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Abstract

The design and operation of the electric power system is on the cusp of massive transformation 

as policy makers aim to make deep cuts in emissions of global warming pollution and 

address other challenges. In many respects, the industry and its regulators are well on track 

in their response. But, on a few critical topics, failure to adopt a new course would harm 

American interests. This essay, a contribution to the George P. Shultz Task Force on Energy 

and Climate at the Hoover Institution, identifies the three most important elements of that 

unmet agenda—critical challenges that are not plausibly on track for effective solutions. 

They are: 1) planning for reliability and for resilience in a world where grids will operate in 

novel ways; 2) building transmission lines and interconnections in places of greatest value; 

and 3) reshaping the methods by which the public sector and electric power industry furthers 

new ideas through demonstration and innovation.

•  •  •

In the year 2000, the National Academy of Engineering looked back on the last century to 

identify the single most important technological innovation. Their answer was electricity.1 

Over the century, electric service went from a niche product that served highly specialized 

industrial needs and a few wealthy customers to a ubiquitous presence. Economic historians 

have pointed to electricity as the single most important innovation driving expansion of 

economic opportunity over the last century.2

Today, there is a lot of talk of complete transformation in the ways that electric power is 

provided. In the extreme, some analysts even ponder whether a grid will be needed at all. 

It is easy, however, to overstate the profundity of change. The reality is that most practical 

futures for the electric power system involve, as today, a power system that depends centrally 

on the grid.3 The grid is likely to remain central, but there will be many shifts in investment 

and grid operations as society expects more and different things from electric power service:

Deep decarbonization through electrification. Nearly every credible study of deep emission cuts 

shows that the role of electric power will expand, possibly radically. Indeed, most studies 
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point, roughly, to a doubling in the volume of electrons that will be needed and roughly a 

doubling in the size of the grid, along with a greatly expanded role for grid services such 

as electricity storage.4 This implies the need for investment in new zero-emission generators 

and more transmission, along with more capable and adaptive distribution systems—and 

complementary market reforms. Without proper planning, this shift could be jarring for an 

industry and its regulators, who have been accustomed to planning and investment for a 

grid where growth in demand has been flat or modest.

A shift to renewables. Not only are there large new needs for electric service, but the types 

of power supplies are shifting toward a greater role for renewables generation, with zero 

short-run marginal cost and highly variable output. There are roles, as well, for ongoing 

use of zero-emission nuclear power plants along with varied new designs for nuclear 

reactors. And there are expanding opportunities for other types of low-emission power 

plants, such as those outfitted (or retrofitted) with carbon capture and storage (CCS) 

systems and new plants that burn clean hydrogen. All that said, many policy discussions 

about decarbonization treat the big shift toward clean energy supply as synonymous 

with a shift to intermittent renewables; the recently passed Inflation Reduction Act of 2022 

(IRA) energy and climate legislation can be expected to accelerate that through a ten-year 

extension of renewables tax incentives.5 As a result, there is increased focus by grid operators, 

utilities, and regulators on planning scenarios and operational strategies that anticipate 

much greater supply of intermittent power supplies on the grid. Amid continued production 

and investment tax credits, commercial-scale non-hydro renewables reached 13.8 percent of 

US electricity generation in 2021, up from 12.4 percent the year before.6 This pattern in the 

United States is part of a global shift to renewables that is continuing apace, despite growing 

concerns about supply-chain troubles and, possibly temporary, increases in costs.7

Resiliency. There is growing awareness of the need for a resilient electric power system—a 

grid that is reliable, along with resources that can help restore grid services quickly and ride 

through those interruptions. Interruptions due to inclement weather remain commonplace, 

and extreme interruptions can cause massive economic harm. Added to those concerns 

are growing fears of hostile attack—physical and cyber—that may rise in risk with shifts to 

more internet-connected devices and greater awareness among state- and terrorist-linked 

organizations about the potential for actions against the grid.8 There’s a lot of good news in 

how the electric power system is being organized, and one place of progress is industrywide 

coordination with the national security system to manage cyber threats to the grid.

This list of new expectations for the electric power system is well known. Extensive studies 

done by industry, regulators, policy and academic analysts, and environmental groups reach 

similar conclusions, although the details on all those lists always vary a bit.9

With experience from diverse backgrounds, members of this work group have been 

observing the power industry and its policy processes closely for decades. We are, for the 
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most part, impressed by how the industry, its policy makers and regulators, and other 

stakeholders have become aware of these key agenda items and are responsive. As with 

nearly every aspect of the American power system, there are large variations across regions, 

since the industry is organized (and regulated) in such different ways and the resources also 

vary regionally. A lot of change is under way in an industry that, at least traditionally, has 

relied on stability to encourage investment in and reliable delivery of its product: electricity. 

Meanwhile, the electric grid must continue to perform in ways that have become central to 

modern economies—with high affordability, ubiquitous access, and high reliability.

This report summarizes our observations about where the ecosystem of industry, policy, 

and stakeholders is not responding adequately. Our interest is where the many road-mapping, 

policy reform, and investment efforts will not, on their own, deliver solutions that are 

adequate. Put differently, we are concerned about the unmet agenda. And rather than 

a long list of challenges—a list so lengthy and complex that it is hard to set priorities—we 

focus on the three challenges that we see as most central.

Planning for Reliability and Resilience

Our central concern is reliability. Already today—with only parts of the US electric grid 

shifting strongly to renewables and with tiny shares for new electric loads such as electric 

vehicles—it is clear that traditional standards and approaches to measuring and planning 

for reliability must be reformed. Yet the best new approaches remain unknown. A challenge, 

whose solutions remain elusive, is to identify new arrays of reliability metrics that reflect 

changing conditions of the grid without lowering overall reliability of grid service.10 

Currently, most grid planning is done with an eye to peak demand conditions—typically 

in the winter or the summer, depending on the region—but that might need to shift to look 

more closely at other times of the year and extreme peak demands in the context of variable 

supply and other grid conditions. Currently, most grid planning has little empirical basis for 

estimating variability in new demands for power—such as from electric vehicles connected 

to the grid—because there is practically no operational experience and little relevant 

experimental research that can characterize how these new loads may behave.11

That standards and strategies for addressing reliability are lagging behind reality is a 

well-documented concern, but the solutions have remained elusive.12 The most profound 

problems of lagging strategies are caused by the rapid shift to generators with zero short-run 

marginal cost and variable output. Distinct approaches will be needed for long-term planning 

of grids that have large amounts of renewables and possibly more responsive demand, and 

the short-term future operation of those grids. While the two tasks are related—planning 

implicates operations, and operational needs define requirements for planning—they are 

distinct, and efforts on both fronts lag.



4

David Victor with David Fedor and Rob Buechler  •  Transformation of the American Electric Grid

Standard metrics for reliability, such as those developed through the North American 

Electric Reliability Corporation (NERC) and the industry, are misaligned with these new 

realities of power supply. Concepts such as “generation adequacy” were easier to apply in 

a world of fossil generators, where the reliability of output and grid configuration were 

relatively easy to characterize. But they are harder to apply in a world of variable renewable 

generators, where output and configuration are more stochastic—and the stochasticity not 

well understood—and where extreme (“tail”) events are more common.13 The control of 

supply and demand become more important, even as both may become harder to predict 

and manage. Where these uncertainties have been acknowledged, efforts to address them 

are much further advanced on the matter of variable supply than responsive demand. The 

shape of demand curves and the responsiveness of power demand to new market incentives 

and technologies could be an even bigger surprise through pervasive electrification than the 

many surprises that are easier to fathom with intermittent supply.14

Standard modeling approaches that have attempted to simulate reliability have 

nearly always been based on characterizing output from wind, solar, and other 

variable generators and on viewing performance of the grid by looking backward at 

history—to past variability in the weather and other extreme events. Similarly, demand 

forecasting tends to look at historical trends and assume that future loads will have 

similar characteristics (e.g., flexibility and responsiveness to grid conditions) as in the 

past. With more tail risks, including from the physical risks of climate change, new 

forward-looking methods will be needed.15 So far, however, there hasn’t been enough 

research into linking forward-looking climate models to the modeling tools and spatial 

resolution needed for grid planning.16

Absent alternatives—which NERC, the Federal Energy Regulatory Commission (FERC), 

and state regulators could explore but have not, for the most part—the right approach 

for reliability planning remains unclear. This problem is particularly acute for long-term 

investments, since shifts in grid configuration are likely to be greatest the further one 

looks into the future. Litigated regulatory proceedings and precedent tend to value what’s 

known and well documented at the expense of investments around future trends, novel 

occurrences, and other needs that might be more uncertain yet better aligned with future 

requirements. In this vacuum, various regional reliability coordinators—such as the 

California Independent System Operator (CAISO) and the Electric Reliability Council of 

Texas—by default become the ones to do this sort of systems-level adequacy planning and 

guidance on reliability. But these regional perspectives are inadequate. And, unlike in other 

countries where reliability coordinators are combined with siting and investment authority, 

in most of the United States, the institutions that are on the front lines of assuring reliability 

aren’t in the position to implement their findings directly, because they don’t have the 

direct authority to build what they think is needed.17
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This problem of reliability planning interacts, of course, with market design. In parts of 

the country that have moved most rapidly to renewables and are also engaged in the most 

reorganization of regulatory and market functions, the problem of reliability planning 

seems to have loomed the largest. Here, the unmet agenda is well understood yet remains 

without robust solutions. So far, none of the “solutions” to novel market design has proved 

durable enough to keep the lights on reliably and to send adequate signals for the level and 

types of long-term investment needed. A variety of novel capacity markets and resource 

adequacy rules have been implemented, but it isn’t clear which of these work best nor 

which will remain durable under conditions of grid or economic stress. Absent clear 

guidance on grid value—anchored in new metrics—it will be impossible to design durable 

market reforms that focus revenues on the projects that generate the greatest value to the 

grid. And while there is a lot of attention paid to how these issues affect generation and 

transmission, they also apply to demand. Indeed, with a big shift to electric vehicles (EVs), 

the nation is plausibly on the cusp of its largest shift in history to responsive demand—if 

we can figure out the right way to link EV charging incentives to the value that variable 

charging offers to the grid.

We see solutions to these problems through efforts on five fronts.

First, the nation needs to invest in a new generation of models and reliability planning 

tools. Major elements are already in place with the Grid Modernization Initiative of the 

US Department of Energy (DOE)—an effort that is engaging the national labs and academics 

in grid reliability modeling.18 In tandem, the Advanced Research Projects Agency–Energy 

(ARPA-E) and others have been investing in new open-source power flow modeling tools.19 

And an array of consultants using industry-standard power flow models, such as PLEXOS, 

are also doing studies on grid reliability with high penetrations of renewables.20 What’s 

missing in all this is a tighter connection between this format of academic-style activity 

and the real-world processes of considering and evaluating possible new reliability metrics 

and standards that could guide the industry, such as those adopted by NERC. The industry is 

fundamentally a conservative one—absent new metrics, it is safer to use the old ones, even 

when the old ones are becoming obsolete.

As the grid evolves toward new structures with more variability in supply and possibly 

much greater variability in demand a fundamental question remains unanswered: Do 

reliability standards need to change, or will variants of older, existing standards 

suffice when applied using modern grid simulation and planning tools? We urge 

NERC—working with DOE, FERC, and the National Association of Regulatory Utility 

Commissioners (NARUC)—to develop and apply a program to answer this fundamental 

question. The right answers are probably unknowable without field experimentation and 

learning, since the reconfiguration of grids will be so profound—with differences across 

regions—that model-based studies alone will be insufficient. We note that today, NERC is 

engaged in some reforms to its reliability standards, but principally through activities aimed 
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at getting stakeholder buy-in to new standards, the traditional NERC approach. Something 

new is needed to develop new standards that are more uncomfortable—and less likely to 

yield immediate buy-in—even though they are more relevant for the grid of the future.

Understanding the uncertainties better is essential for investment planning and operations. 

Where uncertainties remain large, there will be greater needs for redundancy—and thus 

greater investment costs. This maxim about uncertainties applies not just to generation 

but also, increasingly, the distribution system. With more generation being connected 

to distribution, and with demand management becoming another tool in managing 

“generation adequacy,” the data needed to characterize uncertainty on the distribution 

side has become important. This data is potentially much larger than the data sets that 

have been traditionally used only from the bulk power system.

Second, in most of the country, planning systems need to adopt longer time horizons. 

In many states where integrated resource plans (IRPs) are used for multiyear investment 

planning, horizons rarely extend beyond a decade, if that. There are some notable 

exceptions, of course, such as municipalities and utilities that have engaged in long-term 

decarbonization planning.21 All told, perhaps only one-fifth of the nation’s electric supply is 

in regions where planning processes look beyond a decade.22 While there can be substantial 

value in experimentation across the diverse systems of regulation and business models that 

exist in the United States, realizing that value will be difficult without more of the country 

looking further into the future, using tools that make it possible to compare local strategies 

and experiments with those in other parts of the nation.

Extending time horizons creates a lot of discomfort for regulators and the industry, of 

course, because it adds many new elements of uncertainty in electric system planning; 

grappling with that uncertainty and designing standards that can be adapted to new 

conditions that are unknowable today is intrinsic to the grid transformation that will 

occur. Long time horizons—along with processes that account for inevitably changing 

circumstances and other uncertainties—are essential, because mass integration of 

renewables with high reliability will require investments and programs that require long 

lead times and investment, planning, and asset commitments. Some of the most profound 

changes in the grid require the ability to look far into the future at zero-emission systems 

and the kinds of technologies—such as hydrogen, novel geothermal systems, and other 

clean-energy dispatchable generators—that are unfamiliar today yet could play vital roles 

in assuring reliability in the future.23

Longer planning horizons won’t solve the problems created by lack of appropriate reliability 

standards (our first effort can help on that front). And they won’t solve the problem of 

divided authority in many regional and state grids (that problem may be unsolvable in the 

foreseeable future, for it is anchored in state politics). But it will make it easier to identify 
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critical priorities so that disparate regulators, investors, and other stakeholders can focus on 

solutions.

Third, we need to tap into the information that can be learned from a large number 

of experiments now under way across the nation as different jurisdictions grapple 

with grid reliability. Many jurisdictions are deploying batteries on their networks; 

some are adopting programs to encourage variable EV charging. Most are learning how to 

integrate renewables on their grids in ways that alter the operations of existing fossil 

and nuclear power plants. Many jurisdictions are running these experiments while also 

grappling with new social and political priorities for electric service, such as integrating 

local community concerns like pollution or jobs impacts into siting and operations of 

the grid infrastructure.24 Indeed, it may be helpful to think of the grid system, really, 

as two intertwined networks. One is the physical grid that delivers electrons. The other 

network is the system of signals and controls—including market prices and expectations—

that exchange information between suppliers, users, and operators. Innovation in both 

technology and business models has been particularly intense in the latter, made possible by 

new devices being installed on the former. These innovations in signals and controls enable 

a possibly much more responsive power supply and demand. Because that innovation is itself 

changing the operation of the grid—and arises in a context when so many other changes are 

under way—it is impractical to know which innovations are important and scalable without 

field experimentation.

In effect, the decentralized and often fragmented nature of the American grid planning 

and regulatory system for the electric industry is a giant learning machine. Properly 

organized, these experiments can help the nation identify the best solutions to grid 

reliability—including the identification of possible new approaches to setting and 

implementing standards.25 For the most part, however, this machine is not organized 

for effective learning about these tasks, because so many of them are novel and bespoke 

to each local grid and political configuration. We see a much bigger role—led, probably, 

by NARUC—to organize this learning much more systematically. In other areas, NARUC 

does this well. For all of NARUC’s strengths, there is significant turnover in public utility 

commissioner membership and senior NARUC regulatory leadership. An active and 

effective learning process will require a more permanent and adequately funded 

arrangement that links together state, regional, and federal governing systems that are 

often connected but do not routinely share information and experience. This could be 

advanced through regional groups of public utilities commissions (PUCs)—because regions 

often have similar challenges—such as the New England Conference of Public Utilities 

Commissioners (NECPUC), the Committee on Regional Electric Power Cooperation 

(CREPC, part of the Western Interstate Energy Board and the Western Conference of Public 

Service Commissioners), and the regional NARUC organizations. There could also be a role 

for the National Association of State Energy Officials (NASEO), an organization that links 
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the governor-appointed state energy offices, which often are recipients of DOE funding and 

produce analyses that require regulatory commission or utility implementation.

Applied to grid reliability, this active learning approach would involve setting goals and 

priorities (in consultation with NERC, FERC, DOE, the Electric Power Research Institute 

[EPRI], and the industry) and then running an active review program so that the industry 

and its regulators can learn about the frontier experiences more rapidly. This program of 

experimentation and learning probably won’t advance adequately without a special funding 

window offered by DOE, although some states, such as New York, appear poised to have 

active state programs on their own.

This learning approach, focused on the states and other regulators such as FERC, has many 

advantages—it is the only practical way to learn, under real-world conditions, how new 

technologies and approaches to grid governance actually work. It must advance in a way 

that strikes a balance between the need for innovation and creativity and administrative 

procedure. Innovation intrinsically involves departures from the status quo. The Administrative 

Procedure Act (APA; and APA-like mindsets) is, by design, a mechanism to slow change so that 

diverse interests can be alerted and consulted. To some, the APA is a major impediment to 

creativity and innovation in rate making and regulations, both in the states and at FERC. 

Regulators have found themselves highly constrained in their ability to be proactive on 

the grid because the APA (and APA-like mindsets and procedures) cause much of regulation 

to be reactive, inhospitable to innovation, and anchored in doing legal adjudication. The 

voices of incumbents and the status quo tend to be better organized and documented and 

thus influential in litigation-like contexts, whereas the voice of the new and unknown, 

intrinsically, can’t speak so clearly. To others, there is no plausible future in public interest 

regulation without APA-like mechanisms of notice and response. Mechanisms for reducing 

this tension don’t implicate removing notice and consumer input but do require more 

explicitly experimental approaches to rule making—those that recognize irreducible 

uncertainties at the outset; that identify places where investments needed to learn involve 

higher risks than standard rate-based rule making; and that address upfront financial 

responsibilities if forecasted benefits do not materialize. This learning process will need 

to identify experiments and experiences that could be highly valuable yet have not been 

attempted—and put a spotlight on gaining those experiences.

Fourth, as the tools for stress testing and reliability planning for the grid are 

developed some effort is needed to apply them not just to electricity but also to other 

interconnected infrastructures. The most salient infrastructure interfaces today are 

between the power grid and the natural gas system. Failures in that kind of cross-

infrastructure planning—imagination, really—were on display with the Texas polar vortex 

of February 2021, where correlated problems in gas and electricity networks made each 

network perform more poorly, with catastrophic consequences.26 Additionally, damages 
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to gas infrastructure in the Boulder County wildfires of December 2021 caused periodic 

electricity outages to maintain gas system stability; this represents another example of risks 

propagating through interconnected networks.27

In some parts of the country, such as the Southeast, the challenges in expanding the gas 

pipeline system poses a greater challenge to electric system reliability than the challenges 

of expanding electric transmission (the subject of the next section). Here, investment 

planning and growing uncertainty around siting of gas infrastructure—notably long-distance 

interstate gas pipelines—has become a major factor in grid reliability planning. In other 

parts of the country, such as in the West and some of the Northeast, there is growing 

pressure not to invest even in renewal of the existing gas network as policy makers look 

beyond conventional natural gas. While there are many studies about the “beyond,” there 

remain many practical questions, such as whether alternatives to gas will use some or all 

of the existing gas network, rights of way, or other assets, or whether wholly new (or even 

nongaseous systems) will be needed. Reliability planning for electric networks must take a 

more explicit network-of-networks approach.

Today, in many parts of the country, gas plants provide a vital source of reliability for the 

grid, yet the gas–electric infrastructures are not assessed, typically, for their synergistic 

impacts on system reliability.28 In the future, as some jurisdictions move away from natural 

gas, the network of gas pipelines, which represents a huge asset, may be repurposed, such 

as retrofitting for hydrogen or with large supplies of low carbon synthetic natural gas. 

Today, we know little about how reliably (or not) that system may operate, let alone how 

a hydrogen grid system would interface with and affect power grid reliability. Still, other 

infrastructure interconnections may also prove important, such as new infrastructures 

needed for carbon management at hundreds of metric tons of CO2 per year—a task that will 

require networks of CO2 pipelines and sequestration sites whose operations may also affect 

reliability of electric generators and thus the electric grid. All these infrastructures and their 

seamless transition to new revolutionary futures can be imagined in models and on paper—and 

climate policies and goals already announced today, in fact, implicitly require development 

of such systems—but need planning and stress testing for reliability.29

Fifth, even as the grid remains indispensable to modern society, there is growing awareness 

of the bigger picture—the need for resilience so that energy services can continue and 

behavior be adjusted when conventional grid supply falters.

While there is much more talk about resilience these days, the practical implications 

for policy and investment processes are still elusive. One of the implications concerns 

valuation—the need for a better understanding, especially of the costs to the broader 

society of large-scale and long-duration power outages. Those kinds of extreme events can 

yield large social costs—as observed in Texas in February 2021. For the most part, there’s 
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a lot of data on frequent, short-term, and isolated outages and, in much of the country, 

incentives for private actors in the power system to make decisions that value those isolated 

and short-term costs. But events like those in Texas are a reminder that private incentives 

for reliability can diverge sharply from broader public needs. Part of realizing incentives is 

recognizing the importance of resilience as the ability to recover from events that create 

outages. After storms, for example, much restoration hinges on distribution services and 

is aided by faster damage assessment and repairs that require more and efficient crew 

deployment. Redundancy in these areas is costly, and finding the right level of investment 

requires looking at the societal gains from resilience.

Another implication of resilience thinking is attention to the potential value (or, on the 

other hand, increased costs) of siting disaggregated generation and demand resources 

locally. A utility in Colorado, for example, has sited solar panels closer to load (even 

though such projects were more costly than larger, more distant, solar fields) because of 

the value of local supplies to resilience planning.30 Similar siting decisions have occurred 

at large power users such as in Texas and among remote communities that are served by 

single power lines that create single points of failure.31

We think it is vitally important that regulators, utilities, and other participants in the 

industry continue to put the generic ideas of resilience into practical reality. That 

will require more sharing of best practices, especially by regulators and utilities through 

regional and national institutions. It will require, as well, more research into methods 

and demonstration of tools that can model reliability and resilience, including greater use of 

forward-looking models and evaluation of tail risks discussed above. All of these tasks are 

difficult to perform, especially in the current regulatory and utility system, which has a 

hard time dealing with uncertainty and deep unknowns and which tends to be organized 

within particular scopes—whereas resilience is a topic that intrinsically cuts across 

domains. We are encouraged by the substantial analysis and planning that is starting to be 

devoted to resilience.32 It is evidence that, with the right goals and metrics, grid planners 

and power users have many tools at their disposal to create electric service that aligns with 

their needs.

Building Transmission

The reliability of electric power supply hinges on both certainty and flexibility. A shift to 

more intermittent renewables affects the need for and provision of flexibility that can be 

used by investment planners, market actors, policy makers, and regulators. In response, 

there are many other sources of flexibility, such as new kinds of supply, systems for storage, 

and variations in demand. Of these sources of flexibility, transmission plays a particularly 

important role, because it expands the geographical and market scope for tapping flexibility 

that could be located anywhere on the grid.33
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There are two, seemingly opposing, stories being told today about transmission. One story 

is crisis. A big shift to electric power will require doubling or perhaps tripling the size 

of the grid—with a particularly critical role for large, long-distance transmission lines.34 

Yet it takes seven to ten years to plan and build new transmission: Time is needed related 

to legal challenges, siting, permitting. Worse, many projects fail due to local opposition, 

often anchored in concerns about land use. A major project in Maine that would carry clean 

hydropower from Canada to US markets failed when a brew of local political concerns—

NIMBYism, more or less—combined with opposition from owners of existing power plants 

that would have become less profitable if new transmission made it easier to import more 

electricity.35 These long lead times along with low success rates are incompatible with 

current-grid carbon reduction goals. They also contribute to growing concerns about grid 

reliability.

The other story is pretty much the opposite. While power line projects do face opposition, 

many still get built with good planning and long time horizons. Vertically integrated power 

companies in particular seem to have found ways to site these projects—and their regulators 

are highly supportive. Moreover, new technologies—such as high-voltage, direct current 

(HVDC), now highly mature—make it possible to pack more power into a single line. A 

crisis in transmission is easy to imagine but not much evident in reality.

This asymmetry may reflect, in part, an imbalance in the political and economic pressures 

that help determine which lines are built. When a transmission line or upgrade is essential 

for reliability, it has a very high probability of success. Politically aware regulatory processes 

abhor blackouts. As the purpose of a line shifts—toward economic savings from congestion 

relief or opening up remote areas for hypothetical new (generally renewable) generation—

the prospects of success plummet, because the political forces arrayed behind the project 

become less compelling.

Looking across the nation, we see merit in both stories. There are parts of the country—

especially in the West and Northeast—where unmet new transmission needs are seen 

to be rising.36 In other parts, such as the Southeast and Midwest, the systems for new 

lines seem to be working better. Even where it is working, however, there will be big 

challenges in the kind of grid expansions needed to make deep cuts in emissions from 

the electric power system and rely more heavily on renewable sources. For example, 

massive volumes of wind are being deployed from Oklahoma up through the middle of the 

country—a huge resource, but one that remains far from areas of demand. Big new power 

projects crossing many states—with many intrinsic holdup risks—will be needed. Similar 

stories will unfold with the rich resources of offshore wind on both coasts and huge solar 

potentials in the Southwest—all attractive for their physical resources, but far from most 

load centers.
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Technology can help, but it won’t fix the transmission problem. While it has proved possible 

to expand radically the carrying capacity of individual power lines (and still more research 

will expand that further), these big power lines are also single points of failure—more 

critical than even the largest of the nation’s nuclear plants—and thus require redundancy 

(e.g., additional lines via distinct routes). Big lines beget big lines.

The problem is parochial and familiar. We think that most of the statutory tools needed to 

address this problem are already available. For gas pipelines, FERC has clear siting authority 

and uses it. For electric transmission, FERC’s role is less clear, and absent a more muscular 

approach, FERC leaves essentially all siting issues to the states. Politically, the states don’t 

ask FERC to step in, even when FERC could organize transmission solutions that are in 

the collective interest. And industry, which usually gains from better transmission (even if 

some individual firms do not, as in the case of Maine), isn’t in a position to lobby FERC to 

override state authorities.

For nearly all large interstate transmission projects, FERC actually has backstop authority 

to override some local opposition. But it treats that authority with severe caution—wary of 

overreaching, understandably in light of parochial interests and litigation risks. And the states 

are wary of having transmission projects foisted on them. Some people dream of giving FERC 

much stronger siting authority—similar to what it has for gas pipelines—but that would 

require new legislation for which there is no reasonable path to success right now.37

In this current array of authorities and political gridlocks lies a solution. FERC must assert 

greater authority. The practical realities remain that asserting such authority is difficult 

and filled with political risk; FERC must focus on high-priority areas. DOE can help by 

identifying transmission projects of greatest value, and recommendations to that end 

are now being advanced at DOE.38

The idea of setting clearer priorities—and then having FERC (and others) focus their 

difficult work on those high-priority projects—is not new. In 2005, the Energy Policy Act 

gave DOE the authority to designate high-value transmission corridors. But DOE was sued, 

lost its central legal arguments, and shrank from the task. (DOE couldn’t even get the data 

they needed for the work.)39 FERC has established and is hosting a FERC–state transmission 

task force that engages in some joint planning and has issued draft rules that envision the 

states taking the lead in setting priorities (including allocation of costs) and siting.40 A few 

regions have also demonstrated how governor-led efforts can produce some coordination, 

albeit through slow processes of consultation and consensus.41 Much more collaboration in 

regional planning is needed, probably with institutions dedicated to the task. Meanwhile, 

while FERC and DOE have occasionally worked together on transmission planning when 

directed by legislation, FERC does not routinely ask DOE’s help on transmission priorities.42 

In this mixture of divided responsibilities, ambiguous federal authority, and lack of much 

conviction about the importance of setting transmission priorities, today’s problems of 
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stasis have become ingrained. With more attention to transmission priorities will come a 

need for more clarity on likely locations for large installations of renewable supplies, since 

those will help determine transmission grid needs.

The time is now—pointing back to existing legal authorities at DOE and at FERC—for a 

major ongoing joint initiative on transmission priorities in parts of the country that have 

not been able to do that on their own. The idea is not to draw lines across the American 

countryside and build every line, but to use modern tools for transmission planning to 

identify major lines that will have the greatest value for reliability. Those lines are where 

DOE, state regulators, and investors can then apply more of their resources—including 

resources that can help with siting, such as helping to identify the kinds of win-win 

solutions needed to get more support from opposing communities and those asked to pay 

for new lines without commensurate economic savings. This approach allows a focusing 

of political effort on important projects rather than setting artificial speedy deadlines on 

the siting process or rolling back environmental protections—strategies that have been 

attempted before and have always failed. Among many other benefits, this approach to 

setting priorities will allow more focus on the shifting politics of siting infrastructure—in 

many regions, for example, there is much more profound awareness of how industrial 

projects affect “environmental justice” and a growing array of tools that can be responsive 

to such concerns.43 A Senate political deal made in tandem with the reconciliation passage 

of the 2022 IRA energy and climate legislation, but not immediately clarified or codified, 

appeared to suggest such a priority-based permitting approach for about two dozen energy 

infrastructure projects, including transmission lines.44 There are many tools that can 

help turn projects that seem beset with difficulties into success—with a combination of 

carrots (e.g., local incentives) and sticks (preemption, including at the federal level, where 

necessary).

Reforming Innovation

Finally, and most briefly, we look at the generation and testing of new ideas—a process 

that requires investment in research, development, and demonstration (RD&D) along with 

the testing of new technologies and business concepts. The value of innovation to most 

industries is well established. So is the ability of government to identify effective RD&D 

priorities and fund them.45

For several decades, the electricity RD&D system was in crisis as federal budget cuts, along 

with ongoing chaos and uncertainty in utility market and regulatory models, undercut 

the incentive to invest. Today, the traditional system for performing RD&D related to the 

electricity sector is in better shape—it is adequate but not spectacular. That system is good 

at generating ideas, but the path to turning those ideas—especially ideas that, increasingly, 

come from outside the traditional power sector—into industrial realities remains fraught. 
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Innovation hinges not just on RD&D, but on the broader production and testing of 

new concepts and technologies.

The nation has become better at consistently providing resources for early-stage innovation 

across a variety of energy sectors, with continued bipartisan support in Congress for public 

funding across administrations, and much better at administering those resources 

effectively. Valuable work continues in national labs and universities, despite some debate 

of management models.46 DOE has experimented with various mechanisms for improving 

its ability to target early-stage R&D spending on transformational technologies, such 

as through ARPA-E. For the most part, those innovations—and similar innovations in 

loan guarantee programs—have been successful. National public sector R&D budgets are 

climbing, albeit slowly.47

Meanwhile, the core institution for applied innovation in the utility industry, EPRI, is in solid 

shape and growing; it is one of the major mechanisms for not just performing R&D but 

also keeping the United States connected to the global frontier. Familiar problems remain, 

of course, such as the reality that the business model of utilities still has not lent itself 

to R&D because many state legislators and regulators are wary of allowing too much rate 

recovery for utility R&D.48 With so much of the political pressure for transforming the grid 

coming from the state level—perhaps even more so in the future, with federal policies facing 

political gridlock—there is a big mismatch between the places where most grid experiments 

are needed and the locations and modes through which the needed innovation is funded. 

To that end, the R&D efforts of EPRI and individual utilities tend to be more focused on 

discrete components, on nearer-term needs, or on prudent if marginal improvements.

This is valuable and should continue. Where much more attention is needed going forward, 

however, is in funding and managing later-stage innovation, such as with transformational 

large-scale demonstration projects that can be too risky for most firms to attempt on their 

own balance sheets. These later-stage investments are more costly, the track record of 

success is more mixed, and public support for such spending is more ephemeral as well.

The unmet agenda for electric sector innovation is, therefore, a matter of both scope 

and institutions. More funding for RD&D is needed from both the industry and 

the federal government on broadening the scope of grid innovation to include 

potentially transformational but risky projects. This scope includes systems projects that 

industry groups like EPRI have not traditionally taken on, given their remit. There is still a 

gap between the trajectory of technologies and processes we see applied today in the electric 

grid and those expected to be available to underpin a future that is both very low carbon 

and very reliable and secure. There is also an investment gap in this sector between the 

United States and its peer competitors globally, where public and private RD&D funding 

is often comingled.49 While the 2022 IRA energy and climate legislation devoted only a 

tiny fraction of its total spending to innovation, it did extend tax provisions to promote 
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the deployment of carbon capture systems and the production of zero-emission hydrogen 

(which could reduce the costs to firms investing in demonstrations of such systems operating 

at scale). Importantly, though, with new money, we need new institutional constructs to 

more credibly use these demonstration projects to actually reduce the risk and improve the 

attractiveness of follow-on private-sector investment. At its core, such an institution should 

be driven by projects that the industry actually wishes to be involved in through field trials 

or operational rules—efforts that are otherwise frowned upon by PUCs (and consumers): 

in short, a mechanism to use federal funding to cost-share the broad-scope innovation that 

state regulators otherwise cannot justify covering solely with customer funds.50

Because the needs for innovation are so great and the systems for innovation are in such 

flux, the nation would benefit from a fresh, systematic, and authoritative examination 

of the national system of innovation for electric power. A consortium of think tanks 

could orchestrate the effort, funded privately to reduce conflicts of interests if one of the 

agencies or Congress funded the effort, with the aim of addressing these kinds of questions: 

What are the current levels and trajectories for public and private spending on innovation 

related to electric power? How well is the industry identifying and incorporating 

innovations from other sectors of the economy into the design and operation of the 

grid? What has been the track record of public institutions for funding and managing the 

innovation process? Such a consortium should also turn an eye to the question of whether 

the system is improving, best (and worst) practices, and ideas for reforms that are politically 

and administratively practical. Special attention is needed to attain the right balance of 

effort between early-stage (low technology readiness level, or TRL) and later-stage (high TRL) 

funding. While resources are important, it may be that the institutional arrangements—and 

making them as effective as possible—is even more important. There are nongovernmental 

organizations that are expert in energy innovation and public policy, such as the 

Information Technology and Innovation Foundation (ITIF), that would be logical anchors 

for this kind of assessment. To be successful, the effort will need to involve industry experts 

as well as communities.

In addition to committing more robust national funding levels and reforming institutions, 

the nation should recognize that clean energy advances have benefited enormously 

from connections with the broader global economy. Some of the most important 

innovations that are transforming the energy system—from solar panels and batteries 

to wind turbines and, in the future, electrolyzers—have two key attributes that require 

openness. One attribute is that they advance because the global technological frontier 

advances—solar, for example, “got cheap” because a succession of governments (and firms) 

pushed the frontier, and the whole world benefited from those advances.51 The other 

attribute is that these technologies within the energy sphere gain, increasingly, from 

innovations “outside” the traditional scope of energy RD&D—for example, advances in 

electronics, robotics, and materials pursued for other reasons (or with no commercial gain 

in mind at all) that then spill into energy.



16

David Victor with David Fedor and Rob Buechler  •  Transformation of the American Electric Grid

On the one hand, a vibrant energy RD&D system, therefore, suggests an embrace of 

globalization at a time when that is unfashionable. On the other hand, we see growing 

concerns across Western society about the risks of becoming reliant on partners who may 

not share values—long a concern with fossil energy. Successfully navigating this will require 

good observation and judgment. As a practical matter, for example, that might mean 

avoiding the push for domestic requirements for technologies that are particularly prone 

to global advance—for example, electrolyzers. And it could mean that where onshoring 

occurs—or must occur for political reasons—that it be designed in ways that enhance local 

benefits while not cutting off access to the global frontier. A balanced approach should seek 

to sustain continued American interests in energy innovation without compromising our 

security.

This essay reflects the George P. Shultz Task Force on Energy and Climate electric grid 

transformation work group chair’s summary of a series of structured roundtable discussions 

on midterm barriers and gaps in the ongoing restructuring of the US electric grid. It conveys 

the variety of input offered by work group participants but is not intended as a consensus 

document. David Fedor of the Hoover Institution and Rob Buechler, Stanford University 

PhD student, were instrumental in support of this essay’s development.
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