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The Carbon Plan sets an implausible goal.
 
Intermittent renewable generation, as currently implemented, is redundant generating
capacity, since it must be backed up by existing conventional generation when the
intermittent generation is unavailable.
 
Investment in redundant generation capacity increases total investment in generating
capacity and increases electricity cost.
 
A reliable grid, consistent with NCUC’s mission, requires dispatchable generating
capacity sufficient to meet contemporaneous demand.
 
Rendering intermittent renewable generation dispatchable requires installation of
storage capacity equal to 12-13 weeks of average renewable generation according to
two peer reviewed studies (here & here).
 
Battery storage capacity is currently approximately 70 times the cost of renewable
generation.
 
There has been no demonstration anywhere of an economical and reliable renewable
plus storage powered grid, though such a demonstration is long overdue.
 
The Administration’s “All-Electric Everything” goal would roughly triple grid demand
and consumption by 2050.
 
The attached commentaries expose the scope of the challenge on a national basis.
The commentaries can also be found at https://www.therightinsight.org/
 
I would be willing to discuss these issues with you further if you wish.
 
The State Legislature has placed the NCUC in a truly unenviable position.
 
Ed Reid

E-100 Sub 190 CS
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Berens Foundation – Climate Change – Commentary 415 – Current Storage Deficit

In a summary of a recent peer-reviewed paper, the principal author stated that an electric grid predominantly powered by intermittent renewables such as wind and solar would require storage approximately equal to 25% of annual generation to be reliable. Other studies have reported similar results (here, here and here).

US wind and solar generation in 2023 totaled approximately 575,000 GWH. Based on the Fekete paper, the US would require a total of approximately 140,000 GWH of electricity storage to render this intermittent generation dispatchable, capable of replacing fossil fueled dispatchable generation. The US currently has approximately 60 GWH of battery storage and approximately 25,000 GWH of pumped hydro storage. This leaves an estimated storage deficit of approximately 115,000 GWH.

[bookmark: _Hlk158284936][bookmark: _Hlk158285460]The primary battery storage system currently being installed for grid level storage is the Tesla Megapack, which stores 19.3 MWH deliverable at a rate of 4.9 MW over a 4-hour period. Eliminating the current US electricity storage deficit with Tesla Megapacks would require installation of 5,887,347 units at an estimated installed cost of $8,128,870 per unit, for a total installed cost of $48 trillion.

Research suggests that battery life can be extended by operating the batteries between 20% and 80% of full charge. Grid scale batteries would be expected to operate below 20% of full charge very rarely, so the lower limit can essentially be ignored. However, limiting the batteries to a maximum charge of 80%, while maintaining necessary electricity storage would require increasing the installed battery capacity by 25%, at an installed cost of approximately $12 trillion, increasing the total battery system installed cost to approximately $60 trillion. (Note: These costs do not include the land required for installation or the cost of grid connection.)

Tesla reports a roundtrip efficiency of approximately 95% for its Megapacks, significantly higher than the approximate 80% efficiency reported by EIA. NREL estimates current 4-hour battery costs at $500 per kWh, which is projected to drop to approximately $250 per kWh by 2050. The Tesla Megapack stores 19,600 kWh at an installed cost of approximately $415 per kWh.

Wind and solar currently generate approximately 12% of US utility scale electricity. Hydro, biomass and geothermal generate approximately 8%. Nuclear generates approximately 20%. The remaining 60% is generated using fossil fuels. Replacing these fossil fuel generators with dispatchable wind and solar generation plus storage would require installation of wind and solar capable of generating approximately an additional 2,540,000 GWH of electricity and storage capable of storing approximately an additional 630,000 GWH of electricity, preferably with much longer duration storage capability.

With apologies to the late Senator Everett McKinley Dirksen (R, IL);

“A trillion here. A trillion there. Soon you’re talking about real money.”








Berens Foundation – Climate Change – Commentary 416 – No Coal Storage

In a summary of a recent peer-reviewed paper, the principal author stated that an electric grid predominantly powered by intermittent renewables such as wind and solar would require storage approximately equal to 25% of annual generation to be reliable. Other studies have reported similar results.

US coal powerplants produced approximately 700,000 GWH of electricity in 2023. The Administration has announced a goal of eliminating coal generation by 2030. Achieving this goal would require installation of approximately 270 GW of wind and solar rating plate capacity generation, depending on the percentages of wind and solar generation.

[bookmark: _Hlk158291550]Based on the Fekete paper, the US would also require a total of approximately 175,000 GWH of additional electricity storage as the result of the elimination of coal power plants. The primary battery storage system currently being installed for grid level storage is the Tesla Megapack, which stores 19.3 MWH deliverable at a rate of 4.9 MW over a 4-hour period. Utilizing Tesla Megapacks to support the intermittent wind and solar generation installed to replace US coal powerplants would require 9,067.357 units at a current installed cost of $8,128,870 per unit, for a total installed cost of $74 trillion.

[bookmark: _Hlk158291937]Research suggests that battery life can be extended by operating the batteries between 20% and 80% of full charge. Grid scale batteries would be expected to operate below 20% of full charge very rarely, so the lower limit can essentially be ignored. However, limiting the batteries to a maximum charge of 80%, while maintaining necessary electricity storage would require increasing the installed battery capacity by 25%, at an installed cost of approximately $18 trillion, increasing the total battery system installed cost to approximately $92 trillion. (Note: These costs do not include the land required for installation or the cost of grid connection.)

[bookmark: _Hlk158292099]The US currently has an electricity storage deficit of approximately 140,000 GWH. Fossil fueled generation currently provides support for the existing wind and solar generation in the absence of this storage and there is growing concern regarding grid capacity margins during peak demand periods. Therefore, as coal powerplants are decommissioned, it would be essential that the current storage deficit be eliminated as well as installing the additional storage required to support the intermittent generating capacity which would provide the generation previously provided by the coal powerplants. This would require the installation of approximately 18 million Tesla Megapacks (or equivalent). Currently, production capacity does not exist to meet this demand over the next 6 years.

Also, as coal power plants are decommissioned, there will be a growing need for long-duration storage to support the grid through seasonal variation in both wind and solar generation. The only current long-duration systems are pumped hydro facilities. However, it is unlikely that significant additional pumped hydro capacity will be installed in the US because of geographic limitations and public resistance.


Berens Foundation – Climate Change – Commentary 417 – No Gas Storage

In a summary of a recent peer-reviewed paper, the principal author stated that an electric grid predominantly powered by intermittent renewables such as wind and solar would require storage approximately equal to 25% of annual generation to be reliable. Other studies have reported similar results.

US natural gas powerplants produced approximately 1,800,000 GWH of electricity in 2023. The Administration has announced a goal of eliminating natural gas electric generation by 2035. Achieving this goal would require installation of approximately 685 GW of wind and solar rating plate generation, depending on the percentages of wind and solar generation.

Based on the Fekete paper, the US would also require a total of approximately 450,000 GWH of additional electricity storage capacity as the result of the elimination of natural gas generation. The primary battery storage system currently being installed for grid level storage is the Tesla Megapack, which stores 19.3 MWH deliverable at a rate of 4.9 MW over a 4-hour period. Utilizing Tesla Megapacks to support the intermittent wind and solar generation installed to replace US natural gas powerplants would require approximately 23,300,000 units at a current installed cost of $8,128,870 per unit, for a total installed cost of approximately $190 trillion.

Research suggests that battery life can be extended by operating the batteries between 20% and 80% of full charge. Grid scale batteries would be expected to operate below 20% of full charge very rarely, so the lower limit can essentially be ignored. However, limiting the batteries to a maximum charge of 80%, while maintaining necessary electricity storage would require increasing the installed battery capacity by 25%, at an installed cost of approximately $48 trillion, increasing the total battery system installed cost to approximately $238 trillion. (Note: These costs do not include the land required for installation or the cost of grid connection.)

The US currently has an electricity storage deficit of approximately 140,000 GWH. Fossil fueled generation currently provides support for the existing wind and solar generation in the absence of this storage and there is growing concern regarding grid capacity margins during peak demand periods. Therefore, as coal and natural gas powerplants are decommissioned, it would be essential that the current storage deficit be eliminated as well as installing the additional storage required to support the intermittent generating capacity which would provide the generation previously provided by the coal and natural gas powerplants. This would require the installation of approximately 47 million Tesla Megapacks (or equivalent). Currently, production capacity does not exist to meet this demand over the next 11 years.

Also, as coal and natural gas power plants are decommissioned, there will be a growing need for long-duration storage to support the grid through seasonal variation in both wind and solar generation. The only current long-duration systems are pumped hydro facilities. However, it is unlikely that significant additional pumped hydro capacity will be installed in the US because of geographic limitations and public resistance.






Berens Foundation – Climate Change – Commentary 418 – All-Electric Storage

The US Administration has established a goal of transitioning all energy end uses in the economy to electric end uses by 2050. This would be a massive undertaking, requiring the application of currently non-existent technology, particularly in industrial and transportation end uses.

The US currently consumes approximately 4,200 TWH of electricity each year with a generation fleet of approximately 1,200 GW. The transition to all-electric everything would require an increase in electric generation to approximately 13,000 TWH from a storage supported predominantly intermittent generation fleet of approximately 6,000 GW with a capacity factor of approximately 30%, depending on the mix of wind and solar in the generation fleet.

A recent paper, summarized by its primary author, concludes that a predominantly intermittent renewable powered electric grid would require storage equal to approximately 25% of annual generation to assure reliability. Thus, the US all-electric everything grid would require electricity storage capacity of approximately 3,300 TWH. However, research suggests that battery life could be extended by operating the batteries between 20% and 80% of rated capacity. The batteries would be expected to experience charge below 20% only rarely, so this condition could be safely ignored. However, to avoid charging the batteries to above 80% of their rated capacity while assuring adequate capacity, total electric storage capacity would be increased by 25%, to approximately 4200 TWH.

[bookmark: _Hlk158284936]The primary battery storage system currently being installed for grid level storage is the Tesla Megapack, which stores 19.6 MWH deliverable at a rate of 4.9 MW over a 4-hour period. Restricting the Megapack to a maximum 80% charge would reduce its storage capacity to approximately 15.7 MWH. Under these conditions, satisfying the storage requirements of the all-electric everything grid would require approximately 270 million Megapacks at an approximate installed cost of $2.2 quadrillion. 

[bookmark: _Hlk158559591]There are expected to be lower cost storage options, some with longer storage duration, in the future. NREL estimates current 4-hour battery costs at $500 per kWh, which is projected to drop to approximately $250 per kWh by 2050. The Tesla Megapack stores 19,600 kWh at an installed cost of approximately $415 per kWh. Form Energy claims that their iron-air battery could be sold for 10% of the price of a lithium battery such as the Tesla Megapack, though their battery is not yet available commercially. However, even if this or other lower cost, longer duration batteries became commercial immediately, they would only reduce the projected cost of storage for the all-electric transition from $2.2 quadrillion to $220 trillion.

The all-electric transition is the most challenging aspect of the Administration’s Net Zero goal, since it requires a rough tripling of US electricity generation and also requires twice as much storage as the transition from fossil to renewable generation in the electricity sector. This transition has already begun, with the major promotion and incentivization of electric vehicles and public charging stations for those vehicles. Fortunately, it is to occur over a period twice as long as the electricity sector transition.


Berens Foundation – Climate Change – Commentary 419 – Economic Reality

The energy transition envisioned by the current US Administration is an enormous financial endeavor. It would increase the current US electricity sector investment in generation, transmission and distribution facilities from approximately $150 billion per year to approximately $250 billion per year through 2050, roughly tripling industry capitalization to approximately $6 trillion.

The transition would also require the electricity sector to invest up to $16 trillion per year over the period in electricity storage facilities, depending on the ultimate cost of electricity storage infrastructure. 

It is difficult to imagine an electric utility industry with a capitalization of approximately $2 trillion, currently investing approximately $150 billion annually, could increase annual investment by 8X through 2050, no less by 100 times.

It is inconceivable that this level of increased investment in the electric grid could result in the promised reduction in customer electricity cost, especially considering the anticipated securitization of existing, functional and not fully depreciated coal and natural gas generation assets and the far more rapid depreciation of the new generating and storage assets.

Note also that, over the 26 year period to 2050, much of the renewable generation equipment and storage facilities installed early in the transition would begin to require replacement, further increasing investments.

The replacement of fossil end use equipment would largely be the responsibility of the equipment owners and much of the equipment would be replaced with electric equipment at the end of its useful life, so the incremental societal cost of the equipment replacement is not possible to calculate.

The above information is in the public domain and is known by US DOE, FERC and the electric utilities.

The often-repeated promise of cheaper renewable electricity is a fraudulent fantasy.

It is difficult to imagine how a nation with an approximate $28 trillion GDP and a $30 trillion national debt could increase investment in its energy sector alone by $20 - 80 trillion per year through 2050. It is also difficult to imagine how such a nation could justify continued long-term subsidies and incentives.

It is also difficult to imagine how US industry would be able to remain competitive in the global economy in competition with industry in China, India, Indonesia and other nations continuing to rely on fossil fuels for their energy needs. Industries are already reducing or terminating production in the UK and Germany, which are further along in their energy transitions than the US.



	The urge to save humanity is almost always a false front for the urge to rule. 

H. L. Mencken





Berens Foundation – Climate Change – Commentary 420 – All-Electric Everything

The Administration’s All-Electric Everything goal would require the addition of approximately 4,800 GW of storage supported rating plate capacity renewable generation with a capacity factor of approximately 30%, depending on the ultimate proportion of wind and solar generating capacity. The EIA Annual Energy Review projects that solar would provide approximately twice the electricity provided by wind generation. For purposes of this analysis, we will assume 3,200 GW of additional solar generation and 1,600 GW of new wind generation.

The installed cost of premium solar photovoltaic collectors is approximately $1.06 per Watt. Therefore, the estimated installed cost of 3,200 GW of premium solar collectors would be $3.4 trillion. ($1.06/W * 1,000,000,000 W/GW * 3,200 GW).

The installed cost of utility-scale wind turbines is approximately $1,500,000 per MW. Therefore, the estimated installed cost of 1,600 GW of wind generation would be $2.4trillion. ($1,500,000/MW * 1,000 MW/GW * 1,600 GW)

Therefore, the estimated total installed cost of the additional 4,800 GW of renewable generating capacity would be approximately $5.8 trillion, or approximately $220 billion per year through 2050. These costs do not include the cost of the land required for installation, the cost of tripling the capacity of the existing utility grid, or the cost of connecting the generation systems to the grid.

This additional intermittent renewable generation would require storage support to ensure grid reliability. The additional generation would produce approximately 12,600 TWH per year (4,800 GW * 0.30 CF * 8760 hrs/yr). The storage required for support of this intermittent renewable generating capacity would be approximately 3,200 TWH. (12,600 TWH * 0.25)

The installed cost of the storage capacity, restricted to a maximum charge of 80% to extend battery life, would be approximately $414 trillion, [(3,200 TWH * 1,000,000 MWH/TWH) * 25 * $8,128,870) /15.7 MWH] or approximately $16 trillion per year through 2050.

There are expected to be lower cost storage options, some with longer storage duration, in the future. NREL estimates current 4-hour battery costs at $500 per kWh, which is projected to drop to approximately $250 per kWh by 2050. The Tesla Megapack stores 19,600 kWh at an installed cost of approximately $415 per kWh. Form Energy claims that their iron-air battery could be sold for 10% of the price of a lithium battery such as the Tesla Megapack, though their battery is not yet available commercially. However, even if this or other lower cost, longer duration batteries became commercial immediately, they would reduce the projected incremental cost of storage for the all-electric transition from $414 trillion to $41 trillion.

The installed cost of the storage required to support intermittent renewable generation is currently approximately 70 times the cost of the generation, though different storage technology could potentially reduce the cost of storage to 7 times the cost of the generation. Regardless, storage is clearly the most expensive aspect of a renewable plus storage generation system. This cost has been ignored or trivialized for far too long.





 


Berens Foundation – Climate Change – Commentary 421 – Head-On Collision

The US energy industry is subject to intense regulation and oversight at both the federal and state levels. Federal regulation is provided by the Federal Energy Regulatory Commission (FERC). National oversight of the electric energy industry is provided by the North American Electric Reliability Corporation (NERC), which is itself overseen by FERC. State regulation is provided by individual state utility commissions, which share information through the National Association of Regulatory Utility Commissioners (NARUC). State oversight is provided by individua state consumer advocates or consumer counsels, which share information through the National Association of State Utility Consumer Advocates (NASUCA).

While each of these agencies and organizations has its own unique mission, their missions share several common elements.

FERC: FERC's Mission: Assist consumers in obtaining reliable, safe, secure, and economically efficient energy services at a reasonable cost through appropriate regulatory and market means, and collaborative efforts.

NERC:  Our mission is to assure the effective and efficient reduction of risks to the reliability and security of the grid.

NARUC: Our mission is to serve the public interest by improving the quality and effectiveness of public utility regulation. Under state laws, NARUC's members have an obligation to ensure the establishment and maintenance of utility services as may be required by law and to ensure that such services are provided at rates and conditions that are fair, reasonable, and nondiscriminatory for all consumers.

NASUCA: NASUCA’s members are designated by the laws of their respective jurisdictions to represent the interests of utility consumers before state and federal regulators and in the courts.

FERC and NERC have both warned that the energy transition being pushed by the current Administration, as it is currently being pursued, threatens the reliability, safety, security and economic efficiency of the electric utility grid. Their primary expressed concerns are the rapid decommissioning of dispatchable coal and natural gas powerplants and the slower pace of commissioning of renewable generation capacity, which is resulting in a decrease in the capacity reserve margin on peak as well as the ability of dispatchable generation to respond to renewable intermittency. 

However, they will soon be required to focus on the growing share of grid generating capacity which is intermittent and non-dispatchable. The grid requires the ability to dispatch resources as required to meet contemporaneous demand. As the intermittent renewable share of generating capacity increases, it will be essential to add dispatchable storage capacity to the grid to maintain reliability. However, grid scale storage is currently extremely expensive and duration limited. Storage systems capable of discharging large quantities of electricity over prolonged periods are not currently available.

State utility commissions are just beginning to respond (react) to the economic impacts of the energy transition. Utilities have begun filing rate increase requests tied to the costs of the transition. Commissions in several East Coast states have encountered requests for increases in contract prices for electricity from offshore wind projects. Several offshore wind projects have been cancelled and others have been rebid at prices as much as 50% higher than the original contract prices. The contract prices being sought for offshore wind are significantly above the current wholesale price of electricity; and, in many cases, above the current retail prices of electricity.

The energy transition faces a conflict with the “fair and reasonable” rates focus of NARUC and its members. However, this conflict appears likely to result in a head-on collision as state regulators are faced with the need to correct the current storage deficit associated with the existing renewable generating capacity on the grid and the massive costs of implementing sufficient storage on the grid to assure continued reliability as the share of intermittent renewable generation on the grid increases.

The state commissions will also be faced with the necessity of shifting from 40-year straight line depreciation of most utility assets to depreciation over the shorter expected lives of wind turbines, solar collectors and electricity storage infrastructure.

The state utility commissions will also soon be faced with rate increase requests tied to the expansion of the grid required to accommodate the Administration’s “all-electric everything” goal, as well as requests for the securitization of undepreciated investments in coal and natural gas powerplants required to cease operation to comply with Net Zero mandates.

If there is light at the end of this tunnel, it might well be the headlight of an oncoming train.



		





 




Berens Foundation – Climate Change – Commentary 422 – Irrational Transition

The United Nations and the leaders of the developed nations have declared that the continued anthropogenic emissions of greenhouse gases into the atmosphere represent an existential threat to humanity and must cease. They have established a goal of achieving net zero greenhouse gas emissions by 2050 and have initiated a variety of actions intended to achieve that goal. They contemplate a transition to “all-electric everything”.

The apparent enthusiasm of the UN and the governments of the developed nations for Net Zero by 2050 is not shared by the developing and not-yet-developing nations, which place higher priority on economic development, with little regard for the resulting greenhouse gas emissions. That assures that, even if the developed nations achieved their net zero goals, the globe would not reach net zero by 2050.

However, it appears extremely unlikely that the developed nations would achieve net zero emissions by 2050. The transition could only be achieved with a combination of massive expenditures, successful commercialization and implementation of currently non-existent technology and processes, elimination of the government-imposed “red tape” which delays project approvals and construction schedules, societal acceptance of the resulting upheaval and an enormous amount of good luck. Expecting to achieve this transition by 2050 is not rational. It is also not necessary.

The transition has begun by providing extremely generous government subsidies and incentives to encourage the installation of intermittent renewable wind and solar electric generation and the sale and use of electric vehicles. However, there has been very little attention paid to the electricity storage infrastructure necessary to allow smooth integration of the intermittent renewable generation into a reliable grid. There has been no effort to demonstrate that an intermittent renewable plus storage supplied grid could be reliable. There has been limited attention paid to the utility and reliability of electric vehicles, or to the development of the fueling infrastructure necessary to adequately support them.

There is growing attention being paid to various societal sacrifices which would be a necessary part of the transition, including personal and business travel restrictions, personal consumption of goods and services restrictions and dietary changes. There is also active promotion of the concept of “15-Minute” cities and discussion of population control, though there is very little discussion of how it would be accomplished.

A rational approach to a transition of this magnitude would be based on technologies and processes which have been thoroughly tested and demonstrated and have shown that they can be implemented economically while improving quality of life. This is clearly not the case today. Rather, the controlling bureaucracies: HOPE that sufficient renewable generating capacity can be manufactured and installed timely; HOPE that economical short-term, medium-term and long-term storage technology can be developed, manufactured and installed timely; HOPE that the combination of renewable generation plus storage can successfully replace coal and natural gas generation; HOPE that the new electric equipment and processes required to replace existing fossil fueled equipment and processes can be developed and installed timely; HOPE that the required expansion of the grid, including the “last mile” can be completed timely; HOPE that the issues of electric vehicle utility and charging can be resolved timely; and HOPE that the national economies survive the process.

Regrettably, HOPE is not a strategy and relying on HOPE is not rational.


Berens Foundation – Climate Change – Commentary 423 – A Rational Transition

The Administration has set the nation on a rapid transition to an “all-electric everything” energy economy powered predominantly by intermittent renewable energy. The goal is to complete this transition by 2050. There is significant uncertainty regarding the wisdom and necessity of achieving this goal, the target date for achieving it is arbitrary and the approach currently being pursued to achieve it is irrational.

However, if we stipulate that the transition is necessary, there is a rational path to pursuing it, though it is extremely unlikely that the transition would be complete by 2050. Pursuing this rational path begins with the acknowledgement that a reliable electric grid powered predominantly by intermittent renewable generation would require a combination of short-, medium- and long-duration storage infrastructure capable of storing approximately 25% of annual generation.

The first step in the process would be to terminate all subsidies, incentives and preferences for deployment of renewable generation. Wind and solar are relatively mature technologies. Their costs have been reduced dramatically and their promoters contend that they are already generating the cheapest electricity. There are more critical uses for the funds which are currently dedicated to these subsidies and incentives.

The second step in the process would be to terminate all subsidies, incentives and preferences for deployment of short-duration storage. Lithium-ion short-duration storage systems are commercially available and are being installed worldwide. The funds currently dedicated to these subsidies would be redirected to research, development, demonstration and deployment of medium- and long-duration storage technology.

The next step in the process would be to eliminate the current storage deficit which resulted from the installation of intermittent renewable generation without the storage required to render this generation dispatchable. The required storage capacity is approximately 115,000 GWH.

The next step in the process would be a requirement that all new intermittent renewable generation connected to the grid include sufficient storage capacity to render the generation dispatchable.

The next step in the process would be to delay any forced closures of coal generation facilities until sufficient dispatchable renewable generating capacity is installed and operating within the region currently served by those plants.

The next step in the process would be to delay any forced closures of natural gas generation facilities until sufficient dispatchable renewable generating capacity had been installed to meet the anticipated load growth in the region as well as replacing the existing natural gas generating capacity.

The funds currently used to subsidize and incentivize wind and solar generation should be redirected to research, development, demonstration and deployment of Dispatchable Emission Free Resources (DEFRs) for connection to the grid and for use as standby power systems for uninterruptible loads.

The time required for this transition is difficult to estimate because medium- and long-duration storage systems and DEFRs do not currently exist commercially and the time required for their RDD&D is uncertain. The time required for installation of the required generation and storage infrastructure is also uncertain because of the numerous delays encountered in infrastructure development projects. The time required for conversion of numerous industrial processes to electric power is uncertain because the required technology does not exist or is in its infancy.

Finally, completion of the project might well be delayed by the ability of the economy to fund the required new generation, storage, transmission and distribution infrastructure, including “last mile” upgrades to residential and commercial service transformers, service lines, and power panels..
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