20170330-appendix-to-pjms-
evolving-resource-mix-and-system-reliability.ashx 

PJM Background 

The Appendix document is a good reference. It discusses the drivers and importance of fuel diversity 
within the USA. The document also notes challenges associated with having limited supply portfolios. 
The importance of diversity is highlighted by discussions of the polar vortex, the Aliso Canyon storage 
leak, the South Australia blackout, nuclear dependence in France, Japan’s post-Fukishima energy shift, 
water scarcity and hydro and the German Energiewende. PJM makes a good for having a diverse 
portfolio of generation resources. However their report also shows that diversity in itself is not enough. 
There must be a mix of important attributes contained within the generation mix for reliable system 
performance. In various generation portfolios the reliance upon the differing resource types will shift 
which consequently will impact overall system reliability. 

PJM Analysis 

The PJM document provides a good explanation of grid concerns as discussed in Climate Etc. postings 
such as All megawatts are not equal, Transmission planning: wind and solar and Renewables and grid 
reliability. Wind and Solar are identified as generally not having as desirable characteristics as 
conventional fossil fuel generation in terms of attributes which support reliability. These characteristics 
include essential reliability services (frequency response, voltage control and ramp capability), fuel 
assurance, flexibility and black start capability. Based upon the characteristics of the differing types of 
generators and their respective reliability attributes within potential generation mixes, PJM numerically 
assessed the overall reliability of various portfolio mixes. 

Portfolios are identified as to their risk impacts as follows: 1) infeasible 2) at risk for underperformance, 
(3) less than baseline, or 4) greater than baseline. Of the studied portfolios, 27% were deemed to have 
“desirable” characteristics. This “desirable” category include the greater than baseline portfolios and a 
subset of the less then baseline portfolios which had some consistency of high level performance. Note 
that the portfolio’s identified as desirable still exhibited some concerns as the study notes that, “Only 34 
of the 98 portfolios which were classified as desirable were resilient when subjected to a polar vortex 
event.” A portfolio deemed in any of these three groups, less then baseline, at risk, or infeasible, would 
be expected to provide lower levels of reliability than are seen today. 

As noted above the complete findings are not available in the provided documentation. I will reference 
and discuss excerpts from the report which cover the potential for renewable penetration. The study 
found that: 

• A marked decrease in operational reliability was observed for portfolios with significantly 
increased amounts of wind and solar capacity (compared to the expected near-term resource 
portfolio), suggesting de facto performance-based upper bounds on the percent of system 
capacity from these resource types. Additionally, most portfolios with solar unforced capacity 

http://www.pjm.com/~/media/library/reports-notices/special-reports/20170330-pjms-evolving-resource-mix-and-system-reliability.ashx
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http://www.pjm.com/~/media/library/reports-notices/special-reports/20170330-appendix-to-pjms-evolving-resource-mix-and-system-reliability.ashx
http://www.nerc.com/comm/PC/Geomagnetic%20Disturbance%20Task%20Force%20GMDTF%202013/GMD_Phase_III_Research_Plan.pdf
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shares of 20 percent or greater were classified infeasible because they resulted in LOLE criterion 
violations at night.  

These findings are very bad news for someone who is hoping that a transition to greater wind and solar 
would allow those resources to provide say a 30% share of energy needs within the basic framework of 
today’s bulk grid. From what was provided I could not ascertain what penetration levels would 
correspond to the “at risk for underperformance” category but that should be expected to hit well 
before the 20% upper bound for feasibility. Below that boundary would be portfolios with lesser 
amounts of wind and solar which provide decent reliability, but less than current baselines. 

Beginning on P# 31 the document discussed “Desirable” portfolios. Natural gas and coal are identified as 
performing well across portfolios because they exhibit a majority of the generator reliability attributes. 
The document noted limitations with wind and solar: 

Because wind and solar exhibited limited capability in providing certain generator reliability attributes, 
upper bounds for wind and solar unforced capacity shares were identified within the desirable category. 
The upper bound for wind occurred in a portfolio in which a large unforced capacity share of nuclear was 
retired and replaced exclusively by unforced capacity of wind and natural gas. Similarly, the upper bound 
for solar within the desirable category occurred in a portfolio in which a large unforced capacity share of 
nuclear was replaced exclusively by solar and natural gas unforced capacity. Note that, to be included in 
the desirable category, portfolios with moderate unforced capacity shares of wind and/or solar required 
relatively large shares of both coal and natural gas. Although an upper bound was identified for wind 
and solar, a number of portfolios with unprecedented wind and solar unforced capacity shares in PJM 
were included in the desirable category. 

I am unsure of what to exactly make of this paragraph. Apparently they identified an “upper bound” for 
wind and solar in the desirable category, but they did not choose to share it. They also are indicating 
that this level of wind and solar (which must be below the 20% infeasible bound) needs to be paired 
with gas and coal as opposed to nuclear. (Note- Reducing nuclear and increasing coal and gas to support 
wind and solar does not appear advantageous for CO2 reduction. This problem emerges because 
nuclear generation, as currently operated in the US, is largely kept at fixed output levels. As has been 
observed in previous discussions, if nuclear power were allowed to ramp up and down and also able to 
change their governor responses in reaction to voltage excursions or other disturbances on the system it 
would be a better candidate for pairing with wind and solar.) Finally what are the “unprecedented 
levels” which can be achieved by pairing wind and solar with coal and gas? We know that it is less than 
the 20% level which makes them infeasible. Might it only be 5%, could it be as high as 
15%?   Unfortunately we cannot get a “worst case” from these published findings. The details are fuzzy, 
but the report clearly shows that PJM does not believe that they can approach even 25% renewables 
through wind and solar without encountering serious reliability concerns. 

Conclusions 

Overall the document recognizes the need for diversity, but it is not a call for mindless diversity. It notes: 

• More diverse portfolios are not necessarily more reliable; rather, there are resource blends 
between the most diverse and least diverse portfolios which provide the most generator 
reliability attributes. 



I agree with the above statement. Some areas will be able to integrate more renewables than others 
because of the attributes of other resources within their portfolios. For example, hydro resources 
provide high levels of reliability attributes. I did not observe the PJM document to be concerned with 
alternative hydro scenarios. That is reasonable in that the amounts of hydro resources available are 
largely fixed. If there are significant amounts of hydro in the area, greater levels of renewables will be 
able to be accommodated. If substantial hydro is not available, the ability to achieve high levels of 
renewable penetration through the addition of wind and solar and the absence of fossil fuels will be 
greatly constrained as critical generation attributes from other resources will need to be present for 
system support. 

POSTSCRIPT 

One of the Denizens in a comment on another post was lamenting that the PJM “story” did not get any 
coverage here although I had covered Secretary Perry’s concern for transmission risk. He stated, “Now, 
as anyone in the Industry knows, a major companion story to this was the PJM story that their system 
is/will continue to be stable with significant Renewable penetration levels”   He cited this article, US 
Transmission Operator Confirms System Remains Reliable with More Gas & Renewables. The 
commenter believes that the dialogue here at Climate Etc. is “framed” in extremes such that we only 
compare 100% renewables versus 0% fossil fuels and nuclear. He mentioned that I and other posters 
make no attempt to discuss energy on “common ground”. 

While I don’t think the PJM document tells us a lot about what levels of renewable penetration provide 
stability. (It more highlights where system problems emerge.) I would like to be clear that I believe that 
renewables including wind and solar have a role today and should be expected to have a growing role in 
the future. I believe that certain levels of intermittent renewables can be accommodated without or 
with minimal adverse impacts upon the system. It’s never been my intention to support anyone who is 
arguing against such propositions. I seek to limit false “inferences” from my writings, but I cannot be 
responsible for “inferences” those on the fringes might draw. 

As regards the commentator, I think our efforts to reach common ground may be hindered by our 
respective uses of the words like “significant”. I might say “significant” penetration levels of wind and 
solar will raises serious reliability concerns. He might say PJM will continue to be stable with significant 
renewable penetration levels. I think both statement could be seen as absolutely correct and true. If by 
significant I mean 30% penetration of wind and solar (or more) my statement is strongly supported by 
the PJM findings. But the commentator’s statement as concerns the PJM findings could be considered 
accurate if he see’s significant as being 5% (or less) penetration. That is still much greater than what we 
are seeing today, but is certainly much less than the 20% where serious problems emerge on the PJM 
system. 

I support reasonable calls for renewable resources. I encourage sharing positive information as regards 
the current and potential capability of our power systems. Unfortunately I think the article he 
referenced is typical of the poor journalism found in much of the media and it at least mischaracterizes 
PJM’s findings. As regards the renewable treatment in the actual PJM report, for the general public I 
think the average reader would walk away thinking the challenges of integrating more renewables with 
the grid are more complex and difficult than they might have expected. I would expect those who have 
expressed concerned about the reliability impacts of expanded renewables to feel somewhat vindicated 
by the findings of the PJM report. I would expect those who think that the German experiment has 
demonstrated that renewables pose no threat to reliability, to feel those views were challenged and 

https://cleantechnica.com/2017/03/31/us-transmission-operator-confirms-system-remains-reliable-gas-renewables/
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threatened by the actual PJM documentation. I encourage everyone to read the referenced article, the 
PJM publication as well as my piece and make their own determinations as to whether the PJM study is 
a green light towards increased mandates and incentives, whether it should serve as a caution or 
whether you perceive it some other way. I’d appreciate any feedback on this. 

I see calls like the recent one from the Atlanta City Council to target 100% renewables. I read stories that 
stretch credibility about the potential capabilities of wind and solar. I see basic concerns about grid 
reliability dismissed because of extreme ignorance paired with fundamental misunderstandings. I think 
overall there is a great asymmetry in misinformation as regards renewables and the grid. (That 
asymmetry is not likely not a pronounced here at Climate Etc. and perhaps could run in the other 
direction.) However if there is a “significant” group within the energy/environment discussion arena 
which has any “significant” power or influence and they are operating on misconceptions around the 
grid and power supply such that those misconceptions are working to retard the advance of renewables 
and supportive technology, I will gladly work on a column to seek to correct any such misimpressions. 
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Will California “learn” to avoid Peak Rolling Blackouts? 
Posted on September 12, 2022 by curryja | 228 Comments 

by Planning Engineer 

The first week in September of this year California was facing rolling blackouts due to a forecast 20-
year high Peak. Residents were asked to cut down electric usage and at risk of rolling blackouts. Is 
this a new normal? Or can the threat of rolling blackouts be avoided?  The likely answer is that the 
risk of rolling blackouts could be greatly reduced, but because of other priorities such reliability risks 
are the new normal. 
 
What has peak demand looked like for California in recent history. The Chart below shows recorded 
peaks and the projected 2022 value that caused concern in early September. 

 

The forecasted peak conditions were 2.5% above the high 20 years ago and 2.9% above what was 
observed 5 years ago. 

The idea that a system might be unprepared because it had a peak that was a few percentage values 
higher than what was seen 5 years ago would have seemed strange to a planner 30 years ago. Many 
of us were used to seeing spurts in peak demand growth that averaged 8 to 10% a year or more. The 
peak demand shown above for California is pretty well bounded. The most basic planning criteria is 
that a system should be able to survive the loss of the largest generating resource and the most 
critical transmission element during a peak load with no loss of load and no severe voltage declines 
or undamped system oscillations. Looking at the variability in load levels here, no particular 
challenges to planners are apparent. If “green” resources were capable of replacing traditional 
resources with minor adjustments, we would not see the problems we are seeing. 
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Why is California challenged now and why might it continue to see challenges in the 
future?  Primarily because the focus on green energy is increasing the percentage of “green” 
intermittent resources. “Green” resources are not as dependable as traditional rotating machinery 
nor do they support the system as well. It is likely that these resources have been credited with more 
ability to provide capacity than is warranted, and when the rubber meets the road they don’t perform 
as “expected”. Intermittent resources cause problems on both the generation side and the load side. 
Intermittent solar on the residential side serves to reduce load as seen by the Cal ISO. When solar is 
not performing well available load which is not displaced by solar on the residential side increases 
concurrent with solar reduction on the supply side. 
 
If California were more honest about the capabilities of “green” intermittent resources planning 
would be enhanced. However, being honest about the capabilities of “green” resources would have 
consequences that some would find unacceptable. There has been a big push to make “green” options 
appear much more economic and capable than they are so that they will be more competitive. 
Subsidization of “green” resources by traditional uses occurs in many ways. In addition to crediting 
“green” resources above their dependable capability, others subsidies include directing costs 
associated with such additions to others. Being honest makes the “green” dream a much harder sell. 
Assuming that “green” resources work well saves other investment in the grid. This subterfuge tends 
to limit the cost increase that should be imposed by these resources, but does so at the cost of 
reliability. This tradeoff takes a while to see as we have built the electric grids to have very high levels of 
reliability at the bulk level. In the short term it looks like you are getting a cleaner, equally reliable 
system at a moderate cost increase. But as penetration levels increase, cost get higher and reliability 
gets much worse. 
 
In 2015 I wrote here: 
Greater penetration of renewable resources will limit the options available to operators while at the 
same time increasing uncertainty around expected generation patterns. To accommodate such 
uncertainty the choices are to: 1) increase grid costs and infrastructure, 2) limit the operational 
flexibility of the grid, 3) increase generation costs through backup generation resources or 4) live 
with increased risks and degraded reliability. Likely all four are and will continue to occur to some 
extent as the penetration of intermittent resources increases. 

California policy makers have determined resource investment, resource allocations and how and 
when grid improvements are made to enhance reliability. To blame extreme weather for causing the 
current concerns seems to be quite a reach. I suspect that a careful and fair examination of the 
weather data would should that the weather triggering such concerns this was not anything 
extraordinary considering historical weather patterns. But if it there truly was something unusual 
about the weather as driven by climate change, shouldn’t this have been anticipated by those 
responsible? California is spending vast sums of money on the power system based on climate 
change, it seems incredible that they would not incorporate such anticipated changes into their 
planning models. 

Will California learn to avoid peak rolling blackouts?  If reliability were a primary concern, this 
situation shouldn’t bubble up again in a few years. California should be able to properly credit the 
ability of its power resources and match them to projected weather ensuring adequate power. If 
other priorities prevent responsible steps to ensure reliability, then those priorities, not the weather, 
should claim responsibility for the consequences. If California wants to continue as they have, they 
should be honest and make statements such as the following: 

This is the end of affordable, reliable electric service as we understood it for most of the last 50 
years. We are choosing to go with “green “technology to deal with the climate crisis. Keeping past 
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reliability levels will raise your costs tremendously. As we try to put on limit on costs this will 
decrease your reliability. At time the power will not be there. We’ve all got help each other out. 

Of course, once everything is looked at honestly it may lead to further change. Ideally the power 
system represents the best  balance between economics, reliability and public responsibility. California 
has reached a balance skewed by false expectations that “green” resources can not meet. Creating a 
balance that looks at the true costs and reliability impacts of green resources should benefit electric 
users in California. Hopefully as consumers, voters, policy makers and others better understand the 
accurate pros and cons of available generating options either consumers will understand why their 
reliability is poor or else better choices will be made by policy makers on their behalf. Fairly 
accounting for the performance of system resources will lead to better balance of economics, 
reliability and costs. 
 

Academics and the grid Part I: I don’t think that study means what you 
think it means 
By Planning Engineer (Russell Schussler) 

The media, individuals, and policy makers are prone to serious misunderstanding of studies, reports and 
pronouncements coming from academic experts. It is important to carefully read and interpret academic 
publications to understand what has been studied and what is being claimed. Far too many dismiss the 
many wide-ranging formidable challenges inherent in green energy efforts due to their misreading and 
misunderstanding of academic publications. 

This brings to top of mind a “joke” I once heard at a seminar for new power engineers. A Professor of 
Electrical Engineering was expounding on the differences between engineers and scientists. He 
explained: 

Both engineers and scientists want to understand the world and both want to solve problems. Engineers 
worry about how much something costs. Scientists don’t worry about the cost; they just want the truth. 
So, the difference between an engineer and a scientist is that an engineer at least has some common 
sense. 

There’s been a lot of discussion about the differences between scientists and engineers. The boundaries 
can get blurry and often are non-existent. In the energy power system arena, perhaps to my past 
professor’s chagrin, I’m afraid the more important boundary might be between academics and 
practicing engineers. Academics can approach the grid with some detachment while practicing 
engineers must keep it running 24/7/365. Practicing engineers have skin in the game and typically face 
consequences for errors and shortcomings, while academics and unfortunately many policy makers are 
more insulated. This brings to mind Thomas Sowell’s guidance, “It is hard to imagine a more stupid or 
more dangerous way of making decisions than by putting those decisions in the hands of people who 
pay no price for being wrong.” 

As I like to say, the electric grid is the largest, most wonderful, most complex machine ever. Meeting the 
electric needs of our nation depends on many specialists and experts in far ranging efforts including 
generation, transmission, distribution, maintenance, and operations as well as within the many subfields 
encompassing these broad areas. The grid must operate seamlessly across a variety of conditions 
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without pause. Recognizing the difference between what theory suggests and practical knowledge 
demonstrates is critical. 

Academics have the luxury of focusing on one or a limited number of problems at a time. The traditional 
scientific method of hypothesis testing through experimentation is better suited to studies involving 
limited numbers of variables. Wicked complex systems full of all sorts of inconvenient interactions and 
feedback tend not to always work as might be suggested by theory from experimentations. As described 
in this posting, Balance and the Grid,  focusing on just one problem can in the end cause net harm, and 
in many cases, the feedback can make the outcome of the problem attacked worse. I will leave it to 
readers to ponder recent events and see if they can come up with an example where experts focused 
too narrowly on a single problem and developed solutions which were later shown to have serious 
repercussions. 
 
The grid and power supply arrangements are an extremely complex system. The interplay and 
interactions among the components are extensive and complicated. Change a puzzle piece and the 
entire puzzle changes. Actions taken to address one problem will typically create new problems and also 
aggravate other problems. The negative effects of such system “fixes” may or may not be visible for 
some time. It’s a rare academic who can successfully grapple with the great complexities of the power 
system. Specialization is an easier approach. While findings from academics and specialists can have 
great value, their findings should not be taken to extremes. The typical course for successful 
“revolutionary” ideas is that after some struggles to implement working applications they eventually 
make a modest improvement within some niche of the industry. 

Many read academic papers and jump past all the hard work of assessment to the conclusion that 
whatever is proposed can be done in the near term on widespread level with great benefit. Initial 
promise is a necessary step but nowhere near a sufficient indicator of eventual success. But mis- 
readings of studies often lead to such conclusions. Consider what happens at the simplest level. An 
academic will look at a particular energy resource, or set of resources, and calculate how much power 
could they could theoretically provide. Comparing this capability to actual needs, it might be stated that 
this resource could provide X% (all) of an area’s power need. Although the actual “study” did not look at 
many of the major items of importance, such as timing of the energy relative to load needs, let alone 
issues around transmission or distribution of the energy, the paper may be quoted and cited as evidence 
that this substitution can be done. Just because a resource can produce enough megawatt hours of 
energy to replace another “less desirable” resource, does not mean it can be substituted as part of the 
power system. But the media and others may include that paper as evidence that renewable can replace 
conventional technology. 

It is understandable that not everything can be studied at the same time. Also, there is always the 
possibility of raising near infinite objections as to what was not considered. That certainly is a ditch on 
the other side of the road that we could fall in. But the ditch of concern here is failing to consider the 
most basic fundamentals around energy provision. Before any large generating resource can be 
connected to the grid, detailed interconnections studies must be performed to make sure that single 
resource works adequately with the system. Assuming that the widespread adoption and integration of 
many new generating resources can easily be accomplished is naïve. One needs to remain skeptical and 
questioning around proposals for major change until a myriad of basic requirements of the power 
supply system have been given due consideration. 
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Many readers here may have noted the numerous times over the years when I’ve discussed grid 
concerns, and a reader in the comments had directed me to some article in a prestigious journal from a 
highly credentialed academic. I check out the articles and often they are quite good, but usually the 
article does not even address the concerns that I have raised. Readers will offer me as a rebuttal, some 
publication showing at some basic level how wind and solar resources may contribute to the grid. 

Overwhelmingly the academic articles I read are good. Usually, the authors carefully describe the 
limitations of their findings and recommendations. Sometimes they hint as to what remains to be 
worked out. I’m afraid this does not stop individuals, the media, and some policy makers from ignoring 
the qualifications and limitations inherent in their findings. The situation is worse when they leave it to 
the reader to ferret out the limitations of their findings. In very rare instances some academics will go 
beyond what has been demonstrated with exaggerated claims. I don’t know if this is done through 
ignorance, accident, hubris or for purposes of self-advancement. I am afraid, that unfortunately, 
overstating findings can lead to greater publicity and personal gain. There is not much to be gained 
personally from being a cynic; optimism is a better path for self-advancement. 

Potential enhancements to the grid are usually sold with great fanfare. Those of you who have had an 
interest in energy and the grid should think back over the years to all the articles you have read which 
touted some major breakthrough which was going to be a game changer. Such game changers at best 
are very slow to arise, if ever, in the energy industry. Thinking back a few decades, power electronics 
were becoming available in many applications that collectively were going to change the industry. Power 
electronics involve providing high voltage capability to semiconductor devices, combined with 
sophisticated computer controls. The technology was proven and in use on high voltage DC lines. 
Theoretically other applications could solve a lot of problem making the grid smarter, correcting 
voltages and controlling and directing flows on transmission lines. 

The research papers looked good. While the touting of these technologies may have gone overboard, I 
did not read anything particularly dishonest or false. The problem was that many read of the potential 
and did not see anything to suggest that this technology should not be adopted immediately on a 
widespread manner to improve the system. Many bright capable people read up on the potential and 
foresaw near term change and benefit. My Board wanted a report on how we would be using this “new” 
capability. The devil was in the details, however. The challenges and costs associated with power 
electronic applications were more burdensome at that time than the problems they would solve in our 
area. 

Years later I found it was worth tens of millions to install a large power electronic device called a Static 
Var Compensator (SVC) to have on standby to prevent a potential voltage collapse problem that had 
emerged on the grid. Today power electronics play many important roles in the grid. They are a major 
part of what makes a grid “smart”. They enable asynchronous wind and solar generation to be 
converted to alternating current on the grid. Power electronics support voltages and help keep the 
system stable in many ways in varying situations. But they did not take the industry by storm in a short 
time frame as envisioned by the early reports. They were first employed in niches where they provided 
particular benefits. As experience was gained and improvements made, they grew to become more and 
more important. They key to adoption was that installations were built on successive successes. I 
suspect top-down mandates to broadly use such devices might have actually hindered development and 
adoption. 



The path for innovation for the grid is most likely to follow the model of power electronics. Academics 
propose and refine an approach for the enhancement of the grid and/or power supply. Detailed serious 
evaluations of the approach take place and maybe additional research is warranted. Engineers 
determine specific areas where the new approaches might be most successful and the approach can be 
employed or tested. Project successes will be followed by further improvements and refinements and 
led to greater expansion as warranted. 

That model seems preferable to this one: Academics propose and refine an approach for the 
enhancement of the grid and/or power supply (or a complete transition of the grid). The media and 
policy makers determine it is worthwhile. Policy makers and the public push for sweeping changes that 
are mandated. Everyone struggles to implement the new approach broadly in a sweeping near universal 
manner. 

 

Conclusions 
Academic research that promotes improvements to the power greed needs to be evaluated carefully 
with the understanding that the grid is a complex system full of interactions. Changes to the grid involve 
numerous hurdles. Language is often imprecise. For instance, when readers see a statement stating 
“Solar and wind could attain penetration levels of X”. What the statement really means is “Based on the 
factors I looked at and ignoring a vast number of critical requirements I have not looked at, solar and 
wind may be able to replace fossil resources at a level of X. But probably not.”    Unfortunately, the 
statement is often interpreted as “Solar and wind can attain penetration levels of X with no significant 
concerns.” 

Similarly, when a study quotes a cost, it should be understood that unless specified differently, the cost 
is for the specific problem at hand, invariably there will be many other costs added to implement this 
approach often dwarfing the provided number. If a study quotes a figure in the billions to provide 
connections for infrastructure to connect distant wind and solar to load centers and/or allow for 
diversity, you can be fairly certain that additional improvements to the underlying systems will rival or 
exceed the reported cost. 



For those without a strong technical background, it’s hard sometimes to tell what is meant by various 
terms. There are many definitions of capacity factor. The difference between power and energy is 
critical though not always grasped. It’s understandable that individuals might be confused by academic 
studies and articles concerning the grid. Media reporters should do better. The results may be tragic 
when exaggerated and misunderstood findings influence policy makers and impact policy. 

Look for a follow up piece titled, Academics and the Grid: Part 2 Are they Studying the Right Things?  It 
will provide additional context and support for the central ideas here. 

Thanks to Roger Caiazza for review and helpful comments 

Postscript: I decided to write on this topic when somebody sent me this link as evidence that wind and 
solar could “easily” be made reliable. Perhaps some of the readers may be interested in discussing in the 
comment some hurdles not brought out in the article. Similarly, it looks like some of the optimism as to 
near term Fusion might need some tempering as well. 
 

Academics and the grid. Part II: Are they studying the right things? 

 

By Planning Engineer (Russell Schussler) 
Influential academics as a body are encouraging an energy transition to renewables, discussing remote 
hopes and ignoring huge obstacles and greater costs, which will worsen reliability and eventually result 
in unbearable blackouts. 

Part 1 of this series discussed how the findings of academics are often misunderstood so as to make the 
transition to a high level of renewable penetration seem much easier than it will be. A major part of the 
problem is that academics study some problems, determine those are solvable and that is then 
misinterpreted to imply that greater emerging problems are also solved or easily solvable. In this posting 
we will look at what Academics are studying to determine if they are asking the right questions. 

An earlier post discussed many reasons why approaching net zero would be challenging.  For now we 
will focus on one major challenge to solar and wind penetration.  Before any large generating resource 
can be connected to the grid, detailed interconnection studies must be performed. These studies seek 
to determine what will be needed to make sure the resulting system is robust enough to meet 
requirements for dependable stable operation. If the system in the area is strong and the resource adds 
additional robustness, then the interconnection requirements are minimal. If the system is weak in that 
area and especially if the connecting resource “leans” on the system, then significant costly 
improvements  and additions may be needed in the area and across the wider system. 
What makes a system strong or robust?  In additions to high-capacity transmission lines, the anchoring 
source is large rotating machines that operate in synchronism with the grid. They provide inertia, they 
can respond quickly through ramping, they can inject vars, they increase short circuit MVA (mega volt 
amperes).  All good things necessary for a reliable power system.  Asynchronous generation, sources 
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which don’t spin with the system, such as wind and solar, do not as readily add strength to a system; 
rather they tend lean on other resources. 

Synchronous generators provide essential reliability services  which are needed for the operation of the 
grid.  The primary services are voltage control, frequency control and balancing services. Conventional 
generators (coal, natural gas, nuclear, hydro) readily provide these ser vices because they rotate in 
synchronism with the grid.  Not all resources do.  To quote from the US Office of Energy Efficiency & 
Renewable Energy”: 
However, newer technologies such as wind, solar, many energy storage technologies, and new types of 
load controls operate through the use of power electronics and control systems that don’t operate in 
the same way as historic technologies. Newer technologies offer interesting (bold italics added) 
opportunities because their control systems can be tuned to operate similar (bold italics added) to 
conventional generation. 
Rest assured the “interesting opportunities” offered by newer technologies will be extremely 
challenging, and before these challenges can be met much research development and successful 
engineering will need to be performed or the system will dangerously degrade.   Also note the use of the 
word “similar”; do not believe that it means “similarly well in a satisfactory manner.”  (I can throw a 
football similar to the way Tom Brady does, but believe me I could not sustain a high school offensive 
drive.)   The challenges associated with integrating large amounts of wind and solar do not consist of 
minor details that can easily be worked out once we find a way to get enough megawatt hours at the 
right time from wind and solar resources to replace fossil fuel resources.  Wind and solar will add 
complexity, cost and uncertainty for a long time. The less well these resources perform, the greater the 
likelihood of service reductions and blackouts.  As noted, solar, wind and batteries, when providing 
power to the grid, typically lean on conventional technology. 

It is a crucial question as to what will provide support when wind and solar have displaced the major 
supporting elements of the power grid. Hydro capacity is pretty well maxed out in most locations. 
Nuclear has potential to reduce CO2 while supporting the system, but faces considerable social and 
political challenges. Without some currently unspecified approach to add significant robustness to the 
system through the provision of essential reliability services, the increased retirement of conventional 
synchronously rotating generation and its replacement with asynchronous wind and solar will continue 
to make blackouts and outages more frequent and severe. There is much work to be done to make solar 
and wind better emulate essential reliability services, but such work is in the early stages and the results 
are at best mixed. Let’s look at what is being studied by academics supporting a net zero transition. One 
would hope that these major concerns would be a prime area of discussion and research within the 
academic community. 

Conveniently as I was finishing up Part 1, I came across this article, Review on 100% Renewable Energy 
System Analyses—A Bibliometric Perspective. There has been a huge increase on scholarly publications 
relating to the net zero transition, as can be seen in the figures below taken from the article. 
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If we are serious about increased grid penetration from renewable resources, it is critical that additional 
successful impactful research be done. Breakthroughs will be needed in the planning and operating the 
grid to ensure reliability as the amount of asynchronous and intermittent wind and solar resources make 
up more and more of the generation mix. While batteries can help with the intermittency problem, they 
too are asynchronous resources, and thus may contribute to greater challenges.  Wind, solar and 
batteries push toward an insufficient supply of synchronous resources, which anchor the system 
through their ability to provide inertia, vars (volts amperes reactive) and other desirable system needs. 

As noted in the article, the study of renewables to achieve a net zero grid, is an international effort with 
many links among the contributors. Of particular value is the graphic below supplied in the article which 
shows keywords from the published articles. This graphic describes what is is being studied and 
receiving attention. 



 

There are a few key words linked to the major problems associated with grid reliability. The relevant key 
words are: intermittency, electric power transmission, transmission capacity, seasonal variation, power 
flows, backup capacity, microgrids, energy demand, weather and storage capacity. There are a large 
number of words associated with cost, which is good. However, the keyword ‘levelized costs’ shows up, 
which is a reminder many are unaware of grid issues. Levelized cost does not consider the grid impacts 
of generation resources and solely focuses on the economics of generation divorced from grid 
impacts.  This approach is very much out of place in confronting the challenges of obtaining a net zero 
grid. Trying to justify renewables by quoting levelized cost seems like either a major mistake or mis-
direction.  There are many words tied to reasons for reducing CO2 such as atmospheric pollution, 
decarbonization, air pollutions mortality, global climate and, low carbon.  However, discussion of drivers 
and need are not helpful in figuring out how to achieve net zero. There are words linked to geographical 
locations where studies have gone on.  From my review it does not appear that any significant number 
of these studies are about the grid and how it might be made to operate, but rather mostly resource-
based evaluations and justifications for the need to reduce CO2 and calls to action. 

What’s striking and most concerning is what is not found in this graphic of key words.  Reliability, 
stability, inertia, voltage control, balancing, vars, spinning reserve, ramping, quick standby, 
contingencies, damping and oscillations for example. Words commonly associated with the 
interconnection process of new resources are nowhere to be found within this review of academic 
papers on the subject of a net zero transaction. Another notable omission is nuclear. Nuclear power is 
the best hope for a low carbon resource that could provide critical grid support.  Is the group collectively 
serious? 



The article talks of Energy System Models (ESMs) used to evaluate energy systems. They describe one 
model thusly,” EnergyPLAN is one of the most widely used ESM tools to evaluate energy systems with 
high shares of RE (Renewable Energy), applying simulation assumptions.” Taking a lesson from Part 1 of 
this series that statement should be understood as saying,” EnergyPLAN is one of the most widely used 
ESM tools to evaluate certain very limited components of energy systems with high shares of renewable 
energy, applying simulation assumptions”. The other programs referenced can be described similarly as 
only covering a limited portion of concerns around the proposed energy transitions.  There is a lot of 
modelling and lot of studying going on, but evidently, the mainstream academics are not focused on the 
major challenges around generation, transmission and distribution of energy from asynchronous 
renewable resources nor are they concerned with promoting synchronous resources which could 
help.  These models are concerned with backup, transmission and capacity at only the most superficial 
and basic levels when it comes to power supply concerns. 
 
Imagine a body of academic literature surrounding a proposed transition away from both animal and 
vegetable sources for human diets. Most would hopefully recognize the inherent insanity if the major 
keywords were flavor, texture, scent, appearance and satiety while words like health, calories, nutrition, 
protein, fats, carbohydrates and digestible were missing from the literature. A vast literature seeking to 
eliminate beams from skyscraper would be suspect if the keywords did not include words like loadings, 
shear, stress and vibrations. The situation with these studies as to the grids ability to handle net zero 
carbon appears equally insane and ridiculous. A group of studies this large advancing an agenda to 
greatly increase asynchronous renewable (wind, solar and battery) penetration should show some 
consideration of the major challenges that will need to be addressed. 

Studies about how much energy can be produced from these resources, how it can be stored and how it 
can be transported, where transmission is treated like plumbing, do not help us advance past the 
significant hurdles which lie ahead. Seeing many nations advance in lock step toward the goal of 
increased asynchronous intermittent penetration with no well-studied remediation actions in place is 
frightening. Instead of joint cheerleading, we should be sharing and documenting the challenges to 
better work around them. 

There are many technical publications and many technical journals which grapple with the concerns 
around essential reliability services.  For example, engineers, academics and scientists jointly grapple 
with the critical such as providing synthetic or virtual inertia through inverter technology to aid the 
Texas grid.   There is some hope that advanced computer controls can be developed so that 
asynchronous resources perform similarly enough to maintain the grid at higher penetration levels. It 
should be recognized that the talk is of possibilities not probabilities. Here the National Renewable 
Energy Laboratory concludes “Ongoing research points to the possibility of maintaining grid frequency 
even in systems with very low or no inertia”. The unsaid part of that statement is that it may not even 
be possible to maintain grid frequencies with low inertia. It’s also certainly in the mix at this point, based 
on the statement from National Renewable Laboratory, that in the next 20 years the best we may be 
able to do at higher penetration levels of asynchronous renewables is maintain frequency in a highly 
inferior manner with a boatload of reliability problems, with increasing blackouts at untenably high 
prices. 
The published papers in this area tend to focus more on dealing with problems in the present as system 
needs are emerging, not critiquing or advocating for potential changes, nor warning of the dangers of 
the long-term trends. There are many general differences between the literature studying actual grid 
reliability concerns and the studies in the net zero bibliography. They vary as to advocacy, audience, 
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visibility and impact on policy. Part III of this series to be titled “Visionaries and Problem Solvers” will 
discuss the differences between these two groups in more detail and compare their distinctive 
approaches and the important resulting implications. 

While the academics I would term as “visionaries” do not highlight or study major grid reliability 
concerns, I think such concerns are becoming more well known to them. The typical approach of 
visionary academics, to concerns about observed and emerging grid problems, has been to call for 
“Smart Grids” as if that magically solves everything.  Modern grids are “smart” but as  with any “smart” 
technology there are all kinds of applications that could be adopted, so of course not all potential 
“smart” applications could be employed on any given systems. Some small subset of “smart” 
applications may provide particular benefits in some circumstances and make it easier for asynchronous 
wind, solar and batter resources to interconnect and operate with the grid. Unfortunately, it is common 
for renewable proponents to make the leap to presume that “Smart Grids” could solve many or all of 
the grid problems associated with wind, solar and batteries. This is a false and dangerous presumption. 
This ties to one last observation from the IEE bibliography keywords: “Supergrid” comes up frequently in 
the keyword search. This is likely because the limitations of “Smart Grids” in accommodating 
intermittent power are becoming more and more apparent and undeniable. “Supergrids”, the next big 
thing, can be poised to stifle emerging worries and bolster hopes of greater greenhouse gas emission 
reductions despite the technical problems seen by conventional grids and even Smart Grids. Rest 
assured large “Supergrid” applications will introduce additional problems, complexity and many issues 
which will need to be solved. They do not deserve to be considered as the next magic 
panacea.    Perhaps there are limited opportunities where the simplest “Supergrid” applications might 
be considered in a long-term approach across a wide area, but overall, the concept is highly speculative 
and not ready for widespread promotion.  Including the term in calls for a net zero transition only serves 
to misinform and distract policy makers.  It’s disappointing to find it as a keyword on the net zero listing. 
Especially in light of the many crucial terms that did not show up. We should be careful to ignore the 
distractions of what might be possible one day and advocate for plans consistent with reasonable 
expectations. 

The academic literature arguing for a net zero transition of the electric grid focuses on lesser problems 
and ignores the larger roadblocks.  As a whole the body of studies might be seen to falsely suggest that 
the transition is within reach.  The papers in this literature should include the disclaimer: “This paper 
only looks at a limited set of problems associated with a net zero transition.  Solving the problem(s) 
studied here still leaves many unsolved and potentially unsolvable problems on the table and 
furthermore it is likely that this solution may aggravate existing problems as well as creating new ones.” 
Barring major breakthroughs in the areas of critical technical challenges (which don’t seem to be 
receiving a lot of attention at the policy level) the grid cannot reliably support the envisioned increase 
penetration of wind and solar need to get anywhere close to a net zero goal.  Influential academics as a 
body encouraging an energy transition while focusing on lesser concerns, discussing remote hopes and 
ignoring huge obstacles will lead to increased likelihoods of greater costs, worsening reliability and 
eventually unbearable blackouts. 

Thanks to Roger Caiazza for review and helpful comments 

Bonus Section 
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This link will allow you to see a 25 second clip of the Eastern Interconnection, the largest grid, 
responding to a fault and generator outage . On February 26, 2008 a substation fire caused a chain 
reaction that caused several system elements to trip off line, culminating in the loss of two large nuclear 
generating units. When generation is lost the rotating machines in the system very quickly increase 
generation. Because the loss was two large generating units, the protection schemes in Florida called for 
load shedding as well. The impacts of this event were felt throughout the entire grid. What the graphic 
shows is the patterns of generation in the east increasing and decreasing their frequencies to ride out 
this disturbance. In no harmful impacts were experience outside of Florida. This is because the large 
generators with their inertia were able to change frequency and dampen the oscillation. An electric 
system where the large rotating machines were replaced with today’s wind and solar applications would 
show great stress.  In an over stressed system, the observed oscillations would continue and grow until 
many units were tripped off the grid and the resulting instability led to widespread blackout. 
 

Academics and the Grid Part 3: Visionaries and Problem Solvers 
 
The potential of climate change with an unworkable grid is the most frightening potential scenario of 
all.  We need visionaries and problem solvers to avoid this scenario. 
 
This is the third installment in a series concerning academics and the grid.  Part 1 observed that it was 
frequently the case that an academic paper which solved some component of a problem integrating a” 
green” resource would be interpreted to imply that all problems associated with integrating that 
“green” resource had been solved.   Part 2 looked at the large body of papers published on the net zero 
transition and noted most of the attention was on smaller components, while the larger problems 
associated with the grid were ignored.  This body of research as a whole generate serious 
misimpressions by distracting from the major concerns and causing policy makers to discount the 
significant challenges ahead in increasing renewable penetration. 
 
In previous post Academics and the Grid Part 2: Are They Studying the Right Things?, it was noted that 
researchers on grid issues related to an energy transition, could be roughly divided into two camps.  I 
referred to the first of these groups as Visionaries and the second group as Problem Solvers. The study 
work and recommendations from these two groups are approached in different ways, have differing 
audiences and unfortunately are unequal in impacting energy policy. 
 
Problem Solvers tend to work on present and emerging challenges.  These are highly technical 
academics, engineers and scientists.   They tend to look for solutions to emerging problems without 
questioning their drivers.  Problems solvers ask themselves how do we better adapt to the increase wind 
and solar we are seeing on the grid.  For the most part they do not question or endorse the emerging 
trends.  They see their work as important for maintaining the grid. While they are our best hope for 
adapting to change, some may see them as tools of the industry with to0 narrow a focus. 
 
Visionaries are idealistic and consequently more likely to advance research and development to achieve 
greater societal goals.  They see their work as necessary for the planet as a whole. They advocate for 
lowering carbon emissions and promote research to facilitate the goal of CO2 reduction.  The Visionaries 
share the perspective that the “green energy” transition lies somewhere between “we can do this” to 
“once we get this going, we will figure it all out and the benefits will be enormous”. 
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In our overall society most individuals clump into one of two positions around climate change and 
“green” energy.  In a previous post, Taxonomy of climate/energy policy perspectives I wrote: 
One side cries that either we switch to superior clean renewable technologies or we face climatic doom. 
The other side responds that is there is no problem and we couldn’t fix it anyway. In the debate over 
climate and energy policy two independent major factors stand out. The first is our understanding 
around the probability, degree and immediacy of adverse effects from man-made Climate Change. The 
second factor impacting policy determinations concerns the suitability of today’s various available 
“clean” energy sources as policy options. Since the policy implications are driven by two major factors 
there should be at least theoretically four distinct policy perspectives. Unfortunately, most debate 
seems primarily to feature two factions and major policy concerns may get lost in the noise. 
 
It’s rare to find someone unconcerned by climate change, but who think renewables will work really well 
with the grid.  We don’t hear so much from those who greatly fear climate change but recognize current 
pursuits around clean energy are inadequate.  Personally, I find the potential of climate change with an 
unworkable grid to be the most frightening potential scenario of all.  I have never addressed or taken a 
position on climate and the need for carbon reduction.  I argue for the need for reliable affordable 
energy independent of what the climate might do.  I am more worried about the grid changes if we are 
to face climate doom as well.  Such changes would be the most devastating on poor and moderate-
income people.  If we are to face disaster – a terrible inefficient unworking grid will magnify problems 
exponentially.  Unworkable technology is not the answer to an impending crisis. 
 
The Visionaries tend to frame climate is an impending existential threat and seek to minimize concerns 
around a green transition.  The Problems Solvers, like me, are largely mum on the subject of climate 
change. When it comes to a green energy transition, they are similarly silent.  Their grappling with the 
subject is very narrow and modest in approach.  Reading between the lines in the technical journals it is 
apparent that there are many huge obstacles looming.  Why are these not discussed more 
fully?   Perhaps it is because there are many incentives to appear overly optimistic and few to none for 
espousing views that appear even moderately pessimistic. 
 
Consider the perspectives of those writing as Problems Solvers.  They are typically engineers or scientists 
with advanced expertise in that specialized area.  The more the excitement and enthusiasm for a net 
zero transmission, the more their expertise is in demand and the greater the value of that expertise 
becomes.   They may be working for or supported to some extent by the manufacturers of the “green” 
industry. Whether they are directly or indirectly tied to a green industry, their near term well being is 
tied to the continuation of such research.  Chipping away at the problem and achieving minor successes 
is in their self-interest.  There is likely no personal benefit to be gained by sharing observations that 
trends in the overall efforts to date do not suggest eventual success at a net zero level. 
 
What are the drivers for the Visionaries?  Overwhelmingly they are academics or work for entities with 
financial interests  and expertise tied to the “green” future.  Overwhelmingly in their working 
environment climate change is seen as an existential problem and the environment broadly supports 
efforts to reduce CO2 from electric generation.  Academic publications are critical to hiring and 
promotional opportunities.  Would an individual skeptical of the desired changes fare well when any 
such publications were reviewed?  As much as such views may be needed, I don’t know who would hire 
or reward those who provide such focus and balance. The environment they work in many work in 
might  be described  as the eco-anxious,  woke, true- believers or as Thomas Sowell described the 
“Anointed”.   Academics are likely constrained from sharing concerns and noting short coming of 
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“green” approaches.  This may be too why they in Part 2 we did not see nuclear show up as a key word 
within the body of Net Zero research. 
 
I will note that the mathematics used by the Academics to look at resource replacement, backup and 
transmission doesn’t go much beyond arithmetic with maybe some probability and statistics.  Even then 
the study work is often done by modelling software.  The mathematics needed for Problem Solvers to 
address the major concerns span mathematics from arithmetic to algebra, trigonometry, calculus and 
differential equations.  It may be too much too much to expect that many Academics with technological 
knowledge and capabilities would devote their efforts to sabotaging their career. 
 
Where then is there an incentive for knowledgeable academics and engineers to speak up about grid 
concerns?  Once upon a time utilities were responsible for grid reliability.  They had skin in the game and 
if there were problems, accountability ensued.  In those days, when penetration levels were miniscule to 
small, it didn’t’ make sense for a utility to raise concerns and risk being caught in the crosshairs.  The 
better short-term plan was to go ahead with preliminary efforts, knowing the grid was very robust, 
hoping that eventually things would work out or someone else would speak up.  Then the federal 
entities FERC and NERC changed the interrelationships between basic functions and 
responsibilities.  FERC worked to break up traditional utility structures into components, with particular 
concerns for fostering competition within the generation sector and providing open access to 
transmission facilities. NERC took over responsibility for reliability and “ensures” reliability through their 
compliance standards. Utilities are no longer responsible for reliability, but rather for meeting the 
reliability standards.  NERC can impose fines up to $1,000,000 per day for standard violations.  Hard to 
see the incentives for a utility sticking their neck out to raise long term reliability concerns broadly or 
with the monitoring entity. 
 
I am greatly suspicious of “conspiracy theories”.  I can’t believe that any parts of the green movement or 
any governments are plotting to bring down the grid and set back industrialized civilization. But if they 
were, a good strategy would look a lot like what we are seeing.  How might one seek to turn the 
economic and reliable grid into a costly, complicated system prone to blackouts?  Discarding dependable 
generators and replacing with asynchronous intermittent technology would be a good way.  To support 
this transition and forestall questions, in the public arena, have reputable scientists (Academics) pick 
small problems and show that they might be solved.  This work will distract from the real 
problems.  Examining the challenges evaluated by the Academics, the transition might look doable.  In 
the background technical experts (the Problem Solvers) work on forestalling the problems that will soon 
become insurmountable.  While the grid transition is not a nefarious plot, we might be better off it 
was.  As Dietrich Bonhoeffer described malice may be a lesser enemy that what we face.  Dealing with 
well-intentioned but mislead true believers who become more strident and committed in the face of 
increasing evidence of the short comings may be a much more alarming scenario than what is described 
in this paragraph. 
 
As the transition to net-zero continues, what should we expect to see?  The optimistic scenario is a more 
widespread understanding of the complexities involved leading to more reasonable “good enough” 
energy plans balancing economics, reliability and environmental concerns. This scenario might include 
large additions of nuclear with natural gas resources filling the gap until they are available. 
 
The alternative scenario is that the net zero approach continues with wind and solar as key players.  As 
grid problems become more apparent eventually grid concerns will reach a wider audience.  You will 
find crossover publications between academics and problem solvers.  If nothing changes as to 
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incentives, these papers will be largely optimistic about what capabilities are just around the 
corner.  You will see more and more how asynchronous resources might emulate the functions currently 
provided by synchronous rotating machines.  We might see a grand plan for rapid grid transition as we 
see calls for energy transition now. 
 
The cost implications could be astounding, as emulating essential reliability services generally requires a 
large amount of otherwise unusable capacity to be on hand.  Cost estimates associated with the ‘green 
transition” are notoriously over optimistic.  Cost should not be thought of as the major obstacle. 
Perhaps the most critical concern is that all these controls are making the complex grid even more and 
more complex as we get farther and farther away from our extensive real-world experience.  For a more 
detailed description of these problems see this posting, Renewables and Grid Reliability.    Experience in 
many areas show we can better build complex systems by tinkering with improvements over time, 
rather than having them emerge full formed like Athena from the head of Zeus. 
 
Designing large complex systems is fraught with challenges. There can be huge gaps between what 
works on paper and what works in practice. A couple energy projects stand out for having “green hopes” 
being dashed by reality.  The Kemper plant was to be a flagship project for clean coal.  It was a key 
component of President Obamas Climate Plan.  Initially it was supposed to cost $3 billion, it ended up 
costing over $7 billion.  It was supposed to gasify coal and store the captured carbon but that 
component of the plant proved unworkable and it cannot use coal or capture carbon.  Now it functions 
as a 582 MW natural gas plant that could have been built for less than one tenth of the $7 billion in cost. 
 
Ivanpah was one of the most ambitious solar projects, at a cost of $2.2 billion.  The 400 MW plant 
stretches across 3,600 acres of the Mojave Desert.   The plant concentrates solar thermal energy to 
produce steam to generate power.  It’s less well known that the plant used natural gas as part of the 
process. The plant was plagued with problems and did not perform nearly as well as expected.  While 
generation was much lower than expected, the amount of natural gas used by the plant greatly 
exceeded expectations.   I found record for five years of the facilities operation (2014-2018).  Were the 
natural gas, used to preheat the water, instead used to power a combined cycle plant it could have 
provided roughly 20 to 25% of the total plant output during that time period.   I believe that the plant’s 
performance is improving with time, but it is hard to tell.  When projects of this sort fail, the problems 
encountered are not trumpeted as loudly as the initial optimistic assumptions.  The plant has been in 
operation since 2014 but the DOE webpage for the site while referring to the original projections for 
annual generation, does not have any readily accessible information or links to actual generation or 
facility performance.  There are always great press releases on new complex things that will work 
wonderfully, but when they don’t much is lost in the memory hole. 
 
Evidently the originally intended functioning of both Plan Kemper and Plant Ivanpah were not only 
considered possible but also considered highly likely.  They both worked well in theory and on paper but 
proved too complex to implement as intended in the real world. Could large clean coal plants and large 
solar thermal plants emerge over time through tinkering and improvements on more modest proposals 
which grew in complexity over time?   That would seem possible, but the likelihood of success goes 
down the more quickly the transition and the more drastic the change. 
 
We are a long way from figuring out how to solve for a net zero grid in terms of just theory and what 
might work on paper for many fundamental emerging grid problems. Work is underway on the puzzle 
pieces with mixed results. How they might fit together takes it to another level.   The challenges of a 
quick transition to a net zero carbon grid dwarf the complexities of the Kemper and Ivanpah 
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projects.   Bright engineers, scientists and academics are working on the challenges, but they don’t 
trumpet their concerns as do those with “victories” on smaller problems. It almost seems at time as if all 
the flash and attention is focused on the more “minor” successes to distract an audience from the more 
serious concerns emerging from wind and solar. The Visionaries will have their vision and Problem 
Solvers will be committed to their problems. Who will tie true vision to the actual problems?   It will be 
dangerous if policy makers are swayed by those who are overly optimistic.  We can’t survive a grid 
transformation that looked good on paper but in the end turns out to be as disastrous as Kemper and 
Ivanpah. 
 
 

 

 

 

 

 


