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MISSION STATEMENT

The Hamilton Project seeks to advance America’s promise of opportunity, prosperity, and growth.

We believe that today’s increasingly competitive global economy demands public policy ideas
commensurate with the challenges of the 2Ist Century. The Hamilton Project’s economic strategy
reflects a judgment that long-term prosperity is best achieved by fostering economic growth and broad
participation in that growth, by enhancing individual economic security, and by embracing a role for
effective government in making needed public investments.

Our strategy calls for combining public investment, a secure social safety net, and fiscal discipline. In that
framework, The Hamilton Project puts forward innovative proposals from leading economic thinkers—
based on credible evidence and experience, not ideology or doctrine—to introduce new and effective
policy options into the national debate.

The Hamilton Project is named after Alexander Hamilton, the nation’s first Treasury Secretary, who laid
the foundation for the modern American economy. Hamilton stood for sound fiscal policy, believed that
broad-based opportunity for advancement would drive American economic growth, and recognized that
“prudent aids and encouragements on the part of government” are necessary to enhance and guide
market forces. The guiding principles of The Hamilton Project remain consistent with these views.
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Introduction

During the 2021 Leaders Summit on Climate, President
Biden pledged that, on the road to economy-wide net
zero emissions in 2050, the U.S. power sector would
be carbon pollution free by 2035 (White House 2021).
Meeting these goals requires building clean energy in-
frastructure at an unprecedented speed. Permitting
reform—that is, changing the processes for obtain-
ing government approval to build and operate energy
generating, energy transmitting, and energy storage
systems—has attracted notice because permitting-
related bottlenecks have stymied both the speed and
the scale of the clean energy transition. In this set of
facts, The Hamilton Project highlights key economic
facts about the state of permitting reform and where
attention should be focused to accelerate building out
clean energy infrastructure.

Since 2012, policymakers have instigated a series
of modest reforms to the federal permitting process,
through actions such as establishing and supporting
the Federal Permitting Improvement Steering Council
(Liscow 2024), streamlining review processes (Minott,
Fishman, and Jacobs 2023), and expanding the use of
categorical exclusions (White House 2024). Over the
past 15 years, federal permitting durations have de-
creased (fact 2), in part due to these policy actions.
While such actions improve permitting efficiency, near-
ly all wind and solar projects are exempt from the three
most relevant federal permits (fact 1). Intense focus on
federal permitting reform will not speed up most clean
energy infrastructure projects.

Nonetheless, there are significant permitting is-
sues that inhibit project completion—but they are
typically at the state and local levels. In 2023, re-
searchers at the U.S. Department of Energy’'s Law-
rence Berkeley National Laboratory (LBNL) surveyed
utility-scale wind and solar developers, asking them
what the leading causes of solar and wind project can-
cellation have been for projects that were cancelled
in the preceding five years. These developers, repre-
senting firms that comprise about half of the solar and
wind capacity in their respective markets, were asked
to pick up to three reasons for cancellations. Figure A
shows that the two leading causes of cancellation of
wind and solar projects in the five years before the poll
were local ordinances or zoning and grid interconnec-
tion. Local ordinances or zoning are enforced through
the requirement of local permits. Grid interconnection
requires site-specific feasibility studies, effective-
ly a type of permit, and occurs in parallel to external
permitting processes, typically at the state and local

levels. Community opposition is also tied into permit-
ting, insofar as the permitting process itself is how
projects can be challenged; but, those too are mostly
at the local level. In fact, some believe agencies’ long
permitting processes are a proactive defense against
future citizen lawsuits (Sud, Patnaik, and Glicksman
2023). These three reasons are also the top reasons
that developers gave for project delays of six months
or longer (Nilson, Hoen, and Rand 2023).

These developers’ perceptions are borne out in
facts 3 through 8:

e Community opposition can be expressed in the
form of lawsuits, since government-issued per-
mits are open to challenge in court. That means
that even if a federal environmental permitting
process is swift and efficient, community op-
position can slow down the process. Nonethe-
less, energy infrastructure projects are generally
subject to state oversight; most challenges to
solar and wind projects are at the state or local
level (fact 3).

e Local ordinances and zoning rules constrain which
clean energy projects can be built, and where
they can be sited; restrictions that limit or out-
right ban projects are prevalent (facts 4 and 5).

e Getting generation and storage interconnected
to the grid is slow (fact 6) and has slowed even
more over time (fact 7). The slowdown partly re-
flects challenges in the federal permitting pro-
cess but also significant challenges in the state
and local permitting processes. This slowing,
in combination with a surge in the number of
projects entering the queue each year (Welton
2024), has left more capacity stuck in the queue
than operating online (fact 8).

To meet the nation’s carbon emissions goals, the
pace and scale of building energy infrastructure over
the next two decades will need to be unprecedented.
Permitting reform challenges lawmakers and regulators
to assess the usefulness of extant permits and their
processes to minimize or remove barriers to building
clean energy infrastructure. This set of facts shows
that the recent intense focus on federal environmental
permitting reform is necessary but not sufficient. In-
stead, the energy for permitting reform should be fo-
cused on developing thoughtful local ordinances and
zoning, expediting the grid interconnection process,
and reducing community opposition.
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FIGURE A.
Leading causes of cancellation for wind and solar projects, 2016-23
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Source: Nilson, Hoen, and Rand 2023, p. 11. I‘iRMILTON
Note: The sample consists of responses from 123 industry professionals from 62 companies, together respon- PROJECT
sible for about half of wind and solar capacity from 2016 to 2023. There are 88 solar projects and 44 wind BROOKINGS

projects. Respondents reported the top three reasons that a project was cancelled.
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1. Few wind and solar projects required significant federal
permits between 2010 and 2021.

Figure 1 shows that wind and solar generators seldom re-
quire one of three laborious federal permits: an Environ-
mental Impact Statement (EIS), a 404 permit, or a Habitat
Conservation Plan. Between 2010 and 2021, fewer than
5 percent of the 1,883 total wind and solar projects re-
quired one of those permits (Adelman 2023).

A project necessitates an EIS when “major federal
actions significantly [affect] the quality of the human en-
vironment” (Adelman 2023, 8). In contrast, a project re-
ceives a categorical exclusion when the federal actions
are determined to have no significant environmental im-
pacts. From 2004 to 2020, National Environmental Policy
Act decisions consisted of 81.2 percent categorical exclu-
sions, 16.7 percent Environmental Assessments (abbrevi-
ated EISs) and 2.1 percent EISs (Ruple et al. 2022). Roughly
4 percent of wind generators and 3 percent of solar gen-
erators built between 2010 and 2021 required an EIS.

Under the Clean Water Act, federal projects must
mitigate their harm to wetlands (Environmental Protec-
tion Agency [EPA] 2023). To that end, the U.S. Army Corp
of Engineers issues 404 permits to projects that are de-
termined to prevent a net loss of wetlands. Requiring such
a permit is rare: Only about 2 percent of wind and solar
projects required a 404 permit between 2010 and 2021.

FIGURE 1

Finally, Section 7 of the Endangered Species Act re-
quires projects to consult with the U.S. Fish and Wildlife
Service and the National Marine Fisheries Service if en-
dangered or threatened species are at risk (Adelman
2023). If an evaluation confirms such a risk, these servic-
es can issue incidental take permits under Section 10 that
allows the “limited and unintentional take” of protected
species with the condition that an accompanying Habi-
tat Conservation Plan ensures effects are minimized (U.S.
Fish and Wildlife Service [FWS] n.d.a.; FWS n.d.b.). n.d.a;
FWS n.d.b). Approximately 4 percent of wind projects re-
ceived a Habitat Conservation Plan between 2010 and
2021, compared to less than 1 percent of solar projects.

This is not to say, however, federal permitting reform is
not important for transmission infrastructure projects. Al-
though this piece focuses primarily on wind and solar en-
ergy generation, a significant bottleneck to the clean en-
ergy transition is establishing large, complex transmission
projects that span multiple states and regions. Existing
transmission projects are not large enough to support a
successful clean energy transition; so, the share of current
transmission projects that require relevant federal permits
would not reflect the share necessary to achieve climate
infrastructure goals (Liscow 2024, p. 6). For more informa-
tion on key transmission issues, please read Welton (2024).

Percent of wind and solar projects subject to select federal permit

requirements, 2010-21
5%

4%

Percent

2%

1%

0%

Environmental Impact
Statements

Source: Adelman 2023.

Note: For transmission, 46, 48, and 1 project required an Environmental Impact Statement (EIS), 404 permit, or
Habitat Conservation Plan, respectively (not shown due to missing data on total projects). See the technical

appendix for more information.
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2. Federal permitting durations have decreased in the past

15 years.

In recent years, it has taken less time to complete the fed-
eral permitting process for the sample of projects in this
analysis. Figure 2 shows the number of months it took for
a sample of federal energy generation and transmission
projects seeking federal permits to move from the first to
the last reported milestone. The median duration from the
first to the last permitting milestone was 109 months be-
tween 2007 and 2015, compared to 47 months between
2016 and 2023. This difference is more pronounced for
completed projects, where the average duration for proj-
ects that started after 2015 was less than two and a half
times that for projects that started in years prior.
Historically, many scholars suggest administra-
tive bottlenecks contribute to long permitting timelines

FIGURE 2

(Sud and Patnaik 2022). The possibility for acceleration
is underlined by the fact that many projects are eligible
for expedited processes, such as categorical exclusions
(see fact 1). Indeed, categorical exclusions as a share of
total projects have been increasing since 2011 (Ruple et al.
2022). In addition, the Biden administration recently cre-
ated more categorical exclusions for certain transmission,
solar, and wind projects (White House 2024). Agencies
have also created programmatic policies to avoid EISs or
formal Section 7 consultations that cover an action type
for any project within a geographic area (Adelman 2023).
Overall, since 2016, preparation times have decreased at
an average rate of 44 days per year, and, in 2022, reached
the fastest rate since 2011 (Nicholson et al. 2022).

Renewable energy and transmission project duration from first to last
federal permitting milestone, by year of first milestone, 2007-23
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Source: U.S. Federal Permitting Dashboard n.d.; authors’ calculations. HAMILTON
Note: We use a sample (n=47) of all federal energy generation or transmission projects that are either com- PROJECT
pleted or in progress. We estimate the duration of the projects using the earliest milestone date as the start BROOKINGS

date, and the latest milestone date as the completion date. For projects that have not finished, we use the
projected completion date. See the technical appendix for additional information.
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3. Most wind and solar projects are only contested at the

state or local level.

Public opposition can lengthen the permitting process.
Lawsuits, political actions, political protests, and stake-
holder appeals are all avenues for contesting a project.
And, these localized pressures are increasing (Adelman
2023). The Sabin Center for Climate Change Law at the
Columbia Law School identified 293 contested projects
as of May 2023, a 57 percent increase since their March
2022 report (Eisenson 2023). Figure 3 shows that, for wind
and solar projects, opposition does not frequently occur
on the federal level: Seventy-three percent of contested
projects between 2010 and 2021 were contested only at
the state or local level (Adelman 2023; authors’ calcula-
tions), while only 25 percent and 17 percent of contested
wind and solar projects, respectively, were subject to
federal litigation.

The avenues to challenge a project depend on the
nature of the infrastructure. For example, 8 percent of
contested wind projects were challenged under the En-
dangered Species Act, compared to only 1 percent of
contested solar projects (12 projects compared to 3 proj-
ects, respectively). Wind projects are generally subject
to the Act more frequently because wind turbines pose

FIGURE 3

greater harm to protected species such as migratory
birds (Adelman 2023), and are particularly controversial
because of their size, noise, and shadow flicker, which can
spur greater organized opposition (Aidun et al. 2022).

Although there are fewer reported contested trans-
mission projects than contested wind or solar projects,
large, complex transmission projects can cross multiple
state lines and thus involve federal lawsuits along with
needing approval from multiple state and local jurisdic-
tions (Gross 2020; Manitius, Cavert, and Kelly 2024; U.S.
Energy Information Administration [EIA] 2023a). Trans-
mission projects that trigger an EIS (the most formal NEPA
permit), and are therefore vulnerable to EIS lawsuits, take
seven times longer to complete than typical transmission
projects; 64 percent of those transmission projects are in
the California Independent System Operator (CAISO) or
West (non-1SO) region (Manitius, Cavert, and Kelly 2024).
The West hosts a large portion of federal land (Bui and
Sanger-Katz 2016), so siting there poses a greater risk of
triggering federal action such as a formal NEPA evaluation
(National Governors Association 2023).

Number of contested projects, by federal or state and local action, 2010-23

160
140
120

100 Contested at

the state and
local level only

Number of contested projects
o)
(@]

60
40
Subject to at
20 least one federal
lawsuit
(0]

Wind

Source: Adelman 2023.

Note: Blue projects experienced at least one federal lawsuit but may also have been contested on state and
local levels. Green projects experienced no federal lawsuit. A project can be contested at the state and local via
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lawsuits or other forms of dissent, such as political actions and stakeholder appeals. ESA stands for the Endan-
gered Species Act. NEPA stands for the National Environmental Policy Act. We visualize table 3 (“Federal Chal-
lenges to Renewable & Transmission-Line Projects by Statute”) as a portion of total contested projects (“Spe-
cifically, 146 wind projects (31.3 GW [gigawatt]), 103 solar projects (14.8 GW), and 16 transmission lines”) from
Adelman (2023). Adelman clarified one additional transmission line was added after the original publication.
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4. Local ordinances constrain where and how clean energy

projects are developed.

Local ordinances and zoning requirements are one of the
leading causes of renewable project cancellation (Nilson,
Hoen, and Rand 2023). Figure 4 shows the distribution of
local ordinance and zoning requirement types for wind
and solar, classified by the National Renewable Energy
Laboratory (NREL). While this figure visualizes the distri-
bution among wind and solar, there are twice as many
ordinances governing wind energy as solar energy (NREL
20244, 2024b).

The most frequent class of wind ordinances are
setback requirements, which delineate mandatory dis-
tances from other objects where wind turbines cannot
be installed (NREL 2024b). In figure 4, panel a, setback
requirements include structures and tower density;
property lines; roads, railroads, and trails; transmission
lines; and bodies of water and wetlands (Geocaris 2022).
Other wind-related restrictions include height; rotor size
limitations; noise; and shadow flicker rules, which miti-
gate shadow flicker on roadways or other structures.

FIGURE 4

Compared to wind turbines, solar panels are more likely
to be subject to minimum and maximum lot size restric-
tions, since utility-scale solar farms can cover up to hun-
dreds of acres (Daniels and Wagner 2022).

Some local jurisdictions include multiple restrictions
in figure 4 or other requirements not shown. As an example
of other kinds of restrictions, in Dunn County, North Da-
kota, in addition to digital site plans, developers are re-
quired to submit two physical copies on “high quality pa-
per on sheets thirty (30) inches by thirty-six (36) inches,
provided that when more than one sheet is required, there
shall also be submitted an index sheet on high quality pa-
per and of the same dimensions, showing the entire wind
energy facility project on one sheet” (Dunn County Land
Development Code 2022, 50). In Hamilton County, Indiana,
developers must establish a 24-hour toll-free phone num-
ber, post signs at every road intersection in the project
area, and remedy all legitimate public complaints within
two days (Hamilton County Plan Commission 2022, p. 66).

Distribution of local ordinances, by primary guideline type, 2024
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Source: National Renewable Energy Laboratory (NREL) 20244a, 2024b; authors’ calculations.

Note: Only 68 percent of ordinances can be categorized. NREL classifies ordinances of multiple types (e.g.,
Property lines, Height, and Noise) by the primary type (e.g., Property lines). Bans and moratoria are classified

as Other. See the technical appendix for additional information.
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5. More than 300 counties have banned or instituted
moratoria on wind or solar projects.

State and local authorities can implement ordinances
and zoning rules that explicitly or effectively ban the con-
struction of new clean energy projects; figure 5 shows
a map of counties that USA Today found were doing
so. They identified 32 bans against solar and 292 bans
against wind, for a total of 324 total bans in 303 coun-
ties, 21 counties of which have banned both energy types.
In addition, counties have instituted 26 and 17 solar and
wind moratoria, respectively.

Some counties might not pass bans, but their ordi-
nances may nevertheless restrict height, noise, or siting
such that development is infeasible. For example, a sound
restriction of 30 decibels is quieter than the wind itself
(Weise and Bhat 2024). In Tennessee, no developer can
build a wind energy facility with a capacity greater than
one megawatt without permission from the state com-
mission and local government (Kahn and Shields 2020);
authorities blocked wind development in all but four of
its counties in 2018 (Weise et al. 2024). There are 58 solar
impediment ordinances and 102 wind impediment ordi-
nances in 150 counties. There are 58 solar impediment

FIGURE 5

ordinances and 102 wind impediment ordinances in 150
counties. Altogether, 527 ordinances effectively prohibit
solar and wind development, with new regulations added
each year.

Sometimes visual and noise complaints from neigh-
boring residents drive community opposition (Aidun et
al. 2022). In 2017, Vermont required developers to set
back wind turbines at least 10 times their height from the
nearest residence (Weise and Bhat 2024). This pattern is
consistent with Adelman (2023), who finds that litigation
pressures against offshore wind has occurred in north-
eastern rural communities where residents place a high
premium on protecting local landscape. Other times,
the renewable energy transition threatens existing local
economies. In Kentucky, coal is the most powerful po-
litical incumbent, in part because mining supports thou-
sands of workers and their families each year (EIA 2022;
Higdon 2014). The Inflation Reduction Act (IRA) invested
billions of dollars to spur a more just green energy tran-
sition for coal-dependent communities (U.S. Department
of the Treasury [Treasury] 2023; Solomon 2022).

Wind and solar development impediments, moratoria, and bans, 2023
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Source: USA Today n.d.

Note: Data collected by USA TODAY in a yearlong investigation. There are five mutually exclusive categories
for each county: whether there is a solar and wind band, a wind ban, a solar ban, a solar and/or wind morato-
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rium, or a solar and/or wind impediment. Impediments include strict height, setback, and noise guidelines, or
ridgeline and agricultural rules, that otherwise make wind and solar generation practically infeasible. See the

technical appendix for additional information.
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6. More than one thousand projects are withdrawn from the
interconnection queue every year.

Grid interconnection is the process by which proposed
projects undergo impact studies and adopt needed
modifications before connecting to the regional grid. The
process, governed by Regional Transmission Organiza-
tions (RTOs), Independent System Operators (ISOs), or in-
dependent utilities, is inherently complex. First, develop-
ers must submit an interconnection request to enter the
queue. Next, proposed projects must undergo a variety
of tests including feasibility studies, system impact stud-
ies, and facilities studies before procuring an intercon-
nection agreement. Finally, projects begin construction
and must complete any requirements outside of inter-
connection to become commercially operational, such as
securing supply chains and procuring permits (NREL n.d.).
It is typical for projects to wait months or years to fin-
ish the full process, and a steady surge in interconnection
requests over the past decade has created backlogs in
some regions and made interconnection even more dif-
ficult (Rand et al. 2024).

Figure 6 shows the movement of projects through
the interconnection queue. There was a large surge in

FIGURE 6

interconnection activity in 2022, with more than 4,700
new interconnection requests. Between 2021 and 2023,
roughly 11 percent of projects seeking interconnection
became newly withdrawn each year on average. Indeed,
most interconnection requests are ultimately withdrawn.
Rand et al. (2024) find that more than 70 percent of inter-
connection requests are withdrawn, and just 19 percent
of requests submitted between 2000 and 2018 had been
built as of the end of 2023.

Relatedly, costs of interconnection have also in-
creased as RTOs and ISOs grappled with a significant in-
crease in the number of projects entering the queue (U.S.
Office of Energy Efficiency and Renewable Energy [EERE]
2023). PJM (the RTO for Maryland, Virginia, and New Jer-
sey) reports their average costs for completed projects
doubled between 2017-19 and 2020-22. MISO (the RTO
for Minnesota, lllinois, Wisconsin, and Michigan) saw a
similar cost increase for projects completed between
2019-21, compared to projects completed prior to 2019
(U.S. EERE 2023).

Project flow through interconnection queue, 2021-23
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8,327
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Source: LBNL 2022, 2023, 2024; authors’ calculations.

Note: We show data for the end of 2021, end of 2022, and end of 2023. We restrict our analysis to wind and
solar projects and remove suspended projects. We remove all instances of projects that are not uniquely
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identifiable based on their “q_id” and their “entity” fields (1.0 percent). See the technical appendix for ad-

ditional information.
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7. Interconnection has been getting slower over the past 20

years.

Typically, interconnection happens in concert with per-
mitting. As a result, permitting-related challenges have
increased the amount of time projects spend in the inter-
connection queue (Silverman et al. 2023; NREL n.d.). Panel
a of figure 7 shows that, in the early 2000s, 75 percent of
interconnection requests resulted in commercial opera-
tion in under three years; in 2023, fewer than 25 percent
of requests resulted in operation in under four years, and
roughly 25 percent took at least six years. Finishing within
a year now is exceedingly rare.

The slowdown of interconnection might be related to
study duration and, to a greater extent, connection dura-
tion. Study duration lasts from interconnection request to

FIGURE 7

interconnection agreement—i.e,, feasibility studies, system
impact studies, and facilities studies. Interconnection re-
quests have surged since 2013, and some operators are
overwhelmed, with some regions delaying accepting any
new requests due to backlogs (Rand et al. 2024).

The primary driver of interconnection slowdown is
more likely connection duration—the time between se-
curing an interconnection agreement and reaching com-
mercial operation. During this period, developers source
supply chains and finish any federal and local permitting
steps. Panel ¢ shows that connection duration has in-
creased since 2009, from a median of roughly one year
to almost two-and-a-half years.

Interconnection duration for select samples of interconnection requests,

2005-23

A. Total duration (interconnection request
to commercial operation)

B. Study duration (interconnection request
to interconnection agreement)
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uses different samples. See the technical appendix for additional information. BROOKINGS
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8. There is more energy storage and generation capacity in
the queue than operating online.

In eight of nine U.S. regions, there is more energy genera-
tion and storage capacity seeking interconnection than
there is online (figure 8). This is most pronounced in Cali-
fornia and the West, where there are 6.5 times (California)
and 3.3 times (West) as much capacity in the queue as
online; and in New York, where there are about 2.8 times
as much. And these imbalances are growing with recent
surges in interconnection requests. For example, from
2022 to 2023 the ratio of queued to online capacity in
California increased from three to seven (LBNL 2023-24;
EIA 2024). In five regions, most capacity in the queue is
from solar or wind generation. In addition, in all regions,
there is more capacity for solar and wind generation in
the queue than there is online.

FIGURE 8

Most capacity seeking interconnection in California,
other states in the West, and in Texas are standalone and
hybrid storage. Building more storage is essential to the
clean electricity transition (Davis, Hausman, and Rose
2023), as wind and solar plants generate daily and sea-
sonal supply and demand mismatches which storage can
offset (Paras et al. 2023). Rand et al. (2024) document
that batteries make up roughly 99 percent of storage ca-
pacity in the queues, and that more than half of all stor-
age capacity in the queues is proposed in hybrid config-
urations with generation. There is a shortage of storage in
part due to low completion rates: From 2000 to 2018 the
average completion rate for battery projects was 11 per-
cent, compared with 31 percent for gas (Rand et al. 2024).

Nameplate energy capacity in the queue and online, by energy type, 2023
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Source: EIA 2023b; LBNL 2024; authors’ calculations.

Note: We use the LBNL's energy market regions and roughly categorize EIA balancing authorities (BAs) data
into similar categories. Other and unknown energy types include coal, geothermal, hydro, nuclear, other, and

unknown. See the technical appendix for additional information.
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Selected Hamilton Project papers on
climate and permitting reform

The Hamilton Project has released several evidence-
based policy proposals to help accelerate crucial cli-
mate reform in the United States, and several econom-
ics facts documents to anchor policy debates.

Policy proposals

Climate tax policy reform options in 2025

John Bistline, Kimberly A. Clausing, Neil Mehrotra,
James H. Stock, and Catherine Wolfram, February 2024

With the expiration of many tax cuts and unmet cli-
mate targets, 2025 could be a crucial year for climate
policy in the United States. The authors use an inte-
grated model of energy supply and demand to assess
climate policies that the U.S. federal government may
consider in 2025, and to evaluate emissions reduc-
tions, abatement costs, fiscal impacts, and household
energy expenditures across a range of policy scenari-
os. The authors consider seven scenarios in their pro-
posal that are (1) policies that could plausibly be under
consideration in 2025, although consideration of each
is more or less likely depending on outcomes of the
2024 elections and on future economic conditions;
and (2) tax and expenditure policies with potentially
major fiscal and/or emissions impacts.

The authors describe several important findings.
First, the emissions reductions of the IRA are signifi-
cantly augmented under scenarios that add a mod-
est carbon fee or, to a lesser extent, that implement a
clean electricity standard in the power sector. Second,
net fiscal costs can be substantially reduced in sce-
narios that include a carbon fee. Third, expanding the
IRA tax credits yields modest additional emissions re-
ductions with higher fiscal costs. Finally, although none
of the policy combinations across these scenarios
achieves the U.S. target of a 50-52 percent economy-
wide emissions reduction by 2030 from 2005 levels,
the carbon fee and clean electricity standard scenari-
os achieve these levels between 2030 and 2035.

Principles for public investment in climate-
responsible energy innovation

Catherine Hausman, April 2023

Catherine Hausman lays out a rationale for substan-
tially increasing federal spending on clean energy re-
search and development (R&D), along with guiding
principles for how the money should be deployed. She
proposes four foundational pillars for energy innova-
tion policy to leverage effective investment: (1) Spend
triple the federal support for energy R&D. (2) Prioritize
clean energy, with a secondary focus on energy secu-
rity. (3) Allow for risk-taking in project selection, and
expect (and learn from) some project failures. And, (4)
Draw on the expertise of the US Department of Energy,
the Advanced Research Projects Agency—Energy, and
the national laboratories.

New policymaking should incorporate these prin-
ciples. In addition, benefits are maximized when these
principles are paired with complementary climate
policies, such as carbon pricing or emissions regula-
tion or abatement subsidies. Complementing invest-
ment with implementation support is clearest for
those policies that (1) aid with deployment and adop-
tion of new energy technologies, (2) correct environ-
mental externalities, and (3) support communities who
might otherwise be harmed by the transition to new
energies. Hausman argues that the approach outlined
in her proposal would jump-start innovation, correct
market failures, enhance energy security, and enable
a more cost-effective transition to a climate-respon-
sible economy.

Market-based clean performance standards as
building blocks for carbon pricing

Carolyn Fischer, October 2019

Because industrial sectors contribute a large fraction
of total greenhouse gas emissions in the United States,
addressing their emissions is an essential element of
combating climate change. However, emissions reduc-
tion is costly for industrial firms with energy-intensive
production processes; requiring significant invest-
ment in low-carbon manufacturing technologies can
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disadvantage domestic firms relative to their unregu-
lated, international competitors.

Fischer proposes using market-based tradable
performance standards to reduce industrial carbon
emissions. The proposal would set carbon emissions
benchmarks tailored to energy-intensive industrial
production processes against which a firm’s emissions
would be evaluated. Firms with emissions in excess
of their benchmark would be required to pay; firms
that reduce emissions below their benchmark would
receive tradable credits, which can be sold to other
firms facing higher abatement costs.

Promoting innovation for low-carbon
technologies

David Popp, October 2019

Despite progress made over the past decade, further
innovation is necessary to achieve deep decarbon-
ization of the U.S. economy. Meeting climate policy
goals currently under consideration will not be pos-
sible without further technological improvement. It will
take several steps—from basic and applied research
to demonstration and commercialization—to bring
about technological change at the scale required to
meet our goals for greenhouse gas reduction. Unfortu-
nately, market failures affect all stages of clean energy
technology development, meaning that market forces
alone will not lead to optimal allocation of resources.
David Popp explains how to use various policy in-
struments that have different effects depending on
the type of technology, the stage of development, and
the sector of the economy. Since separate policy in-
struments address different market failures, support-
ing clean energy innovation requires a portfolio of pol-
icy tools that will (1) increase the potential market for
innovation (the demand side), and (2) address market
failures that hinder innovation (the supply side).

The next generation of transportation policy

Michael Greenstone, Cass Sunstein, and Sam Ori,
March 2017

Fuel efficiency standards aim to reduce vehicle emis-
sions, but current standards are incomplete in several
respects. Current standards regulate new vehicle fuel
efficiency rather than total emissions, so they can-
not ensure continued progress in reducing emissions.
Even among new vehicles, gains in fuel efficiency have
stalled in recent years as consumers increase their
purchases of sport utility vehicles (SUVs) and pickup
trucks. Current policy also focuses on fuel consump-
tion per mile traveled rather than lifetime vehicle
emissions, and lack of a well-functioning market for
emissions permits reduces potential benefits from
credit trading among vehicle manufacturers.

The authors propose two major steps toward sim-
plifying fuel efficiency standards and refocusing the
program on achieving guaranteed emissions reductions
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at lower cost to automakers. These are (1) target green-
house gas emissions directly, without differentiating by
vehicle types and sizes, using data to project a given
vehicle's lifetime greenhouse gas emissions; and (2) es-
tablish a robust cap-and-trade market to reduce com-
pliance costs for automakers while providing consid-
erably more certainty about the future path of carbon
dioxide (CO2) emissions.

Economic facts

Ten economic facts about electricity and the
clean energy transition

The Hamilton Project and The Stanford Doerr School of
Sustainability, April 2023

Federal resources have the potential to accelerate a
broad energy transition, but that transition will be suc-
cessful only if we grapple with technical challenges
and infrastructure issues inherent to the current en-
ergy system. This set of facts elevates key energy
system characteristics, especially within electricity
production, that will be consequential to the clean en-
ergy transition in the near term and so will merit poli-
cymaker attention. Electricity production is not only
the focus of recent legislation, but also where evolv-
ing technologies will deliver the most rapid change,
and where—because of the system’s highly regulated
nature—that change is likely to encounter the greatest
limitations. During this rapid evolution, the electricity
system must reliably meet the fundamental challenge
that electricity generation must equal consumption at
all times to keep the grid in balance.

The authors argue that an overarching reality and
the great challenge of the next decade of US climate
policymaking will be for lawmakers and regulators to
remove existing barriers to clean energy infrastructure
deployment. More money for investment and innova-
tion is necessary but will not be enough. Fully realizing
the promise of the clean energy transition for US eco-
nomic growth, jobs, and prosperity will require devel-
oping solutions that remove the choke points created
by the existing infrastructure and regulatory systems;
it will also require deploying both new clean energy
generation and the systems required to connect these
new energy sources to electricity consumers.

Ten facts about the economics of climate change
and climate policy

The Hamilton Project and The Stanford Institute for
Economic Policy Research, October 2019

In this economics facts document, The Hamilton Project
and The Stanford Institute for Economic Policy Research
summarize what is known about climate change and its
effects on the United States’ and the world’s econo-
mies. They also provide useful context for assessing
the policy tools that exist to mitigate carbon emissions.



Finding efficient and fair responses to climate change
remains a core challenge for policymakers.

Twelve economic facts on energy and climate
change

The Hamilton Project and Energy Policy Institute at the
University of Chicago, March 2017

The United States has begun to make important prog-
ress on climate change, but large challenges remain.
Given this technological and economic context, the

United States has perhaps never been better posi-
tioned to tackle the urgent threat of climate change.
In this economics facts document, The Hamilton Proj-
ect and the Energy Policy Institute at the University
of Chicago provide useful context for a discussion of
the dangers to the economy posed by climate change
and the policy tools for addressing and mitigating
these dangers. Given the immense threat that cli-
mate change represents, it is crucial that policymakers
implement efficient solutions that minimize climate
damages from our use of energy.

Eight facts about permitting and the clean energy transition
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Technical appendix

Figure A. Leading causes of cancellation for
wind and solar projects, 201623

Methods: Reproduced from Nilson, Hoen, and Rand
2023, p. 1. https://live-etabiblio.pantheonsite.io/sites/
default/files/w3s_developer_survey_report_-011824_
version.pdf.

Figure 1. Percent of wind and solar projects subject
to select federal permit requirements, 201021

Methods: See Adelman (2023) for additional details.

Figure 2. Renewable energy and transmission
project duration from first to last federal
permitting milestone, by year of first milestone,
200723

Methods: We use the U.S. Federal Permitting Dash-
board (n.d.) as of May 1, 2024. According to the Federal
Permitting Dashboard: “The Permitting Dashboard is
an online tool for Federal agencies, project develop-
ers, and interested members of the public to track
the Federal government’s environmental review and
authorization processes for large or complex infra-
structure projects, part of a government-wide effort to
improve coordination, transparency, and accountabil-
ity. A major function of this Dashboard is to track in-
frastructure projects designated as Covered Projects
under Title 41 of the Fixing America’s Surface Trans-
portation Act (FAST-41). The Dashboard also provides
information on certain projects subject to Titles |, IX,
and Xl of the FAST Act (DOT projects), as well as other
infrastructure projects.”

Each observation in the dashboard reports a mile-
stone, or an action taken by the project applicant or
government agency, for a federal project (n=16,493).
We restrict our sample to projects in the renewable
energy production or electricity transmission sec-
tor (n=1,869). We analyze only completed or in-prog-
ress projects and do not consider projects that are
planned, paused, or cancelled (n=1,686). To measure a
project’s duration, we count the number of days be-
tween the earliest and latest reported actual mile-
stone completion dates and divide the sum by 30.14,
the average number of days in a month. If the project
is in progress and the milestone has not been com-
pleted, we use the target completion dates. There are
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19 observations where projects are completed but we
report only their target completion date. We impute
these dates as the actual completion dates. Examples
of projects’ earliest reported milestones include “Ini-
tial application submitted (Applicant Action),” “Issu-
ance of Notice of Intent to prepare an Environmental
Impact Statement (EIS) (Agency Action),” or “Determi-
nation to prepare an Environmental Assessment (EA).”
Examples of projects’ latest reported milestones in-
clude “Issuance of Lead Agency Record of Decision
(Agency Action),” “Section 106 consultation concluded
(Agency Action),” or “Final Verification/Permit Decision
Rendered (Agency Action).” Finally, our fact plots only
one observation per project (n=47).

Figure 3. Number of contested projects, by
federal or state and local action, 201023

Methods: A project can be contested at the state and
local via lawsuits or other forms of dissent, such as po-
litical actions, political protests, and stakeholder ap-
peals. ESA stands for the Environmental Species Act.
NEPA stands for the National Environmental Policy Act.
We visualize Table 3 (“Federal Challenges to Renewable
& Transmission-Line Projects by Statute”) as a por-
tion of total contested projects (“Specifically, 146 wind
projects (31.3 GW), 103 solar projects (14.8 GW), and
16 transmission lines”) from Adelman (2023). Adelman
clarified one additional transmission line was added
after the original publication. See Adelman (2023) for
additional details.

Figure 4. Distribution of local ordinances, by
primary guideline type, 2024

Methods: For fact 4, we append the U.S. Wind Siting
Regulation and Zoning Ordinances (NREL 2024b) and
the U.S. Solar Siting Regulation and Zoning Ordinances
(NREL 2024a) database from the NREL (n=3,931). Ap-
proximately 32 percent of the observations do not
report a citation, so we cannot categorize these ob-
servations. Therefore, our analytical sample includes
2,672 citations. We roughly categorize the feature type
of each citation into 10 categories: bodies of water
and wetlands; height, roads, railroads, and trails; mini-
mum or maximum lot size restrictions or installation
size/coverage restrictions; noise; oil and gas pipelines;
property lines; structures and tower density; transmis-
sion; and other. Other includes shadow flicker, ridgeline,



bans, or moratoriums. Some ordinances have multiple
types (e.g., property lines and noise) but we report the
primary type, as provided in the “Feature Type” field.
We visualize the count of citations by feature type for
wind (panel a) and solar (panel b) separately.

Figure 5. Wind and solar development
impediments, moratoria, and bans, 2023

Methods: We use data from a USA Today (n.d.) year-
long investigation (https://github.com/USATODAY/da-
ta-solar-wind-opposition/blob/main/README.md). We
append the wind impediment data set with the solar
impediment data set and create five ranked mutually
exclusive categories for each county: whether there
is a solar and wind band, a wind band, a solar band, a
solar and/or wind moratorium, or a solar and/or wind
impediment. USA Today's analysis of rules considers a
height limit of 500 feet, a setback requirement greater
than 1,000 feet, and sound limits below 50 decibels to
be significant impediments. Other impediments, which
USA Today categorizes as “difficult to permit (DTP)" in-
clude ridgeline and agricultural rules. Some counties
prohibit developers from building wind turbines over a
certain height on mountain ridges—a height that would
be necessary to catch the wind. Other counties re-
strict an amount or percentage of farmland from being
used for solar power.

Figure 6. Project flow through interconnection
queue, 2021-23

Methods: We use the Berkeley Energy Lab's intercon-
nection queue data, which provides snapshots for De-
cember 2021, December 2022, and December 2023
(LBNL 2022, 2023, 2024). We create a unique request
identifier based on the fields “entity” and “q_id.” We
remove all instances of projects that are not unique-
ly identifiable (1.0 percent) to arrive at our analytic
sample (“sample”). We restrict our analysis to wind
and solar projects (66.9 percent of 2021 sample; 67.4
percent of 2022 sample; 65.7 percent of 2023 sam-
ple), defined as all requests with the resource type
(standardized) containing the words “Wind" or “Solar”
(including requests with multiple energy types, e.g.
“Solar+Storage,” “Wind+Gas"). We remove suspended
projects from this analysis, because its definition is
not consistent among RTOs (0.9 percent of 2021 sam-
ple; 1.3 percent of 2022 sample; 1.0 percent of 2023
sample). A project is “removed from the dataset” when
the regional entity responsible for queue data collec-
tion reported the project in a given year, and but did
not report the project in subsequent years.

Figure 7. Interconnection duration for select
samples of interconnection requests, 200523
Methods: We thank Joseph Rand for providing the un-

derlying data for this figure. For more information,
please read Rand et al. 2024. An interconnection queue

has three main stages: (1) an interconnection request,
(2) an interconnection agreement, and (3) commercial
operation. In figure 7a, we show total queue duration
over time, defined as the time from an interconnection
request to commercial operation. Rand et al. (2024, p
41) notes, “In-service date was only available for 6 ISOs
(CAISO, ERCQT, ISO-NE, NYISO, PJM, SPP) and 8 non-ISO
BAs (Duke, FPL, LADWP, PSCo, SOCO, SEC, SRP, TSGT)
representing 61% of all operational projects. Duration is
calculated as the number of months from the queue en-
try date to the commercial operations date.” Figure 7b
is the study duration, defined as the time from an inter-
connection request to an interconnection agreement in
months. Rand et al. (2024; p. 34) explains: “The major-
ity of the 2023 data sample for this analysis came from
ERCOT (39%) and the West (23%), which typically have
relatively shorter durations . . . ; there were no 2023 |As
[interconnection agreements] in PJM. Sample includes
3,864 projects from 7 ISO/RTOs and 5 non-ISO balanc-
ing areas with executed interconnection agreements
since 2005.” Finally, figure 7c is the connecting duration,
or the duration from an interconnection agreement to
commercial operation. Rand et al. (2024, p. 39) notes,
“Data were only available for 861 projects across 5 I1SO/
RTOs and one utility (Southern Company), out of 4,155
total ‘operational’ projects in the full dataset.”

Figure 8. Nameplate energy capacity in the
queue and online, by energy type, 2023

Methods: To measure energy capacity in the queue,
we use the Queued up: Complete cleaned intercon-
nection queue data through 2023 database (LBNL
2024) from the Berkeley Energy Lab (n=33,256). We re-
strict the sample to active projects and drop two true
duplicates from our sample (n=11,592). We organize en-
ergy types into seven categories: (1) hybrid storage, (2)
standalone storage, (3) hybrid generation, (4) solar, (5)
wind, (6) gas, and (7) other or unknown. Hybrid storage
includes any observation with battery and a second-
ary or tertiary energy source. Standalone storage in-
cludes observations that report only battery or “other
storage” as their energy source. Hybrid generation in-
cludes any observation with multiple reported energy
sources that do not include battery, and observations
that report “hybrid (unknown)” or “hybrid” as their
source. Wind includes both offshore wind and tradi-
tional wind sources. Other or unknown includes coal,
geothermal, hydropower, nuclear, other, and unknown.
In these data, regions are defined as electric power
markets. See U.S. Federal Energy Regulatory Commis-
sion (FERC; n.d.) for more information on these regions.
To measure capacity, we add any reported capacity
from the primary, secondary, or tertiary capacity re-
port variables and convert the units from megawatts
to gigawatts.

To calculate current nameplate operating capac-
ity, we use the Preliminary Monthly Electric Generator
Inventory (based on Form EIA-860M as a supplement
to Form EIA-860) from the EIA in December 2023
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(n=25,889; EIA 2023b). We consider only sources with
operating capacity, defined as standby/backup sta-
tus or operating status (OP; n=25,236). This dataset
reports on the balancing authority (BA) region, rather
than the electric power market region. These regions
are responsible for balancing electricity supply, de-
mand, and interchange. RTO/ISO regions operate as
BAs but there are numerous other BAs in the United
States (see EIA [n.d] and U.S. Department of Energy
[DOE; n.d.] for more details). We merge EIA-930 BA
regions and accompanying states with the inventory
data set. We only analyze observations within the con-
tiguous U.S. (n=24,478). We then categorize each BA
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into the nine electric power regions using the report-
ed BA region name. If the BA is not an RTO, we roughly
categorize the plants into West (non-1SO) or Southeast
(non-I1SO) regions. There were seven plants not in the
West or the Southeast and not reported as an RTO/ISO
BA, so we roughly categorize them into their nearest
region. We categorize the energy source codes into
the same energy types as the queue data. We take the
reported nameplate capacity as given and convert the
units from megawatts to gigawatts. We report the sum
of U.S. operating capacity and queue capacity sepa-
rately, each by energy type and region.
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Facts

Few wind and solar projects required significant 5. More than 300 counties have banned or
federal permits between 2010 and 2021. instituted moratoria on wind or solar projects.
2. Federal permitting durations have decreased in 6. More than one thousand projects are withdrawn
the past 15 years. from the interconnection queue every year.
3. Most wind and solar projects are only contested 7. Interconnection has been getting slower over
at the state or local level. the past 20 years.
4. Local ordinances constrain where and how clean 8. There is more energy storage and generation

energy projects are developed. capacity in the queue than

operating online.

Nameplate energy capacity in the queue and online, by energy type, 2023
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unknown. See the technical appendix for additional information.
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