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INTRODUCTION

Policies that support the clean energy transition must
ensure grid reliability. Getting it right in electricity is
essential to meeting decarbonization targets in other
sectors, like heating and transportation, and reliable
bulk grid operations is a public good. Creating a reliable,
decarbonized, climate resilient electricity sector requires
coordinated policy that de-risks investment in both

the resources and infrastructure needed to ensure the
reliable transition of the electricity sector.

Focused policy is critical for ensuring the reliable and
orderly transition of the electricity sector, in support of
Paris Agreement targets. State and federal policy can,
and must, play an important role in the orderly transition
of the electricity sector by focusing investment and
shaping technology innovation.

THE UNITED STATES DOES NOT HAVE
A NATIONAL ELECTRICITY POLICY

The lack of a national electricity policy creates reliability
and investment risks for the clean energy transition

in the United States. Reaching nationally defined
decarbonization targets in the electricity sector, without a
national electricity policy, while maintaining grid reliability,
is a growing challenge.

There is a clear federal focus on industrial policy to help
shape a decarbonized electricity sector, and individual
states have set their own decarbonization targets. The

problem is that no one setting decarbonization targets
at either the federal or state level is responsible for both
setting decarbonization targets and maintaining grid
reliability in the United States (Joseph 2023). This is an
enormous policy gap.

A lack of policy coordination puts the reliable transition of
the electricity sector, critical for reaching any economy-
side decarbonization targets, at risk. Indeed, the North
American Electric Reliability Corporation (NERC),
responsible for setting reliability standards across the
United States and conducting risk assessments, identified
policy as a reliability risk in its most recent electric sector
risk evaluation (NERC 2023).

The Inflation Reduction Act (IRA) provides technology-
neutral incentives for various types of clean energy
technologies, but a specific technical mix of resources
is required to meet operating reliability in daily grid
operations (Joseph 2023). A lack of coordinated policy
makes it hard to direct investment toward the kinds of
resources that are needed and makes it hard to invest
in the ecosystem of infrastructure required to scale new
technology that can transition the sector.

In addition, much of the focus in the investment community
is on de-risking new technology through the initial
deployment of pilot plants. To deploy and scale, some

of these technologies need associated infrastructure

(like pipelines), and not all of these technologies (like
geothermal) are, or will be, available in all locations.

Bridging the policy coordination gap can help mitigate the
reliability challenges associated with the energy transition
and de-risk investment in innovative technologies. In
addition, focused policy that drives growth and innovation
can help lower the costs of adopting new and innovative
technological solutions (Zenghelis 2016).
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Specifically, coordinated,
regional planning can do two
things: (1) enable states and
regional grid operators to

fill a policy gap that creates
reliability risk; and (2) help
de-risk public investment

in the high-capital, not-yet-
commercial resources that
are critical to enabling the
reliable transition of the
glectricity sector.

The way to do this in the electricity sector is through
targeted incentives that focus investment in the
technology and infrastructure needed. The entities
responsible for reliable grid operations do not determine
decarbonization policy, and the United States does not
have a national electricity policy. So, states play a crucial
role in determining how federal incentives, intended to
support decarbonization of the electricity sector, will be
used in support of the reliable transition of the electricity
sector. Coordinated state and RTO planning can help.

Specifically, coordinated, regional planning can do two
things: (1) enable states and regional grid operators to
fill a policy gap that creates reliability risk; and (2) help
de-risk public investment in the high-capital, not-yet-
commercial resources that are critical to enabling the
reliable transition of the electricity sector.

The good news is that we have institutions that can
enable the kind of coordinated, reliability-informed
planning needed. The challenge is recognizing the
importance of policy in the electricity sector, beyond
fixing market gaps, to enable coordination, planning,
and investment efficiencies for a moonshot mission to
reliably decarbonize the electricity sector.

BRIDGING THE POLICY COORDINATION GAP

In the United States, regional reliability coordinators,
called Regional Transmission Organizations (RTOs),
are responsible for maintaining grid reliability across
a wide footprint, and across a number of states, by
meeting NERC-defined mandatory and enforceable
reliability standards.

The seven RTOs in the United States serve nearly 70%
of all electricity consumers (IRC 2024). These regional
organizations manage a critical public good: Grid
reliability on the bulk electric system.! While not all parts
of the country have RTOs, all regions of the country
have reliability coordinators.?

1 The bulk electric system (“the grid”) includes load served on transmission lines that are not included in local (utility) electricity distribution (NERC 2018). These are typically higher voltage lines used in interstate transmission

2  See Joseph 2023 for a description of the different reliability coordinators in the United States. This paper refers to Regional Transmission Organizations (RTOs) and Independent System Operators (ISOs) interchangeably.
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FIGURE 1: REGIONAL TRANSMISSION ORGANIZATIONS (RTOS) AND INDEPENDENT SYSTEM OPERATORS (ISOS) IN THE UNITED STATES
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RTOs and ISOs serve nearly 70% of all electricity consumers.

Source: ISO/RTO Council (IRC)

As regional reliability coordinators, the RTOs conduct
regional system planning and are the entities responsible
for meeting mandatory and enforceable reliability
standards. As the “supplier of last resort” (FERC 1999)
for the resources needed to maintain reliability and
prevent network system collapse (a blackout) the RTOs
play a crucial role in managing bulk electric system
reliability, a critical public good.

Importantly, the RTOs do not set electricity policy

and do not set decarbonization targets, but must
maintain operating reliability with the resources that
enter and exit in response to state and federal policy
incentives (Joseph 2023). Right now, state and federal
policymakers are setting decarbonization targets
without input from entities responsible for maintaining
reliable grid operations and this creates reliability and
investment risks.
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An orderly transition, in support of Paris Agreement
targets (UNFCCC 2023 COP), requires that clean
energy targets and decarbonization policies support
changing grid reliability needs. System operators need
resources that can respond to dispatch signals, provide
energy whenever called upon, and provide specific kinds
of grid services as the grid transitions. As the resource
mix changes, the types, or combinations of, generation
resources needed to maintain reliable grid operations
also changes (see Joseph 2023).

While renewable resources can provide some reliability
services, unless and until sufficient battery storage,
including long duration storage available over a multi-day
period, is available at scale, or a new technology, like
hydrogen, is available at scale, some fossil resources
are needed (Robb Testimony Reliability 2021). In fact,
electric system modeling demonstrates the need

for dispatchable gas assets throughout the energy
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transition (NYISO 2022; CAISO 2022; ISO-NE 2023;
MISO 20283; NREL 2023) to provide critical reliability
services and balance intermittent renewable generation,
and gas is expected to play a critical role until there

is some other technology to replace it (NERC 2022;
NERC 2023; NAESB 2023; FERC 2023).

Today, the natural gas system is planned, developed,
and regulated separately from the electric system,
exacerbating reliability challenges during extreme winter
weather events (NERC 2023; NAESB 2023; FERC
2023). The reality is that individual states participate

in regional electricity markets. This means that their
individual policy choices for a particular resource mix
have a wider, regional impact. So, states need to make
sure their decarbonization and clean energy targets also
support grid reliability needs.

Transitioning away from fossil fuels, while ensuring

a robust and reliable natural gas system that meets
electric system needs, is a complex challenge that
requires focused and coordinated policy. Disparate
state and federal policy, that is not reliability coordinator
informed, makes it difficult to plan a future, reliable
decarbonized, regional electric system. It also makes it
hard to invest in needed technologies that may not run
as often as the resource mix changes (see Mallapragada
et al. 2021; Gagnon et al. 2023), but provide critical
energy and reliability services when they do.

For states in regional electricity markets (i.e. RTOs),
there are ways to de-risk public investment for the kinds
of resources that can enable a reliable, decarbonized
electricity system. States should rely on the RTOs to
provide planning studies that help inform their policy
planning and shape targeted investment incentives

for the resources needed to maintain grid reliability,
because bulk electric system reliability, a critical public
good, requires an orderly transition.

RTOs can analyze various state policy targets for
renewable resources and help states understand the
types of technologies needed now to enable their
integration, including transmission, natural gas, or
batteries, and the locations and types of zero-emission
resources needed over the longer-term to enable a
reliable, decarbonized grid.

The RTOs can play an important role informing states
about the reliability needs corresponding to various policy
options. This could help focus and target investment into
the mix of resources needed along with the existing and
new infrastructure required to meet state policy targets.

Many of the RTOs already conduct these kinds of studies,
but states need to use them to inform their policy, in
support of changing grid reliability requirements. This
kind of analysis, considering individual state policy targets
alongside regional and local reliability needs, could
enable dynamic policy that is focused on strategic and
deliberate actions that can define which directions are
possible now and how states can enable a particular
future direction—steps that are needed in order to enable
a moonshot mission (Mazzucato 2021).

HOW FOGUSED POLICY SHAPES
TECHNOLOGY INNOVATION

Policy plays an important role in enabling technological
innovation. By taking on risk, defining the direction

of change, and ensuring committed capital beyond
research and development and into deployment, focused
policy plays a critical role in shaping and creating
technological innovation (Mazzucato 2015, 2016,

2018; Zeghelis 2016; Mazzucato and Semieniuk 2018;
Deleidi et al. 2019). Through investments in a portfolio
of projects, with uncertain outcomes, strong policy can
enable a variety of pathways and options that can enable
a dynamic response, should some of these options fail
(Mazzucato 2015, 2018).

Specifically, technology innovation benefits from policy
that defines a direction, shapes a variety of pathways, and
invests in what otherwise would not happen (Mazzucato
2015). In electricity, however, it also requires policy that
considers electric system planning and the realities of
what it takes to maintain reliable grid operations.

At the federal level, the IRA offers financial incentives
for various clean technologies, so there is already a
recognition that the public sector has an important role
to play in “tilting” and shaping technology innovation



through focused investment (Zenghlis 2016; Mazzucato
2016; Mazzucato and Perez 2015). The challenge in
electricity, however, where federal incentives focus on
a technology-neutral approach in order to enable a
portfolio of possible solutions, is that not all resources
provide the same kinds of reliability services and not

all clean energy solutions are possible in all locations.
To support grid reliability, technology neutral federal
incentives need to be focused and directed.

Most of the technology that could fully decarbonize the
electricity sector is not yet commercially available, and
some requires investment in additional infrastructure

to enable its use in electricity. In order to enable a
hydrogen ecosystem, a geothermal ecosystem, a
natural gas ecosystem with captured emissions or
natural gas with bioenergy inputs, carbon capture and
sequestration, direct air capture, advanced nuclear, or
long-duration storage, more than de-risking technology
through pilot demonstrations is required. Some of these
technologies only work in some geological locations.
And many of these technologies require additional
infrastructure, like newly designed pipelines, in order to
enable their production and delivery at scale.

Public investment that goes beyond de-risking
technology to focus on deployment (see Mazzucato
and Semieniuk 2018) is needed in electricity. The idea
that public investment in specific technology types is
“picking winners” ignores the reality that innovation is
not something that happens only through the private
sector, or is driven only by exogenous technological
solutions (Mazzucato 2016; Zenghlis 2016). Further, it
ignores the reality of what it takes to reliably transition
the electricity sector.
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The challenge in electricity
however, where federal
incentives focus on a
technology-neutral approach

in order to enable a portfolio of
nossible solutions, is that not
all resources provide the same
kinds of reliability services and
not all clean energy resources
are possible in all locations.

MEETING GRID RELIABILITY IN
REAL-TIME SYSTEM OPERATIONS

The physics of electricity production and delivery
through wires requires that supply and demand

are matched in real-time system operations. Small
disturbances on the grid can quickly cascade and have
a much larger, regional impact. The constant balance

of supply and demand, while operating transmission
lines within their defined (“loading and security”) limits,
helps ensure that grid frequency, the flow of electrons
through wires, remains within a specific range. Changes
in grid frequency can impact power flows, which impact
transient and voltage stability, and, if not managed,
could lead to a cascading blackout.
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FIGURE 2: ERS FUNDAMENTALS
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The North American Electric Reliability Corporation ancillary services, or essential reliability services (ERS).
(NERC) sets mandatory and enforceable standards These are resources that enable system operators to:
for the reliable operation of the bulk electricity
system.? These mandatory reliability standards = respond to changes in grid frequency or voltage stability
ensure reliable bulk grid operations for what is called = keep supply and demand in balance

“operating reliability,” or the ability to withstand sudden « maintain transmission line limits

disturbances in system operations. o
= meet mandatory and enforceable reliability standards

For example, in normal system operations, transmission
line limits are determined not by the amount of power
flowing, but by how much additional power would flow
on a transmission line if another system element, like
transmission or generation, failed (a “contingency”).
Grid operators manage to contingencies in order to
operate the bulk electric system to withstand sudden
disturbances. This helps ensure reliable operations even
with the unexpected loss of a transmission line, or the
unexpected loss of a generation resource.

In addition, NERC Reliability Standards require that grid
operators have access to specific kinds of generation
resources, called operating reserves, that can be
dispatched within 10—30 minutes in response to a
contingency event.

In grids made up of mostly renewables, quick-start,
fast-ramping generators provide critical ancillary
services that help maintain operating reliability when
renewable resources are not available (Joseph 2023).
An important part of managing the physics of power Today, ba.tterles a.nd natural gas—flred generators. are
L . L commercially available technologies that meet this need.
flow across transmission lines, meeting reliability

standards, and maintaining reliable grid operations is

having generation resources that provide what are called

Zero-emission resources that could meet this need
include geothermal, hydrogen, advanced nuclear, long-
duration (multi-day) storage, or fossil with carbon removal.

3 Following the 2005 Energy Policy Act, NERC is the FERC-certified Electric Reliability Organization (ERO) responsible for developing and enforcing mandatory reliability standards. NERC (2018) defines reliability as
consisting of two parts: (1) Resource Adequacy, or enough generation resources to meet expected demand; and (2) Operating Reliability, the ability to withstand sudden disturbances. While the electricity sector has focused
mostly on Resource Adequacy, as sources of uncertainty on the electricity system change the reliability risk profile, including extreme weather and increased reliance on the natural gas system, there is an increased focus on
operating reliability.



These are high capital cost technologies that are not
commercial today, may run infrequently as the resource
mix changes, but provide critical services when they do,
and some require additional infrastructure to scale.

WHY FOCUSED AND COORDINATED
POLICY IS KEY

In the United States, technology neutral incentives at
the federal level shape a variety of pathways that could
help decarbonize the electricity sector, but targeted
incentives are needed to scale and deploy

new technology that can meet grid reliability needs.

Completely shifting the electricity sector toward zero-
emission, clean energy resources is a moonshot mission.
In electricity, it is not just a matter of incentivizing a
portfolio of clean resources, finding a few technologies
that become commercial, and switching those out for
existing fossil assets. Reliable grid operations require
certain kinds of resources that provide very specific, and
sometimes very local, services. Not all resources can
provide these services and for those that can, it matters

where they are located and how quickly they can respond

to operator dispatch signals.

Lessening reliance on natural gas in heating, in
support of state decarbonization policy targets, while
simultaneously increasing the need for a natural gas
system capable of supporting the electricity sector
through the transition requires focused and directed
policy. Transitioning the electricity sector away from
natural gas altogether requires a focus on the kinds
of technology that can replace the reliability services
it provides. Scaling batteries, geothermal, advanced
nuclear, long duration storage, hydrogen, or captured
emissions/removal technologies, along with the
infrastructure needed, requires committed capital

beyond research and development and into deployment.
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In the United States,
technology neutral incentives
at the federal level shape

a variety of pathways that
could help decarbonize the
glectricity sector, but targeted
incentives are needed to
scale and deploy new
technology that can meet

grid reliability needs.



8 kleinmanenergy.upenn.edu

TABLE 1: EXAMPLE OF COORDINATED, RELIABILITY-INFORMED PLANNING THAT CAN HELP FOCUS POLICY AND ENABLE TARGETED INCENTIVES

FOR SPECIFIC TECHNOLOGY AND ASSOCIATED INFRASTRUCTURE

Entity Role Activities

States Provide study assumptions Study assumptions based on integrated Resource Plans
(IRPs), state policy targets, and/or possible federal policy
requirements (e.g. EPA).

RTO Consensus building Regional system planning study (with agreed upon
scenarios) based on state and federal policy (e.g. types of
generation, timing, locations, electrification targets, EPA
regulations, etc.).

RTO Provide regional reliability assessments. These studies Timelines:

would identify reliability needs (Resource Adequacy and Short-Term (1-5 years)
Operating Reliability) over a defined time period.* Medium-Term (5-10 years)
Longer-Term (10—20 years)

States Consider studies and scenarios for reliability-informed Targeted incentives for technology types that meet policy

policy planning. and system reliability needs.

States Coordinated regional planning for generation, and This could include mechanisms to consider regional

infrastructure, that meet identified reliability needs. planning and/or coordinated procurement of needed
resources and/or infrastructure.

A better way to enable individual state policy that has
regional grid impacts, is to assess individual state policy
targets collectively. Reimagining how we use existing
institutions can help. Particularly, reimagining the role of
the RTOs in helping states direct investment, fill a policy
gap that creates reliability risk, and mitigate investment
risk associated with new technology options.

This kind of coordinated planning could enable states,
as the “innovator of first resort” (Mazzucato 2015)

to focus investment on the types of zero-emission
resources that provide the essential reliability services
required for RTOs to be the ancillary services “supplier
of last resort” (FERC Order 2000) throughout the
energy transition.

An example of the kind of coordinated, reliability-
informed planning that can help focus policy and
enable targeted incentives for specific technology
and associated infrastructure is above (Table 1).

THE LIMITS OF ELECTRICITY MARKETS

A task force set up to consider electricity market
competition in the United States reported to Congress
nearly twenty years ago that “system reliability, the
prevention of network collapse, is a public good” (Task
Force to Congress 2007). As the resource mix changes,
preventing network system collapse requires that power
system operators have access not just to a sufficient
amount of generation resources, but the right technical
mix of resources.

While prices in RTO wholesale markets help enable
efficient generation dispatch and use of transmission
lines within their reliability (“loading and security”)
limits, relying on prices alone to ensure sufficient
investment in the resources needed to maintain reliable
grid operations and prevent network system collapse
has always been insufficient (Joskow and Tirole 2007;
Joskow 2008; Keppler et. al 2022).

4 RTO reliability assessments would consider both Resource Adequacy and Operating Reliability assessments. California, through its Joint Agency Study, is beginning this type of coordinated, reliability-informed planning (see

Joint Agency Report 2021), but this analysis considers the state of California only



In electricity markets, known limitations make it difficult
to rely on prices alone as the investment signal for new
generation resources. For example, because of the
need to meet reliability targets, price caps to prevent
the exercise market power, a mostly inelastic demand
side with inefficient retail rates, and insufficient markets
for risk in the sector, electricity market prices alone
cannot ensure sufficient investment in generation. As a
result, electricity markets require acceptable (from the
perspective of an economist) regulatory interventions
that correct for what are called “missing money” or
“missing incentives” in the sector.® That is, there are
inefficiencies that make it difficult to rely on prices
alone, and fixing these inefficiencies, in order to then
let the markets work, is an acceptable form of policy in
electricity markets.

But markets are always imperfect and incomplete, and
the constant focus on which market gap or market failure
to solve, in order to get back to relying solely on market
prices distracts from the need to ensure markets meet
public purpose (Mazzucato 2021). Instead of focusing
only on the market gaps that need fixing in markets for
electricity, or new products that need pricing, a better
focus would be: how do we enable the orderly transition
of the sector? Asking specifically: “what needs to be
done?” (Mazzucato 2021).

In reality, bulk electric system reliability is a public good.
Everyone gets the benefit of the actions grid operators
take, including deploying resources needed to provide
essential reliability services and operating reserves, to
avoid a catastrophic blackout. Fundamentally, there is
no price mechanism in short-term power markets that
can represent the “value” of grid reliability through price
signals alone, because electric grid reliability cannot be
represented in any individual consumer price or supplier
payment (Joskow and Tirole 2008; Joskow 2019;
Gorman 2022).

There is a role for policy in the electricity sector that
goes beyond fixing market problems. A moonshot
mission requires deliberate policy action that shapes
and directs investment. Markets and electricity market
prices alone cannot solve the decarbonization policy

-

Coordinated Policy and Targeted Investment for an Orderly and Reliable Energy Transition 9

coordination challenges that create reliability risk, nor
the need for coordinated planning, operations, and
reliability standards that support both the gas and
electricity sectors as the resource mix changes.

Markets alone will not ensure sufficient infrastructure is
available to scale and deploy zero-emission technologies
that meet grid reliability needs. Relying on prices alone
to manage the reliable transition of the electricity sector
also ignores the important role of policy in shaping
technology innovation.

CONGLUSION

The scale of investment required to enable the energy
transition, changes required in how the grid is planned
and operated, specific types of technologies needed to
enable grid reliability, and the infrastructure ecosystem
required to enable the deployment of many high-capital
zero-emission technologies, requires a fundamental
rethinking of the role of policy in the electricity sector.

The policy coordination gap between those setting
decarbonization targets at either the federal or state
level, and those responsible for reliable grid operations,
creates reliability risks. Regulatory silos make it
challenging to plan across interdependent sectors (like
natural gas and electricity). Policy that is uninformed by
reliability needs makes it difficult to focus research and
development on needed technology solutions, direct
financial investment (both private and public), and scale
new technology that can meet reliability needs and
replace fossil assets.

Policy coordination is critical to enabling the reliable
and orderly transition of the electricity sector. There

is an important role for policy in the electricity sector
that goes beyond fixing known problems that impact
investment incentives in electricity markets. Electricity is
too important, too essential, and too critical to reaching
decarbonization targets to get this wrong.

5  These “fixes” include capacity markets, or pricing adders that reflect reserve shortages, called an “operating reserve demand curve” (ORDC)
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States already share a commitment to ensure the
reliability of the electricity system. As the resource mix
changes states also have the responsibility to ensure
that their decarbonization policies support grid reliability.

Not every clean technology is needed everywhere,

or even possible in all locations, and not every clean
technology solves operating reliability challenges in
real-time system operations. Depending on the amount
of transmission, types of renewable resources, weather,
and state electrification targets, the mix of resources that
meet policy targets and meet grid reliability requirements
may look different in different places and may change
over time.

A state policy framework that supports technology
innovation, and is flexible enough to enable learning
as new technologies are deployed, can help lower the
costs of scaling new technologies. The way to do this
in the United States is for states to rely on the system
planning capability of the RTOs to inform state policy
incentives. Not only would this fill a policy coordination
gap that creates reliability risks, but focused policy
can also help de-risk investment in the technology and
infrastructure needed to decarbonize the sector.
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