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Preface

As the Committee on Accelerating Decarbonization in the United States: Technology, Policy, and
Societal Dimensions issues its second and final report, it is worth reflecting on global events that have
transpired since we began work in late 2019. Our first meeting in early March 2020 ended with the doors
of the National Academies building on Fifth Street NW in Washington, DC, being shut behind us for a
COVID-19 lockdown lasting about 2 years. Before our next in-person meeting, the world had weathered
its first global pandemic in over a century. The United States was undergoing a reckoning of racial
injustices in the aftermath of George Floyd’s murder, and equity rose as a priority for organizations of all
sizes. Russia had invaded Ukraine and demonstrated to everyone the strategic and economic
disadvantages associated with a fossil fuel economy. The U.S. Congress had passed the most ambitious
set of legislative climate and energy initiatives ever enacted in the United States. These events affected
our work in large ways and small, from how we interacted as a committee to the scope and arc of our
reports.

While the setting changed for this study, the motivation has not. The adverse impacts of climate
change continue to grow, exposing ever-wider swathes of society to its destructive effects. Low, non-
emitting, and negative emissions technologies continue to be deployed at ever-increasing scales and ever-
lower prices across the globe. Governments, companies, and institutions across the globe and within the
United States continue to adopt emissions reduction goals and develop plans to achieve zero net
emissions of anthropogenic greenhouse gases, usually by midcentury.

It was within that context that our first report was released in February 2021. That report
produced a technical blueprint and policy portfolio for the first 10 years of a just, prosperous, and
equitable 30-year transition to net-zero U.S. emissions. The committee fully appreciated that public
support for a decades-long transition could be maintained only by fairly distributing benefits and costs.
Amid the expanding focus on climate policy that began with the new Biden administration, we briefed
our first report widely and now find that many of its recommendations are either enacted or similar to
those implemented in recent legislation.

In embarking on the work for our second report, we expanded the committee’s expertise in
energy justice, health, workforce, and the role of subnational actors. We also expanded the study to
include non-CO; greenhouse gases, land use, and sectoral analyses. The committee undertook ambitious
public information gathering, holding more than 20 webinars on wide-ranging issues, including
leveraging financial systems for decarbonization; soil carbon offsets; government, non-profit, and
philanthropic perspectives on implementing a just and equitable energy transition; manufacturing and
industrial decarbonization; public engagement strategies; and research and development priorities for the
buildings sector. The committee gathered for its second in-person meeting on July 26, 2022, to hold a
workshop: Pathways to an Equitable and Just Transition: Principles, Best Practices, and Inclusive
Stakeholder Engagement.

Our meeting in July was especially significant because it was then that the committee concluded
that major climate legislation was not forthcoming, and that it was time to move ahead with the
knowledge that almost none of the federal actions recommended in the first report would be implemented.
Famous last words. Within hours of that decision, it became clear that something historic was afoot in
Congress. By the end of the summer, our plate was full with analyses of multiple pieces of federal
legislation, executive orders, and regulatory actions aiming to put the country on track for 50 percent
emissions reductions by 2030 and net zero by midcentury. This policy environment inspired the report we
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have today, one that focuses on filling gaps between the current policy portfolio and the goal of a fair,
just, and equitable transition to net zero, and about how to overcome barriers to implementing this robust
and unprecedented set of policies.

I wish to express my deepest gratitude to the study committee for its patience, perseverance, hard
work, and equanimity as we struggled together to communicate across disciplines, to meet difficult
deadlines, and to wrestle with a complex and continuously evolving set of policies that will affect
everyone. | want to thank the governmental leaders who took bold action to combat a global crisis and
especially those inside and outside government who now work every day to implement these actions. We
offer our recommendations to these experts with humility, knowing that they have far better
understanding of facts on the ground than we do, and that they continually expand and adapt their
strategies. [ want to thank everyone who provided input to the committee during our public sessions—a
list running to hundreds of individuals. And last but by no means least, I wish to express my gratitude to
the staff of the National Academies who devoted significant portions of their lives to this effort, with calm
expertise and almost supernatural energy and efficiency. Special thanks to K. John Holmes for his tireless
leadership and wisdom. Because of this large cast of participants, the committee has produced what we
hope will be a useful and significant report, something that will serve both policy makers and the public
as we work together to accelerate decarbonization in the United States.

Stephen W. Pacala, Chair

Committee on Accelerating Decarbonization in the United States:
Technology, Policy, and Societal Dimensions
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Executive Summary

The world is coalescing around the need to reduce greenhouse gas (GHG) emissions to limit the
effects of anthropogenic climate change, with many nations setting goals of net-zero emissions by
midcentury. As the largest cumulative emitter, the United States has the opportunity to lead the global
fight against climate change. It has set an interim emissions target of 50-52 percent below 2005 levels by
2030 toward a net-zero goal. The recent trio of federal legislative actions—the Infrastructure Investment
and Jobs Act of 2021 (IIJA), CHIPS and Science Act of 2022 (CHIPS), and Inflation Reduction Act of
2022 (IRA)—in addition to federal regulations and executive orders, state and local government policies,
and private sector activities—put the United States in a position to claim such international leadership.
Modeling analyses suggest that the federal policies could provide 70—80 percent of the emissions
reductions toward the 2030 target, putting the country close to a 30-year trajectory to net zero. Concurrent
to reducing emissions, the policies also aim to meet societal needs such as creating domestic jobs,
eliminating energy and environmental injustices, increasing U.S. economic competitiveness, revitalizing
the energy and industrial sectors, and improving human health. Achieving all of these intended outcomes
will require overcoming formidable innovation and implementation challenges and ensuring that the
policy portfolio produces as designed.

Through an assessment of current federal, state, and local climate and energy policies, this report
from the National Academies of Sciences, Engineering, and Medicine’s Committee on Accelerating
Decarbonization in the United States: Technology, Policy, and Societal Dimensions identifies gaps and
barriers to implementation that would prevent the nation from attaining its climate, economic, and societal
goals. It follows from the committee’s first report, released in February 2021,' which laid out federal
actions needed during the 2020s to put the nation on a fair and equitable path to decarbonization by
midcentury. Both reports were tasked with examining “societal, institutional, behavioral, and equity
drivers and implications of deep decarbonization” and emphasize the need for a strong social contract to
maintain support for the decades-long transition to a decarbonized energy system that is fair, equitable,
and just.

To that end, the committee organized this report around five major objectives of decarbonization
policy—GHG emission reductions, equity and fairness, health, employment, and public engagement—
that cut across eight sectors: electricity, buildings, land use, transportation, industry, finance, fossil fuels,
and nonfederal actors. Chapters on objectives are tailored to readers most interested in the impacts of the
transition on equity, justice, health, and employment, and the need for public engagement, but also
discuss relevant practical, technical, institutional, and legal constraints to achieving the societal objective.
Similarly, the sectoral chapters are tailored to experts on technologies and policies to reduce emissions in
that sector but, where appropriate, also assess how these technologies and policies will impact equity,
employment, health, and public engagement. While causing some redundancy, this organization provides
a fuller picture to specialists who will read only portions of the report.

The committee’s analysis resulted in approximately 80 recommendations directed toward a
variety of government, non-profit, and private-sector actors. These recommendations can be grouped into
the following 10 broad categories, which represent main themes of the report:

!'See National Academies of Sciences, Engineering, and Medicine, 2021, Accelerating Decarbonization of the
U.S. Energy System, Washington, DC: The National Academies Press, https://doi.org/10.17226/25932.
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A Broadened Policy Portfolio

Rigorous and Transparent Analysis and Reporting for Adaptive Management
Ensuring Procedural Equity in Planning and Siting New Infrastructure and Programs
Ensuring Equity, Justice, Health, and Fairness of Impacts

Siting and Permitting Reforms for Interstate Transmission

Tightened Targets for the Buildings and Industrial Sectors and a Backstop for the Transport
Sector

Managing the Future of the Fossil Fuel Sector

Building the Needed Workforce and Capacity

Reforming Financial Markets

Research, Development, and Demonstration Needs

In developing its findings and recommendations, the committee recognized the inherent risks and
uncertainties associated with such an unprecedented, long-term, whole-of-society transition. These
include execution risk—that the nation will be unable to execute current climate and energy policy at the
necessary pace and scale, or that the policies will not work as intended; technological risk—that non-
emitting technologies might not be ready in time at the right price; political, judicial, and societal
polarization risk—that political and judicial actions or societal pressures will change the policy
landscape; and risk from events outside the energy system—that war, disease, and other disruptions will
inevitably arise and impact national and global energy systems. Mitigating these risks will require
adaptive management and governance to coordinate and evaluate policy implementation and to
communicate progress on outcomes. A comprehensive, system-wide evaluation of decarbonization
policies and programs will also be critical for monitoring cross-sector impacts, sustaining a social license
to operate, and keeping the nation on track to achieve its goal of an equitable net-zero transition.

While the destination is clear and a solid foundation has been set, the road ahead will not be easy.
Individuals, businesses, and organizations across all sectors of the economy will have to work with
government to implement, adapt, and expand on existing local, state, and federal climate and energy
policies. But the potential benefits are great: energy services that are clean, affordable, and equitable,
reduced impacts from climate change, better health and employment opportunities, cleaner air. This
report’s recommendations provide advice on filling policy gaps, overcoming implementation barriers, and
establishing adaptive management strategies so that the United States can realize its net-zero emissions
goal and all Americans can benefit from an equitable energy system.
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Summary

When it passed in 2022, the Inflation Reduction Act (IRA) revolutionized U.S. climate and
energy policy as the largest legislative action in the nation’s history to mitigate climate change, with
anticipated public support for clean energy investments ranging from almost $400 billion to more than $1
trillion over the coming decade. The IRA is complemented by the bipartisan Infrastructure Investment
and Jobs Act (IIJA, November 2021; more than $62 billion in appropriations for Department of Energy
(DOE) climate and energy programs); CHIPS and Science Act (CHIPS, August 2022; $54.2 billion in
appropriations for domestic semiconductor production and $170 billion in 5-year authorizations for
research and development); and a number of executive orders (EOs) and regulations from the Biden
administration, including EO 14008, which, among other things, established the Justice40 Initiative. As
discussed in Chapter 1, these amounts are not necessarily additive considering that IRA, IIJA, and CHIPS
do not use equivalent funding mechanisms. States, localities, and other entities have also enacted policies
to advance deep decarbonization, such as California’s zero-emissions vehicles mandate and actions of
state policy makers in Texas supporting the rapid growth of wind farms there. Most modeling analyses
indicate that this policy portfolio will cause a dramatic shift in the trajectory of U.S. greenhouse gas
(GHG) emissions and place the nation close to a 30-year path to net-zero emissions, but only if formidable
challenges of innovation and implementation can be overcome and the policy portfolio produces as
designed.

The stakes could not be higher. Most nations of the world have announced a goal of zero net
GHG emissions by midcentury because of overwhelming scientific evidence that climate change is
dangerous, and human caused. Annual global net emissions must decline to zero in approximately 30
years to keep Earth’s mean surface temperature from climbing above the Paris Agreement’s preferred
target of 1.5°C (reaffirmed at COP 27 in November 2022), and in so doing prevent the most serious
effects of accelerating climate change. The United States has the largest cumulative, and twelfth largest
per capita, GHG emissions of any country, and the second largest annual emissions (after China), but
until passage of the IRA, the United States was not at the vanguard of national actions to combat climate
change.

Successful implementation of current U.S. policy would establish the nation as the international
leader in the fight against climate change and would be vital to achieve global emissions reductions. The
policy portfolio also has additional objectives that reach far beyond climate mitigation. It is intended to
improve the lives of ordinary people by increasing the number of high-paying domestic jobs, increasing
U.S. economic competitiveness, revitalizing our energy and industrial sectors, eliminating the
environmental injustices in our current energy system, putting a fair and equitable system in its place, and
improving people’s health.

This report offers an assessment of what current federal, state, and local climate and energy
policies could accomplish, together with actions and implementation by the private sector and civil
society. It focuses specifically on gaps in the current policy portfolio and barriers to implementation that
would prevent the nation from attaining its climate, economic, and humanistic goals. The report offers
additional policies that could fill gaps and overcome barriers, most of which could be implemented under
existing federal legislation through actions by the executive branch and/or state and local governments,
although some would require Congress. Significant gaps and barriers are to be expected because nothing
of this scale and with this diversity of goals has ever been attempted. Watching for and, over time, filling
those gaps will be essential to overall success.
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The economic opportunities of a transition to net zero stem largely from recent revolutionary
changes in the cost of technologies and equipment that are not fueled by fossil energy. From 2010-2021,
the levelized cost of energy for onshore wind and utility-scale solar dropped by nearly 70 and 90 percent
respectively, to become cost-competitive with or cheaper than new fossil power projects over most of the
globe. As a result, by the early to mid-2030s, the United States could rely on wind and solar electricity
generation, together with existing hydro and nuclear assets, to supply at least 80 percent of the country’s
electricity demand at inflation-adjusted retail costs similar to today. Technological options also are in
advanced development to eliminate emissions from the last 20 percent of power supply, using
technologies such as advanced nuclear power, batteries and other energy storage technologies to manage
long-term fluctuations in demand, natural gas with carbon capture and storage (CCS), and green hydrogen
or biogas combusted in turbines. However, realizing the potential of these dispatchable power options will
require relentless research, development, demonstration, and deployment (RDD&D), public engagement,
and learnings at scale after deployment.

Over the same 11 years, electric vehicle (EV) lithium-ion battery packs dropped in cost by
approximately 80 percent, and the price of lithium-ion batteries for all applications fell by 98 percent
between 1991-2018 as they migrated from consumer electronics to packs storing more than 100 kWh of
electricity in battery electric vehicles (BEVs) (enough to drive more than 300 miles in a passenger
vehicle). Dramatic cost reductions in batteries have made BEVs cost-competitive with new light- and
medium-duty vehicles powered by internal combustion engines (ICEs). The average cost of owning and
operating a light-duty BEV is likely lower than comparable ICE vehicles for some models and will be for
most over the next 5 years (2023-2028) depending on vehicle class and other factors.

Thus, within the same decade, the cheapest options for new equipment in two sectors responsible
for approximately 70 percent of U.S. CO; emissions—power generation and motor vehicles—are
switching from being fossil-fuel powered to non-emitting alternatives. Decarbonized electric power,
together with ongoing improvements of heat pumps and generally improving energy efficiency, also
unlock the potential for emissions-free buildings. Using data even a few years old could lead to claims
that the energy transition would be prohibitively expensive, as those data would not reflect current costs
given their rapid recent descent.

This technological revolution converged with two other trends to convince elected officials of the
need for immediate action. First, climate change-induced increases in the frequency and severity of
extreme weather became obvious even to casual observers, and climate activism flourished against the
backdrop of immediate and personal dangers that could be mitigated by cost-effective measures. Second,
while these technological, scientific, and political changes were taking place, the United States was
confronting with renewed vigor the consequences of its history of discrimination and the ongoing
systemic problems that persist because of it. The U.S. energy system today contains considerable
environmental injustice, such as the disproportionate exposure to fossil-produced air pollution that afflicts
communities of color, with some of this owing to overtly racist policies like redlining during the 20th
century and discriminatory and predatory lending and investment practices that continue today.

These issues have sharpened the goal, from a 30-year transition to net-zero emissions, to a fair,
equitable, and just 30-year transition. In January 2021, the Biden administration established the Justice40
Initiative as official U.S. policy, which states that people and “disadvantaged communities that are
marginalized, underserved, and overburdened by pollution” receive 40 percent of benefits from some
federal investments in climate change, clean energy, energy efficiency, transit, affordable housing,
workforce development, and remediation and reduction of legacy pollution.' The congressional framers
of the IRA followed suit, by directing up to $60 billion of IRA funding to environmental justice priorities.

Thus, both the stakes of success and the costs of failure are high. The United States is attempting
the first fair, equitable, and just technological transition in its history with a narrow portfolio of policies
that relies extensively on subsidies. If successful, the transition will affect almost every part of the U.S.

! For more information on the Justice40 Initiative, see
https://www.whitehouse.gov/environmentaljustice/justice40/.
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economy and leave the country with an affordable and accessible energy system that produces zero net
GHG emissions. It will also afford important co-benefits, such as reduced emissions of ambient air
pollutants that cause illness and death; revitalized energy, building, and industrial sectors; increased
resilience to environmental and social stressors; net increases in employment; and fair, equitable, and just
treatment of both displaced fossil fuel workers and low-income and historically marginalized populations.

This is the second report from a National Academies of Sciences, Engineering, and Medicine
committee that was constituted in 2020 to address “societal, institutional, behavioral, and equity drivers
and implications of deep decarbonization” (see the statement of task in Box 1-1 of Chapter 1). The
committees that wrote the first and second reports shared a majority of members and had an
approximately equal number of experts in energy technologies as in policy and the social science of
energy policies, including policies affecting equity and energy justice. The committee was tasked to
examine how the nation might achieve an equitable transition to net zero, not whether it should do so. The
committee also was not tasked to assess policies designed to address impacts of climate change. The
motivation for the focus on equity, fairness, and justice is at least partly pragmatic, given the need to
maintain public and political support during a transition that will affect every part of society. Inclusive
and equitable approaches, moreover, are key to preempting or minimizing implementation challenges that
would delay or derail decarbonization projects.

SUMMARY OF FIRST REPORT

The first report, Accelerating Decarbonization of the U.S. Energy System,* was released in
February 2021 and focused on federal actions needed during the 2020s to put the nation on a fair and
equitable path to decarbonization by midcentury. It identified “no-regrets” actions during this first decade
of a transition to net-zero emissions that would be robust to uncertainty about the system’s final
technological mix. It outlined a set of technological and socioeconomic goals to support a just and
equitable transition that are robust to alternative future technology options. On the technology side, the
committee set goals for carbon-free electricity; electrifying transportation, buildings, and industry;
investing in energy efficiency and productivity; deploying critical infrastructure; and expanding the
innovation toolkit through clean energy research, demonstration, and deployment. The committee’s
socioeconomic goals were to strengthen the U.S. economy; promote equity and inclusion; support
communities, businesses, and workers; and maximize cost-effectiveness.

The committee recognized that a strong social contract would be essential to maintain support for
an energy transition covering 3 decades. Thus, it proposed policies “to build a more competitive U.S.
economy, to increase the availability of high-quality jobs, to build an energy system without the social
injustices that permeate the current system, and to allow those individuals and businesses that are
marginalized today to share equitably in future benefits.” The diverse portfolio of policy
recommendations called for both system-wide and sector-specific policies that establish the U.S.
commitment to a rapid, just, and equitable transition; set rules and standards for technology planning and
deployment; invest in research, technology, people, and infrastructure; and assist and build capacities for
families, businesses, communities, cities, and states to ensure that disadvantaged communities do not
suffer disproportionate burdens. The committee continues to endorse the goals and policies recommended
in the first report, while acknowledging that the list of new policies needed today is fundamentally shaped
by the radical changes to the policy landscape since its publication. Table 1-1 in Chapter 1 compares the
policies recently adopted with the recommendations in the committee’s first report.

2 See National Academies of Sciences, Engineering, and Medicine, 2021, Accelerating Decarbonization of the
U.S. Energy System, Washington, DC: The National Academies Press, https://doi.org/10.17226/25932.
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SUMMARY OF CURRENT FEDERAL CLIMATE AND ENERGY POLICY

The extensive decarbonization policy portfolio that the United States has today did not come
together until the summer of 2022 with the passage of the IRA and CHIPS, which complement the IIJA
passed in November 2021. The potential impacts of these three pieces of legislation are nothing short of
transformative for the energy sector and technology innovation in general. They lay out an expansive
domestic industrial policy that puts climate, innovation, manufacturing, and wealth creation across all
parts of the nation and economy as a central mission. Combined with the aspirations of related executive
orders, this package seeks to develop a more equitable, fair, and just framework for the energy system
transition.

Of the three pieces of legislation, the IRA contains by far the most significant and wide-reaching
policies to decarbonize the U.S. economy. It provides incentives for purchasing, producing, developing,
and deploying clean energy technologies and makes investments in environmental justice and low-income
and historically marginalized communities. Modeling studies estimate that successful implementation of
the act would put the United States on track to achieving 70—-80 percent of the emissions reductions
necessary to reach its 2030 emissions target of ~3.3 Gt CO,e (50-52 percent below 2005 emissions
levels) along a trajectory to its midcentury net-zero goal.

CHIPS incentivizes domestic research, development, and manufacturing of semiconductors used
in clean energy and a broad range of other modern technologies. It further boosts the country’s leadership
in science and technology by authorizing investments in research and development, workforce training,
and commercialization of a wide range of technologies. These include not only advanced energy
technologies but also artificial intelligence, quantum computing, and biotechnology engineering that will
impact decarbonization in unexpected ways. CHIPS recognizes the need to diversify the innovation
ecosystem by authorizing the creation of regional technology hubs and increasing opportunities for
disadvantaged students and communities.

The I1JA is designed to improve roads, bridges, and other components of the nation’s aging
infrastructure. It is wide-ranging and often future-leaning in its scope by expanding broadband; providing
grants for battery manufacturing and recycling facilities; investing in carbon capture, transport,
utilization, and storage infrastructure; and deploying EV charging stations, in addition to repairing roads
and bridges. While some of these investments may run counter to decarbonization goals in the near term,
the legislation establishes regional clean hydrogen and direct air capture hubs, which will provide critical
learning as the country takes on the challenges of harder to decarbonize energy uses within industry and
transportation in the 2030s. The IIJA further solidified the role of the U.S. Department of Energy (DOE)
in moving beyond its traditional focus on research, development, and early-stage demonstration to latter-
stage demonstration, deployment, and commercialization.

In addition to legislation, other federal actions support the nation’s clean energy, equity, and
climate priorities. Within days of entering office, the Biden administration issued EO 14008 focusing on
steps that the federal government can take both domestically and internationally to address the climate
crisis. Importantly, it made Justice40 official U.S. policy and established the Interagency Working Group
(IWG) on Coal and Power Plant Communities and Economic Revitalization, recognizing the need to
support coal mining and power plant workers and communities in the energy transition. Justice40 and the
IWG, together with the equity, justice, and fairness provisions in the IRA and other EOs, represent a step
change in equitable energy and climate policy. In response, federal agencies have created new offices and
hired staff focused on energy justice and equity. Other EOs and regulatory actions have targeted federal
procurement power as a catalyst for developing a domestic clean energy economy, fuel economy and
GHG standards for light- and medium-/heavy-duty vehicles, and emissions standards for existing and new
fossil-fueled power plants and industrial facilities.
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SECOND REPORT

In early 2021, it became clear that the 117th Congress was likely to enact significant new climate
and energy legislation before the release of the committee’s second report. For the second report to be
relevant and useful under this scenario, the assessment of “a wider spectrum of technological, policy,
social, and behavioral dimensions of deep decarbonization” called for in the statement of task would need
to address whatever path to “deep decarbonization” had been chosen by Congress and the administration.
The committee spent the next 18 months preparing the foundation for an analysis of a comprehensive
federal policy portfolio, and then the past 8 months completing a draft report for the portfolio that is now
federal law. The committee subsequently submitted the report for a comprehensive external review and
has modified the analysis as needed to reflect reviewer comments and updates to policy, regulations, and
other climate-related actions. Also, given the first report’s focus on federal action, the committee
examined the contributions of states, localities, the private sector, and civil society to mitigating climate
change.

The committee identified five objectives of decarbonization policy—GHG emission reductions,
equity and fairness, health, employment, and public engagement—and eight sectors—electricity,
buildings, land use, transportation, industry, finance, fossil fuels, and nonfederal actors. This report has
chapters focused on objectives that cut across sectors, and chapters on the sectors that cut across
objectives (think of a matrix, with objectives as rows and sectors as columns). Although this structure
entails some redundancy, it facilitates understanding by specialists who may read only part of the report.
It also helps emphasize the crosscutting and systems-level characteristics of deep decarbonization.
Sectoral chapters support the interests of sectoral specialists, while also sharing with them that many
daunting sectoral barriers are likely to be social and cultural, such as the development of public resistance
to a process that seems unfair, unequitable, or unjust. Chapters on objectives are tailored to the interests of
social scientists, environmental justice activists, and others who are interested in the fairness of the
transition; its impacts on equity, justice, health, and employment; and the need for effective public
engagement, while confronting them with myriad practical, technical, institutional, and legal constraints
that cannot be ignored. A prime example of the latter is the fact that a minimum amount of electricity
production must be dispatchable, which means that one can turn it on whenever needed in order to meet
the demands of a complex economy and just society, even during conditions when the winds are quiet, the
skies are hazy, and the temperatures are extreme for several consecutive days.

After passage of the IRA, IIJA, and CHIPS, it was clear from their budgets, comprehensive
sectoral coverage, and narrow policy portfolio that the dominant risk to achieving the maximum possible
emissions reduction is inadequate or failed implementation. Congressional passage significantly reduces
the political risk of repeal, while the focus on low-carbon electricity and electrification during the 2020s,
which already costs less than new emitting fossil alternatives, largely puts off the risk that essential non-
emitting technologies might not be ready in time at the right price until after 2030. Hence, the
committee’s second and final report is not just about progress but also about gaps and barriers that would
prevent successful implementation, where success is measured against the five separate objectives:
reduced emissions of GHGs; fairness, equity, and justice; health; the number and quality of jobs; and
transparent public engagement in planning and decision-making. For each gap and barrier, the report
offers a recommended remedy.

Recommendations Summary

A summary of approximately 80 recommendations is provided in Table S-1, with a list of the
actors responsible for implementation and the sectors and objectives that each is designed to address.
Recommendations are also sorted into 10 broad categories that are described below.

3 This report primarily covers CO, emissions, with some discussion of non-CO, GHGs where relevant.
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A Broadened Policy Portfolio. The committee’s first report recommended a broad set of policies,
including taxes, standards, and incentives, with some redundancy to make the portfolio more robust to the
failure or repeal of any one component. For example, manufacturing standards for home heating
appliances would ensure a transition to heat pumps even if the carbon tax proved unable to overcome
consumer inertia. The narrow policy portfolio in the IRA, IIJA, and CHIPS—exclusively tax incentives
and other subsidies, with the exception of a fee for fugitive methane emissions—Ilacks the backstops of a
diverse portfolio and thus makes achieving its emissions reduction goals more uncertain. Also, a 30-year
transition will require that some critical elements possess the political durability that only congressional
action can provide. Recommendation 1-1 repeats two recommendations for Congress from the first report:
a national GHG emissions budget and an economy-wide carbon tax with provisions to protect people with
low incomes and energy-intensive businesses exposed to import competition. The committee fully
appreciates the political headwinds currently facing these actions. Within the body of the current report,
the committee also reiterates recommendations from its first report for clean energy standards for
electricity, zero-emissions vehicle sales mandates, zero-emissions appliance standards, and the creation of
a National Transition Corporation. Recommendations in Table S-1 that would broaden the federal policy
portfolio include 1-1, 5-3, 5-8, 6-1, 7-5, 7-7, 8-2, 8-6, 8-8, 9-1, 9-3, 10-2, 10-3, 10-6, 10-7, 10-9, and 12-
2.

Rigorous and Transparent Analysis and Reporting for Adaptive Management. Few of the policies in
the IRA have ever been implemented at the scale and pace required by the law and necessary to achieve
climate mitigation goals, while also ensuring energy justice and equity. Federal agencies and, especially,
state governments currently lack the capacity needed to administer the funds and implement programs.
State and local motivations behind implementation are highly heterogenous, with some areas
energetically supportive and others opposed. Overt or passive public resistance to the deployment of
critical infrastructure could materialize in some locations or sectors. The climate and energy programs in
the IRA and I1JA are scattered across the federal government, with no durable entity to gather data,
monitor, and analyze them and periodically report on progress against GHG emissions, equity, justice,
employment, health, and public engagement goals. This will limit the nation’s ability to learn what works
and what does not, to course-correct, and to design effective policies for the subsequent 2 decades of the
transition. Recommendations 1-2 and 1-3 are for Congress to designate an enduring entity to oversee and
execute rigorous and transparent data analysis, monitoring, and reporting about investments and progress,
in much the same way that the U.S. Global Change Research Program (USGCRP) was empowered by
Congress to report periodically on climate change and its impacts. Other recommendations that support
Recommendations 1-2 and 1-3 include 2-1, 2-2, 2-3, 2-6, 7-1, 7-3, 7-5, 8-1, 8-3, 8-4, 10-1, 10-5, 10-6, 10-
7,11-4, and 11-5.

Ensuring Procedural Equity in Planning and Siting New Infrastructure and Programs. The social
sciences and technical literature on planning and developing new infrastructure during technological
transitions shows that public consensus and support require a careful collaborative process managed by
specially trained people, and with active participation by the diversity of people in the local community. It
is also important to involve affected publics in planning for energy development early, rather than coming
to them with fully baked project proposals. Without robust process, policy implementers may lose or fail
to gain the trust of a local community before learning what its members want and would support.
Communities are then left opposing infrastructure like community solar, which could pay them revenue,
reduce energy bills, or even be owned by them, because they (understandably) do not trust the people or
process that promotes it, rather than deciding based on the advantages and disadvantages for their
community. Although robust public process takes time, it increases the probability of success; there is
some evidence that good process yields trust and awareness that can facilitate subsequent siting in the
same location. Recommendations 5-1 through 5-8 would implement this process, with support from 2-2,
2-4,2-5,5-1-5-8, 6-6, 7-1-7-3, 9-5, 11-1-11-3, and 12-1.
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Ensuring Equity, Justice, Health, and Fairness of Impacts. The current federal policy portfolio
contains many provisions designed to ensure a fair, just, and equitable distribution of costs and benefits
from the transition, and to eliminate current injustice in our energy system. Recommendations 2-1
through 2-6 are designed to strengthen these provisions and reduce barriers to their successful
implementation. The report also recommends that Justice40 or an equivalent target be made durable
(institutionalized) through an act of Congress (Recommendation 2-3). Perhaps the single gravest
environmental injustice in the U.S. energy system is that up to 355,000 deaths per year are caused by air
pollution from fossil fuels combustion, which disproportionately occur in communities of color and low-
income households. A large fraction of this pollution will be eliminated by actions stimulated by the IRA
during the 2020s because of coal plant closures. This will make a significant down payment on Justice40,
above and beyond the funding in the law that is directed explicitly to environmental justice. Health is a
critical component of justice and fairness in many parts of the energy transition. Recommendations 3-1
through 3-3 would make sure that health impacts are assessed when technological and new infrastructure
decisions are made, and Recommendation 10-4 would promote development of technologies that reduce
both CO; and co-pollutant emissions. Last, Recommendations 5-2, 5-4, 5-8, 4-2, 4-3, 12-1, 12-3, 12-6,
and 12-7 would mitigate the harms to workers and communities from the loss of fossil-dependent jobs.

Siting and Permitting Reforms for Interstate Transmission. Perhaps the single greatest risk to a
successful energy transition during the 2020s is the risk that the nation fails to site, modernize, and build
out the electrical grid. Except where new transmission has been shown as needed to keep the lights on,
adding transmission is complicated by the need to secure cooperation from numerous individual
landowners and affected publics—many of whom may perceive greater cost than benefit from high-
voltage transmission lines. The need for adding new transmission capacity and pathways during the 2020s
is unprecedented, given the committee’s goal of at least 75 percent clean power by 2030 laid out in the
first report. Studies show that without significant new transmission capacity, renewables deployment
would be delayed, just as electrification of transport and heating are starting to increase demands for
power. The net result could be increased generation by fossil electricity plants and increased national
fossil emissions during the 2020s, which would make the entire effort appear to be a failure, even
assuming that investments in energy efficiencies occur in conjunction with electrification. This would
also prolong and increase the environmental injustice of exposure to dangerous particulate emissions from
fossil power plants. Expansion of the high-voltage interstate transmission grid is needed in addition to,
rather than instead of, modernization of local electricity distribution systems, deployment of energy
resources (such as solar and storage) close to customers, and much-more-aggressive adoption of energy
efficiency. The committee recommends siting and permitting reforms through the collection of executive,
state, and private sector actions in Recommendation 6-2 with support from Recommendations 5-5-5-7, 6-
3-6-6, and 7-6.

Tightened Targets for the Buildings and Industrial Sectors and a Backstop for the Transport
Sector. The 2030 sectoral emissions goals set by the Biden administration can be achieved or mostly
achieved by the current policy portfolio, in part because the goals for “harder-to-decarbonize” sectors,
such as industry and buildings, are not particularly stringent. In the transport sector, the Biden
administration has set a goal for zero-emission vehicles (ZEVs) to comprise 50 percent of 2030 sales.
Because of uncertainties about the pace of deployment of charging infrastructure and consumer adoption
of ZEVs, some published analyses predict that the 2030 goal will be achieved, while others predict a
significant shortfall. Recommendation 9-1 calls for federal executive action to establish a ZEV standard
to backstop the tax credits in the IRA, while Recommendations 9-2 through 9-5 call for state, local, and
private actions to promote the growth of ZEV sales. The less ambitious emissions reduction goals for the
buildings and industrial sectors in the 2020s mean that large reductions will be required after 2030. In
addition, large atmospheric CO, removals in the 2040s will likely be needed from technologies like direct
air capture that are unproven at commercial scale. Recommendations 10-1-10-4, 10-6, 10-7, and 10-9 call
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for specific congressional actions to accelerate decarbonization of the industrial sector. These might
attract bipartisan interest as part of a package to revitalize U.S. industry. Recommendations 7-1-7-5
would facilitate effective implementation of components of the IRA and IIJA directed at buildings and the
built environment, especially those that would further equity and fairness objectives. Chapter 7 also
includes 10 technically achievable actions in buildings and the built environment that could eliminate up
to 1 billion metric tons of today’s CO, emissions per year, mostly by increasing energy efficiency and
decreasing demand for energy services. By increasing energy efficiency, these actions would decrease
current and future demand for electricity, which would ease the pressures to site new transmission,
distribution, and generation capacity so quickly. Although several of the actions would face formidable
political headwinds if proposed today as new federal policies, most could be implemented by states,
municipalities, and property owners.

Managing the Future of the Fossil Fuel Sector. The committee’s first report concluded that, in the
2020s, approximately the same actions are required in scenarios that assume exclusively renewable
sources in 2050 as in those that assume a mix of renewables, nuclear power, and fossil energy with carbon
capture and storage. For this reason, the fact that the IRA, IIJA, and CHIPS include incentives for non-
renewable options does not significantly take any decarbonized technology option off the table. Most
estimates indicate a continued role for fossil fuels—particularly oil and gas—in meeting energy demand
throughout the next decade but significant uncertainty in the 2030s and beyond. Recommendations 12-1,
12-3, and 12-5-12-7 would help manage some consequences of these demand reductions, including safe
operation of municipal gas distribution networks despite a declining base of rate payers, reforms to taxes
on petroleum products, remediation of abandoned fossil facilities, and transition planning and assistance
for communities and states now heavily dependent on fossil extraction and production. Recommendations
12-2 and 12-4 would avoid investments that are not essential to meet current demand and might end up
excluded from the final net-zero mix.

Building the Needed Workforce and Capacity. The federal government is rapidly adding the capacity it
needs to implement current climate and energy policy. However, the nation as a whole lacks the trained
workers needed to implement fairness, equity, justice, and public engagement provisions. Implementation
of Recommendations 2-2, 2-4, 5-1, 5-6, 5-9, 5-10, 7-4, and 7-5 would supply the needed training.
Recommendations 13-1-13-4 are needed to remedy the severe capacity shortage in most subnational
governments, which will be responsible for administering most of the programs in current policy. Last,
Recommendations 4-1-4-4, 10-8, and 12-1 would provide training for workers needed by decarbonized
industries and retraining for current fossil fuel workers.

Reforming Financial Markets. The financial sector directs the flow of capital and financial services to
businesses and households throughout the United States and has increasingly focused on the risks and
opportunities associated with the net-zero transition. Historically, some communities have not had equal
access to these services, an inequality that the energy transition must address. Targeted programs can
address these inequities, and Recommendations 11-1 through 11-3 focus on this outcome. Additionally,
better data and information can allow investors and regulators to fully understand climate-related risks
and opportunities in the financial sector, and Recommendations 11-4 and 11-5 aim to improve and
standardize data collection and disclosure. Last, financial regulators need to improve their monitoring and
supervision of climate risks, and Recommendation 11-6 addresses needed scenario analysis and stress
testing to understand the vulnerability of key financial institutions and the sector as a whole.

Research, Development, and Demonstration Needs. DOE is implementing many of the new or
expanded RD&D programs required in the first decade of a transition to net zero, so that the nation will
be ready for the second 2 decades. However, additional investments will be required to address medium-
to long-term challenges, such as developing new methods to make low-carbon products using green
chemistry or engineering. Furthermore, the breadth of the energy transition requires an RD&D portfolio
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broader than DOE’s domain, including for example land-use practices that store carbon while improving
agricultural productivity, research on artificial meat and dairy food products, and ways to reduce food
waste and shift toward more plant-based diets. In general, the most formidable barriers to successful
implementation are not just technical, but rather within the domain of the social sciences, where DOE and
the federal government investments have historically been small or absent. Recommendations 5-9 and 5-
10 would greatly enhance investments in energy-related social sciences, while 6-7, 7-6, 8-4, 8-5, 8-7, 9-6,
10-1, 10-2, 10-4, and 10-6 would fill specific technological gaps in RD&D, which in some cases (e.g., for
land-use-related approaches) will require identifying which technologies to pursue and how.

TABLE S-1 Summary of Recommendations for Policies Designed to Meet Net-Zero Carbon Emissions
Goal and How the Policies Support Specific Sectors, Objectives, and Overarching Categories

Program, OMB)

Actor(s) Overarching

Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
1-1: Enact Two Federal Congress, * Electricity e Greenhouse | A Broadened Policy
Policies Recommended Treasury * Buildings gas (GHG) Portfolio
in the First Report: Department, e Land use reductions
National Greenhouse Environmental .
Gas Emissions Budget Protection * Transportation
and Economy-Wide Agency (EPA) * Industry
Carbon Tax * Finance

® Fossil fuels
1-2: Leverage the Congress and * Electricity e GHG Rigorous and
Evidence Act to Execute | Office of * Buildings reductions Transparent Analysis
Data Collection and Management and e Land use * Equity and Reporting for
Evaluation on Budget (OMB) ) « Health Adaptive
Decarbonization * Transportation ca Management
Investments and * Industry * Employment
Programs ¢ Finance * Public
* Fossil fuels engagement
1-3: Identify and Provide | Congress and * Electricity e GHG Rigorous and
Resources for a Central single other * Buildings reductions Transparent Analysis
Entity to Provide agency (e.g., e Land use * Equity and Reporting for
Timely, Public-Facing Energy ) . Adaptive
Information on the Information * Transportation b Management
Nation’s Progress Administration * Industry * Employment
Toward Decarbonization | [EIA], Global * Finance * Public
Change Research e TFossil fuels engagement
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Short-Form
Recommendation

Actor(s)
Responsible for
Implementing
Recommendation

Sector(s)
Addressed by
Recommendation

Objective(s)
Addressed by
Recommendation

Overarching
Categories
Addressed by
Recommendation

2-1: Codify the Justice40
Initiative

Congress

¢ Buildings
* Transportation

* Equity
* Health
* Employment

Rigorous and
Transparent Analysis
and Reporting for
Adaptive
Management

Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

Building the Needed
Workforce and
Capacity

2-2: Develop a Federal
Baseline Set of Metrics
for Disadvantaged
Communities for
Program Design and
Evaluation

Council on
Environmental

Quality (CEQ)

* Equity

Rigorous and
Transparent Analysis
and Reporting for
Adaptive
Management

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

2-3: Implement Federal
Legislation for Equitable
Outcomes

Federal
policymakers

* Non-federal
actors

* GHG
reductions

* Equity

Rigorous and
Transparent Analysis
and Reporting

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

2-4: Build Multi-Level
Capacity to Support
Community-Led
Transitions

Congress,
National
Transition
Corporation, EPA
and DOE, state
legislatures

¢ Non-federal
actors

e GHG
reductions

* Equity

* Health

* Employment

* Public
engagement

Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

Building the Needed
Workforce and
Capacity
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
2-5: Develop Equitable Federal e Non-federal * Equity Ensuring Procedural
Technical Assistance Interagency actors e Public Equity in Planning
Guidelines Thriving engagement and Siting New
Communities Infrastructure and
Network, White Programs
House
Environmental Ensuring Equity,
Justice Advisory Justice, Health, and
Committee Fairness of Impacts
(WHEJAC)
2-6: Evaluate the Equity | Omnibus entity, * Equity Rigorous and
Impacts of the Just WHEJAC * Transparency Transparent Analysis
Transition e Health and Reporting
* Employment | gqurine Equity,
Justice, Health, and
Fairness of Impacts
3-1: Phase Out Congress and e Land use e Health Ensuring Equity,
Incentives for the U.S. Department Justice, Health, and
Highest Greenhouse Gas | of Agriculture Fairness of Impacts
Emitting Animal Protein | (USDA)
Sources
3-2: Increase Use of Congress, * Electricity * Equity Ensuring Equity,
Health Impact Centers for * Buildings e Health Justice, Health, and

Assessment Tools in
Energy Project Decision-
Making

Disease Control
and Prevention
(CDC), National
Center for
Environmental
Health/Agency
for Toxic
Substances and
Disease Registry
(NCEH/ATSDR),
Department of
Health and
Human Services
(HHS) Office of
Climate Change
and Health
Equity

* Transportation
¢ Industry
* Fossil fuels

Fairness of Impacts

Rigorous and
Transparent Analysis
and Reporting for
Adaptive
Management
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¢ Transportation
¢ Industry

* Non-federal
actors

Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
3-3: Assess Centers for * Electricity * Equity Ensuring Equity,
Occupational Health Disease Control * Buildings e Health Justice, Health, and
Risks Associated with and Prevention . Fairness of Impacts
Clean Energy (CDC), National ¢ Transportation * Employment
Technologies Center for * Industry
Environmental * Fossil fuels
Health/Agency
for Toxic
Substances and
Disease Registry
(NCEH/ATSDR),
Occupational
Safety and Health
Administration
(OSHA)
4-1: Support the Department of * Electricity * Equity Building the Needed
Zeto Curtculumand | governments,and | | Didines |+ Employment | ECSeand
. N ® Transportation * Public
Skill Development school districts
Programs for K—12 * Industry engagement
Students ¢ Non-federal
actors
4-2: Invest in Linking Congress * Electricity * Equity Ensuring Equity,
Pepple from * Buildings * Employment Ju;tlce, Health, and
Communites to Quality " Transportation remessotimpecs
Jobs * Industry Building the Needed
* Non-federal Workforce and
actors Capacity
4-3: Extend Congress * Transportation * Equity Ensuring Equity,
Unemployment . O Tl Fralk * Employment Jugtlce, Health, and
;Iz)s;rialu;(fegg;t;??dfor « Public Fairness of Impacts
engagement ol
Layoffs and Develop Building the Needed
Decarbonization Workforce and
Workforce Adjustment Capacity
Assistance Program
4-4: Collect and Report Department of * Electricity * Equity Building the Needed
Data on Net-Zerq— Energy (DOE) * Buildings * Employment Workfprce and
Relevant Professions Capacity
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories

Short-Form Implementing Addressed by Addressed by Addressed by

Recommendation Recommendation | Recommendation | Recommendation | Recommendation

5-1: Encourage National Climate * Electricity e Equity A Broadened Policy

Prospective, Inclusive Task Force o Tagaeil il * Employment Portfolio

Dialogue at National and | (NCTF), DOE,  Non-federal « Public

Regional Levels and EPA actors T Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs
Building the Needed
Workforce and
Capacity

5-2: Accelerate the Subnational * Electricity * Equity A Broadened Policy

Development, government staff, e Non-federal e Public Portfolio

Implementation, elected officials actors engagement

Assessment, and Sharing | and their Ensuring Equity,

of Energy System Policy | representative Justice, Health, and

and Approaches That coalitions, federal Fairness of Impacts

Deliver Local Benefits partners
Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs

5-3: Fix Policy Gaps Congress and * Electricity e Equity A Broadened Policy

That Limit Role of state legislatures o NeieEdsl e Public Portfolio

Public Land in actors engagement )

Decarbonization « Land use Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs
Siting and Permitting
Reforms for
Interstate
Transmission

5-4: Address Barriers to State legislatures e Non-federal * Equity A Broadened Policy

Local Benefits from actors e Public Portfolio

Renewable Energy engagement

Facilities Ensuring Equity,

Justice, Health, and
Fairness of Impacts

Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
5-5: Convene a National | DOE, CEQ, e Non-federal e Equity A Broadened Policy
Working Group on Federal Energy actors e Public Portfolio
Siting Process Regulatory * Electricity engagement
Innovation with Input Commission Ensuring Procedural
from State Energy (FERC), National Equity in Planning
Officials Association of and Siting New
Regulatory Utility Infrastructure and
Commissioners Programs
(NARUC), and
National Siting and Permitting
Association of Reforms for
State Energy Interstate
Officials Transmission
(NASEO)
5-6: Mandate and Congress, DOE, e Electricity e Equity Ensuring Procedural
Allocate Resources fora | NCTF e Non-federal e Employment Equity in Planning
National Assessment on actors e Public and Siting New
the Public Engagement engagement Infrastructure and
Workforce and Gaps Programs
Siting and Permitting
Reforms for
Interstate
Transmission
Building the Needed
Workforce and
Capacity
5-7: Develop Civil society * Electricity * Equity A Broadened Policy
Collaborative Regional leaders and * Buildings *  Employment Portfolio
Renewable Energy philanthropic e Land use « Public
Deployment Plans organizations Ensuring Procedural
* N(t)n-federal engagement Equity in Planning
actors

and Siting New
Infrastructure and
Programs

Siting and Permitting
Reforms for
Interstate
Transmission
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
5-8: Address the Congress, federal * Electricity * Equity A Broadened Policy
Priorities of Native agencies involved e Public Portfolio
American and in renewable engagement
Environmental Justice energy and Ensuring Equity,
Communities transmission Justice, Health, and
deployment Fairness of Impacts
leads, and federal
program Ensuring Procedural
designers Equity in Planning
and Siting New
Infrastructure and
Programs
5-9: Invest in and DOE, e Non-federal e Equity Building the Needed
Integrate Social Science Department of actors * Employment Workforce and
Research into Transition | Transportation « Public Capacity
Decision-Making (DOT), eneagement
Department of gag Research,
Defense (DoD), Development, and
EPA, and Demonstration Needs
National Science
Foundation
(NSF)
5-10: Establish an DOE and * Electricity e Public Building the Needed
Energy Systems Department of * Buildings engagement Workforce and
Education Network Education e Land use Capacity
¢ Transportation
¢ Industry
* Finance
* Fossil fuels
6-1: Adopt National Congress * Electricity e GHG A Broadened Policy
Policy to Limit Power- reductions Portfolio
Sector Greenhouse Gas e Health
(GHG) Emissions
6-2: Support the FERC, DOE, * Electricity e GHG Siting and Permitting
Expansion of the states, e Non-federal reductions Reforms for
Transmission Grid transmission actors e Health Interstate
companies, e Public Transmission
public engagement
stakeholders, and
Department of
the Interior (DOI)
6-3: Expand Regional Congress, FERC, * Electricity e GHG Siting and Permitting
Power Markets regional o NPl reductions Reforms for
Consistent with transmission _. * Equity Interstate
Decarbonization organizations e Health Transmission
Objectives (RTOs)
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of On-Demand Electric
Generating Technologies
and Long-Duration
Storage Technologies

Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
6-4: Provide Rate Decision makers * Electricity * Equity Ensuring Equity,
Options to Encourage on utility rates e Non-federal Justice, Health, and
Flexible Demand While (i.e., state utility actors Fairness of Impacts
Ensuring Affordable regulators for
Electricity jurisdictional Siting and Permitting
investor-owned Reforms for
utilities and Interstate
boards of Transmission
cooperatives,
municipal electric
utilities, and
other publicly
owned utilities)
6-5: Support Equitable States, localities, * Electricity e GHG Ensuring Equity,
Deployment of and Tribal e Non-federal reductions Justice, Health, and
Distributed Energy governments P * Equity Fairness of Impacts
Resources (DERSs) e Health
. Siting and Permitting
* Public Reforms for
engagement | pnerstate
Transmission
6-6: Support Planning, Decision makers * Electricity e GHG Ensuring Procedural
Public Participation, and | on utility service e Non-federal reductions Equity in Planning
Investment in provision (i.e., actors * Equity and Siting New
Modernizing Local state utility e Health Infrastructure and
Grids regulators for ) Programs
jurisdictional * Public
investor-owned engagement | Gitino and Permitting
utilities and Reforms for
boards of Interstate
cooperatives, Transmission
municipal electric
utilities, and
other publicly
owned utilities)
6-7: Invest in Research, Congress * Electricity e GHG Research,
Development, and reductions Development, and
Demonstration (RD&D) * Equity Demonstration Needs
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
7-1: Ensure Clarity and DOE * Buildings e GHG Rigorous and
Consistency for the reductions Transparent Analysis
Implementation of * Equity and Reporting for
Building « Public Adaptive
Decarbonization Policies Management
engagement
Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs
Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
7-2: Promote an DOE * Buildings e GHG Ensuring Procedural
Equitable Focus Across O Wencrdsil reductions Equity in Planning
Building T * Equity and Siting New
Decarbonization Policies . Infrastructure and
* Public
Programs
engagement
Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
7-3: Expand and DOE * Buildings e GHG Rigorous and
Evaluate the reductions Transparent Analysis
Weatherization * Equity and Reporting for
Assistance Program « Health Adaptive
(WAP) Management

Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs

Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
7-4: Coordinate State and * Buildings e Equity Tightened Targets for
Subnational Government | municipal o el * Employment the Buildings and
Agencies to Align government P Industrial Sectors and
Decarbonization Policies | offices a Backstop for the
and Implementation Transport Sector
Building the Needed
Workforce and
Capacity
7-5: Build Capacity for Congress * Buildings e GHG A Broadened Policy
States and Municipalities e Non-federal reductions Portfolio
to Adopt and Enforce actors * Equity
Increased Regulatory e Health Rigorous and
Rigor for Buildings and Transparent Analysis
Equipment * Employment | .4 Reporting for
Adaptive
Management
Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
Building the Needed
Workforce and
Capacity
7-6: Increase Research, Congress * Buildings * Equity Siting and Permitting
Development, o NPl e Health Reforms for
Demonstration, and _. o Bl Interstate
Deployment for Built i Transmission
Environment * Public
Decarbonization engagement Research,
Interventions Development, and
Demonstration Needs
7-7: Extend Current Congress * Buildings e GHG A Broadened Policy
Decarbonization reductions Portfolio
Incentives Beyond the * Equity
Next Decade While e Health Tightened Targets for
Scaling Up Mandates the Buildings and
* Employment | 14 strial Sectors and
a Backstop for the
Transport Sector
8-1: Convene an Expert Secretary of e Land use e GHG Rigorous and
Group to Recommend Agriculture reductions Transparent Analysis
Ways to Measure and Reporting for
Additional Forest Sinks Adaptive
Management
8-2: Prioritize Secretary of e Land use e GHG A Broadened Policy
Ecosystem-Level Carbon | Agriculture reductions Portfolio

Storage
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
8-3: Establish a USDA e Land use e GHG Rigorous and
Permanent, National- reductions Transparent Analysis
Scale, High-Quality Soil and Reporting for
Monitoring Network Adaptive
Management
8-4: Build Out Long- USDA e Land use e GHG Rigorous and
Term Agricultural Field e Non-federal reductions Transparent Analysis
Experiments actors and Reporting for
Adaptive
Management
Research,
Development, and
Demonstration Needs
8-5: Fund Research to USDA e Land use e GHG Research,
Quantify Indicators That reductions Development, and
Influence Adoption of * Equity Demonstration Needs
Regenerative Agriculture « Public
Practices
engagement
8-6: Incentivize the USDA e Land use e GHG A Broadened Policy
Abatement of CH4 and reductions Portfolio
N>O Emissions and * Equity
Improve Soil Carbon
Sequestration
8-7: Release a DOE e Land use e GHG Research,
Comprehensive reductions Development, and
Research, Development, Demonstration Needs
Demonstration, and
Deployment (RDD&D)
Program for Biomass
Energy with Carbon
Capture and Storage
(BECCS)
8-8: Convene an Expert Secretary of e Land use e GHG A Broadened Policy
Group to Recommend Agriculture reductions Portfolio
Policies That Could e Health
Encourage Sustainable
Diets
9-1: Accelerate the Federal, state, * Transportation e GHG A Broadened Policy
Adoption of Battery and local O B reductions Portfolio
Electric Vehicles governments ¢ Non-federal  Equity .
actors e Health Tlghtepeq Targets for
. the Buildings and
* Public Industrial Sectors and
engagement

a Backstop for the
Transport Sector
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
9-2: Promote Vehicle Ports and airports * Transportation e GHG Tightened Targets for
Electrification at Ports and their state o Non-federal reductions the Buildings and
and Airports and local actors e Health Industrial Sectors and
government a Backstop for the
owners Transport Sector
9-3: Pursue Cost- Private * Buildings e GHG A Broadened Policy
Effective Efficiency companies and * Transportation reductions Portfolio
Improvements to Reduce | state and local « Tossil fuels * Equity
Greenhouse Gas (GHG) governments e« Health Tightened Targets for
Emissions * Non-federal ca the Buildings and
aieione Industrial Sectors and
a Backstop for the
Transport Sector
9-4: Pursue State DOTs, * Transportation e GHG Tightened Targets for
Infrastructure Design, American * Industry reductions the Buildings and
Standards, Association of ¢ Non-federal Industrial Sectors and
Specifications, and State Highway actors a Backstop for the
Procedures That and Transport Sector
Effectively Reduce Transportation
Transportation Carbon Officials,
Emissions American Road
and
Transportation
Builders
Association, and
other specialized
transportation
infrastructure
materials and
construction
associations
9-5: Enhance States and local * Buildings e GHG Rigorous and
Transportation Equity governments e Transportation reductions Transparent Analysis
and Environmental * TFinance * Equity and Reporting for
Justice Through e Health Adaptive
Programs, Planning, and * Non-federal ca ) Management
Services actors * Public
engagement

Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
9-6: Support Advances DOE and NSF e Land use e GHG Ensuring Equity,
in Battery Design and * Transportation reductions Justice, Health, and
Recycling, Fuel Cell * Industry Fairness of Impacts
Electric Vehicles
(FCEVs), and Net-Zero Research,
Liquid Fuels Development, and
Demonstration Needs
10-1: Develop and DOE and * Buildings e GHG Rigorous and
Enable Cost-Competitive | industrial * Industry reductions Transparent Analysis
Process and Waste Heat companies and Reporting for
Solutions Adaptive
Management
Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
Research,
Development, and
Demonstration Needs
10-2: Invest in Energy Congress and * Buildings e GHG A Broadened Policy
and Materials Efficiency | DOE * Industry reductions Portfolio
and Industrial  Finance
Electrification Tightened Targets for
* Non-federal the Buildings and
actors ' Industrial Sectors and
* Transportation a Backstop for the
Transport Sector
Research,
Development, and
Demonstration Needs
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
10-3: Spur Innovation to | Congress, DOE, * Industry e GHG A Broadened Policy
Achieve Price- non- o Teeies reductions Portfolio
Performance Parity for governmental  Non-federal
Low-Carbon Solutions organizations actors Tightened Targets for
(NGOs), industry the Buildings and
associations (e.g., Industrial Sectors and
American a Backstop for the
Chemistry Transport Sector
Council [ACC],
American Iron
and Steel
Association
[AISA], Portland
Cement
Association
[PCA], National
Association of
Manufacturers
[NAM], and
others), and
industry
10-4: Pursue DOE, NGOs, * Industry e GHG Ensuring Equity,
Technologies That industry, industry e Non-federal reductions Justice, Health, and
Reduce Both associations (e.g., actors e Health Fairness of Impacts
Greenhouse Gas (GHG) ACC, AISA,
and Air Pollution PCA, NAM, and Tightened Targets for
Emissions others), and the Buildings and
engineering Industrial Sectors and
companies a Backstop for the
Transport Sector
Research,
Development, and
Demonstration Needs
10-5: Use Mass-Based Regulatory and * Industry e GHG Rigorous and
Rather Than permitting *  Electricity reductions Transparent Analysis
Concentration-Based organizations o e e Health and Reporting for
NO Standards Adaptive
Management
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
10-6: Develop and DOE, EPA, * Industry e GHG A Broadened Policy
Standardize Life-Cycle National Institute * Buildings Reductions Portfolio
Assessment Approaches of Standards and « Transportation
for Carbon Intensity of Technology Rigorous and
Industrial Products (NIST), and other * Non-federal Transparent Analysis
relevant agencies actors and Reporting for
Adaptive
Management
Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
Research,
Development, and
Demonstration Needs
10-7: Establish a Congress, DOE, * Buildings e GHG A Broadened Policy
Program Connecting Department of e Transportation reductions Portfilio
Market-Pull Approaches | Commerce e Industry
to the Deployment of (DOC), General Rigorous and
Low-Carbon Services * Non-federal Transparent Analysis
Technologies Administration actors and Reporting for
(GSA), DoD, and * Finance Adaptive
DOT Management
Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
10-8: Develop Effective Congress, DOE, * Industry e Employment | Building the Needed
Workforce Development labor. . o Non-federal Workforce and
Programs for Industry ass0c1at}0ns, actors Capacity
NGOs, industry
leaders, and
academia
10-9: Implement a Congress, DOE, * Industry e GHG A Broadened Policy
Product-Based Tradeable | DOC, and EPA e Finance reductions Portfolio

Performance Standard
for Domestic
Manufacturing and
Foreign Trade

Tightened Targets for
the Buildings and
Industrial Sectors and
a Backstop for the
Transport Sector
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Recommendations to
Ensure the Stability of
U.S. Financial Markets

Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
11-1: Expand and Congress and * Buildings * Equity Ensuring Procedural
Extend Funding and EPA * Transportation Equity in Planning
Financing Assistance for * Finance and Siting New
Actions Benefiting Low- Infrastructure and
Income and * Non-federal Programs
Disadvantaged actors
Households and Reforming Financial
Communities Markets
11-2: Disclose Equity OMB * Electricity * Equity Ensuring Procedural
Indicators for Federal * Buildings Equity in Planning
Funding of Clean Energy o Tmsperiien and Siting New
) Infrastructure and
¢ Finance Programs
¢ Non-federal
actors Reforming Financial
Markets
11-3: Address Limited Treasury e Finance * Equity Ensuring Procedural
Access Faced by Low- Advisory Group Equity in Planning
Income and on Racial Equity and Siting New
Marginalized Infrastructure and
Households Programs
Reforming Financial
Markets
11-4: Fill Gaps in Federal agency ¢ Finance Rigorous and
Federal Financial Risk decision makers Transparent Analysis
Data and Information that are members and Reporting for
Collection Rules of the Financial Adaptive
Stability Management
Oversight
Council (FSOC) Reforming Financial
Markets
11-5: Strengthen Securities and ¢ Finance e GHG Rigorous and
Climate Disclosure Exchange e Non-federal reductions Transparent Analysis
Rules and Standardize Commission actors and Reporting for
Data and Methods (SEC) Adaptive
Management
Reforming Financial
Markets
11-6: Implement FSOC members e Finance Reforming Financial
Financial Stability and the Federal Markets
Oversight Council Reserve
(FSOC)
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Actor(s) Overarching

Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
12-1: Authorize and Congress and e Fossil fuels * Equity Ensuring Procedural
Provide Appropriations state transition e Non-federal * Employment Equity in Planning

for State Transition
Offices to Address Coal,
Oil, and Natural Gas
Community Transitions

offices

actors

and Siting New
Infrastructure and
Programs

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

Building the Needed
Workforce and
Capacity
Managing the Future
of the Fossil Fuel
Sector
12-2: Consider Whether Congress and e Fossil fuels e GHG A Broadened Policy
Proposed Natural Gas FERC * Transportation reductions Portfolio
Pipeline Projects Are
Needed, Incorporate Managing the Future
Greenhouse Gas (GHG) of the Fossil Fuel
Emissions Impacts into Sector
National Environmental
Policy Act (NEPA), and
Require the Use of
Depreciation Periods for
Pipeline Application
Reviews
12-3: Require Utilities State regulators * Electricity e GHG Ensuring Equity,
and Service Providers to | of natural gas * Buildings reductions Justice, Health, and
Plan for the Transition dl.St.I'l.butIOIl . « Transportation * Equity Fairness of Impacts
utilities and fossil .
fuel * Industry Heal.th Managing the Future
supplier/service * Fossil fuels * Public of the Fossil Fuel
providers ¢ Non-federal engagement | gecior
actors
12-4: Consider Adoption | States and ® Fossil fuels e GHG Managing the Future
of Molrator.ia on New communities e Non-federal reductions of the Fossil Fuel
Gas Lines in Previously Sector
actors
Unserved Areas
12-5: Modify the Design | Congress and * Transportation e GHG Managing the Future
of Taxes on Gasoline, states e Fossil fuels reductions of the Fossil Fuel

Diesel, and Petroleum
Products

* Non-federal
actors

Sector
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Actor(s) Overarching
Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
12-6: Require Recipients | Congress and e Fossil fuels e GHG Ensuring Equity,
of Federal Funding to recipients of o el reductions Justice, Health, and
Provide Advance Notice | federal agency P * Equity Fairness of Impacts
of Facility Closures funding A
mployment .
. Managing the Future
* Public of the Fossil Fuel
engagement | goiior
12-7: Fund the Congress, state ¢ Finance e GHG Ensuring Equity,
Decommissioning, legislatures, state o TFossil fuels reductions Justice, Health, and
Cleanup, and Just agencies, and « Non-federal * Equity Fairness of Impacts
Transition for state regulators
o actors * Health .
Communities ) Managing the Future
Historically Dependent * Public of the Fossil Fuel
on Fossil Fuels engagement | gecor
13-1: Establish an Executive Office e Non-federal e Equity Building the Needed
Ongoing Process to of the President actors e Public Workforce and
Integrate Feedback engagement Capacity
into Federal
Application and
Technical Assistance
Processes
13-2: Disburse Department of e Non-federal *  Equity Building the Needed
Capacity-Building Energy, actors * Employment Workforce and
Funds for State, Environmental . Capacity
X * Public
Local, and Protection
Community Agency, engagement
Recipients Flexibly Department of
and Speedily Transportation,
Department of
Agriculture, and
other federal
agencies
13-3: Designate an Governors, * Electricity * Equity Building the Needed
Official or Entity to mayors, and * Buildings e Public Workforce and
Track Decarbomza.tllon county ofﬁ01.als; o Measperiien engagement Capacity
Program Opportunities states, counties,
and Deadlines and cities * Industry
¢ Non-federal
actors
13-4: Structure Federal agencies * Electricity * Equity Building the Needed
Competitive * Buildings Workforce and
Opportunities as Non- Capacity

Competitive Planning
Grants Followed by
Competitive Grants

¢ Transportation
¢ Industry

* Non-federal
actors
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Actor(s) Overarching

Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation | Recommendation | Recommendation | Recommendation
13-5: Continue to Congress and * Electricity e Equity Building the Needed
Expa}nd Rehal?le and federal ’ * Buildings * Employment Workforce and
Flexible Funding to contracting . . Capacity

. . * Transportation * Public
Subnational officials . eneagement
Governments Industry gag
¢ Non-federal
actors
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1
Introduction

This is the second of two reports from the National Academies of Sciences, Engineering, and
Medicine committee constituted in 2020 to analyze possible ways for the United States to decarbonize its
energy system. The committee interpreted “deep decarbonization™ in the statement of task (see Box 1-1)
to mean a decline to net-zero U.S. greenhouse gas (GHG) emissions by 2050, consistent with the target
announced by most developed nations.' The committee that wrote the first report included approximately
the same number of policy experts—particularly those focused on how policy affects equity, fairness, and
justice—as it did scientists and engineers. Importantly, the committee was convened to study how the
nation might achieve an equitable transition to net zero, not whether it should do so. Policies to reduce
impacts of climate change and to promote climate adaptation are outside the committee’s task, even
though their human dimensions overlap with mitigation policy in multiple ways, including normative
commitments to equity, justice, economic development, and place-based issues.

Like previous large-scale technological revolutions, the transition to a net-zero emissions energy
system will create new industries and jobs throughout the U.S. economy, while leaving older technologies
behind. It is difficult to imagine how such a transition could maintain public and political support for 3
decades without an equitable and fair sharing of benefits and costs and a focus on supporting workers and
communities. The study’s focus on equity and fairness can thus be motivated on purely pragmatic
grounds, in addition to ethical or moral grounds. Furthermore, our current energy system has significant
injustice built into it, such as the disproportionate exposure to air pollution from combustion of fossil
fuels suffered by communities of color (Liu et al. 2021), in part because of redlining and other
discrimination (Fears 2022; Lane et al. 2022). These issues of environmental and energy justice must be
redressed to gain the trust and support of the large number of people who have been harmed.

This second committee study was conducted during a period of unprecedented and revolutionary
change in U.S. climate and energy policy—caused primarily by the passage of the Inflation Reduction
Act (IRA) in August 2022, in combination with the Infrastructure Investment and Jobs Act (IIJA) in
November 2021, the CHIPS and Science Act (CHIPS) in August 2022, and federal executive and
regulatory actions. Although the IRA is the primary mechanism that will directly impact GHG emissions,
it is the combination of these policies that remakes the federal science and technology landscape in the
United States. The committee’s first report was released before this revolution, and the second (this
report) was written after.

! Net-zero emissions mean that any ongoing atmospheric release of greenhouse gases (GHGs) covered by the
United Nations Framework Convention on Climate Change (UNFCCC): carbon dioxide (CO,), methane (CHy),
nitrous oxide (N,O), and several fluorinated gases, must be balanced by removals of CO, from the atmosphere.
Under the UNFCCC positive emissions balance negative emissions if the two have equal 100-year global warming
potentials (GWPs). This report primarily covers CO, emissions, with some discussion of non-CO, GHGs where
relevant (Chapters 3, 7, 8, 10, 12).
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BOX 1-1
Statement of Task

Building off the needs identified at the Deployment of Deep Decarbonization Technologies
workshop in July 2019, the National Academies of Sciences, Engineering, and Medicine will appoint
an ad hoc consensus committee to assess the technological, policy, social, and behavioral dimensions to
accelerate the decarbonization of the U.S. economy. The focus is on emission reduction and removal of
CO,, which is the largest driver of climate change and the greenhouse gas most intimately integrated
into the U.S. economy and way of life. The scope of the study is necessarily broad and takes a
systemic, cross-sector approach. The committee will summarize the status of technologies, policies,
and societal factors needed for decarbonization and recommend research and policy needs. It will focus
its findings and recommendations on near- and mid-term (5-20 years) high-value policy improvements
and research investments and approaches required to put the United States on a path to achieve long-
term net-zero emissions. This consensus study will also provide the foundation for a larger National
Academies’ initiative on Deep Decarbonization. The committee will produce an interim report and a
final report. The interim report will provide an assessment of no-regrets policies, strategies, and
research directions that provide benefits across a spectrum of low-carbon futures. The final report will
assess a wider spectrum of technological, policy, social, and behavioral dimensions of deep
decarbonization and their interactions. Specific questions that will be addressed in the final report
include the following:

e Sectoral interactions and systems impacts—How do changes in one sector (e.g.,
transportation) impact other sectors (e.g., electric power) and what positive and negative
systems-level impacts arise through these interactions; how should the understanding of
sectoral interactions impact choices related to technologies and policies?

o Technology research, development, and deployment at scale—What are the technological
challenges and opportunities for achieving deep decarbonization, including in challenging
activities like air travel and heavy processing; what research, development, and
demonstration efforts can accelerate the technologies; how can financing and capital
effectively support decarbonization; what are key metrics for tracking progress in
deployment and scale-up of technologies and key measurements for tracking emissions?

e Social, institutional, and behavioral dimensions—What are the societal, institutional,
behavioral, and equity drivers and implications of deep decarbonization; how do the
impacts of deep decarbonization differ across states, regions, and urban versus rural areas
and how can equity issues be identified and the uneven distribution of impacts be
addressed; and what is the role of the private sector in achieving emissions reductions,
including companies influence on their external supply chains; what are the economic
opportunities associated with deep decarbonization; and what are the workforce and human
capital needs?

e Policy coordination and sequencing at local, state, and federal levels—What near-term
policy developments at local, state, and federal levels are driving decarbonization; how can
policies be sequenced to best achieve near-, medium-, and long-term goals; and what
synergies exist between mitigation, adaptation, resilience, and economic development?
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SUMMARY OF THE FIRST REPORT

The first report, released in February 2021, almost 9 months before the passage of IIJA and 18
months before the passage of the IRA and CHIPS, was written by a committee of experts in technology,
policy, and social sciences, and included many of the committee members that also wrote the second
report.? The committee held its first meeting in March 2020, which was an in-person meeting, and
subsequently held three additional virtual committee meetings and many subgroup calls. The committee’s
report focused on federal and executive-branch actions needed during the 2020s to put the nation on a fair
and equitable path to decarbonization by midcentury.

Contents of First Report

The first report offers a technical blueprint and federal policy manual for the first 10 years of a
30-year effort to replace the current U.S. energy system with one that has net-zero anthropogenic GHG
emissions (NASEM 2021). It begins with discussions of the current U.S. GHG emissions inventory, the
historical and potential future changes in emissions within different sectors, and the committee’s choice
of a 30-year timeframe to net zero as its emissions reduction goal. It provides an illustrative pathway to
this overall emissions goal and notes the role of four key ingredients to meet that goal: deep reductions in
CO; emissions, declines in non-CO, GHGs, maintenance or expansion of land carbon sinks, and
expansion of negative emissions technologies. The 30-year timeframe is justified on two fronts: first,
analysis shows that reaching net-zero global anthropogenic emissions eliminates the most severe impacts
of climate change (IPCC 2018), and second, a 30-year horizon for the energy transition leverages the
normal pace of much asset replacement and avoids significant premature retirement of existing assets.
The report also discusses the economics and capital requirements of a transition to net zero; sectoral
targets, technology options, and uncertainties; and the societal dimensions of deep decarbonization. It
shows how decarbonization can provide a net economic benefit, take advantage of the country’s unique
assets, and be accomplished in a manner that improves equity and opportunity. Within the report, the
committee identifies “no-regrets” actions that would be robust to uncertainty about the energy system’s
final technological mix and hedging actions designed to keep open as many viable paths to net zero as
possible. It also identifies sector-specific research priorities and technological goals for expanding the
innovation toolkit, particularly for sectors where low GHG emissions alternatives are in pilot stages or
nascent industries.

First Report Goals and Policies

The first report laid out five technology goals and four socioeconomic goals critical to achieving
midcentury decarbonization. On the technology side, the committee set goals for producing carbon free
electricity; electrifying energy services in transportation, buildings, and industry; investing in energy
efficiency and productivity; planning, permitting, and building critical infrastructure; and expanding the
decarbonization toolkit through investments in clean energy research, development, demonstration, and
deployment (RDD&D). The committee’s four socioeconomic goals were to strengthen the U.S. economy;
promote equity and inclusion; support communities, businesses, and workers; and maximize cost-
effectiveness.

The committee further recognized that a strong social contract would be essential to maintain
support for an energy transition covering 3 decades. It proposed policies “to build a more competitive
U.S. economy, to increase the availability of high-quality jobs, to build an energy system without the
social injustices that permeate the current system, and to allow those individuals and businesses that are

2 Some members from the original committee resigned and other new members were added to the committee
after the first report was published.
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marginalized today to share equitably in future benefits” (NASEM 2021, p. 1). The diverse portfolio of
policy recommendations (shown in Appendix C) called for both system-wide and sector-specific policies
that would establish the U.S. commitment to a rapid, just, and equitable transition; set rules and standards
for technology planning and deployment; invest in research, technology, people, and infrastructure; and
assist and build capacities for families, businesses, communities, cities, and states to ensure that
disadvantaged communities* do not suffer disproportionate burdens. The committee continues to endorse
the goals and policies recommended in the first report, while acknowledging that the list of new policies
needed today is fundamentally shaped by the radical changes to the policy landscape since its publication.

Overarching policies in the first report included an emissions budget, an economy-wide price on
carbon, a national Green Bank, education and training programs to develop a clean-energy workforce, and
increased federal investments in clean energy RDD&D. The committee also called for the establishment
of groups both within the federal government and an independent corporation to help ensure a just and
equitable transition through analysis, evaluation, capacity building, and investment. The recommended
sector-specific policies included regulations for clean electricity generation; requirements for labor
employed with government funding; standards for zero-emissions vehicles and efficient electric
appliances; actions to improve the regulation, design, and functioning of clean electricity markets; and
investments to increase energy efficiency in low-income households, expand rural broadband access, and
electrify tribal lands. Some—but not all—of the committee’s first report recommendations have been
incorporated into recent legislation (as discussed in Table 1-1 below).

Dissemination of First Report

Throughout the spring and summer of 2021, committee members held approximately 50 briefings
on the first report with philanthropic organizations sponsoring the study, congressional staff and
committees, federal agencies, non-governmental organizations, and other stakeholders. Notably, the
committee convened several listening sessions with climate and environmental justice experts and groups
focused on fairness, equity, and justice in the energy transition, which led to an expansion of the
committee to include more such expertise. These discussions and others led to the list of topics covered in
the second report—including state and local decarbonization efforts, terrestrial carbon sinks, health
impacts of the energy system, workforce and employment economics, and sector-specific technologies
and policies—and to the addition of new committee members with expertise in these areas.

First Report’s Role in the Second Report

This first report provides the guideposts for the second—the fundamental set of goals,
conclusions, and priority recommendations. It also defines the focus of the study to be on the near- to
mid-term timeframe—specifically, what needs to be done in the 2020s to meet the interim goal of ~50
percent emissions reduction from 2005 levels by 2030 and put the nation on a trajectory to meet the net-
zero goal by midcentury. In particular, the first report concluded that the technology pathway with the
lowest uncertainty, a “no regrets” pathway, is one that over the next decade focuses on decarbonizing
electricity, electrifying end uses, increasing energy efficiency, and undertaking a robust RDD&D agenda

3 This report typically uses the term “disadvantaged communities” to maintain consistency with federal agency
guidance issued by the Council on Environmental Quality (CEQ), Office of Management and Budget (OMB), and
the White House Office of Domestic Climate Policy (Climate Policy Office [CPO]). Disadvantaged communities are
those that are marginalized, underserved, and overburdened by pollution and have other socioeconomic burdens
(e.g., low income, high unemployment) (CEQ n.d.). To identify a disadvantaged community for federal programs
and funding, CEQ recommends using the Climate and Economic Justice Screening Tool (CEJST), an interactive
mapping tool that qualifies a census tract as a “disadvantaged community” if it is above the threshold for one or
more environmental or climate indicators and above the threshold for the socioeconomic indicators (OMB et al.
2023).
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to prepare for the additional technological and societal solutions needed for the 2030s and beyond. The
contents, context, and framing of the first report serve as the foundation and basis for the discussion and
analysis in the second report. Consistent with the first report and the tasking for the committee, the second
report focuses on deep decarbonization just within the United States.

COMMITTEE’S APPROACH TO SECOND REPORT
Development of Second Report

The statement of task mandates that the second report “will assess a wider spectrum of
technological, policy, social, and behavioral dimensions of deep decarbonization” than the first report.
Given the evidence in early 2021 that a majority in Congress intended to pass comprehensive climate
legislation, the committee realized that the second report would be most useful if its wider assessment
were to include a detailed analysis of any new comprehensive climate and energy policy portfolio. While
waiting for the new legislation, the committee prepared to rapidly finish a draft for review of its second
report once new legislation was passed by Congress or when it became clear that there would be none.

During 2021 and the first half of 2022, the committee reviewed injustices embedded in our
energy system and the history and preferred policies of the environmental justice movement. The
committee developed detailed sectoral analyses of options to decarbonize electricity, industry, transport,
buildings, agriculture, forestry, the financial sector, and the fossil fuel industries. It analyzed possible
roles for non-federal actors, including state and local governments, non-governmental organizations
(NGOs), and private companies, and examined technologies and policies to reduce emissions of methane,
nitrous oxide, and fluorinated gases. Last, the committee studied policy options to accomplish five
objectives that cut across sectors: emissions reductions, equity and fairness, health, employment in good-
paying jobs, and public engagement. The last of these is critical to build and maintain public support but
should also be thought of as a separate objective, as studies show that people value the ability to
participate in decision-making, no matter what the outcome. Public consultation is often more important
than providing monetary benefits through revenue sharing in successfully siting new infrastructure
(Chapter 5).

During this interim period, the committee held information-gathering webinars and workshops to
hear from additional experts. Webinar topics were wide-ranging and included leveraging financial
systems for decarbonization; soil carbon offsets; government, nonprofit, and philanthropic perspectives
on implementing a just and equitable energy transition; manufacturing and industrial decarbonization;
public engagement strategies; and priority research and development for building technologies. Appendix
D provides a list of these webinars. The committee also hosted a one-day workshop, Pathways to an
Equitable and Just Transition: Principles, Best Practices, and Inclusive Stakeholder Engagement, that
convened researchers and stakeholders focused on public health and safety, jobs and workforce, equitable
access, and energy affordability to discuss “actionable recommendations to operationalize equity and
justice in the energy transition with inclusive stakeholder engagement” (NASEM 2022).

Because of this preparatory work, the committee was able within a short timeframe to analyze the
radically altered landscape created by the IRA, IIJA, and CHIPS, and develop a draft of its second report.

Structure and Key Issues for Second Report

Report Structure
Each of the 12 chapters that follow includes an analysis of gaps and barriers, which requires an

assessment of the efficacy of the relevant provisions in the IRA, I1JA, and CHIPS against their goals.
Each chapter also offers recommendations about how to close gaps and overcome barriers. Gaps, barriers,
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and recommendations cover both actions required under the IRA, I1JA, and CHIPS during the 2020s and
actions needed to prepare for the subsequent 2 decades.

Chapters 2—5 correspond to the final four of the five crosscutting objectives. Chapter 2 focuses on
equity and environmental and energy justice. It offers a scholarly review of the environmental justice
movement and the inequities that have been built into our current energy system, some because of past or
ongoing discrimination. Chapter 3 focuses on health, Chapter 4 on employment, and Chapter 5 on public
engagement. While the emissions reduction objective does not have its own chapter, it is the singular
issue that cuts across every chapter in the report. Chapters 6—13 focus on sectors: electricity, buildings
and the built environment, land use such as agriculture and forestry, transportation, industry, the financial
sector, the fossil fuel industry, and non-federal actors. Each sectoral chapter assesses how well current
policies will achieve the carbon emissions objectives for the sector, identifies gaps and barriers, and
provides recommendations to close or overcome them. Owing to the complexity of emissions from this
sector, the land use chapter includes discussion of the spectrum of GHG emissions and mitigation options
from agriculture, the uptake of carbon from terrestrial sinks, and land requirements for renewable energy.
This includes discussion of the GHG impacts of dietary choices. Where appropriate, each sectoral chapter
also assesses likely progress toward equity, employment, health, and public engagement objectives—
creating some intended redundancy with the material in Chapters 2—5. The report can best help sectoral
experts who do not read Chapters 2—5 by emphasizing that among the greatest risks to sectoral progress
are loss of public support and institutional constraints, both of which can affect the viability and durability
of climate policies. Sustained public support requires public perception that the transition is fair and
equitable, that it brings material benefits to health and employment that compensate for inevitable losses,
and that people have sufficient say in decisions affecting their lives and communities.

Approach to Key Overarching Issues

Key elements of the committee’s approach to its charge included how it addresses system
interactions and cross-sector impacts; how it deals with key vulnerabilities and uncertainties, including
those related to politics and polarization; and how it incorporates the role of non-federal actors. The
approach to these issues and others is guided by the study charge, information gathered from the public
during webinars and listening sessions, committee expertise, and the literature. The report covers what the
committee concluded to be the most critical technology, policy, and societal dimensions of accelerating
decarbonization within the energy and related sectors. Given the inevitable limitations of time and
resources, there are many issues only briefly covered in the text, each of which could be expanded into a
full treatise.

The committee’s report structure recognizes the most important system interactions and cross-
sector impacts. The recognition that decarbonization would have vast impacts on justice and equity,
public health, and jobs motivated chapters devoted to these system-level impacts. The requirement for a
strong social contract for the systemic transition to clean energy motivated a chapter devoted to public
engagement. And the recognition that decarbonization itself provides an existential challenge to fossil
fuels motivated a single chapter on that sector. Each of these chapters considers a few critical system
interactions. For example, the health chapter discusses the need for expanded analysis of emerging
occupational health risks associated with clean energy technologies, and the transportation chapter
highlights connections between transportation and energy justice, public heath, and the built environment.
However, discussing the full litany of potential ways that policies or technologies adopted in one sector in
the future might impact another sector, the full energy system, or society at large was beyond the scope
and time constraints of the study. Moreover, such interactions can be very difficult to predict or evaluate
in advance. This underscores the report’s inclusion of policies that would comprehensively evaluate
progress, in part to facilitate adaptive management.

The key vulnerabilities and uncertainties emphasized in this report are the implementation of
existing decarbonization policies and the closing of gaps between policy commitments and the level of
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effort required to meet 2030 and 2050 emissions reductions and climate goals. These issues are discussed
throughout the report and are the focus of findings and recommendations; however, they are not the only
vulnerabilities and uncertainties affecting the transition to a decarbonized energy system. For example,
recognizing the role of the politics of climate change in executing current policies and adopting new ones,
especially in this time of polarized political and public discourse, the committee discussed at length the
need for public engagement and a strong social contract and value proposition. Although such steps will
clearly not guarantee success, to not undertake them would doom this effort to failure. Geopolitical
concerns related energy and national security also influence decisions about decarbonization; it is outside
the scope of this study to address these concerns fully, but key components are highlighted in relevant
chapters. Furthermore, as noted in the Preface, the study took place amid the COVID-19 pandemic and
the Ukraine war, both of which profoundly impacted the energy system. The committee recognizes that
changes outside the energy systems (e.g., wars, famines, pandemics, and natural disasters) will
fundamentally alter the trajectory of the energy system. While these types of events will occur over the
decades long transition, it is beyond the committee’s expertise and resources to unravel the potential
magnitude and duration of impacts from these external forces.

The report discusses climate mitigation efforts by a diverse set of actors, including federal and
subnational governments, private sector, and philanthropy. Much of the general discussion of non-federal
actors is contained the final chapter, but roles for the private sector in specific technology areas are
described throughout the report. The chapter on public engagement recognizes the importance of
mobilizing the participation and support of the public; however, the report does not address the role of
individual voluntary efforts to mitigate emissions. It also does not consider the complex behavioral issues
that motivate individuals and the private sector to act in the absence of mandates or incentives. The
committee leaves the behavioral elements, including the equity implications, to others that could do these
complex topics justice.

Changes in the Federal Policy Relevant for the Second Report

The current comprehensive decarbonization policy portfolio of the United States did not come
together until August 2022, with the passage of the Inflation Reduction Act (P.L. 117-169) and CHIPS
and Science Act (P.L. 117-167), to complement the Infrastructure Investment and Jobs Act (P.L. 117-58),
which passed in November 2021.% Of these three, the IRA contains by far the most significant and wide-
reaching policies to decarbonize the U.S. economy, with climate and energy related investments totaling
approximately $271 billion to $1.2 trillion in tax credits and $121 billion in direct spending, loans, and
other investments (Bistline et al. 2023; CBO 2022; Goldman Sachs 2023; Jiang et al. 2022). It provides
incentives for purchasing, producing, and developing clean energy technologies, and makes investments
in disadvantaged communities. CHIPS appropriates $54.2 billion to incentivize domestic semiconductor
manufacturing and authorizes $170 billion over 5 years for investments in science, technology,
engineering, and medicine (STEM) programs, workforce development, and technology R&D (Badlam et
al. 2022; Senate Commerce Committee 2022). The IIJA provides funding for a range of infrastructure
projects including repairing roads and bridges; upgrading power and public transit infrastructure;
expanding broadband; deploying electric vehicle charging stations; and cleaning up Superfund sites

4 It should be noted that the IRA, IIJA, and CHIPS are not equivalent in funding mechanisms. The IRA
primarily consists of spending programs (appropriations) and tax expenditures. Spending programs can allocate
federal resources to projects and activities up to the amount of their appropriation. By contrast, tax expenditures,
such as the production tax credits in IRA, typically have no limit on the amount that could be claimed by taxpayers.
The IIJA consists of a mix of authorizations and appropriations, while CHIPS contains primarily authorizations.
Authorizations are laws that establish or continue a federal program or agency and are typically passed by Congress
for a set period of time, but authorizations require appropriations before funds can be spent. Appropriations are laws
that actually provide the money for government programs and must be passed by Congress every year in order for
the government to continue to operate.
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(White House 2021a). It includes appropriations for approximately $62 billion for Department of Energy
(DOE) climate and energy programs (DOE 2022b). It also increases the scope and authorization for
DOE’s Loan Programs Office—for example, by establishing the CO, Infrastructure Finance and
Innovation Act (CIFIA) program—and authorizes regional clean hydrogen and direct air capture hubs
funded via public—private partnerships and managed by DOE’s new Office of Clean Energy
Demonstrations.

Each of these pieces of legislation will ultimately have unique and substantial impact on U.S.
climate, energy, and technology policies. For example, the IIJA, although not expected to provide
significant emissions reductions (Larsen et al. 2022; Larson et al. 2021; Mahajan et al. 2022), has caused
a fundamental shift within DOE, with the addition of a new undersecretary position focused on clean
energy infrastructure, and with the adoption of a new strategy prioritizing demonstration and deployment
(DOE 2022b). The new DOE Under Secretary for Infrastructure oversees several new offices—the Office
of Clean Energy Demonstration, Grid Deployment Office, Office of Manufacturing and Energy Supply
Chains, and Office of State and Community Energy Programs—as well as several existing offices.
CHIPS, with $280 billion in funding authorized over 10 years (Badlam et al. 2022), is an investment in
the future of U.S. innovation and manufacturing, emphasizing R&D in cutting-edge technologies,
especially semi-conductors, and establishing programs to support a robust, diverse STEM workforce. It
also establishes regional technology hubs to spread technology innovation across a wider geographical
area in the country. Last, the IRA is widely considered the most significant piece of climate legislation in
U.S. history. Its more than $390 billion in energy and climate investments (Bistline et al. 2023; CBO
2022) encompasses a wide variety of technologies, prioritizes low-income and disadvantaged
communities, and—as discussed further below—makes significant progress toward national 2030
emissions goals and moves the nation much or most of the way to a trajectory that reaches net-zero at
midcentury (Larsen et al. 2022; Larson et al. 2021; Mahajan et al. 2022; Chapters 6—12).

In addition to legislation, several executive orders support the nation’s equity and climate
priorities. In January 2021, with Executive Order 14008, the White House made “Justice40” official U.S.
policy when it announced that 40 percent of benefits of federal investments in “climate change, clean
energy and energy efficiency, clean transit, affordable and sustainable housing, training and workforce
development, remediation and reduction of legacy pollution, and the development of critical clean water
and wastewater infrastructure” will be directed to people and “disadvantaged communities that are
marginalized, underserved, and overburdened by pollution” (White House n.d.). The Biden administration
further signaled its commitment to diversity, equity, inclusion, and accessibility (DEIA) through
Executive Order 13985, which provides direction to federal agencies to advance DEI practices in hiring
and training of employees (White House 2021b). Justice40, together with the equity, justice, and fairness
provisions in the IRA and Executive Orders, represent a step change in energy and climate policy. In
response, agencies have created new offices (e.g., DOE’s Office of Energy Justice Policy and Analysis
and the Federal Energy Regulatory Commission’s Office of Public Participation) and are actively hiring
staff focused on energy justice and equity.

Executive Order 14057, issued in December 2021, enlists the federal government’s procurement
power as a catalyst for developing a domestic clean energy economy and sets the following national
targets for the operations of the federal government: “100 percent carbon pollution-free electricity by
2030, 100 percent zero-emission vehicle acquisitions by 2035, net-zero emissions from procurement by
2050, net-zero emissions building portfolio by 2045, and net-zero emissions from overall operations by
2050” (White House 2021c). It further outlines overarching objectives for federal procurement and
operations, which include “building a climate- and sustainability-focused workforce” and “advancing
environmental justice and equity” (White House 2021c).

Continuing regulatory efforts also play an important role in meeting decarbonization targets. For
example, NHTSA and EPA have released new vehicle fuel economy and GHG emissions standards,
respectively, under their existing legislative authorities. In April 2023, EPA proposed more stringent,
performance-based GHG and criteria pollutant standards under the Clean Air Act for model year 2027—
2032 light-, medium-, and heavy-duty vehicles. EPA projected in model year (MY)) 2032, the standards
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could result in nearly 70 percent BEV sales in the light-duty fleet, 40 percent in the medium-duty van and
pickup fleet, 50 percent ZEV sales in vocational vehicles, 34 percent ZEV sales in day cab tractors, and
25 percent ZEV sales for sleeper cab tractors in MY 2032 (EPA 2023a—d). Upon a review mandated in
Executive Order 13990, DOT revised the fuel economy standards for MY 2024-2026, which would result
in a fleet-wide average fuel economy of 49 miles per gallon for MY 2026, and, according to DOT
projections, yield an 8 percent reduction in CO, emissions from passenger cars and light trucks between
2021 and 2100 compared to the alternative of leaving the less stringent Safer Affordable Fuel Efficient
Vehicles Rule in place (Exec. Order No. 13990 2021; NHTSA 2022). Under the same regulatory review
required by Executive Order 13990, in 2022 EPA restored its waiver of preemption of California’s GHG
and ZEV standards, allowing their Advanced Clean Cars (ACC) program to continue as well as allowing
other states to adopt the California standards pursuant to Clean Air Act Section 177 (EPA 2022). In July
2023, NHTSA continued to update its regulations under its existing authority from the Energy Policy and
Conservation and Energy Independence and Security Acts, proposing an 18 percent increase in fuel
economy from MY 2027-2032, with trucks requiring greater yearly fuel economy increases than cars
(NHTSA 2023). As another example, in May 2023, the Environmental Protection Agency proposed new
standards for regulating CO, emissions from new and existing fossil-fueled power plants, which are
projected to yield 617 million metric tons of CO, emissions reductions and $85 billion in climate and
health benefits through 2042 (EPA 2023e).

Table 1-1 compares the policies recently adopted by Congress, the Executive Branch, and federal
agencies with the recommendations in the committee’s first report. The color-coding in Table 1-1
indicates where implemented policies fully align with the committee’s recommendation (green), where
implemented policies are related but different from the committee’s recommendation (yellow), and where
no relevant policies have yet been implemented (red). Individual chapters of this report offer detailed
analysis of the information in Table 1-1.

TABLE 1-1 Comparison of Policies from Committee’s First Report with those Implemented in
Legislation and/or Executive Action.

Committee’s First Report Recommendation Relevant Policy in IIJA, CHIPS, IRA, or Executive Action

U.S. CO; and other GHG emissions budget None
reaching net zero by 2050.
Economy-wide price on carbon. None

Establish 2-year federal National Transition Task | ¢ National Climate Task Force (EO 14008)

Force to assess vulnerability of labor sectors and .
communities to the transition to carbon

Interagency Working Group on Coal and Power Plant
Communities and Economic Revitalization (EO 14008)

indicators and triennially on transition
impacts and opportunities.

neutrality.
Establish White House Office of Equitable *  Justice40 Initiative (EO 14008)
Energy Transitions. *  White House Office of Domestic Climate Policy (EO
»  Establish criteria to ensure equitable and 14008)
effective energy transition funding. e White House Environmental Justice Advisory Council
*  Sponsor external research to support (EO 14008)
development and evaluation of equity *  White House Environmental Justice Interagency
indicators and public engagement. Council (EO 14008)
*  Report annually on energy equity »  Office of Environmental Justice with the Department of

Justice Initiative (EO 14008)

Establish an independent National Transition
Corporation to ensure coordination and funding
in the areas of job losses, critical location
infrastructure, and equitable access to economic

None
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Committee’s First Report Recommendation

Relevant Policy in I[IJA, CHIPS, IRA, or Executive Action

opportunities and wealth, and to create public
energy equity indicators.

Set clean energy standard for electricity
generation, designed to reach 75% zero-
emissions electricity by 2030 and decline in
emissions intensity to net-zero emissions by
2050.

*  Civil Nuclear Credit Program (IIJA, §40323)

e Hydroelectric Production Incentives (IIJA, §40331)

e Zero-Emission Nuclear Power Production Credit (IRA,
§13105)

*  Clean Electricity Production Credit (IRA, §13701)

*  Clean Electricity Investment Credit (IRA, §13702)

Set national standards for LD, MD, HD zero-
emissions vehicles, and extend and strengthen
stringency of CAFE standards. LD ZEV standard
ramps to 50% of sales in 2030; medium- and
heavy-duty to 30% of sales in 2030.

*  Corporate Average Fuel Economy (CAFE) Standards
for MY2024-2026 (87 Fed. Reg. 25710)

*  Proposed Rule: Multi-Pollutant Emissions Standards
for Model Years 2027 and Later Light-Duty and
Medium-Duty Vehicles (88 Fed. Reg. 29184)

* Notice of Proposed Rulemaking for Greenhouse Gas
Emissions Standards for Heavy-Duty Vehicles — Phase
3 (88 Fed. Reg. 25926)

*  Notice of Proposed Rulemaking for CAFE Standards
for Passenger Cars and Light Trucks for MY 2027-
2032 and Fuel Efficiency Standards for Heavy-Duty
Pickup Trucks and Vans for MY 2030-2035 (88 Fed.
Reg. 56128)

*  Federal government target of 100% zero-emission
vehicle acquisitions by 2035 (EO 14057)

e Clean Vehicle Credit (IRA, §13401)

*  Credit for Previously Owned Clean Vehicles (IRA,
§13402)

e Qualified Commercial Clean Vehicles (IRA, §13403)

e United States Postal Service Clean Fleets (IRA,
§70002)

Set manufacturing standards for zero-emissions
appliances, including hot water, cooking, and
space heating. DOE establishes appliance
minimum efficiency standards, ramping down to
achieve close to 100% all-electric in 2050.

None

Enact three near-term actions on new and
existing building energy efficiency, two by
DOE/EPA and one by the GSA.

*  Direct DOE/EPA to expand outreach of
and support for adoption of
benchmarking and transparency
standards by state and local govts
through the expansion of Portfolio
Manager.

*  Direct DOE/EPA to further investigate
the development of model carbon-
neutral standards for new and existing
buildings that, in turn, could be adopted
by states and local authorities. Policies
targeting retrofits of existing buildings
will be in the final report.

*  Energy Efficiency and Conservation Block Grant
Program (I1JA, §40552)

*  Grants for energy efficiency improvements and
renewable energy improvements at public school
facilities (IIJA, §40541)

*  Energy efficiency materials pilot program (IIJA,
§40542)

*  Assisting Federal Facilities with Energy Conservation
Technologies Grant Program (IIJA, §40554)

»  Extension, increase, and modification of nonbusiness
energy property credit (IRA, §13301)

*  Energy efficient commercial buildings deduction (IRA,
§13303)

»  Extension, increase, and modifications of new energy
efficient home credit (IRA, §13304)

*  Home energy performance-based whole house rebates
(IRA, §50121)

* High-efficiency electric home rebate program (IRA,
§50122)
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Committee’s First Report Recommendation

Relevant Policy in I[IJA, CHIPS, IRA, or Executive Action

»  State-based home energy efficiency contractor training
grants (IRA, §50123)

*  Assistance for latest and zero building energy code
adoption (IRA, §50131)

Enact five congressional actions to advance clean
electricity markets, and to improve their
regulation, design, and functioning.

Office of Public Participation at FERC (IIJA, §40432)

Deploy advanced electricity meters for the retail
market and support the ability of state regulators
to review proposals for time/location-varying
retail electricity prices.

Utility Demand Response (IIJA, §40104)

Recipients of federal funds and their contractors
must meet labor standards, including Davis-
Bacon Act prevailing wage requirements; sign
Project Labor Agreements where relevant; and
negotiate Community Benefits (Workforce)
Agreements where relevant.

* IRA has prevailing wage and apprenticeship
requirements to access “bonus rate” credits for
renewable electricity production tax credit, PTC (45),
Carbon oxide sequestration credit (45Q), Zero emission
nuclear power production credit (45U), and Energy
investment tax credit, ITC (48)

+ EO 14008, §206: “Agencies shall, consistent with
applicable law, apply and enforce the Davis-Bacon Act
and prevailing wage and benefit requirements. The
Secretary of Labor shall take steps to update prevailing
wage requirements.”

Report and assess financial and other risks
associated with the net-zero transition and
climate change by private companies,
government agencies, and the Federal Reserve.
Private companies receiving federal funds must
also report their clean energy R&D by tech
category (wind, solar).

*  SEC Proposed Rule: The Enhancement and
Standardization of Climate-Related Disclosures for
Investors

* EO 14030: Climate-Related Financial Risk

*  Financial Stability Oversight Council (FSOC) 2021
Report on Climate-Related Financial Risk

*  Federal Reserve pilot Climate Scenario Analysis

*  Federal Reserve System draft Principles for Climate-
Related Financial Risk Management for Large
Financial Institutions

e Federal Deposit Insurance Corporation (FDIC)
Statement of Principles for Climate-Related Financial
Risk Management for Large Financial Institutions

Ensure that Buy America and Buy American
provisions are applied and enforced for key
materials and products in federally funded
projects.

Made in America Office (IIJA, §70923)

Establish an environmental product declaration
library to create the accounting and reporting
infrastructure to support the development of a
comprehensive Buy Clean policy.

Buy Clean Task Force, charged with recommending policies
and procedures for considering embodied emissions and
pollutants of construction materials in Federal procurement
(EO 14057)

Establish a federal Green Bank to finance low- or
zero-carbon technology, business creation, and
infrastructure.

Greenhouse Gas Reduction Fund (IRA, §60103)

Amend the Federal Power Act and Energy Policy
Act by making changes to facilitate needed new
transmission infrastructure.

Siting of interstate electric transmission facilities (I1JA,
§40105)

Plan, fund, permit, and build additional electrical
transmission, including long-distance high-
voltage, direct current (HVDC). Require fair

*  Transmission facilitation program (IIJA, §40106)

*  Power marketing administration transmission
borrowing authority (IIJA, §40110)

»  Transmission facility financing (IRA, §50151)
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Committee’s First Report Recommendation

Relevant Policy in I[IJA, CHIPS, IRA, or Executive Action

public participation measures to ensure
meaningful community input.

Grants to facilitate the siting of interstate electricity
transmission lines (IRA, §50152)

Interregional and offshore wind electricity transmission
planning, modeling, and analysis (IRA, §50153)
Federal permitting improvement steering council
environmental review improvement fund mandatory
funding (IRA, §70007)

Environmental review implementation funds (IRA,
§60505)

Environmental Protection Agency efficient, accurate,
and timely reviews (IRA, §60115)

Expand EV charging network for interstate
highway system.

National Electric Vehicle Formula Program (IIJA, Title
VIII)

Grants for charging and fueling infrastructure (IIJA,
§11401)

Establishment of Joint Office of Energy and
Transportation (IIJA, Title VIII)

Alternative Fuel Refueling Property Credit (IRA,
§13404)

Expand broadband for rural and low-income
customers to support advanced metering.

Grants for broadband deployment (IIJA, §60102)
Private activity bonds for qualified broadband projects
(ILJA, §80401)

Enabling middle mile broadband infrastructure (I1JA,
§60401)

Tribal Broadband Connectivity Program (IIJA, §60201)
Digital Equity Act of 2021 (IIJA, Title IIT)

Broadband affordability (IIJA, §60502)

Plan and assess the requirements for national CO,
transport network, characterize geologic storage
reservoirs, and establish permitting rules. Require
fair public participation measures to ensure
meaningful community input.

Carbon capture technology program (IIJA, §40303)
Carbon dioxide transportation infrastructure finance
and innovation (IIJA, §40304)

Carbon storage validation and testing (IIJA, §40305)
Secure geologic storage permitting (IIJA, §40306)
Geologic sequestration on the outer Continental Shelf
(IJA, §40307)

Federal permitting improvement (I1JA, §70801)

Establish educational and training programs to
train the net-zero workforce, with reporting on
diversity of participants and job placement
success.

Energy auditor training grant program (IIJA, §40503)
Building, training, and assessment centers (IIJA,
§40512)

Career skills training (IIJA, §40513)

Directorate for Technology, Innovation, and
Partnerships (CHIPS, §10381-10399A)

Clean Energy Technology Transfer Coordination
(CHIPS, §10715)

Rural STEM education research (CHIPS, §10511-
10517)

Clean Energy Technology University Prize
Competition (CHIPS, §10714)

Establishment of expansion awards pilot program as a
part of the Hollings Manufacturing Extension
Partnership (CHIPS, §10251)

Broadening Participation in Science (CHIPS, §10501-
10510)

Revitalize clean energy manufacturing.

State manufacturing leadership (IIJA, §40534)

PREPUBLICATION COPY - SUBJECT TO FURTHER EDITORIAL CORRECTION

41

Copyright National Academy of Sciences. All rights reserved.



http://nap.nationalacademies.org/25931

Accelerating Decarbonization in the United States: Technology, Policy, and Societal Dimensions

Committee’s First Report Recommendation Relevant Policy in IIJA, CHIPS, IRA, or Executive Action

*  Battery processing and manufacturing (IIJA, §40207)

*  Advanced energy manufacturing and recycling grant
program (I1JA, §40209)

*  Low-emissions steel manufacturing research program
(CHIPS, §10751)

*  Creating helpful incentives to produce semiconductors
for America fund (CHIPS, §102)

e Advanced manufacturing investment credit (CHIPS,
§107)

*  Extension of advanced energy project credit (IRA,
§13501)

*  Advanced manufacturing production credit (IRA,
§13502)

*  Domestic manufacturing conversion grants (IRA,
§50143)

* Advanced industrial facilities deployment program
(IRA, §50161)

e Funding for implementation of the American
Innovation and Manufacturing Act (IRA, §60109)

Increase clean energy and net-zero transition »  Office of Clean Energy Demonstrations (IIJA, §41201)

RD&D that integrates equity indicators. *  Regional clean hydrogen hubs (IIJA, §40314)

*  Regional direct air capture hubs (IIJA, §40308)

*  Energy storage demonstration projects (IIJA, §41001)

*  Advanced reactor demonstration program (IIJA,
§41002)

»  Direct air capture technology prize competition (IIJA,
§41005)

*  Carbon capture demonstration and pilot programs
(IIJA, §41004)

*  Renewable energy projects (IIJA, §41007)

»  Industrial emissions demonstration programs (IIJA,

§41008)
* Regional clean energy innovation program (CHIPS,
§10622)
* National clean energy incubator program (CHIPS,
§10713)
Increase funds for low-income households for *  Weatherization assistance program (IIJA, §40551)
energy expenses, home electrification, and * Improving Energy Efficiency or Water Efficiency or
weatherization. Climate Resilience of Affordable Housing (IRA,
§30002)

*  Home Energy Performance-Based, Whole-House
Rebates (IRA, §50121)
*  High-Efficiency Electric Home Rebate Program (IRA,

§50122)
Increase electrification of tribal lands. e Tribal electrification program (IRA, §80003)
*  High-Efficiency Electric Home Rebate Program (IRA,
§50122)
Establish National Laboratory support to Clean Energy to Communities program (DOE-EERE and
subnational entities for planning and NREL)
implementation of net-zero transition.
Establish 10 regional centers to manage None
socioeconomic dimensions of the net-zero
transition.
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Committee’s First Report Recommendation Relevant Policy in I[IJA, CHIPS, IRA, or Executive Action
Establish net-zero transition office in each state None
capital.
Establish local community block grants for e Justice40 Initiative, Climate and Economic Justice
planning and to help identify especially at-risk Screening Tool (EO 14008)
communities. Greatly improve environmental »  State energy program (IIJA, §40109)
justice (EJ) mapping and screening tool and »  Environmental and climate justice block grants (IRA,
reporting to guide investments. §60201)
*  Neighborhood access and equity grant program (IRA,
§60501)
*  Rural Energy for America program (IRA, §22002)
*  Grants to reduce air pollution at ports (IRA, §60102)
e Clean heavy-duty vehicles (IRA, §60101)
*  Low emissions electricity program (IRA, §60107)

NOTE: Red shading indicates no related policy implemented, yellow shading indicates policy implemented related
to but different from the one recommended, and green shading indicates implemented policy is the same or very
similar to the one recommended.

While the IRA is strikingly comprehensive, with nearly the same emissions reduction impacts and
technology objectives as the committee’s first report (as discussed further below), its policy portfolio (like
those in IIJA and CHIPS) was strongly shaped by political constraints, including the budget
“reconciliation” rules under which it was passed and the types of policies that attracted a voting majority.
Consequently, the largest difference between the IRA’s policy portfolio and the portfolio in the
committee’s first report is that the IRA relies almost exclusively on tax credits and other incentives,
whereas the committee recommended a variety of standards and incentives, as well as a carbon tax > and
statutes to create new institutions. Nonetheless, the portfolios in the first report and IRA are broadly
similar in that both contain policies with the same goals and intent (Table 1-1). For example, both contain
policies designed to decarbonize electricity and transport, and to electrify buildings and industry at about
the same rates. Both would establish a Green Bank, expand electric vehicle charging networks, and
increase funding for Tribal electrification and for energy expenses, home electrification, and
weatherization of low-income households.

Finding 1-1: The climate policy portfolio in the Inflation Reduction Act depends entirely on
incentives, with the exception of a fee on fugitive methane emissions, whereas the committee’s
first report recommended a broad portfolio of incentives, taxes, regulatory standards, and statutes
creating new institutions/entities.

The committee’s broad policy portfolio in the first report was specifically formulated to include
some redundancy and complementarity in case some components do not work as intended. For example,
the clean power standard would only have an impact if the recommended carbon tax proved insufficient
to decarbonize power generation at the accelerated rate necessary. Moreover, each kind of policy brings a
different set of advantages and risks. Taxes are politically difficult to enact and sustain but are
economically efficient and reach every part of an economy affected by a tax. Standards and incentives are
easier to enact and sustain, but are less cost-efficient, and risk disrupting technological progress by
diverting resources from a path that subsequently proves to be better. In addition, incentives carry the risk

5 In its first report, the committee recommended a carbon tax of $40 per ton CO; starting in 2021 and rising at 5
percent per year, a level that could ameliorate equity and competitiveness concerns and generate about $200 billion
per year in revenue. For more details, see NASEM (2021, pp. 184—186).
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that they might fail to elicit the intended response by consumers or businesses. Under existing statutory
authorities, regulators may not have the ability to promulgate ambitious climate-change-related standards.

Recommendation 1-1: Enact Two Federal Policies Recommended in the First Report:
National Greenhouse Gas Emissions Budget and Economy-Wide Carbon Tax. Congress
should enact the following two federal policies that are described in detail in the
committee’s first report:

a) A greenhouse gas budget for the U.S. economy.

b) An economy-wide tax on carbon emissions, starting at $40/tCO, and rising 5 percent
per year. Additional policies would also be needed if the tax were enacted to protect
low-income families (such as a predetermined per-capita rebate of all or part of it)
and import/export exposed businesses.

These additional provisions would backstop the incentives in current policy and help fill gaps
between incentives. In particular, the recommended carbon tax would backstop all of the incentives for
emissions reductions in the current bills and extend beyond the IRA sunset date of 2032, thus accelerating
coal-fired power plant retirements relative to the current policy landscape of subsidizing renewables and
existing nuclear. Other recommendations included in the committee’s first report and also repeated later
within this report include an independent National Transition Corporation (Chapter 2), regional planning
initiatives that would lay the groundwork for just and inclusive energy transitions (Chapter 5), standards
to limit emissions from the electric sector and vehicles (Chapters 6 and 9), and manufacturing standards
for appliances (Chapter 7).

The committee fully recognizes how difficult it would be at present for Congress to pass the
policies in Recommendation 1-1 and those cited above. However, the committee views these policies as
key enablers of an efficient, equitable, and affordable path to decarbonization.

Impact of Legislation on Emissions Trajectory

Prior to the passage of the IRA, U.S. GHG emissions had been slowly decreasing since 2005,
despite approximately flat primary energy consumption. A linear extrapolation of the historical trajectory
between 2005 and 2022 hits zero sometime after 2100. This pace of decarbonization is well short of three
widely discussed targets requiring nearly identical emissions reductions: (1) the U.S. target under the
Paris Agreement; (2) the Biden administration’s announced goal to reduce GHG emissions by just over
50 percent from 2005 levels by 2030; and (3) a trajectory that falls linearly to net-zero emissions in 2050.
Meeting the near-term (2030) target would put the United States on a trajectory generally consistent with
the long-term (2050) target of net-zero emissions. Figure 1-1 shows this linear trajectory to net zero in
2050 and projections of the emissions impacts of IRA and IIJA policies from a multimodel analysis
(Bistline et al. 2023).
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FIGURE 1-1 Historic and projected emissions levels. The black line shows historic U.S. emissions. The
blue, green, and red dashed lines represent goals for 2025, 2030, and 2050, respectively. The yellow stars
show projected 2030 emissions with IIJA policies only (upper, 28 percent below 2005 levels) and with
both IIJA and IRA policies (lower, 37 percent below 2005 levels) (Bistline et al. 2023). Projected
emissions in 2030 without either IIJA or IRA policies are about 0.1 gigatons of CO, equivalents per year®
higher than the upper star.

SOURCE: Courtesy of U.S. Department of State (2021).

Six modeling studies—by Energy Innovation, the REPEAT Project at Princeton University,
Rhodium Group, Brookings, the U.S. Energy Information Administration (EIA), and a multimodel
analysis using nine independent models—conclude that the IRA would yield approximately 70—80
percent of the emissions reductions necessary to achieve the first two of the above targets, and the first 10
years of the third (Jenkins et al. 2023; Larsen et al. 2022; Mahajan et al. 2022; Bistline et al. 2023;
DeCarolis and LaRose 2023). As summarized in Figure 1-2, these groups project between 32—43 percent
reductions in GHG emissions below 2005 levels by 2030, compared to approximately 25-35 percent
reductions in a business-as-usual (BAU) case. In addition, all six groups predict that most reductions as of
2030 will come from the electricity sector. The Committee believes that with effective implementation of
the provisions of the IRA, the United States is likely to be close to the trajectory required to achieve the
2050 emission reduction targets set by the White House. However, there are significant risks.

® The use of carbon dioxide equivalent (COze¢) is a metric for describing the global warming potential of
different GHGs in a common measure by defining the number of mass units of CO, that would have the equivalent
global warming impact of one unit of another GHG. While simple to describe GWPs depend on timeframe. We have
adopted a 100-year timeframe for reporting COe, the standard used in the Paris Accord and other climate
agreements. We recognize Ocko et al. (2017) and others recommend reporting estimates using the CO,e metric for
multiple timeframes.
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FIGURE 1-2 Modeling projections of U.S. GHG emissions reductions by 2030 relative to 2005
emissions from IRA provisions compared to a business-as-usual scenario.

SOURCES: Data from Mahajan et al. (2022), Jenkins et al. (2023), Larsen et al. (2022), Bistline et al.
(2023), DeCarolis and LaRose (2023).

RISKS AND OBJECTIVES FOR MEETING POLICY OBJECTIVES

The IRA’s climate and energy provisions were formulated to put the nation on, or nearly on, the
first 10 years of a 3-decade path to net-zero emissions. However, four categories of risks—technological,
political/public resistance, execution, and external events—could prevent the nation from achieving this
goal. A primary objective of this report is to identify those risks and propose solutions for overcoming
them.

Risks

Technological Risk—the risk that essential non-emitting technologies might not be ready in time
at the right price. A technological revolution over the past 2 decades has already brought humanity
renewable electricity and electric transport that is cost-competitive or cheaper than fossil alternatives,
which explains the IRA’s focus on deployment of clean electricity, electrification of heating, and electric
vehicles during the 2020s (Chapters 6 and 9). However, after the IRA’s 10 years of tax incentives wind
down and the investments they have stimulated have put much new capacity into operation, the nation
will still need a host of zero-emissions technologies, which are in various stages of readiness, in order to
reach its 2050 net-zero emissions commitment. These include non-emitting options for dispatchable
electricity generation, such as advanced nuclear reactors; methods and machinery for net-zero
manufacturing, such as the use of hydrogen to produce high-temperature industrial heat; ways to remove
CO; from the atmosphere, such as direct air capture (DAC); and options for zero-emitting heavy trucks,
marine shipping, and aviation, such as batteries or hydrogen fuel cells for heavy trucks, and biofuels or
net-zero synthetic fuels for shipping and aviation.
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Four factors significantly reduce technological risk (Chapters 6, 7, 9, and 10).

e Most technological gaps (i.e., need for on-demand electricity, long-term energy storage, fuels
for aviation/shipping/freight) have multiple options in advanced stages of research and
development.

e There is a massive international RDD&D effort on zero-carbon technologies, including large
new expenditures in the IRA, IIJA and CHIPS.

e Learning by doing will accelerate progress because the IRA, I1JA, and CHIPS include funds
for rapid deployment of many of the needed technologies at considerable scale during the
2020s.

e Addressing and developing solutions for solving these technological challenges are magnets
for the innovative and entrepreneurial.

Political, Judicial, and Societal Polarization Risks—the risk of a change in policy landscape.
This could include, for example, repeal of climate and energy provisions in the IRA, federal executive-
branch or state agency action that limits IRA implementation, or new legislation that inhibits climate
mitigation efforts. Such changes could come about owing to electoral changes in government and/or
judicial review. The risk of political reversal is lower for congressional statutes than for executive actions.
Legislation to repeal the IRA would require united support of the president, Senate, and House of
Representatives, or two-thirds support in the Senate and House to override a presidential veto. However,
even if the IRA remains intact, its incentives may not be extended beyond the law’s 2032 sunset date.
This could ultimately deter investment in technologies eligible for tax credits, as their lifetimes typically
exceed the current tax credit duration. Judicial challenges to legislation or regulation could also slow or
roll back decarbonization policies. Notably, Supreme Court decisions in West Virginia v. EPA and Biden
v. Nebraska, which use the “major questions” doctrine to argue for clear, specific congressional
authorization for agency action, may limit agencies’ ability to implement regulations that are not
explicitly called for in legislative text.

More fundamentally, public sentiment against climate mitigation policy could inspire federal,
state, and local politicians to create roadblocks or outright opposition to such policies. The committee is
cognizant that the public and political discourse around topics like climate change is often polarized. The
energy transition must be seen as just, equitable, and fair, or public support for it will ultimately be lost,
followed inevitably by lost political support. The committee is also cognizant that mitigation policies
must be durable, reflecting the simple fact that activities required to greatly reduce emissions will
continue long after the coalition that enabled the policies to be adopted are no longer around (Carlson and
Burtraw 2019; Patashnik 2008). This brings us to the third category of risk.

Execution Risk—the risk that the nation will be unable to execute the energy and climate
policies in the IRA, IIJA, and CHIPS and the related regulatory initiatives at the intended pace and scale,
or that the policies will not work as intended because of a wide variety of behavioral, organizational, and
political factors. The White House and federal agencies clearly view these execution risks as the most
important and daunting vulnerabilities facing the current policy portfolio, given their public statements
and the focused energy of their implementation effort. The committee concurs with this view, and so has
focused its second report on barriers and gaps. A barrier is anything that stands in the way of successful
implementation and might prevent the nation from accomplishing the first 10 years of a fair and equitable
30-year path toward a net-zero energy system. A gap is a missing component in the legislation. Because
the IRA is such a comprehensive bill for the first decade of the transition, most gaps are not as simple as,
for example, an omitted sector or GHG. Instead, most reflect the absence of policy that could overcome
an anticipated barrier or an effort that must be undertaken during the 2020s to continue decarbonization
during the 2030s and beyond. Some examples of gaps and barriers are as follows:
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e Gap: To meet a net-zero trajectory, national emissions will need to drop by nearly 2 GtCO»e/y by
2030, and modeling analyses to date conclude that current federal legislation will leave
approximately 2030 percent of this job undone (Bistline et al. 2023; DeCarolis and LaRose
2023; Jenkins et al. 2023; Larsen et al. 2022; Mahajan et al. 2022). Could state, local, and
voluntary private actions fill this gap, or is additional federal legislation required?

e Barrier: Commercial-scale renewables projects in the United States take an extended time to
plan, permit, construct, and connect to the electricity grid. One study estimates that projects
currently require 5—8 years for completion and 89 percent are abandoned before completion,
many because of the difficulties of permitting and siting (Jenkins et al. 2021; Chapter 6). The
record annual deployment of new wind and solar capacity is approximately 25 GW in both 2020
and 2021, but the average pace must accelerate by 100—300 percent during the 2020s to put the
nation on a path to net zero, with the larger number corresponding to a 100 percent renewable
energy system, and the smaller corresponding to a cheapest system that includes some nuclear
electricity and fossil assets with carbon capture and storage (CCS) (Jenkins et al. 2021).
Organized opposition to commercial-scale renewable infrastructure and new transmission lines
has already emerged and can be expected to accelerate as landscapes in different parts of the
country are visually transformed (Chapters 2 and 5). Identifying policy reforms that can
effectively transform permitting processes to facilitate both meaningful public engagement and
infrastructure deployment at pace is a major challenge. Meaningful public engagement takes time
and is likely to slow deployment, at least initially (Chapter 5). On the other hand, inadequate
public participation risks escalating conflicts that can frustrate total progress over the longer term
and is a major existing factor in environmental injustice (Chapter 2). This dilemma represents
more than simply tension between technocratic and societal objectives. For example, slowing
deployment of clean infrastructure in the interest of fairness also prolongs fossil air pollution
deaths, which disproportionately afflict disadvantaged communities (Chapter 3). How can
inclusive and consultative processes be implemented to speed rather than slow deployment, and
in so doing, simultaneously address technocratic and societal goals?

e Barrier: During the energy transition, most locations will become primary energy producers for
the first time, because wind and solar are present everywhere to a greater or lesser degree,
whereas commercial fossil resources are concentrated in a smaller number of locations. For most
locations, the shift to renewables will increase economic activity and employment, as well as
bring other changes to landscapes and communities (Chapters 4 and 12). However, as legacy
industries shut down, some communities will see net job losses, like those that have experienced
the closure of a coal mine or coal-fired power plant in recent decades. They may also face rapid
and abrupt changes in tax revenue that threaten the viability of critical public services (Chapter
12). Political and financial interests that oppose the policies in the IRA will use these losses to
organize and build opposition. Does the current policy portfolio do enough to minimize this risk
by providing opportunities for workers and communities to make a fair and equitable transition?

e Gap: The IRA earmarks direct investments into disadvantaged communities that range from $40
billion—$42.5 billion (Chi 2022; EELP 2022), with other estimates as high as $60 billion going to
environmental justice priorities (out of total expenditures estimated to range from $400 billion to
more than $1 trillion). However, the ambiguity of the tax credit provisions makes calculations of
direct benefits difficult, and expenditures that do not directly target disadvantaged communities
may benefit them (e.g., air quality improvements from accelerated vehicle electrification and
renewable power deployment as a result of EV and zero-carbon electricity tax credits). Will this
achieve the Administration’s goal that 40 percent of benefits flow to low-income and historically
marginalized people and communities? Are these funds sufficient to gain the trust of communities
that have suffered unjust and discriminatory harm? Will these funds be effectively deployed to
advance decarbonization in a manner that addresses historical injustices, poverty, and the need to
support local economies?
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e Barrier: Federal, state, and local governments currently lack the staff and expertise to effectively
spend and administer IRA, I1JA, and CHIPS funds (Chapters 2 and 13). Moreover, because the
country is politically and economically heterogenous, some state and local governments will
rapidly build capacity and use it to pursue and spend these funds, while others will not build
sufficient capacity and offer support ranging from indifference to active resistance (Chapter 13).
Are the provisions in the IRA, I1JA, and CHIPS sufficient to overcome this barrier? What
additional actions could federal, state, and local governments take to increase capacity at all
levels of government and to garner state and local support?

e Gap: Note that Recommendation 1-1 is designed to fill an execution gap. Specifically, will tax
credits and other incentives in the IRA, IIJA, and CHIPS deliver the required pace of change,
given behavioral inertia by consumers, organizational inertia in the electricity sector, and
inevitable targeted messaging by entrenched financial interests? This gap would be filled by the
more diverse policy portfolio in Recommendation 1-1, as well as the more detailed
recommendations in Chapter 5 to strengthen public engagement in the transition.

Risk from Events Outside of the Energy System—as noted in the Preface to this second report,
the committee’s work occurred during a time of disruptions within national and global energy systems
caused by outside events such as the invasion of Ukraine and global COVID-19 pandemic. While it
appears that activities within the U.S. energy system are returning to normal with the receding impacts of
COVID-19, there will undoubtedly be some mixture of wars, disasters, and other disruptions that will
punctuate the decades-long transition to net zero. Furthermore, geopolitical considerations of energy and
national security will often underlie decisions about decarbonization policy. These risks are unpredictable
and will have to be managed during the clean energy transition as they arise.

Objectives

To clarify the analysis of gaps and barriers, it is important to define as explicitly as possible the
objectives to be addressed by the committee’s recommended actions. The committee defines five
objectives: (1) carbon and GHG emissions by sector, (2) equity and fairness, (3) health, (4) employment,
and (5) public engagement and acceptance.

Carbon Emissions Objectives

There is an infinite number of net-zero emissions trajectories that the country could follow
between now and 2050. Examples include Lempert et al. (2019), Williams et al. (2021), Larsen et al.
(2021), and Larson et al. (2021). Most assume a roughly linear decline in emissions until 2050. They also
tend to focus on meeting anticipated business-as-usual (BAU) demand for energy services, ' rather than
asking that Americans do with less. Most of these scenarios are similar because prices of available
technology and current emissions strongly constrain the cheapest pattern of deployment. Unless otherwise
stated, this report uses the sector-specific scenarios in “The Long-Term Strategy of the United States:
Pathways to Net-Zero Greenhouse Gas Emissions by 2050 issued by the White House in late 2021
because these encompass most published scenarios and reflect current U.S. policy goals (Figures 1-3 and
1-4). It is important to note that, while this report references the updated emissions pathways published by
the White House, the overall emissions trajectories laid out in the committee’s first report and the key
ingredients of the net-zero transition for the U.S economy described in that report are fundamentally the
same (see Figure 2.2 in NASEM 2021).

7 The projected energy demand is derived from the U.S. Energy Information Administration’s National Energy
Modeling System, which incorporates continued improvements in energy efficiency (e.g., for vehicles, appliances,
and other equipment) over time.
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FIGURE 1-3 Projected ranges of CO, emissions over time by sector. CDR stands for carbon dioxide
removal and includes industrial practices like direct air capture and biomass energy with carbon capture
and storage.

SOURCE: Courtesy of U.S. Department of State (2021).
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FIGURE 1-4 Projected ranges of methane, nitrous oxide, and fluorinated gas emissions over time. These
are the three categories of non-CO, greenhouse gases regulated under the United Nations Framework
Convention on Climate Change (UNFCCC).
SOURCE: Courtesy of U.S. Department of State (2021).

The policies recommended in this report are consistent with the projected emissions objectives
illustrated in Figures 1-3 and 1-4. The anticipated rapid emissions reductions during the 2020s in the
electricity sector and during the 2020s and 2030s in the transport sector reflect the current relatively low
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costs for renewable infrastructure and lithium-ion batteries (Chapters 6 and 9). The levelized cost of
energy (LCOE) for onshore wind has decreased between 62—63 percent globally from 1983-2021 and
2009-2023, respectively (IRENA 2022; Lazard 2023), and 70 percent in the United States between 1998—
2021 (LBNL 2022a). The LCOE of utility-scale solar decreased by 83—88 percent globally in 2009-2023
and 2010-2021 (IRENA 2022; Lazard 2023), and 85 percent in the United States from 2010-2021
(LBNL 2022b), with the global price of solar photovoltaic (PV) modules dropping 99.8 percent between
1975 and 2021 (Our World in Data n.d.). DOE (2023) estimates an 89 percent decline in cost of EV
lithium-ion battery packs between 2008—2022, while other sources estimate a 79 percent decrease in
lithium-ion battery pack and cell price between 2013—2022 (BloombergNEF 2022) and 98 percent decline
in lithium-ion battery prices between 1991-2018 (Ziegler and Trancik 2021a,b).

The slower emissions reductions during the 2020s and 2030s for industry reflect both the high
costs for decarbonization options and slow turnover of industrial infrastructure. The slow turnover of this
infrastructure is important because retrofit or replacement is most economic when equipment becomes
obsolete (Chapter 10). The relatively slow decline of emissions from buildings in Figure 1-3 reflects slow
stock turnover and limited retrofits because of anticipated property-owner inertia (Chapter 7).® In
contrast, the rapid decline in emissions from the electricity sector in Figure 1-3 reflects the robust
deployment of renewable electricity owing to the reductions in costs for those technologies and the tax
credits provided within the IRA.° It should be noted, however, that non-cost barriers to the deployment of
these technologies—including supply chain development, need for skilled labor and enhanced public
engagement, regulatory approvals, and engineering, procurement, and construction of both generation and
transmission—will have to be addressed to achieve the projected emissions reductions. The relatively
slow reductions for nitrous oxide and methane reflect agricultural emissions from ongoing agricultural
demand (Chapter 8). The White House Long-Term Strategy report (DOS and EOP 2021) also has a
scenario for the net sink from land use, land use change, and forestry (LULUCF), which grows from 759
MtCO,e/y today to 940 MtCOze/y in 2050 (see Chapter 8). The midpoints (colored darkest lines) within
the ranges for 2050 sectoral emissions in Figure 1-3 and for greenhouse gas-specific emissions in Figure
1-4, together with an LULUCF net emission of —940 MtCO»e/y, sum to zero net emissions.

While the overarching emissions reduction goal of 50 percent by 2030 and net zero by
midcentury is a singular objective, the discussion above makes clear that it is really the summation of
sector-specific emissions reductions. This overarching goal will necessarily be met by sector-specific
policies and technologies, and cost minimizations within sectors and across the whole system. In this
way, the objective to reduce emissions to net zero by midcentury (or 50 percent by 2030) can be thought
of as a constraint with the goal to minimize cost while maximizing desirable societal objectives of equity,
employment, health, and public engagement. Indeed, technology analyses are typically formulated as
constrained optimizations that solve for the mix of technologies needed to meet various emissions goals,
with social welfare as the objective function in the constrained optimization (often specified as per capita
consumption in economic models). While this formulation is useful to develop effective policies, once
policies are in place, they must be evaluated in part by how well they achieve emissions reductions. Thus,
the constraint in the mathematical analysis supporting a policy becomes, in practical terms, an objective
of the policy once it is implemented.

8 Chapter 7 makes the case that much more could be done in the buildings sector over the next 10 years, and
that this would reduce the need for a rapid deployment of carbon dioxide removal technology during the 2040s
(Figure 1-2), which is risky to count on given current prices and technology.

° While Chapter 6 reflects this optimism toward the decarbonization of electricity, it does recommend a national
emissions limit for the electricity sector to ensure the outcome shown in Figure 1-3 as well as the need for an
omnibus solution to support expansion of the transmission grid.
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Equity and Fairness Objectives

What actions in the pathways to decarbonization would adequately address historical, eliminate
current, and prevent future injustices? These objectives are much more difficult to quantify than
emissions targets. However inadequate, the committee came up with four specific objectives. First, new
infrastructure built under the IRA, IIJA, and CHIPS should not replicate the disproportionate exposure to
fossil-related health and safety hazards suffered by disadvantaged communities (Chapters 2 and 3).
Second, an adequate fraction of the benefits of spending under the IRA, I1JA, and CHIPS should go to
low-income and historically marginalized groups and communities, with the current federal goal being 40
percent. Where benefits are difficult to quantify, the fraction of IRA, IIJA, and CHIPS spending that goes
directly to these groups and communities provides an alternative objective to assessing benefits in the
near term, but historically unprecedented efforts to assess actual benefits are still necessary (Chapter 2).
As discussed further below, rigorous evaluation will be needed to understand and quantify the benefits of
widespread clean energy deployment to disadvantaged communities. Third, historically marginalized
people and communities should have equitable access to new jobs and not suffer disproportionately from
job losses (Chapter 4). Fourth, policies should attempt to minimize the harms that displaced fossil fuel
workers suffer during the transition (also a component of the Employment Objectives below). Chapter 2
lays out the policies and procedures that are needed to enable procedural, distributive, recognition, and
restorative justice in the clean energy transition.

Health Objectives

The objective is to maximize health and minimize harm, including illness, disability, and death
caused by fossil fuel-related pollution (Chapter 3). Other health risks include the mental and physical
impacts related to the losses of employment and livelihoods in fossil fuel communities. Major health
benefits are possible in the transition, particularly in reduced exposure to air pollution from fossil fuel
combustion. Other health benefits, both physical and mental, can also accrue through active
transportation, changes in nutrition policies, and improvements in the characteristics of the built
environment, like urban tree cover and improved walkability. As the development and deployment of
low-carbon technologies increases, health harms across the full life cycle of these technologies should be
minimized, including risks from new clean energy industries (e.g., in mining and manufacturing
operations) and from the introduction of these new technologies to the public (e.g., safety concerns).

Employment Objectives

These objectives are to maximize employment in high-quality jobs that are created by the
transition and to minimize the disruption caused by losses of fossil-dependent jobs (Chapter 4). Modeling
analysis suggests that although gains will exceed losses in most locations and in the nation, losses will be
concentrated in three areas of the country that produce most of the gas, oil, and coal—Appalachia, the
Gulf coast and adjacent areas, and the inter-mountain west (Chapter 4; Mayfield et al. 2021, 2023).
However, most of these losses will occur later than 2030, except in coal producing areas in Appalachia
and the inter-mountain west that have seen contraction for decades (Chapter 4; Larson et al. 2021;
Mayfield et al. 2021, 2023). At smaller scale, some communities will suffer net losses throughout the
country, for example in small towns that lose a dominant employer such as a coal-fired power plant. Also,
losses will likely occur in some occupations sprinkled at low density throughout the country, such as in
automotive repair shops that do not transition successfully to electric transport or experience lower
demand owing to lower maintenance needs of EVs, but most of these losses will occur after 2030 because
of the average lifetime of fossil vehicles.
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Public Engagement Objectives

These objectives are to develop robust public engagement practices that involve people and
groups across the country in the goals, design, and implementation of the energy system transition. Such
practices are fundamental to develop and maintain a robust social contract for deep decarbonization with
the people of the United States (Chapter 5). The committee chose to emphasize public engagement rather
than public acceptance or support for several reasons. First, people, communities, and regions have
heterogeneous preferences. Some communities may remain against components of a net-zero energy
system, such as nuclear electricity because of perceived danger, or large-scale wind and solar because of
the visual transformation of the landscape. Public support for the transition as a whole may thus hinge on
respecting public rejection of parts of it. Second, as stated above, people value having a say in decisions
that affect their lives, independent of the final outcome (Chapter 5). Third, the committee heard from
officials in cities such as Fresno, California, that inclusive participation in siting decisions initially slows
deployment and may result in some kinds of projects being cancelled at the outset (Bedsworth et al.
2023). Nonetheless, inclusive consultation speeds subsequent infrastructure deployment, both because
officials are aware of what the community will support, and because they have gained the public’s trust.

NEED FOR COMPREHENSIVE EVALUATION AND ADAPTIVE MANAGEMENT

The scope, scale, and pace of the transition that will be required to decarbonize the U.S. energy
system—and the associated uncertainties—are unprecedented. Thus, adaptive management and
governance—that is, an iterative learning process producing improved understanding and management
over time—is crucial to coordinate and monitor implementation and feedbacks in the face of the
complexity and uncertainties associated with climate change and societal transition throughout the
country. In order to stay on the trajectory to an equitable net-zero emissions goal, there is a need to
respond where policies and technologies do not work as intended, where current policies fall short of
achieving the full set of objectives, and where emergent issues create unanticipated problems and
opportunities (e.g., a larger than anticipated cost reductions for renewables). There is also a need for not
just ex post evaluation and monitoring, but also for ex ante estimates or “scoring” of new proposals. As
the nation implements the policies laid out in the IRA, IIJA, CHIPS, and other actions, the challenge of
collecting and reporting on the use of federal and other dollars and the outcomes accomplished with those
investments and expenditures should be front and center. Comprehensive and system-wide evaluation of
decarbonization policies and programs is essential to cross-sector and systems level impacts, as well as to
sustain a social license to operate.

Given the untrammeled ground that transitioning to net-zero emissions must traverse, a high
degree of humility and commitment to learning and adjustment is in order. The committee acknowledges
its limited ability to anticipate the many possible ways in which decarbonization could be at least partially
derailed. As a result, adaptive management guided by continuous monitoring and evaluation offers the
most likely path to success. Such efforts will be possible only if the nation makes a significant investment
to gather the information necessary across all programs and activities fundamental to decarbonization, has
the opportunity to modify programs based on these evaluations, and accommodates changing
technological and socioeconomic conditions. To maintain public support and engagement, it is critical
that monitoring and evaluation cover socioeconomic aspects of the transition in addition to emissions and
technology deployment. This includes the need to develop data collection and evaluation into program
design and expedite and expand data collection activities.

The committee’s first report recommended that Congress establish an executive-level Office of
Equitable Energy Transitions to serve as the designated centralized authority to establish criteria to ensure
equitable and effective allocation of energy transition funding and monitor progress. No such authority
was included within the IRA, IIJA, or CHIPS, although, as shown in Table 1-1, elements of Executive
Order 14008 establish some aspects of the committee’s recommended office. An executive-level,
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designated authority would ensure that the nation’s approach to monitoring, evaluation, and
communication aligns with the scope of the challenge and investment of decarbonization.

Nonetheless, the current administration is clearly focused on implementation of the recent
legislation. The federal government now features many new staff, working groups, task forces, and
committees to facilitate implementation of recent bills, provide oversight both within and across
departments and agencies, and produce information to the public on descriptions and application
processes of funding opportunities. For example, upon passage of the IRA, the Biden administration’s
White House appointed a Senior Advisor for Clean Energy Innovation and Implementation specifically to
oversee implementation of the Act’s clean energy and climate provisions, including developing the
regulations required to distribute funding (White House 2022a). The administration released a guidebook
for the public and local, state, and tribal governments to take advantage of the funding available through
the legislation and maintains an updated list of available funding opportunities (White House 2022b,
2023a). It also established the “Bipartisan Infrastructure Law Maps Dashboard,” which depicts locations
of announced and awarded funding and provides information about each funded project (White House
2023b).

The Biden administration has also taken significant steps to address key elements necessary for
tracking and evaluating impacts of decarbonization policy, as shown in Table 1-2. Notably, the White
House Environmental Justice Interagency Council (IAC), established by EO 14008, is tasked with
developing performance metrics to ensure accountability and publishing an annual public performance
scorecard on the implementation of Justice40. As discussed in Chapter 2, an evaluation of clean energy
spending would illustrate the distribution of the benefits of all programs, including those covered by
Justice40. Many IRA tax expenditure policies do not target disadvantaged communities, but as they
transform the energy system, they will deliver benefits to these communities.

In addition, the Foundations for Evidence-Based Policymaking Act (“Evidence Act”) (January
2019, P.L. 115-435) is currently being implemented by the Office of Management and Budget (OMB), as
directed by the law. The Evidence Act requires each agency to develop an evaluation policy, evidence-
building plan (i.e., learning agenda), evaluation plan, and capacity assessment. The purpose of learning
agendas in particular is to develop evidence to answer questions about how the agency meets its mission
and how the agency’s programs, policies, and regulations function (OMB 2019, p. 14). Thus, the law
“institutionalizes program evaluation as a critical element of learning agendas throughout the federal
government” (Aldy 2022). The emerging portfolio of products assessing the performance of the American
Rescue Plan (White House, 2022¢,d) and their influence on recent policy implementation suggest that the
agency learning agenda offers an effective model for policy evaluation. See Table 1-2 for additional
information on the Evidence Act and OMB’s important role in implementation of the law.

And still, vesting the aggregation, synthesis, translation, and communication of metrics in a
single, congressionally mandated entity and process is necessary to ensure that a decarbonization progress
report is available to the U.S. public and the world on a consistent and sustained basis, regardless of
which party controls the Executive Branch. Federal policymakers have previously seen fit to establish
data-collection and/or forecasting entities (e.g., the Energy Information Administration, the Bureau of
Labor Statistics) when information has been viewed as important for public and private actors in the
economy and societal goals. However, as noted in Table 1-2, these statistical offices do not span the
whole of government. Given the broad changes likely to occur from the new federal statutes, such
information collection would also be valuable in terms of public and private investment and
programmatic activities (e.g., tax credits and the consumer investments related to them; Greenhouse Gas
Reduction Fund investments and lending activities) in infrastructure and clean energy. Moreover, only a
consistent, comprehensive, and coordinated compilation provides the information necessary to inform
future policy choices.
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TABLE 1-2 Scorecard Detailing the Key Evaluation Elements of U.S. Decarbonization Policy That Are
Covered by the Current Federal Policy Portfolio and Elements That Are Still Missing from the Federal

Policy Portfolio

Key Evaluation Elements  Status

Comments

Accountability and
oversight of spending

IRA—3$25 million for GAO to support oversight of distribution and use
of funds, and evaluate whether impacts of funds are equitable.

IIJA—The Infrastructure Implementation Task Force (EO 14052)
priorities include efficient and equitable investment of public dollars,
including through the Justice40 Initiative and effective coordination with
State, local, Tribal, and territorial governments in implementing
investments.

Creation of indicators Each federal agency is responsible for creating indicators and
and establishment of establishing targets.
targets
EO 14008—To identify geographically defined disadvantaged
communities for any covered programs under the Justice40 Initiative and
for programs where a statute directs resources to disadvantaged
communities, federal agencies are expected to use the Climate and
Economic Justice Screening Tool (CEJST). The White House
Environmental Justice Interagency Council (IAC) is responsible for
developing clear performance metrics to ensure accountability in the
implementation of Justice40.
Data collection and < Each federal agency is responsible for data collection and tracking.
tracking However, no entity ensures data collection and tracking is consistent for
the purposes of presenting an aggregate picture.
The Evidence Act requires:
e agency Open Data Plans to make federal data publicly
available by default, and their data inventories searchable;
e designation of a Chief Data Officer in each agency; and
e establishment of an Advisory Committee on Data for Evidence
Building and Chief Data Officer Council by OMB.
Additional federal data collection efforts include
o IIJA §40553 established the Energy Jobs Council under DOE
to survey, analyze, and report on employment and
demographics in the U.S. energy, energy efficiency, and motor
vehicle sectors.
e IRA §60401 appropriates of $32.5 million for CEQ
Environmental and Climate Data Collection to (1) support data
collection efforts relating to disproportionate negative
environmental harms and climate impacts; and cumulative
impacts of pollution and temperature rise; (2) establish,
expand, and maintain efforts to track disproportionate burdens
and cumulative impacts; provide academic and workforce
support for analytics and informatics infrastructure and data
collection systems; and (3) support efforts to ensure that any
mapping or screening tool is accessible to community-based
organizations and community members.
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e IRA appropriates $25 million for OMB to oversee IRA
implementation and tracking of labor, equity, and
environmental standards and performance.

e U.S. Global Change Research Program (USGCRP) Global
Change Information System provides data collected from
individual government agencies and programs.

e Federal institutions are implementing recommendations from
the interagency Equitable Data Working Group (EO 13985).

Evaluation and learning

mitigation
progress and
outcomes

trends in
technology and
infrastructure
deployment
societal outcomes
(justice, fairness,
equity)
vulnerability of
labor sectors and
communities
transition impacts
and opportunities
pilot programs and
research to support
development and
evaluation of
equity indicators
and public
engagement

Each federal agency is responsible for evaluating programs and learning
what works and what does not. Additional pilot research programs may
be needed to facilitate further learning. Moreover, opportunities for
learning across agencies may be missed absent a comprehensive effort.
Consistency in reporting and evaluation is also necessary for creating a
comprehensive picture.

The Evidence Act requires agencies to undertake program evaluation,
with coordination and standards established by the law’s lead
implementer, OMB. It includes a required biennial OMB report to
Congress and establishes a Chief Data Officer Council within OMB to
enable a whole-of-government approach to data generally, and could be
applied specifically to climate and clean energy. In addition to having
statutory authority to implement the Evidence Act, OMB spans the
whole of government, in contrast to an individual agency’s statistical
office (e.g., EIA, Bureau of Labor Statistics (BLS)) or the USGCRP.
OMB can also focus efforts on ex post empirical performance
evaluation, which is less common among some statistical agencies such
as EIA.

EO 14008—The Interagency Working Group on Coal and Power Plant
Communities and Economic Revitalization (EO 14008) is responsible
for assessing opportunities to ensure benefits and protections for coal
and power plant workers.

Communication/reporting
Short- and long-term
outlooks containing an
assessment of GHG
mitigation and
societal/equity outcomes
using individual agency
data and evaluations

Each federal agency is responsible for reporting on progress and/or
outcomes associated with relevant agency decarbonization programs.

As of the writing of this report, no single entity has been tasked with
reporting on a) the GHG mitigation and societal outcomes associated
with recent decarbonization policy and b) short- and long-term outlooks
of the U.S. decarbonization trajectory. Moreover, no entity is tasked with
ensuring consistency that allows a comprehensive picture to emerge.

The USGCRP, with a 2022 budget of $3.7 billion, is congressionally
mandated to supports expanded coordination across Federal agencies to
design and implement research and dissemination programs that advance
knowledge of climate and global change impacts, risks, and responses,
including a) emissions mitigation and interventions to reduce
atmospheric greenhouse gas concentrations and warming and b) the
social context, consequences, and efficacy of various adaptation,
mitigation, and intervention measures, including their impacts on equity.
The USGCRP coordinates with 14 federal agencies to produce a single
report, the National Climate Assessment (NCA), every 4 years. It should
be noted that the NCAs involve a large number of non-government
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experts, and the Department of Treasury, which is charged with
implementing many of the IRA’s energy tax credits, does not participate
in the USGCRP.

Additional related reporting instruments include
e OMB biennial report to Congress
e  USGCRP National Climate Assessment and National Nature

Assessment

EIA Energy Outlooks

DOE Quadrennial Energy Review

EPA Greenhouse Gas Reporting Program

EPA Community Notification Program for Frontline and

Fenceline Communities (EO 14008)

e  White House Environmental Justice Interagency Council (IAC)
annual public performance scorecard on the implementation of
Justice40 (EO 14008)

¢ CEQ and OMB annual Environmental Justice Scorecard (EO
14008)

NOTE: The column on the left lists key evaluation elements of U.S. decarbonization policy; the column on the right
lists federal entities and actions that are already carrying out specific evaluation elements; and the middle “Status”
column indicates whether the listed federal actions align with the committee’s recommendations on evaluation and
reporting (the green check indicates that the evaluation component is being addressed via the current policy portfolio
and the orange diamond indicates a gap between the current policy portfolio and the committee’s recommendations).

A full assessment of the adequacy of funding for robust evaluation as well as public-facing data
reporting and communications lies outside the scope of this report. However, as an example, the separate
$25 million allocated to both OMB and GAO (IRA §70004—70005) to track progress on the IRA amounts
to roughly 0.013 percent of the projected $391 billion in IRA energy and climate-related funding, falling
short of the 1 percent of program administration resources recommended by the Commission on
Evidence-Based Policymaking in its 2017 final report, and the 3.7 percent norm for foundation spending
on evaluation (Commission on Evidence-Based Policymaking 2017; Twersky and Arbreton 2014).' The
Data Foundation, a non-profit think-tank seeking to “improve government and society by using data to
inform public policymaking,” recommends federal agencies determine and articulate evaluation funding
needs to OMB because the scope and scale of data collection and evaluation will inevitably vary across
agencies and programs (Fatherree and Hart 2019). Additionally, a so-called Evidence Incentive Fund?
could be established as a potential funding mechanism for agency program evaluations and learning
agendas, as was recommended by the Commission on Evidence-Based Policymaking in its 2017 final
report. Nevertheless, it is important to remember that federal agencies using IIJA and IRA funds to
administer programs, provide technical assistance, and perform monitoring and evaluation reduces the
funds available to state and local governments, community-based organizations, and private sector actors
who are implementing many of the programs mandated under these laws.

Furthermore, absent a clearly (and publicly) identified lead authority for streamlined, externally
facing communication of multi-agency/multi-program funding outcomes, it is unclear how public
stakeholders will access trusted, non-partisan, salient information about progress on and outcomes of

! Some of the costs of program evaluation are fixed costs, and thus the percentages of program budgets
dedicated to evaluation may reflect, in part, the scale of the programs.

2 “Evidence Incentive Funds in each department are conceptualized by the Commission to operate similarly to
Working Capital Funds or Salary and Expense accounts. The funds could be created by taking up to 10 percent of
unobligated balances at the end of a fiscal year to be allocated for future evidence-generating activities”
(Commission on Evidence-Based Policymaking 2017, p. 104).
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decarbonization via the current model of tasking multiple agency-level as well as interagency task forces
with related but separate missions. Ensuring the salience of the federal assistance portfolio to both groups
and places in search of not only environmental, but also climate, energy, and transition justice, depends
on integrating—or at least aligning—ongoing definitional and evaluation exercises in order to facilitate
program implementation and evaluation and—vitally important—to communicate equity and mitigation
outcomes.

While it is too early to assess their durability, credibility, and efficacy, the nascent
communication efforts by the current administration and key agencies, notably CEQ, such as the Climate
and Economic Justice Screening Tool (CEQ 2022) and the proposed Environmental Justice Scorecard
(Federal Register 2022), are important experiments in streamlining information desired by public
stakeholders. As much as possible, the information delivered should acknowledge the reality that people
encounter federal investments through their lived experience as workers and residents of places, not in
terms of agency silos. This recognition should translate into easy mechanisms to enable public
stakeholders to share and translate project information via trusted, existing communication tools.

Finding 1-2: Monitoring, Evaluating, and Communicating the Nation’s Progress on
Decarbonization and Policy Outcomes. The urgency and scope of the nation’s deep
decarbonization transition create an imperative to pursue comprehensive and innovative
approaches to tracking and communicating progress on decarbonization policies. Failure on the
part of national and state governments to pursue adaptive management through rigorous
evaluation and monitoring of policy outcomes, or to give the public and key stakeholders
meaningful information to demonstrate tangible progress fundamentally threatens the prospect of
a successful shift to a net-zero trajectory over the next 10 years.

Recommendation 1-2: Leverage the Evidence Act to Execute Data Collection and Evaluation
on Decarbonization Investments and Programs. Congress should authorize and fund the
Office of Management and Budget (OMB), the lead agency implementing the Evidence Act,
to develop guidance for all federal agencies on evaluating decarbonization policy spending
and impacts, including investments and program funding, GHG emissions (including life-
cycle emissions as relevant), costs, equity, and other societal outcomes. Data collection
protocols should be developed in tandem with program design, and all data collection and
analysis protocols should be made with a clear evaluation strategy in mind. An important
component of the evaluation is the assessment of emerging systems-level impacts and cross-
sectoral issues that may impede progress on decarbonization. Agencies could solicit input on
evaluation strategies during comment periods and requests for information associated with
proposed program rules.

a) Department of the Treasury information from its administration of clean energy tax
credits could be one source of data, given their centrality in implementation of the
IRA.

b) Other recommendations later in the report provide guidance on specific elements of
evaluation, such as the priorities for evaluation of equity indicators (2-2),
investments in clean energy technologies within disadvantaged communities (2-6),
effectiveness of the Weatherization Assistance Program (7-3), implementation of
incentive programs for residential and commercial buildings initiated in the IRA (7-
7) effectiveness of forest and land carbon sinks (8-3), and integration of state and
local government feedback into federal application and technical assistance
processes (13-1).

¢) The primary purpose of this effort is to inform adaptive management of these
programs and policies to ensure that investments result in effective, efficient, and
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equitable decarbonization. The data collected for evaluation can also serve as an
input for public-facing reporting discussed in Recommendation 1-3.

Recommendation 1-3: Identify and Provide Resources for a Central Entity to Provide Timely,
Public-Facing Information on the Nation’s Progress Toward Decarbonization. Congress
should authorize and fund a single enduring entity to collect, aggregate, interpret, and
communicate publicly accessible descriptive statistics about the pace and scale of
decarbonization of the U.S. economy.

a) In addition to collecting and analyzing data on its own, this entity should make use
of the data, analyses and evaluations produced under Recommendation 1-2.

b) Given the importance of accurate and comprehensive data to attaining verifiable
net-zero emissions targets, the collection and availability of data (on the
distribution of economic and environmental benefits, health effects including ex-
post health impacts, life-cycle inventories and assessments, among others), and
continued development of relevant analysis methods must also be a priority.

¢) The entity’s public communications should include short- and long-term outlooks
and reviews of agencies’ progress toward equitable decarbonization in the United
States, and explicitly characterize trends in greenhouse gas emissions,
infrastructure deployment, employment, and equity metrics.

Potential candidates for the lead entity include the U.S. Energy Information
Administration, the U.S. Global Change Research Program, and the Office of Management
and Budget, as well as new institutions, such as an Office of Equitable Energy Transitions in
the Executive branch.

CONCLUDING REMARKS

When this National Academies’ committee was first convened, a U.S. transition to net zero
seemed far away. But then, Congress passed historic legislation that sets the nation on a fundamentally
new course and establishes the United States as an international leader in the fight against climate change.
The rest of this report shows how current federal legislation and executive actions, along with actions at
the subnational levels, will touch nearly all facets of the energy economy, while providing the energy
services the nation needs at a price it can afford. If it all works as planned, most Americans will still
receive the energy services they expect but will live in a nation—and hopefully a world—with reduced
impacts from climate change, with cleaner air, and with better health and employment. Many historically
marginalized and low-income Americans will, for the first time, experience a fair, equitable, and just
energy system. This path is risky because the task is complicated, vast, fast-paced, and never traveled
before. It will take a national effort, involving all Americans and the commitment of our nation’s
business, industrial, and energy sectors, as well as an adaptive policy approach, to successfully execute.
This report documents gaps between current policies and likely barriers to implementation. Its
recommendations are designed to fill gaps, overcome barriers, and prepare the nation for the adaptive
management it will need over the next 30 years to achieve a net-zero energy system.

This report includes a particular focus on execution risks because there are so many ways in
which execution could prove inadequate. The climate and energy provisions in the IRA, IIJA, and CHIPS
are intended to create unprecedented changes that will affect all parts of the nation’s economy and many
aspects of daily life. The portfolio is designed to shepherd what would arguably be the first deliberately
fair and equitable technological transition in the nation’s history. It must rely on a mix of policy
instruments and institutions that have never been tested at this scale and executed within a polity designed
to limit centralized control.
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SUMMARY OF RECOMMENDATIONS

TABLE 1-3 Summary of Recommendations from Chapter 1

Actor(s) Overarching

Responsible for Sector(s) Objective(s) Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation Recommendation  Recommendation  Recommendation
1-1: Enact Two Federal = Congress, Electricity e Greenhouse A Broadened Policy
Pohcles. Recommended  Treasury Buildings gas (GHG) Portfolio
in the First Report: Department, U.S. Land use reductions
National Greenhouse Environmental .
Gas Emissions Budget Protection Transportation
and Economy-Wide Agency (EPA) Industry
Carbon Tax Finance

Fossil fuels

1-2: Leverage the Congress and Electricity e GHG Rigorous and
Evidence Act to Office of Buildings reductions Transparent
Execute; Data Management and Land use *  Equity Analys.ls and
Collection and Budget (OMB) . e Health Reporting for
Evaluation on Transportation © Adaptive
Decarbonization Industry * Employment  \ripa0ement
Investments and Finance * Public
Programs Fossil fuels engagement
1-3: Identify and Congress and Electricity e GHG Rigorous and
Provide Resources fora  single other Buildings reductions Transparent
Cent?al Er}tlty to . agency (e.g., Land use *  Equity Analyslls and
Provide Timely, Public-  Energy . Health Reporting for
Facing Information on Information Transportation ca Adaptive
the Nation’s Progress Administration Industry * Employment Management
Toward [EIA], Global Finance * Public
Decarbonization Change Research Fossil fuels engagement

Program, OMB)
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2
Energy Justice and Equity

ABSTRACT

The U.S. federal government has put forth a whole-of-government equity agenda through a series
of executive orders and legislation. This national focus on equitable outcomes of the transition to net-zero
energy systems will directly and indirectly allow for the incorporation of equity into future federal, state,
and local decarbonization action. However, without the intentional attention to energy justice or its
principles, a just energy transition cannot be achieved in the United States.

The transition to a net-zero-carbon future offers multiple socioeconomic benefits, including
improved public health and energy affordability, but action is needed to ensure energy justice can be
advanced. This requires disadvantaged communities, local governments, and community-based
organizations to be engaged in defining where, when, and how to prioritize federal and state resources
during the energy transition. Inclusive and equitable approaches are key to preventing potential
implementation challenges or project derailment.

Place-based decarbonization approaches that address the priorities and concerns of affected
communities will help support an equitable transition to a net-zero future that avoids worsening existing
inequities or creating new ones. For the transition to be a success, there needs to be a bottom-up approach
beginning with community-led programs sharing lessons learned coupled with a top-down process
beginning with federal adoption and implementation of energy justice principles. This chapter outlines
principles and best practices of energy justice and reviews the opportunities and barriers associated with
different energy justice approaches. Table 2-3 below summarizes all the chapter’s recommendations to
support a just energy transition.

INTRODUCTION

While the transition to a net-zero energy system will offer multiple socioeconomic advantages for
society, such as access to affordable energy options, economic and employment progress, and
improvement of human health (Ounmaa 2021), it is not a foregone conclusion that these opportunities
will extend to all. Without an intentional and concerted movement away from inequitable energy
structures and policies, disadvantaged populations, such as racial, ethnic, and low-income communities,
may experience even more burdens from the new energy system than they do today. Recent federal action
provides a critical down payment on a just and equitable transition. However, the critical opportunity to
enhance societal and economic outcomes comes with equity challenges that require careful attention and
intentional action.

For example, exposure to air pollution from fossil fuel combustion is one of the most significant
disparities of the current energy system (see Chapter 3). A large-scale change in the production,
distribution, and use of energy will likely require the elimination of most fossil fuel use. This will
significantly reduce nearly all associated air pollution, providing positive impacts nationally. However,
disproportionate and negative health and socioeconomic outcomes of societal and technological change
have been well-documented in low-income populations and communities of color (Lerner 2010; Mendez
2020; Romero-Lankao et al. 2022). Negative outcomes of the U.S. energy transition, especially increased
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air pollution from the construction of new infrastructure or from the continued combustion of fossil fuels,
can undermine the success of an equitable carbon-neutral future.

This transition is not merely a technological transformation of the energy sector; it is a
fundamental and wholesale transformation that will affect numerous sectors and nearly every household.
This chapter will address the challenges associated with two of the core societal goals identified in the
first report: ensuring a just and equitable transition to carbon neutrality and ensuring that workers,
communities, and businesses impacted by the transition are fully supported during the transition (NASEM
2021). It begins by outlining the evolution of the just transition movement and introduce key components
and principles of energy justice. It reviews existing energy inequities in several areas, including energy
affordability and accessibility to low-carbon technologies, and discusses how energy policies and
programs can be developed to redress inequities and avoid creating new ones. The chapter then assesses
recent federal actions that can support a just energy transition and equitable implementation of
decarbonization actions. The chapter concludes with recommendations for how to build capacity to
support a community-level decarbonization action and develop evaluation standards to detail the nation’s
progress toward a just energy transition.

EVOLUTION OF THE JUST TRANSITION MOVEMENT: FROM ENVIRONMENTAL TO
ENERGY JUSTICE

The transition of U.S. energy systems to a net-zero-carbon future offers access to affordable
energy options, economic and employment progress, and the improvement of human health (Ounmaa
2021). However, challenges exist and cannot be ignored as the transition proceeds. Initially used by coal
communities and the labor movement, the modern just transition concept focuses on inclusive processes
to achieve climate and energy goals and envelops three overlapping concepts: environmental justice,
climate justice, and energy justice. Decarbonizing the energy system is an opportunity to move forward
on energy justice—the provision of safe, affordable, and sustainable energy—for the nation and
internationally. Box 2-1 provides key terms that will be used throughout the chapter. This section briefly
traces the scholarship of the just transition movement and the key concepts of the environmental and
climate justice. It then introduces the energy justice movement and key principles that need to be applied
to decarbonization policy to achieve a just energy transition.

History of the Just Transition and Environmental and Climate Justice Movements

In the United States, the original use of the term “just transition” began with the labor movement
in the late 1970s which advocated for the protection, support, and compensation of displaced workers and
communities when a society makes significant policy decisions resulting in job loss in energy-related
businesses (Carley and Konisky 2020). It has come to be used more broadly with scholars arguing that a
just transition ensures that “workers and communities supported by a declining industry are able to
transition into a new economy with a comparable level of economic security or retire with dignity” (Cha
2020, p. 149) and with advocacy groups emphasizing that a just transition means “meeting climate goals
by ensuring the whole of society—all communities, all workers, all social groups—are brought along
with the pivot to a net-zero future” (UNDP 2022). Environmental, climate, and energy justice have
emerged as guiding principles for just transition action and conceptually exist in parallel (Jenkins et al.
2018). Figure 2-1 shows how the just transition movement has evolved beyond its origins in concerns
with impacts on workers to encompass a broader array of principles for just and equitable change. '

! For a literature review about the just transition movement in North America, see Wilgosh et al. (2022). For an
overview of just transition frameworks, see Henry et al. (2020).
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BOX 2-1
Key Terms

Energy justice—the provision of safe, affordable, and sustainable energy to all individuals (Jenkins
2018) through the incorporation of recognitional, procedural, and distributional equity into energy
design, ownership, governance, and implementation.

Energy transition—efforts by jurisdictions to transform or develop their energy sector away from
fossil fuels (Bozeman I1I et al. 2022) with a large-scale technological and societal change in the
production, distribution, and use of energy.

Equity—being fair and unbiased regarding access, opportunities, risks, and burdens for an individual
or group, especially as a function of an organization or system (Romero-Lankao and Nobler 2021).

Just energy transition—a process of transforming the energy system by ensuring all communities,
workers, and social groups are fairly included in the processes toward and outcomes of the net-zero
future through the incorporation of the principles of energy justice.

Justice—ensuring all individuals and groups have the necessary and sufficient capability to achieve
the lives they value (Sen 2009).

Just Transition Movement
Meeting climate goals by ensuring the whole of society — all workers, communities, and social groups
— are brought along with and supported through the transition into a new, net-zero future with a
comparable level of economic security (Cha, 2020; United Nations Development Programme, 2022)

Just Transition Labor Movement

: Environmental Justice Movement
The protection and

compensation of workers
and communities after the
closure of energy facilities
(Carleyv and Konisky

Climate Justice Movement

| Energy Justice

The equal protection from
environmental burdens,

2020). :::ﬁ:;ﬂliu‘::ﬁilﬁ?;em The remediation of and | LS LS
Key Goals: treatment in acceess o adaptation to the impacts

+ Expand accessto income
support and education
for displaced workers

» Financial support for
community services to
offset tax losses

» Facilitate community
economic re-
development

benefits (EPA 2022a).
Key Goals:

= Expand accessto
environmental decision-
making

» Redistribute and reduce
harms of development

» Develop economies that
co-exist with healthy
environments

of climate change and

compensation for harms

suffered by communities
due to climate change

(Burkett 2008).

Key Goals:

» Expand accessto
climate mitigation
decision-making

» Shape policy efforts to

avert disproportionate
climate harms

The provision of safe,
affordable, and sustainable
energy to all individuals,
across all areas (Jenkins
2018) done with a
framework informed by
justice movements.

Key Goals:
+ Expand accessto new
energy system benefits

. E:Epnnd access to clean
and affordable energy

FIGURE 2-1 Temporal illustration of when just transition movements were introduced, and the

definition for and the key goals of each movement.

The contemporary environmental justice movement can be traced to the 1980s. Its earliest claims
dealt with “environmental racism,” which emphasizes how racial minority communities are targeted,
intentionally or unintentionally, for disproportionate exposure to pollutants or degraded environments
(Bullard 2002). Environmental racism is coupled with the systemic exclusion of Black, Indigenous,
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Latino, and other communities of color in decisions on environmental policymaking, enforcement, and
remediation (Méndez 2020). These communities have historically been subject to and have mobilized
against institutional processes that have resulted in residential segregation, unsafe housing stock,
inadequate transportation options, displacement, disinvestment, and neglect (Covington 2009; Ong et al.
2023; Romero-Lankao et al. 2022; Walker 2009). The movement stresses the need for vulnerable
communities to have access to environmental decision-making and for the harms and benefits of
environmental development to be fairly distributed.

Environmental justice groups have long maintained that climate change mitigation measures
might inadvertently increase localized air pollution unless both hazards are understood through the lens of
human health. However, such connections have only recently been foregrounded in climate change
policymaking in the United States (Méndez 2020; Yoder 2022). The EPA’s finding that carbon dioxide is
a pollutant under the Clean Air Act marked a shift toward recognizing this entwined nature by identifying
greenhouse gas (GHG) emissions as a pollution associated with fossil fuel combustion (EPA 2009). More
recently, the Climate Pollution Reduction Grant program codified this language and shift in perspective
by defining greenhouse gases as “the air pollutants carbon dioxide, hydrofluorocarbons, methane, nitrous
oxide, perfluorocarbons, and sulfur hexafluoride” (P.L. 117-58 §60114). The concept of “climate
pollution” bridges conversations focused on environmental justice issues and those focused on climate
mitigation by relying on the broadly held concerns about the effects of multiple sources of “pollution” on
individuals’ health (Méndez 2020; Yoder 2022).

The climate justice movement, which emerged in the late 1990s, recognizes the global and
disproportionate responsibility for and impacts of climate change (Baker et al. 2019; Schlosberg and
Collins 2014). The movement acknowledges that countries and communities historically contributing
least to climate change are more likely to be most impacted by climate change (Birkmann et al. 2022).
Climate justice discussions have revolved around two issues: responsibility for climate mitigation and
climate adaptation. For mitigation responsibility, in 2019, the combined GHG emissions from the least
developed countries? contributed 3.3 percent to global GHG emissions (IPCC 2022), whereas the United
States alone emitted 12.5 percent of global emissions (Ge et al. 2022). Regarding adaptation, the poorest
and most vulnerable communities are the most at risk to the impacts of climate change, including in high-
income countries (Birkmann et al. 2022; Carley and Konisky 2020; Romero-Lankao and Norton 2018).
This is especially true for female, Latino, Black, and LGBTQ+ individuals within U.S. communities
(Goldsmith et al. 2022; Méndez et al. 2020). Inadequate infrastructure and supportive aid, such as safe
housing, emergency response systems, and health care, increase the vulnerability of these groups to
climate change (Birkmann et al. 2022). Like the environmental justice movement, this movement
advocates for affected communities to have access to climate change mitigation decision-making to
ensure policy efforts address disproportionate climate harms.

The Energy Justice Movement

In recent years, the just transition movement has increasingly focused on energy, in what some
have referred to as “a new front-line in environmental justice research and activism” (Sze and London
2008). The concept of energy justice focuses separately on energy concerns among the broader issues
addressed in the environmental justice movement (Bickerstaff et al. 2013; Jenkins et al. 2018) by
integrating social equity principles into energy systems. An overlap of environmental justice and energy

2 The Intergovernmental Panel on Climate Change (IPCC) defines least developed countries as those meeting
the following criteria: “(1) a low income criterion below a certain threshold of gross national income per capita of
750 to 900 (USD), (2) a human resource weakness based on indicators of health, education, and adult literacy, and
(3) an economic vulnerability weakness based on indicators on instability of agricultural production, instability of
export of goods and services, economic importance of non-traditional activities, merchandise export concentration,
and the handicap of economic smallness.” These criteria and the list of least developed countries are designated by
the Economic and Social Council of the United Nations (IPCC 2022).
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justice is the siting of energy infrastructure: an energy justice approach considers whether the location of
energy infrastructure makes energy more affordable or accessible for historically disadvantaged
households whereas an environmental justice approach broadly considers whether the location of energy
infrastructure unequally burdens a near-by community. Key to the energy justice movement is access to
new energy system benefits and access to clean and affordable energy for everyone. With energy justice,
energy systems can support economic growth in addition to energy security for individuals and
communities. See Chapter 5 for more information about community energy projects, community benefits
agreements, and energy sovereignty for tribal nations.

An energy transition can provide enormous opportunities for cleaner energy sources, new
employment, and technological innovation (Cha 2020; Miller 2022, 2023). However, it also can
exacerbate existing disparities afflicting communities of color and low-income neighborhoods or reduce
access to opportunities that accompany energy transitions (Carley and Konisky 2020). Despite the shared
manifestations of racial-ethnic and income-based disparities, research has shown that racial-ethnic factors
have a larger effect on disparities than income-based factors. For example, a review of national exposure
to air pollution from 1990 to 2010 found absolute exposure disparities were larger for racial and ethnic
groups than for income categories (Liu et al. 2021; see Chapter 3 for more information). Due to the
absence of racial-ethnic indicators in the federal government’s definition of disadvantaged communities,
the discussions in this chapter focus on income-based disparities of the U.S. energy system. However, it is
important to acknowledge and understand the distinction between racial-ethnic and income-based factors
to develop appropriate solutions.

The committee defines a “just energy transition” as the process of transforming the energy system
by ensuring all communities, workers, and social groups are included in the processes toward and
outcomes of the net-zero future through the incorporation of the principles of energy justice.
Incorporating energy justice principles to the energy transition will provide the nation an opportunity to
prioritize human-centered approaches in energy system design and policymaking so that the costs and
benefits of energy services are distributed fairly (Tarekegne et al. 2021) thus making it just. Furthermore,
Table 2-1 illustrates four principles of energy justice, their focus, and guiding questions.

The energy justice principles provide an analytical and decision-making framework for
researchers, advocates, policymakers, and communities to understand the human and social dimensions of
energy systems and their inequities (Sovacool and Dworkin 2014). This chapter largely focuses on
recognitional, procedural, and distributional equity in its discussion of barriers, examples, and
recommended solutions.* However, restorative equity provides important context-setting for
recognitional, procedural, and distributional equity and is therefore the foundation of all equity
frameworks (Spurlock et al. 2022). The integration of energy justice principles needs to be both a bottom-
up approach beginning with community-led programs sharing lessons learned and best practices and a
top-down process beginning with federal adoption and implementation of these principles.

The term “intersectionality” describes how structures and systems of oppression, such as racism,
sexism, homophobia, xenophobia, and redlining, heighten the effects of discrimination, exclusion, and
social inequality on communities marginalized by multiple systems (Cooper 2016; Crenshaw 1989;
Dhamoon 2011; Goldsmith et al. 2022; Roman 2017). An intersectional approach to energy justice
emphasizes how multiple systems of marginalization and human identities interact to increase exposure to
environmental harms and reduce access to energy and environmental benefits (Crenshaw 2017;
Goldsmith et al. 2022; Kaijser and Kronsell 2014). Efforts have analyzed how intersectionality affects

3 For more information, see R.J. Heffron and D. McCauley, 2017, “The concept of energy justice across the
disciplines,” Energy Policy 105:658—667, https://doi.org/10.1016/j.enpol.2017.03.018; S. Carley, 2022, “Specialty
grand challenge: Energy transitions, human dimensions, and society,” Frontiers in Sustainable Energy Policy 1,
https://doi.org/10.3389/fsuep.2022.1063207; D. Schlosberg, 2007, Defining Environmental Justice: Theories,
Movements, and Nature, Oxford University Press; and P. Romero-Lankao and E. Nobler, 2021, Energy Justice: Key
Concepts and Metrics Relevant to EERE Transportation Projects, Golden, CO: National Renewable Energy
Laboratory.
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distributional inequalities to create energy inequities and have made recommendations to target the social
and political practices of exclusion through which these inequalities are generated (Schlosberg and
Collins 2014; Walker 2009). Relatedly, “[e]nergy democracy” recognizes such intersectional factors as it
focuses attention on strengthening inclusive decision-making processes and democratic institutions, often
through decentralized energy projects (Berthod et al. 2022; Nadesan et al. 2023). (See Chapter 5 for more
on energy democracy and engaging the public in the energy transition.)

TABLE 2-1 Principles of Energy Justice, Their Focus, and Related Guiding Questions

Principle Focus Guiding Questions
Recognitional (or Understand structural determinants of e Who is vulnerable and excluded and
Structural) Equity exclusion and vulnerability and specific needs how?

associated with energy services among social e Who is privileged and how?
groups (Energy Equity Project 2022) and
institutionalize accountability (Park 2014).

Procedural Equity Promote diverse representation and a e Who is at the table?
meaningful voice of impacted communities e What power do they have in
among decision makers and energy service influencing planning, decision-
providers (Energy Equity Project 2022). making, implementation, and
evaluation?
Distributional How the benefits and harms of the energy e Who bears the brunt of the burdens
Equity system are distributed (Energy Equity Project and how?
2022). e Who receives the most benefits and
how?
Restorative (or Decision-makers ensure that all potential e Who will remedy the foregoing
Transgenerational) harms and injustices are addressed in injustices, and how?
Equity prevention and mitigation plans (Energy e How can we rectify past injustices

Equity Project 2022) and generational impacts caused by the energy system?
are considered (Park 2014).

ENERGY INEQUITIES: HISTORICAL AND RECENT TRENDS

Some aspects of the energy transition could aggravate, rather than address, energy inequities if
decarbonization actions are not intentionally focused on equity and justice (Carley et al. 2018b; Romero-
Lankao et al. 2022; Sovacool et al. 2022). For example, the energy transition can reinforce inequities in
access to affordable, accessible, and safe energy; it may create new health risks; and may limit
opportunities for workforce development in both communities dependent on fossil fuels and new,
renewable energy systems (Carley and Konisky 2020; Carley et al. 2021; Cha 2022). It is important to
recognize the historical factors and patterns that led to present-day disparities to avoid creating new or
worsening existing inequities during and following the energy transition. This section analyzes four
historical and recent trends in energy-relevant inequities: energy affordability; accessibility, acceptability,
and adoption; public health and community resilience; and jobs and workforce development.

Energy Affordability

The current energy system has led to disparities in energy affordability, the ability to afford one’s
energy bills, with disadvantaged communities experiencing most of the negative costs. Intersecting
systemic inequities result in households’ experiencing unequal access to basic energy, unequal ability to
meet basic energy needs, and unequal availability of the income needed to obtain energy. Energy burden,
energy insecurity, and energy poverty are increasingly severe instances of social inequities that in turn
relate to unequal vulnerability to other stressors. Analyzing energy system impacts across intersecting
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socioeconomic and demographic metrics* allows for the identification of individuals who are most
vulnerable, underserved, or marginalized (Hernandez et al. 2014; Jenkins 2018). Energy poverty, the lack
of affordable, reliable, and environmentally sound energy services (Reddy 2000), will be directly
addressed through the incorporation of energy justice into the U.S. energy transition.

Energy insecurity is the inability to adequately meet basic household energy needs over time
(Hernandez et al. 2016). It is attributed to several factors, including inefficient housing and appliances
leading to more inefficient energy use; lack financial resources to afford air conditioning and heat pumps;
and unequal access to cooling or heating that may lead some residents to dangerously under-heat or
under-cool their homes (Hernandez et al. 2014). These energy inequities amplify other existing health,
educational, and socioeconomic disparities and further reinforce obstacles to civic participation in society
(Bouzarovski 2018). For example, households with children are more likely to engage in dangerous
financial and behavioral coping strategies, to be disconnected from energy services, and to be energy
insecure (Carley et al. 2022; Konisky et al. 2022; Memmott et al. 2021). Furthermore, children in
moderately and severely energy insecure households are more likely to experience food insecurity,
hospitalizations, and developmental concerns than children in energy secure homes (Cook et al. 2008;
Hernandez et al. 2016; Smith et al. 2007).

Energy burden, the percentage of gross household energy costs spent on energy, is a metric that
operationalizes energy affordability and identifies groups in need of targeting policies and investments to
reduce high energy burdens (Cong et al. 2022). According to a survey by Indiana University’s Energy
Justice Lab, nearly 40 percent of Latino households and more than 26 percent of Black households said
that they were unable to pay their electricity bill (Carley et al. 2022) and thus experience high energy
burden. Additionally, compared to white respondents, Latino and Black respondents were 80 percent and
30 percent, respectively, more likely to have their service disconnected by their utility provider which
often comes with additional fees to restore electricity services (Carley et al. 2022). Poor housing
conditions, including lack of insulation and old rooftops, and a lack of transportation options, such as
accessible public transit and safe biking, tend to perpetuate high energy burdens (Drehobl and Ross
2016).

Households within disadvantaged communities in the United States often spend a larger fraction
of their household income on utilities for heating, cooling, and other home energy services than the
general population (Drehobl and Ross 2016; Drehobl et al. 2020). Data from the Department of Energy
(DOE) Low-Income Energy Affordability Data (LEAD) Tool,” designed to improve the understanding of
states, communities, and stakeholders about energy characteristics, shows that the average energy burden
for low-income households is 8.6 percent (DOE 2020), which is more than double the national median of
3.1 percent. Figure 2-2 illustrates the comparison of the national median energy burden with the median
energy burden of certain groups. However, average energy burden does not accurately reflect existing
discrepancies in utility rates, especially between rural and coastal urban areas. During the development
and implementation of programs addressing energy burden, regional differences must be considered and
adjusted for.

4 A literature review of 10 reports on energy criteria noted that the terms metric, indicator, and index were
frequently understood to have the same definition across the reports (Tarekegne et al. 2021). This report primarily
uses the term “metric.” The committee notes that CEQ utilizes “indicator” in the development and publication of the
Climate and Economic Justice Screening Tool.

5 See https://www.energy.gov/scep/slsc/lead-tool.
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Multifamily (5+ units) RGN 2.4%,
Built after 1980 I 2,8%
Single family I 3.1%
Built before 1980 I 3.4%

Small multifamily (2-4 units) 3.4%
Manufactured homes 5.3%
Low-income multifamily (5+ units, = 200% FPL) 5.6%
Owners I 38.0%

Renters —3.4%
Older adults (65+) —4.2%

|
White (non-Hispanic) NN 2 8%
Hispanic I 3.5%
Black 4.1%
Native American 4.2%

Subgroups

I
Non-low-income (> 200% FPL) I 2.3% |
Low-income with children (under 6) I 7.1%

Low-income (= 200% FPL) 8.1% [
Low-income with disability 8.7% [
Low-income with older adults (65+) 9.3%|

0.0% 2.0% 4.0% 6.0% 8.0% 10.0%
National Energy Burden

—— - National Median Energy Burden: 3.1%

FIGURE 2-2 National energy burdens across subgroups compared with the national median energy
burden. Orange bars show energy burden for low-income populations. Red bars show energy burden by
race and ethnicity. The purple bar shows energy burden for older adults. Blue bars show energy burden
renters and owners. Green bars show energy burden by housing type.

NOTE: “FPL” refers to the Federal Poverty Level.

SOURCE: Data from Drehobl et al. (2020).

Increases in the cost of energy often force families to decide whether to spend more of their
household income on energy or on something else such as rent, education, food, and transportation
(Brown et al. 2020). Disadvantaged communities tend have older or less energy-efficient homes, which
increases household energy expenses. These households often either cannot afford to upgrade to energy
efficient products or are renters and do not have the ability to do so. Subsidies and programs such as the
Low Income Home Energy Assistance Program (LIHEAP) and the Weatherization Assistance Program
(WAP) are designed to mitigate these burdens (Brown et al. 2020; Hernandez and Bird 2010). However,
these programs have historically been underfunded and tend to be intentionally short-term solutions that
ensure that utilities—not the households—are protected against potential debts and disconnection of
services. Programs designed to mitigate energy burden also suffer from significant implementation
failures (Carley et al. 2022; Farley et al. 2021) and tend to be hard for consumers to navigate.

The benefits of the energy transition to date have not always been equally distributed. The energy
burdens of inefficient appliances, homes, and vehicles persist in low-income populations and for
households of color. Conversely, wealthier consumers can afford the relatively high up-front costs of
energy-saving and emission-reducing technologies (e.g., such as high-efficiency air conditioners, smart
meters, electric vehicles, heat pumps, and rooftop solar), which have lower operating costs and so
decrease their total energy costs (Carley and Konisky 2020; Drehobl and Ross 2016; Ross et al. 2018).
Such energy-saving devices are often cost prohibitive for and not prioritized by low-income households,
especially when a working fossil fuel-based device (e.g., gas-powered furnace) is already in place
(Agyeman et al. 2016; Lukanov and Krieger 2019; Morrissey et al. 2020). To address the challenge of
energy affordability and associated burdens and achieve energy justice, it is important to recognize these
existing burdens and the intersecting factors that influence them.
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Accessibility, Acceptability, and Adoption

Disadvantaged communities are often economically excluded from, reluctant to adopt, or
unaware of opportunities to install low-carbon technologies. This might be owing to fear of hidden costs,
program limitations, lack of trust in governmental, inadequate outreach and information, insufficient
capacity, and inequitable and predatory financing (Madrid 2017; Méndez et al. 2020; Vogelsong 2022).
For example, split incentives between owner and tenant create barriers to the energy transition, as
building owners do not have any incentive to pay for retrofits, energy efficiency, or safety improvements
if only tenants receive the benefits from decreased energy bills (Besley 2010; Boudet 2019; Segreto et al.
2020). Solutions for the tensions caused by split incentives need to be designed to create tangible benefits
for both parties. (For more information about split incentives, see Chapter 7.)

Inadequate or a lack of community engagement might result in rejection of and even opposition
to new technologies for reasons that include, but are not limited to, the high costs associated with smart
home devices and the physical look renewable infrastructure (Boudet 2019; Devine-Wright 2005; Devine-
Wright and Devine-Wright 2009). Examples include public opposition to wind energy and the siting of
bioenergy infrastructures, owing to concerns about security, privacy, noise, and potential health and
socioeconomic impacts (Boudet 2019; Selfa et al. 2011; Wiiste and Schmuck 2012). Similar dynamics
exist in other energy industries that will be heavily impacted by the energy transition, including the
automobile and oil and gas industries. For the committee’s recommendations on opportunities and
practices to overcome obstacles to meaningful public engagement, see Chapter 5. For ensuring access to
subsidies for improving building efficiency, see Chapter 7, and for equity in access to electric vehicles
and public transportation, see Chapter 9.

Public Health and Community Resilience

The effect of air pollution, extreme heat, and other environmental stressors on communities is
often determined by socio-spatial inequalities ® in exposure experienced and the capacity to mitigate
health risks (Harvey 2008; Logan and Molotch 2005). These effects and disparities are further associated
with intersectional factors such as race, gender, and income. For instance, the average exposures to diesel
particles are higher than average for nonwhite, lower-income households living along transportation
corridors (Romero-Lankao et al. 2022). Furthermore, the legacies of past discriminatory practices often
prevent disadvantaged communities from reaping the rewards of tree shade, open space, good-quality
housing, energy-efficient building envelopes, and cleaner air (Church et al. 2000; Lucas 2012; Morello-
Frosch et al. 2011). Recent analysis by Romitti et al. (2022) shows similar inequalities in the access to
residential air conditioning in metropolitan areas where heat extremes and urban heat island effects are
increasing. Such systemic inequities contribute to higher adverse health impacts and lower community
resilience, where community resilience is defined as capacity to draw on income, education, and other
socioeconomic resources to adapt to pollution, extreme heat, energy outages, and other disruptions
(Harlan et al. 2013; Hayden et al. 2011; Qin et al. 2015; Romero-Lankao et al. 2016). See Chapter 3 for
more information about the disparities in public health impacts from pollution and extreme heat.

In the 1930s, the Home Owners’ Loan Corporation, a now-defunct government-sponsored entity,
graded neighborhoods according to levels of mortgage risk (Hillier 2003; Jackson 1985; Michney and
Winling 2020). “Areas with African Americans, as well as those with older housing and poorer
households, were consistently given a fourth grade, or ‘hazardous,’ rating and colored red” in a practice
known as redlining (Hillier 2003, p. 395). Meanwhile, those same neighborhoods were often targeted as
sites for undesirable land uses such as major freeway construction (Bullard 2004). Such projects resulted
in the displacement of and exposure to construction pollution for redlined communities (Jackson 1980,
1985; Katznelson 2005; Massey and Denton 1998; Michney and Winling 2020; Rothstein 2017). The

¢ The manifestation of social inequalities into spatial patterns (Han 2022).
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effects of these practices are still evident today. Figure 2-3 shows the interplay of the Home Owners’
Loan Corporation Risk Rating and disproportionate nitrogen oxides (NOy) exposure for communities of
color in Berkeley and Oakland, California.

Nitrogen dioxide pollution, 2010 Percent people of color, 2010

More » More »

neighborhoods

FIGURE 2-3 Maps of air pollution exposure and population density of people of color show that areas
that the Home Owners Loan Corporation deemed “hazardous” in 1930, outlined in red, are now some of
the areas with high NOy air pollution and high concentrations of people of color.

SOURCE: From The New York Times. © 2022 The New York Times Company. All rights

reserved. Used under license.

Another outcome of construction and land-use projects in redlined areas is the development of
urban heat islands, areas with higher-than-average temperatures (Guhathakurta and Gober 2007; Hoffman
et al. 2020; Hsu et al. 2021; Romero-Lankao et al. 2012). These high temperatures have fatal outcomes; in
the United States, exposure to extreme heat led to about 17,000 premature deaths in 2020 (Shindell et al.
2021). On the other hand, adaptation to heat with air conditioning requires more energy and if that energy
continues to be generated with fossil fuels, this runs the risk of perpetuating adverse health impacts from
air pollution from fossil fuel combustion. An increase in surfaces covered with vegetation and permeable,
reflective materials can decrease the temperature of heat islands and the need to overuse air conditioning
indoors. However, such features are less common in disadvantaged neighborhoods which leads to higher
temperature that can lead to higher morbidity and mortality risks. See Chapters 3 and 7 for more on urban
planning and building retrofits to address heat islands.

Jobs and Workforce Development
National energy production and carbon-intensive industries provide significant economic output

and jobs, but national-level trends in the green economy play out unevenly across geographies, leading to
opportunities for some while leaving others behind (Cameron and van der Zwann 2015; E2 2019;
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NASEM 2023). Communities dependent on the fossil fuel industry have expressed concerns about the
disruption that will be faced during the transition, including the potential lack of access to high-quality
job opportunities that offer similar economic stability as the jobs lost (Cha 2022).” For example, owing to
the reduced demand for local services by laid-off coal employees, communities in Appalachia
experienced loss of retail and commercial occupations (Carley et al. 2018a; Lobao et al. 2016). In
addition, the loss of fossil fuel jobs and production will impact local tax revenues (Pollin and Callaci
2019). If not implemented equitably, the energy transition will have a detrimental impact on the culture,
identity, and sense of place of these communities.

OVERCOMING BARRIERS FOR A JUST ENERGY TRANSITION

Decarbonization measures can reduce GHG emissions while simultaneously providing new career
opportunities, improving public health, increasing energy accessibility and affordability, and reducing
energy justice disparities (NASEM 2021, 2023). For the transition to be a success, intentional learning
from past projects, engagement with all stakeholders, and the inclusion of input into the development and
implementation of transition programs and policies are needed (Krieger 2022).

Operationalizing Energy Justice in the U.S. Transition

Operationalizing the energy justice principles at all levels of policymaking and program
development is critical for the energy transition to have equitable outcomes. The multistep process starts
with eliciting community values and aspirations as well as defining equitable goals and results in the
creation of measurable progress (Aguayo 2022). The energy justice principles need to be systemically and
effectively incorporated into the planning, implementation, and evaluation of decarbonization policies.
Occasionally, this will result in incremental changes to existing practices and programs; at other times, it
will require across-the-board restructuring of plans. Policies will need to be adjustable and responsive to
the goals and needs of individual communities that have different histories, experiences, and priorities.

Across all four dimensions examined in the previous section—energy affordability; accessibility,
acceptability, and adoption; public health and community resilience; and jobs and workforce
development—disadvantaged communities would benefit most from actions that thoroughly and
consistently communicate the available decarbonization programs and technologies, the purpose and goal
of each option, and the benefits and costs of each option. For instance, programs directed toward
disadvantaged community needs can include (1) making home visits to support maintenance and energy-
efficient upgrades or retrofits aimed at reducing indoor pollution or other environmental health issues; or
(2) preventive safety aid, information, and training to support the safe installation of clean energy
technologies. Table 2-2 gives examples of how the energy justice principles can be put into practice to
produce equitable program outcomes.

7 See Chapter 4 for more about the impacts the transition will have on workforce and Chapter 12 for the impacts
the transition will have on the on the fossil fuel industry.
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TABLE 2-2 Operationalizing Energy Justice in Energy-Relevant Programs

Principle

Recognitional
Equity

Procedural
Equity

Distributional
Equity

Operationalization

Incorporate baseline assessments of
existing environmental burdens and
harms on local communities and
ensuring that clean energy projects
and investments do not further add to
those burdens, and if they do, the
project location and scale should be
reconsidered

Embrace all four themes of
procedural justice—participation,
information, fair decision-making,
and local context (Elmallah and Rand
2022)—while centering local
knowledge and concerns in project
development.

Policies and programs that (1)
compensate communities negatively
impacted by the energy transition; (2)
reduce energy costs and burdens of
low-income households; (3) ensures
equitable distribution of the benefits
of clean energy technologies while
avoiding harms to communities; and
(4) ensures participation of people of
color and individuals from under-
served communities in jobs in the
growing clean energy economy.

Program Suggestions

Clearly define the vulnerable and disadvantaged
groups a program intends to benefit and engage
with.

Design programs, community-adapted strategies,
and capacity-building methods tailored to specific
disadvantaged groups.

Prioritize emissions reductions in vulnerable areas.

Provide real-time information about peak energy
use rates to change behavior and save money on
energy bills.

Create pilots and examples of how investment in
technology works at the neighborhood-level and
communicate outcomes.

Develop simplified application forms and increase
communication between programs to allow for one
qualification to authorize another.

Build trust with homeowners and community
members.

Develop programs that offer home visits to support
maintenance or retrofits.

Provide training on transition technologies and
preventive safety information.

Develop tailored funding assistance for new
technology purchases and reducing energy burdens
for disadvantaged communities.

Develop training, financing, and educational
programs for transition and clean energy jobs that
are tailored to specific communities.

Impacted communities also benefit from programs that address emissions mitigation and
additionally provide other direct, long-term benefits. For example, the U.S. Department of Housing and
Urban Development (HUD) and DOE are piloting demonstrations for housing interventions that combine
the Lead Hazard Reduction Healthy Homes programs and the WAP (U.S. HUD 2023). Through the
exclusive engagement of low-income households and a coordinated assessment of outcomes, HUD and
DOE hope to determine if the streamlined delivery of home services achieve cost effectiveness and meet
public health and energy efficiency objectives. Future decarbonization programs that prioritize
engagement from communities most impacted by the current energy system and provide multifaceted,
long-term solutions and benefits help address all three tenets of energy justice.

PREPUBLICATION COPY - SUBJECT TO FURTHER EDITORIAL CORRECTION

77

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25931

Accelerating Decarbonization in the United States: Technology, Policy, and Societal Dimensions

Stakeholder’s Environmental Justice Concerns

Several environmental justice and energy justice organizations have raised concerns about aspects
of recent decarbonization policies and their impacts on the environment and on disadvantaged
communities. Although advocates acknowledge the positive investments in air pollution monitoring,
urban tree planting programs, and measures that address legacy harms and climate change, there are
concerns that some investments “are not aligned with centering overburdened communities in decision-
making or transitioning away from fossil fuels” (We Act for Environmental Justice 2022). For example, a
study of communities with biofuel development showed that newly funded energy facilities did not create
the levels of employment promised, but instead led to issues of water availability and quality, road
damage, and livestock feed cost increases within these communities (Kulcsar et al. 2016).

In a letter to DOE Secretary Granholm, the Environmental Justice Leadership Forum (EJLF), a
national coalition of environmental justice leadership, states “[e]nergy sources should not be classified as
‘clean’ if they increase pollution burden, expand fossil fuel reliance or infrastructure, or exacerbate health
risks” (EJLF 2022, p. 2). The EJLF proposes that certain actions be taken to address community impacts
and concerns if such technologies continue to be supported. They endorse developing robust community
engagement prior to the creation of implementation strategies; conducting a comprehensive analysis prior
to funding to understand and minimize adverse impacts of the project or program; and listening sessions
to learn of the actual community impacts with the goal of actionable remediation of concerns (EJLF
2022).

Social life-cycle assessment (S-LCA) is an emerging analysis technique which leverages life-
cycle assessment’s full accounting of a technology or system’s inflows, outflows, and quantification of
impacts throughout its full life cycle. While LCA has typically been used to quantify environmental
impact categories, social and equity impacts are present in the system and outcomes being assessed, even
if not noted explicitly (Bozeman III et al. 2022). S-LCA creates a connection between the established
methodological approaches for life-cycle accounting with impact categories for equity, societal, and
justice-related outcomes. Significant concerns have been raised regarding decarbonization transition
technologies and practices that may have a higher risk of harms to disadvantaged communities and the
communities that host the infrastructure required for these technologies. ' These include technologies that:
manage carbon such as carbon capture and storage (CCS) and carbon utilization; produce non-fossil
energy carriers such as hydrogen and biofuels; generate electricity like nuclear power generation; and
enable other decarbonization technologies, like pipelines and mining (EJLF 2022). The underlying
concerns associated with these technologies range include the following:

1. Direct environmental impacts of siting industrial infrastructure in or near disadvantaged
communities;

2. Direct societal impacts from community participation in siting decisions;

Indirect impacts of enabling continued fossil fuel development and combustion; and

4. Reliance on future implementation of negative emissions technologies that may not come to
fruition.

(98]

Box 2-2 presents the equity impacts of CCS which may have direct and indirect environmental and social
impacts on communities.

! For more about the health considerations for communities that host extraction operations, see Chapter 3. For
more about community energy and collective benefits for communities, see Chapter 5.
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BOX 2-2
Equity Impacts of Carbon Capture and Storage

Though decarbonization technologies will reduce GHG emissions, they will have different
impacts on communities owing to varying environmental, health, and quality of life benefits and harms.
CCS will not likely be a first choice for emissions reduction from emitting processes because other low-
emission generating resources are lower cost and avoid both GHG emissions and local air pollution.
However, there are instances where the net benefits mean that CCS is the best option to reduce facility
emissions. For example, CCS can be used to mitigate or offset the emissions of industrial processes with
limited non-emitting options, such as the production of cement or plastics. The examination of CCS
illustrates both the direct and indirect environmental and energy justice impacts that have to be addressed
for decarbonization technologies to contribute to a just energy transition. CCS is discussed in detail in
Chapter 10.

CCS is a technological approach to carbon management that collects and often concentrates CO»
from waste gas streams of combustion or other industrial processes or from the atmosphere or oceans.
Captured CO; is then stored so that it cannot accumulate in the atmosphere and lead to climate change.
CCS technologies may be well suited to mitigating GHGs and other pollutants. A recent study by the
Energy Futures Initiative, citing work by the Clean Air Task Force, estimates a 10-96 percent reduction
in local air pollutants associated with the gas pretreatment and capture processes required for operation of
a CCS project applied to a cement plant (Brown et al. 2023). A study of the technical requirements for,
and the costs and benefits of capturing health-harming co-pollutants along with CO, capture showed that
for all industries examined, there are positive health benefits (Bennett et al. 2023). CCS technologies that
combust fuels in pure oxygen, such as oxy-fuel combustion facilities, also reduce NOx and SOx emissions
(NETL 2023). The reduction of local air pollutants from fossil fuel combustion is discussed in detail in
Chapter 3.

Key benefits of CCS facilities include systemic benefits such as GHG mitigation, and the ability
of power plants to operate on a dispatchable basis and support around-the-clock generation, as well as
community benefits such as workforce development, tax and other community revenues, and for many
capture technologies implemented on flue gas streams, significant reductions in local health-harming air
pollutant emissions. However, CCS processes can have direct and indirect environmental risks, including
potentially polluting local air and water sources from CO; capture, transportation, or storage processes.
Additionally, CCS technologies also pose the risk of displacing an alternative technology that produces
no emissions, such as power generation from solar or wind.

Environmental justice groups have expressed concerns about the potential of CCS technologies
and infrastructure, including direct air capture, to perpetuate harms to disadvantaged communities (e.g.,
see Amsalem and Bogdan Tejeda 2022; Chemnick 2023; Climate Justice Alliance 2023; Natter 2023). As
investments continue to be made, CCS technologies will need to enhance benefits and reduce or mitigate
harms to equitably serve affected communities, including potentially producing value for the community
through community ownership of facilities and workforce development opportunities. Additionally,
transparency about the benefits, harms, and trade-offs during project planning, development, siting, and
permitting, as well as operation, and closure, especially when impacting disadvantaged communities
(CEQ 2022). Both community engagement and transparency adhere to the procedural equity principle.
Furthermore, the incorporation of energy justice principles into CCS implementation will increase the
opportunity for distributional equity by ensuring benefits will be experienced by host communities.
Chapter 5 discusses the role of public engagement for host communities to determine expected benefits
and risks.

In this light, recent federal decarbonization policies within the Infrastructure Investment and Jobs
Act (IIJA) (P.L. 117-58) and the Inflation Reduction Act (IRA) (P.L. 117-169) fail to fully address the
fact that disadvantaged communities face disproportionate impacts from the fossil fuel industry. For
example, I1JA includes provisions for nuclear energy and logging on public lands and IRA facilitates the
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potential continued investment in oil, methane-derived hydrogen, and biofuel as energy sources. There are
concerns that these investments do not prioritize GHG emissions mitigation, which could lead to
increases in pollutants and hazardous waste in communities already suffering the greatest impacts of
fossil fuel combustion. For more information about the IIJA and IRA, see the Assessment of Recent
Federal Actions section.

Furthermore, environmental justice groups are wary that federal agencies may be slow to identify
disadvantaged communities’ priorities and needs to deliver more equitable benefits (Walls 2022).
Organizations have also focused on equitable implementation, including the need for local, state, and
community capacity-building to support disadvantaged communities and community-based organizations
as they apply for funding and access technical assistance (Walker et al. 2022). This could be done through
the incorporation of procedural justice principles into the monitoring of funding allocation and
recognitional justice provisions to include affected communities in program design. Effective
implementation can be further achieved through the increase in interagency coordination. See the
Building Community Capacity to Develop Community-Driven Programs section for more information
about coordination.

Finding 2-1: It is critical that the energy transition to a net-zero future be just, minimizing harm
and fostering equity across all populations, regions, and economies of the country. To achieve
this, stakeholders, especially disadvantaged community members, need to be engaged when
defining where, when, and how to prioritize federal and state resources and investments during
the energy transition. Inclusive and equitable approaches, moreover, are key to preempting or
minimizing the potential for implementation challenges or the derailment of decarbonization
projects altogether.

FEDERAL ACTIONS, GAPS, AND RECOMMENDED SOLUTIONS

The committee’s first report included findings and recommendations on the need to advance
decarbonization in 2021-2030 (NASEM 2021). Recommendations focused on an equitable and just
energy transition include the following”

e The establishment of a 2-year National Transition Taskforce to assess vulnerability of labor
sectors and communities to the transition;

e The establishment of a White House-level Office of Equitable Energy Transitions;

e The establishment of an independent National Transition Corporation to ensure coordination
and funding in the areas of job losses, critical infrastructure, and equitable access to economic
opportunities and wealth;

e The creation of public energy equity metrics;

e The establishment of educational and training programs to train the net-zero workforce, with
reporting on diversity of participants and job placement success; and

e An increase of research, development, and deployment in clean energy and net-zero
transitions that integrates equity metrics.

The committee continues to find these recommendations relevant, even considering the new legislative
and executive actions. This section will review and assess what has been done on energy justice and
equity at the federal level since the release of the first report and will propose solutions for identified

gaps.
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Assessment of Recent Federal Actions

Significant steps have been taken by the federal government to support the nation’s
decarbonization agenda. By going beyond a narrow focus on GHG emissions mitigation to include quality
jobs, public health, and environmental justice, these efforts open unique opportunities to leverage
synergies and intersections between the Sustainable Development Goals of the United Nations > and the
advancement of U.S. climate ambitions. The recent federal actions to reduce GHGs present multiple
opportunities for equity and justice co-benefits with goals to reduce both fossil fuel use and air pollution
from combustion. See Chapter 3 for a detailed discussion of the co-benefits, positive additional health
impacts of decarbonization policies, of climate mitigation policies. However, continued conscious and
targeted efforts are needed to move away from past and current inequitable social structures and
constraints.

Executive Orders

Executive Order 13985

Executive Order 13985—Advancing Racial Equity and Support for Underserved Communities
Through the Federal Government (EO 13985)—was signed to develop a whole-of-government equity
agenda that requires federal agencies to assess whether and to what extent their programs and policies
target barriers to opportunities and benefits for underserved communities* (EO 13985 2021). EO 13985
defines the role of the White House Domestic Policy Council as coordinating the formulation and
implementation of domestic policy objectives and coordinating efforts to embed equity principles,
policies, and approaches across the federal government. Reflective of the recognitional and procedural
equity principles, EO 13985 requires the heads of federal agencies to evaluate opportunities to increase
coordination, communication, and engagement with community-based organizations, including through a
participatory process with members of historically underrepresented and underserved communities (EO
13985 2021). It also establishes the Interagency Working Group on Equitable Data (Equitable Data
Working Group) to consult with agencies and provide recommendations on inadequacies in existing
federal data collection programs, policies, and infrastructure. The work done by the Equitable Data
Working Group will be critical for a national assessment of the progress made toward a just energy
transition. See Evaluation of the Just Energy Transition section below for more detail.

Executive Order 14008

Adding to the whole-of-government equity agenda, EO 14008—Tackling the Climate Crisis at
Home and Abroad (EO 14008)—created a comprehensive approach to addressing environmental justice
concerns by establishing the following groups (EO 14008 2021):

e National Climate Task Force to “facilitate planning and implementation of key Federal
actions to reduce climate pollution; increase resilience to the impacts of climate change;
protect public health; conserve our lands, water, oceans, and biodiversity; deliver
environmental justice; and spur well-paying union jobs and economic growth.”

2 The 2030 Agenda for Sustainable Development was adopted by members of the United Nations in 2015. The
document details 17 Sustainable Development Goals (SDGs) that recognize climate change strategies that improve
health, reduce inequalities, and foster economic growth must also end poverty and other deprivations (UN n.d.). For
implementation progress reports for the SDGs, visit https://sdgs.un.org/goals.

3 Within the language of the Executive Order, the term “underserved communities” refers to populations sharing
a particular characteristic, as well as geographic communities, that have been systematically denied a full
opportunity to participate in aspects of economic, social, and civic life.
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o Interagency Working Group on Coal and Power Plant Communities and Economic
Revitalization to “coordinate the identification and delivery of Federal resources to revitalize
the economies of coal, oil and gas, and power plant communities.”

o White House Environmental Justice Interagency Council to “develop clear performance
metrics to ensure accountability and publish an annual public performance scorecard on its
implementation.”

e White House Environmental Justice Advisory Council (WHEJAC) to provide
recommendations to the White House Environmental Justice Interagency Council “on how to
increase the Federal Government’s efforts to address current and historic environmental
injustice.”

The establishment of each of the above groups supports the application of the recognitional and
distributional equity principles to federal legislation. For instance, each group provides the opportunity
for the benefits and burdens of climate policy to be identified during the development of legislative
actions and after implementation. Furthermore, all groups recognize the disparity of climate change
impacts, and their goals focus on certain groups of communities impacted most by climate change. *

As mandated by EO 14008, the Chair of CEQ, the Director of the Office of Management and
Budget (OMB), and the National Climate Advisor published recommendations in consultation with the
WHEJAC and affected disadvantaged communities “on how certain federal investments might be made
with a goal that 40 percent of benefits flow to disadvantaged communities” (EO 14008 2021). The
published recommendations included implementation guidance for the Justice40 Initiative and its related
covered programs which are federal programs investing in one or more of seven areas: climate change,
clean energy and energy efficiency, clean transit, affordable and sustainable housing, training and
workforce development, remediation and reduction of legacy pollution, and the development of critical
clean water and wastewater infrastructure (Young et al. 2021). The procedural equity principle is evident
in the Justice40 Initiative through the requirement for guidelines to be designed through the consultation
of affected communities and requirement for covered programs to engage in stakeholder engagement.

Executive Order 14091

Executive Order 14091—Further Advancing Racial Equity and Support for Underserved
Communities Through the Federal Government (EO 14091)—details the progress made to advance equity
and what more is needed to be done (EO 14091 2023). It recognizes the strides made to incorporate
equity into the federal actions and acknowledges that some communities, especially underserved and rural
communities, are still facing barriers accessing and benefiting from federal programs and policies. To fill
the gap, EO 14091 requires federal agencies to submit annual Equity Action Plans®> enumerating
implementation barriers to equitable policy outcomes and providing strategies to address barriers that
advance equity through evidence-based approaches and reduce administrative burdens (EO 14091 2023).
The order also focuses on opportunities to strengthen partnerships with underserved communities and to
help rural communities identify resources that build community wealth. Last, EO 14091 requires the
Director of the Office of Science and Technology Policy (OSTP) to report on the progress of federal

4 As part of EO 14008, OMB was directed to publish an annual Environmental Justice Scorecard (EJ Scorecard)
(EO 14008 2021). Phase One of the EJ Scorecard, released in early 2023, provides a baseline assessment of federal
action in 2021 and 2022 that support the nation’s environmental justice goals, including progress toward the
Justice40 Initiative. To view the EJ Scorecard and its initial baseline report on 24 federal agencies, see
https://ejscorecard.geoplatform.gov/scorecard/.

5> The Urban Institute has reviewed the 2022 equity action plans of 24 federal agencies published in response to
EO 13985 and compiled a collection of analyses and recommendation to support the 2023 equity plans mandated by
EO 14091. For each agency reviewed, there is a 2-page summary of the principles, pillars, and metrics for equity
that are included in the equity action plan. To view these summaries, see Urban Institute (n.d.).
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equitable data practices. The continued focus on including equity frameworks into federal action will
support the equitable implementation of recent and future net-zero policies and programs. Additionally,
the availability of data regarding federal policies will support an evaluation of the energy transition (see
Evaluation of the Just Energy Transition section below).

Executive Order 14096

EO 14096—Revitalizing Our Nation’s Commitment to Environmental Justice for All (EO
14096)—identifies environmental justice as something the federal government is responsible for ensuring,
stressing the right for every person to have “clean air to breathe ... and an environment that is healthy and
sustainable, climate-resilient” (EO 14096 2023). The order attempts to establish a government-wide
approach to environmental justice by requiring federal agencies to:

o Identify and address disproportionate, adverse health and environmental effects of federal
activities, including the cumulative impacts of burdens on communities;

o Identify and address barriers that impair the ability of communities to receive equitable
access to benefits, including those related to climate mitigation and resilience;

e Consider adopting or requiring measures to avoid or mitigate adverse environmental and
health effects of federal activities on communities; and

e Provide opportunities for community engagement, including by fully considering input
provided during decision-making processes and providing technical assistance.

The act also requires agencies to carry out such reviews as part of the National Environmental
Policy Act (NEPA). See Chapter 5 for more information about NEPA and its impact on engaging the
public in the energy transition. Federal agencies are mandated to submit to CEQ and make public an
Environmental Justice Strategic Plan detailing priority actions and metrics to address environmental
justice every 4 years (EO 14096 2023). This approach toward environmental justice and the requirement
for agencies to make public their approach and metrics can be applied to the energy justice as the nation
moves forward with the transition to a net-zero energy system.

Limitations of Programs Initiated Through Executive Orders

Recent executive actions present an innovative approach to addressing equity and justice
concerns, especially through the Justice40 Initiative. This approach has the potential to be supported by
the equity assessment focus of EO 13985 and future whole-of-government actions focused on energy
justice can be modeled after the requirements for federal agencies in EO 14082. However, unlike
legislation, executive orders only govern the conduct of the federal executive branch, including the
federal agencies, and can be repealed by future administrations. Specifically, the Justice40 Initiative and
other equity-focused initiatives run the risk of being overturned or ignored following a change in
presidential administration. The codification of a durable program allows for the outcome of the program
to be evaluated and modified to better meet the target.

Finding 2-2: Executive Order 14008 presents an innovative approach to addressing environmental
justice concerns by requiring that 40 percent of the benefits from covered programs go to
disadvantaged communities. Because actions put in place by executive orders are not enacted through
statute, there is a risk that a change in presidential administrations will result in these requirements
being ignored. Specifically, without a more durable legislative mandate for the Justice40 Initiative or
an alternative quantitative target, federal agencies may not honor the policy that programs be
implemented in ways that directly benefit disadvantaged communities.
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Recommendation 2-1: Codify the Justice40 Initiative. Congress should enact legislation that
codifies either the Justice40 Initiative or an alternative, equally stringent quantitative target to
provide a clear standard that the entire federal government will use to measure progress
against fairness, equity, and justice goals. Federal legislation should also require the collection
of and reporting on standardized metrics for measuring and evaluating direct benefits and
negative impacts on jobs, public health, energy affordability, and access to technologies for
disadvantaged and frontline communities.

Legislation

Infrastructure Investment and Jobs Act

The Infrastructure Investment and Jobs Act (IIJA), ® also commonly known as the Bipartisan
Infrastructure Deal, is a $1.2 trillion investment in the nation’s roads, bridges and rails, and targeted
investments to advance environmental justice, tackle the climate crisis, and support community resilience
(Tomer et al. 2021; White House 2021). The IIJA’s environmental and climate justice appropriations
include $39 billion to modernize public transit (§11130, §11133, §11206, §11403); $21 billion to the
environmental remediation of brownfield sites through the Superfund program (§80201); and a total of
$64.41 billion for broadband infrastructure (§60201, §60401), access (§60102, §60304, §60305, §60105),
and affordability (§60502). Additionally, IIJA creates the Reconnecting Communities Pilot Program to
fund the design and planning of transportation infrastructure, and the demolition and reconstruction of
infrastructure that had divided communities (§11509) and the Clean School Bus Program to transition
existing school buses to clean and zero-emission school buses (§71101). Tt is estimated that $240 billion
of the total appropriations will address environmental justice priorities (White House 2021).

While the appropriations and authorizations of IIJA do not specifically advance energy justice,
the intentional focus on investing in communities and ensuring effective implementation indirectly
advance energy justice by aligning with the distributional equity principle. For example, EO 14052—
Implementation of the Infrastructure Investment and Jobs Act (EO 14052)—requires agencies to
equitably invest [IJA appropriations, including through the Justice40 Initiative (EO 14052 2021). To
adhere to this, federal agencies released their estimates for Justice40 compliance; for example, EPA stated
that more than 40 percent of its IIJA appropriations supported underserved communities by 2022 (EPA
2022b). If implemented appropriately, several IIJA provisions will lay the foundation for a just energy
transition.

Inflation Reduction Act

The IRA includes large investments in clean energy technologies that will reduce the use of fossil
fuels, lower energy costs for families, create good-paying jobs, and tackle the climate crisis (White House
2022a). The IRA directs nearly $400 billion in appropriations and authorizations to clean energy,
including to reduce carbon emissions and support environmental justice objectives (Elliot et al. 2022).
Chi (2022) estimates $40 billion in appropriated funding will have direct and indirect impacts on
disadvantaged communities while supporters of IRA claim that $60 billion in appropriations will go to
environmental justice priorities (Walls 2022), but there is acknowledged ambiguity in IRA’s tax credit
provisions and a lack of clarity about what a direct benefit is which make calculations difficult to agree
upon. See Appendix F for the committee’s evaluation of the impacts, direct and indirect, that IRA’s

¢ It should be noted that the IIJA and IRA are not equivalent in funding mechanisms. The IIJA consists of a mix
of authorizations and appropriations while the IRA primarily consists of spending programs (appropriations) and tax
expenditures. Appropriations are laws that provide money for government programs and must be passed by
Congress every year in order for the government to continue to operate. Spending programs can allocate federal
resources to projects and activities up to the amount of their appropriation. By contrast, tax expenditures, such as the
production tax credits in IRA, typically have no limit on the amount that could be claimed by taxpayers.
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appropriated funds and tax expenditures will have on underserved, low-income, and disadvantaged
communities.

IRA spending programs that support fossil fuel reduction present multiple opportunities for equity
and justice co-benefits. For example, the Act includes appropriations to improve CEQ’s stakeholder and
community engagement (§60402) and climate resilience investments in Indigenous communities
(§80001). IRA also creates a Greenhouse Gas Reduction Fund to issue grants to state, local, regional, and
Tribal governments, and to non-governmental organizations that provide financial or technical support
enabling under-resourced and disadvantaged communities to benefit from or deploy zero-emissions
technologies (§60103). To support the implementation of specific provisions, EO 14082—
Implementation of the Energy and Infrastructure Provisions of the Inflation Reduction Act of 2022 (EO
14082)—was signed to prioritize the implementation of IRA provisions that: make progress toward
reducing national GHG emissions and achieve a carbon-free electricity sector by 2035; advance
environmental and climate justice; increase and improve equitable access to high-quality job
opportunities; reduce energy costs while increasing energy security; and coordinate with nonfederal and
private-sector stakeholders to build sustainable and resilient communities (EO 14082 2022).

Because the IRA statutory language was constrained by the budget reconciliation process, federal
agencies are left responsible for the identification of key languages, processes, and requirements for
awarding grants that would aid communities during the transition. For example, IRA delegates to federal
implementers the responsibility of defining “disadvantaged community” and “energy community.” As an
example, since enactment of IRA, the term “energy community” has been defined in at least two ways:
one included in the statutory language in IRA (U.S. Congress 2022) and one proposed by Resources for
the Future that takes a scaled approach for some factors to be more inclusive of different communities
(Raimi and Pesek 2022). Additionally, the IRA leaves wide discretion to states to decide how some
programs are designed, implemented, and assessed. See Appendix G for federal definitions of
disadvantaged communities. See Chapter 13 for more discussion of the role of non-federal entities in the
implementation of IRA provisions.

As mentioned earlier in the Stakeholders’ Environmental Justice Concerns section, there are
concerns that federal agencies may be slow to identify the priorities of communities in need of
decarbonization action. This concern is heightened by the multiplicity of ways to identify these
communities. For example, EO 14008 tasked CEQ with the creation of the Climate and Economic Justice
Screening Tool (CEJST) to help federal agencies identify disadvantaged communities’ (EO 14008 2021).
However, many federal agencies with Justice40 covered programs had already developed their own
screening tools by the time CEJST exited its beta phase. Appendix G summarizes the federal agencies
with covered programs and compares their selected indicators with the ones released by CEQ in
November 2022. Other federal agencies determined to have Justice40 covered programs without public or
comprehensive definitions of disadvantaged communities include the Department of Homeland Security,
the Department of Health and Human Services, HUD, and the Department of Agriculture. Although there
exists some overlap between the communities identified by various screening tools, it would be beneficial
to the implementation and evaluation of outcomes from federal transition actions if there were core
identifiers, used by all federal agencies as a foundation on which they can build for a program-specific
definition of disadvantaged community.

Finding 2-3: The ability to define and identify disadvantaged communities is essential to measure the
direct impacts of federal policies and programs on disadvantaged communities. However, the
evaluation of the federal decarbonization action, especially the Justice40 Initiative, is constrained by
the lack of a robust definition of disadvantaged communities and centralized screening tools to map

7 As of March 2023, CEQ’s Climate and Economic Justice Screening Tool Version 1.0 is one of over 30
environmental justice screening tools across federal, state, and local agencies (Dean and Esling 2023). For more
information about how these screening tools intersect, see the Environmental Policy Innovation Center’s EJ Tools
Map at https://epic-tech.shinyapps.io/ej-tools-beta/.
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these communities. The committee recognizes there cannot be one single definition for disadvantaged
communities that applies to all programs because federal and state programs may have different target
populations and related burden indicators for target population identification. However, the
multiplicity of non-compatible definitions, including the one used for the Climate and Economic
Justice Screening Tool, makes it difficult to accurately measure the impacts of federal actions,
specifically on disadvantaged communities, across programs and agencies. It is important to advance
a set of core metrics to identify disadvantaged communities to use in program design and evaluation,
and decision analysis.

Recommendation 2-2: Develop a Federal Baseline Set of Metrics for Disadvantaged Communities
for Program Design and Evaluation. To enable consistent program design and evaluation, the
White House Council on Environmental Quality should develop a standardized set of core
metrics for programs serving disadvantaged communities to be used in all federal activities, to
the extent feasible under statutes governing each agency. The use of the core metrics would be
required, and agencies would be encouraged to select additional context-specific metrics to
match program needs. For federal programs that engage with states and localities with existing
disadvantaged community metrics, the program design should include a rationale for why the
state or local designations could be used in place of those recommended by the Council on
Environmental Quality.

Implementation of Federal Decarbonization Policies

To avoid creating new or worsening existing burdens faced by disadvantaged communities, future
federal actions need to make a concerted effort to equitably design and implement climate-related and
decarbonization policy. Specifically, that it is critical policymakers include the equity principles when
designing processes for the implementation of these polices. Recent executive-level actions—that is, EO
14052, EO 14082, EO 14091—attempt to address the concerns of equitable design and implementation in
federal policymaking in general. Additionally, although funded programs and services within the 2022
American Rescue Plan (ARP) Act (P.L. 117-2 2021) were designed to counteract the effects of COVID-
19, the White House ARP Implementation Team developed the below equitable implementation actions
which can be applied to all federal legislation (White House 2022b):

o Establish program goals and measurable targets, and track program progress against these
goals and targets.

e Foster awareness and capacity to access programs and services, particularly among
underserved individuals and communities.

e Allocate and leverage resources and funding and design tools to spend resources equitably.
Collect and analyze sufficient data to determine whether and how disparities change across
key outcome and impact measures.

e Create feedback mechanism for regular internal review, including soliciting feedback from
underserved individuals and communities for continuous improvements.

e Build on evidence to advance equity in program design and implementation.

e Make sure data are collected and strategies are evaluated to adapt and improve programs.

Given that all decarbonization approaches have benefits and harms, policies need to be designed
and implemented through inclusive and ongoing engagement such that they deliver those benefits and
harms equitably and justly. Additionally, owing to the impermanence of executive orders, it will be
critical for actions to support equitable implementation of federal actions to be made consistent and
permanent.
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Finding 2-4: The decarbonization provisions in the Infrastructure Investment and Jobs Act and
Inflation Reduction Act are likely to slow the United States’ emissions that contribute to climate
change, primarily through reduced fossil fuel combustion, with local air quality benefits that are
likely to have positive equity and justice impacts. Many provisions are also specifically directed at
equity and justice, including block grants, subsidies to improve technology uptake, and top-up
funding for projects in disadvantaged communities. However, some provisions, such as those for
offshore drilling and carbon capture and storage, do not align with environmental justice goals,
including undermining climate mitigation goals and creating or continuing pollution that threatens
public health and quality of life for disadvantaged communities.

Recommendation 2-3: Implement Federal Legislation for Equitable Outcomes. Federal
policymakers should include equity principles in the design and implementation of
decarbonization policies. Specifically, policymakers should review the implementation goals as
developed by the White House American Rescue Plan Implementation Team and apply the
actions to existing and future policies. Federal agencies should engage communities most
impacted by energy inequities as key stakeholders to ensure that the voices of affected
communities are meaningfully heard and develop policies and programs that are informed by
and responsive to concerns raised.

ENSURING EQUITABLE ACCESS TO AND OUTCOMES OF
THE JUST ENERGY TRANSITION

At the early stages of the implementation of decarbonization policy, it is critical that federal,
state, and local authorities develop monitoring and evaluation mechanisms aimed to identify equity gaps
in the development and implementation of acts, orders, and other relevant action; outline areas for
improvement; and hold federal, state, and local authorities accountable for implementing these activities.
These requirements challenge federal, state, and local authorities to create sufficient institutional and
financial capacity to implement programs and to develop a comprehensive assessment of the overall
equity potential of these bills. This section highlights the barriers and solutions for community-led
transition actions. It includes the bottom-up incorporation of energy justice through transformation
projects and the top-down coordination of transition resources. The section concludes with the critical
role evaluation and adaptive management plays in ensuring the energy transition is just.

Building Community Capacity to Develop Community-Led Transitions

Strategies that prioritize place-based interventions can reduce disparities faster than sector-based
decarbonization strategies (Wang et al. 2022). However, attempting federal-led and community-led
decarbonization actions simultaneously will increase the success of the energy transition. To support all
decarbonization action, human and fiscal capital must be available. In its first report, the committee
recommended Congress support actions to overcome barriers created by a lack of capacity-building
including funding research to support the regional coordination of the transition; establishing equitable
energy transition offices in each state; and funding community block grants for local decarbonization
planning (NASEM 2021). Few Congressional actions have directly focused on supporting community
capacity in climate change mitigation except for IRA (e.g., the Environmental and Climate Justice Block
Grants [§60201]). However, many state and federal initiatives have been launched to advance capacity
building and provide support to communities in need. There is also a role for nongovernment entities, to
support holistic community transition programs.
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State Initiatives

Despite the challenges produced by the complex political landscape of the United States, states
and cities that have taken climate-mitigation actions represent two-thirds of the nation’s population and
economy (Zhao et al. 2022). In fact, many states have adopted holistic, community-driven approaches to
develop and implement transition solutions. For example, Louisiana’s Strategic Adaptations for Future
Environments (LA SAFE) program integrates risk-mitigation planning for stormwater management,
housing, transportation, economic development, education, recreation, and culture for holistic community
resilience solutions (LA SAFE 2019). New York state passed the Climate Leadership and Community
Protection Act supporting an equitable and inclusive transition focused on distributing no less than 35
percent of clean energy benefits of spending to disadvantaged communities (S.B. No. S6599 2019). From
this legislation, the Cap-and-Invest Program was established to “apply a price to the amount of pollution”
with proceeds supporting critical investments in “climate mitigation, energy efficiency, clean
transportation, and other projects” that ensure the Program is affordable for all state citizens and delivers
benefits to disadvantaged communities (Cap-and-Invest n.d.). See Chapter 13 for more about
incentivizing state action to support climate-mitigation at local and regional levels.

Drawing lessons and best practices from existing programs and adapting them to different state
and regional contexts could prove beneficial for the nation’s energy transition. For example, California’s
Transformative Climate Communities Program (TCC) invests in community-led transformation by
funding development and infrastructure projects that have multiple environmental, health, and
socioeconomic benefits. Box 2-3 describes the key features of TCC, which include targeting
disadvantaged communities for the funding of transformation projects and requiring the evaluation of
funded project through their completion. Although not all states have similar financial structures and may
not have the same climate priorities as California, TCC is a possible approach other states can adopt to
their own energy transformation.

BOX 2-3
California’s Transformative Climate Communities Program

The Transformative Climate Communities Program (TCC) empowers communities most
impacted by climate change to choose their own goals, strategies, and projects to reduce greenhouse
gas emissions and local air pollution. Funded by the state’s Greenhouse Gas Reduction Fund, TCC is
directed by California Assembly Bill 2722 to make at least 35 percent of climate change investments in
the state’s disadvantaged communities, low-income communities, and low-income households (A.B.
No. 2722; California Climate Investments n.d.). All project areas, which are no more than five square
miles, must include census tracts that are within the top 25 percent of disadvantaged communities
(SGC 2023).

The process is largely community-led with continued support from the California Strategic
Growth Council (SGC) which guides applicants in their selection of recommended strategies and
development of a proposal for at least 3 projects that address the SGC objectives: (1) reduce
greenhouse gas emissions; (2) improve public health and environmental benefits; and (3) expand
economic opportunity and shared prosperity (SGC 2021). Once a project is approved, implementing
TCC facilitates the development of relationships between project areas, implementers, and the SGC
that incorporates trust. In such a multi-faceted process, there “has to be continuing transparency and
accountability” between all partners involved so that the history of a community cannot be ignored in
the development and implementation of community-level improvement projects (Saunders 2023).
Table 2-3-1 highlights Transform Fresno and the anticipated benefits of the selected projects.

TABLE 2-3-1 Transform Fresno Funded Projects and Anticipated Outputs, Outcomes, and Impacts
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Transformative Climate

Communities Program (TCC) Anticipated Outcomes and
Funded Projects Anticipated Outputs Impacts
o Active Transportation e 57 new housing units ¢ 20,816 metric tons of avoided
e Affordable Housing and e 42 new battery-electric vehicles fora GHG emissions®
Sustainable Communities car-sharing network e 14,832,662 miles of averted
e Food Waste Prevention and o 1,458 new street trees travel in passenger miles
Rescue e 784 kW of solar power on affordable ® $4,826,413 in energy cost
¢ Low Carbon Transportation multi-family and single-family savings for solar PV and street
¢ Rooftop Solar and Energy homes tree beneficiaries
Efficiency e 200 TCC area individuals trained for ® 337 direct jobs, 112 indirect
e Urban and Community Forestry ~ residential solar installation projects ~ jobs, and 190 induced jobs
e Urban Greening supported by TCC funding

“Measured in COze.
SOURCE: Committee generated from Luskin Center for Innovation (2022).

Each grant recipient is required to designate a third-party Evaluation Partner to conduct an
analysis of the process, outcome, and impact of selected strategies by gathering both quantitative data
and qualitative feedback (SCG 2021, 2023) which is then communicated to stakeholders and
policymakers. Evaluation reports have shown that once trust is established, the speed of progress on
implementing projects, including those not funded through TCC, significantly increases. Additionally,
implementation challenges identified by evaluation include how to secure continued funding for the
projects and how to overcome a community’s mistrust of the local government (NASEM 2023). The
availability of evaluation results supports efforts to improve the design and implementation of current
and future TCC supported projects (Luskin Center for Innovation 2020). TCC offers a blueprint for
climate investments that help redress historic injustices through stakeholder and community decision-
making” in all aspects of the program design and implementation “to ensure grant funds provide direct,
meaningful, and assured benefits to disadvantaged communities” (SGC 2023, p. 49). Additionally, the
publicly available evaluation of project implementation allows the best practices of TCC to be
reviewed and outcomes makes TCC good example for other states to review and potentially apply
lessons learned to their own holistic community transformation programs.

“ The Strategic Growth Council provides a list of proven engagement methods that facilitate direct engagement
and participation from community residents (see SCG 2023, Appendix C).

Even with the development of innovative community programs and competitive funding, some
communities may still struggle to access available opportunities owing to unclear or overburdensome
application requirements, lack of time to apply for funding, or unawareness of funding opportunities
available. For example, the administrative burden of applying for funding—the time and cognitive load
required to complete forms and acquire, collect, and submit supporting documents—often prevents
participation from under-resourced communities in decarbonization programs or increases the occurrence
of temporary solutions that may not sufficiently address the community’s priorities (NASEM 2023a).
Barriers to the access of funding and programs need to be sufficiently considered during the development
and implementation of new transition programs for equitable access and outcomes.

A human-centered, bottom-up approach that considers and appropriately incorporates community
concerns and priorities would be reflective of the procedural equity principle (NASEM 2023a). However,
as mentioned in Box 2-3, two key challenges of developing community-driven programs and multi-
stakeholder partnerships are overcoming feelings of mistrust between historically underserved
communities and different levels of government and securing sufficient and continued program funding.
Political polarization and feelings of disrespect drive distrust and disengagement, but these can be
overcome with pragmatic understanding of how people define their problems and priorities while creating
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regional solutions that are designed to be relevant to local communities (Beckfield 2022). Creating
institutions and programs with the human capacity to provide a space to give the community a voice and
staff members to be able to listen and address concerns will be critical during the transition as
community-focused mitigation programs are implemented. Furthermore, implementing programs with the
appropriate amount of available financial and human resources will support the development of trust
among stakeholders and increase opportunities for equitable outcomes. See Chapter 5 for more details on
how to create and expand human capacity to listen to community concerns.

Federal Initiatives

The Federal Interagency Thriving Communities Network was developed to coordinate the
planning, implementation, and technical support of initiatives funded and created by the IIJA, IRA, and
ARP (DOT n.d.). It offers the opportunity for disadvantaged communities to access place-based technical
assistance and capacity-building resources from a variety of federal agencies including DOE, the U.S.
Department of Transportation (DOT), and HUD. As part of the Federal Interagency Thriving
Communities Network, the joint EPA-DOE Environmental Justice Thriving Communities Technical
Assistance Center (TCTAC) Program works in coordination with DOT’s Thriving Communities Program
to provide technical assistance for transformative projects and capacity-building to under-resourced and
disadvantaged communities (DOT 2022; EPA 2023). The development of a single center offering both
the EPA and DOT technical assistance programs will streamline access to training, assistance, and
capacity building for underserved and disadvantaged community members. ®

Federal support of community capacity-building and engagement is further evidenced by DOE’s
Inclusive Energy Innovation Prize, which incentivizes and rewards community-based pathways within
disadvantaged communities with funding to implement and evaluate proposed plans (DOE 2023a).
Additionally, DOE’s Clean Energy to Communities (C2C) Program provides communities with tailored
assistance through three levels of engagement: (1) in-depth technical partnerships that provide “cross-
sector modeling, analysis, and validation” and direct funding to help “teams of local governments, electric
utilities, and community-based organization reach their goals and/or overcome specific challenges”
through multi-year collaborations; (2) peer-learning cohorts that organize regular meetings for “small
groups of local governments, electric utilities, or community-based organizations” to develop a
collaborative environment “to develop program proposals, action plans, strategies, and/or best practices
on a predetermined clean energy topic”; and (3) short-term assistance through which technical experts are
matched with communities “to help address near-term clean energy questions or challenges” (DOE-EERE
n.d.).

Non-Governmental Actors

Nongovernmental actors can influence transition policy and mitigation directly by funding
community and state transformation initiatives that produce scalable and replicable solutions (Hale 2016)
and indirectly by supporting research and dissemination of best practices that build capacity and catalyze
supportive political coalitions (Chan et al. 2015). The committee’s first report acknowledged the critical
role for nongovernment organizations, stating they were key to mobilizing public support and
instrumental to closing the funding gap for organizations supporting communities in addressing climate

8 In April 2023, EPA announced that 17 new TCTAC hosts that would receive at least $10 million each to
remove barriers to accessibility for underserved and under-resourced communities during the energy transition. The
new partners include national organizations that have the capacity to assist Tribes during the transition. For the
complete list of the new regional and national TCTAC:S, see https://www.epa.gov/newsreleases/biden-harris-
administration-announces-177-million-17-new-technical-assistance-centers.
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change (NASEM 2021).° These organizations include colleges and universities, philanthropic
foundations, and nonprofit organizations, as well as state, local, and tribal governments. They are
essential to the energy transition because they can address areas where there is no market solution and
focus on promoting equity and energy justice (Lewis 2022).

The philanthropic sector can help ensure that decarbonization policies are developed and
implemented justly in addition to providing financial support for projects and programs. Through the
funding of projects, activities, and initiatives, foundations can shape transition action and the development
of best practices that focus on the theory of change, a description of how or why a desired change will
happen in a specific context that is used as a framework for project planning, implementation, and
evaluation. Additionally, philanthropic organizations can be partners to society, government, and the
private sector to accelerate the transition (DeBacker 2022) by taking on a critical role of influencing who
is invested in and how much funding is dedicated during the transition (Beckman 2022). However, since
project funding mostly goes to regions supportive of climate-mitigation strategies, the effectiveness of
philanthropic funding to motivate holistic change across the nation is lessened.

An additional barrier is the transparency of climate funding allocation by non-governmental
actors. Increased transparency for funding trends may increase the success of the just energy transition by
making foundations appear more trustworthy to community organizations looking for funding. To better
align with the principles of energy justice, funding needs to be more equally distributed to ensure
communities most impacted by energy injustices to be involved in the development of local solutions. To
address this challenge, the Donors of Color Network announced a Climate Funders Justice Pledge in 2021
which has participating foundations commit to give at least 30 percent of their funding to groups that are
centered on racial and economic climate justice, similar to the Justice40 Initiative, with an optional
commitment to transparency about where their funding goes (Donors of Color Network 2021). At the
time of this writing, some of the nation’s biggest funders have not committed to being transparent about
the percent of their dollars going to environmental justice organizations. '® Furthermore, Taylor and
Blondell (2023) found most of the funding from foundations goes to large environmental organizations
with a small fraction going to environmental justice organizations and organizations with less than $1
million in annual revenues.

In addition to providing support for community capacity building, a critical role for all nonfederal
actors will be to identify and communicate the areas of need during the energy transition. For example,
these actors can contribute to strategizing about where federal-level interagency coordination is needed
the most with the acknowledgement that some communities have already begun incorporating procedural
justice into their energy transition or have already developed initiatives that have seen equitable outcomes
for the transition to clean energy. Any additional support needed by these transitioning and transforming
communities must not come at the expense of those who have not yet started energy transition activities.
See Chapter 5 for more information about how these actors can support meaningful public engagement in
decarbonization action and processes.

Multi-Level Coordination to Support the Energy Transition

As the committee emphasized in its first report, the lack of meaningful federal coordination of
transition processes with local- and regional-scale institutions will impede efforts to address the needs and
concerns of disadvantaged communities as decarbonization programs expand in pace and scope (NASEM

% Following the release of the committee’s first report, the House Committee on Natural Resources held an
oversight hearing to discuss how to provide communities targeted by the environmental justice movement with a
voice to speak out against and support federal policies (Committee on Natural Resources 2022). During this hearing,
the first report’s finding that decarbonization cannot be achieved without inclusive policy was quoted to support the
argument that justice, equity, diversity, and inclusion should be central to federal efforts.

19 For more information about the Climate Funders Justice Pledge and a living list of foundations who have
committed to the pledge, see https://www.climate.donorsofcolor.org/whos-pledged.
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2021). The current federal policy encourages regional and local planning that integrates energy into
community-based and holistic approaches to address climate resilience, environmental justice, and
economic opportunity in disadvantaged communities. However, increased multi-level coordination of
existing programs would better support access to these programs and better ensure communities are not
experiencing high administrative burdens to access funding. Additionally, stronger collaboration efforts
between nongovernment and government actors are needed to ensure best practices and lessons learned
are effectively communicated to increase the success of the energy transition. For example, as mentioned
at the committee’s Pathways to a Just and Equitable Transition workshop, the benefit of the sovereign
structure of native communities is that they can demonstrate successful just transition laws and policies
with sufficient and continued financial support from the federal government and philanthropic
organizations (NASEM 2023a). See Chapter 5 for more information about the progress tribal nations have
made in the development of energy sovereignty and energy security and related recommendations about
how tribal knowledge should be used in decarbonization policy.

To address the barrier of community capacity, the first report recommended the establishment of
an independent National Transition Corporation (NTC) “to ensure coordination and funding in the areas
of the areas of job losses, critical location infrastructure, and equitable access to economic opportunities
and wealth creation” (NASEM 2021, p. 190). The proposed NTC features the capacity to build lasting,
meaningful partnerships and trust with disadvantaged and transitioning communities through its mandate
to provide technical assistance, relational and capacity-building, and financing functions. When paired
with the joint EPA-DOE TCTAC Program or programs modeled after TCC, the NTC has the potential to
fund programs that provide place-specific technical assistance and programs that encourage community-
led transformation projects. For these transformation programs to be successful, it will be important for
regional actors to coordinate with the NTC to identify and prioritize community needs that are both
unique and overarching.

Finding 2-5: The development of meaningful federal coordination of transition processes across
local- and regional-scale institutions will support efforts to engage with and include
disadvantaged communities as decarbonization programs expand in pace and scope. To this end,
a National Transition Corporation (NTC) model would be a federal complement to state and
community initiatives during the transition. By necessity, state- and local-level efforts need
access to a range of perspectives and resources; this includes needing support from many
different parts of the federal government and coordination with private and civil society actors.
Furthermore, it is critical for implementers to understand the priorities of under-resourced
communities, or risk friction that could prevent community participation in decarbonization
programs. This is best achieved through a coordinated effort that continuously communicates
lessons learned and best practices.

Recommendation 2-4: Build Multi-Level Capacity to Support Community-Led Transitions. To
enable a lasting and effective commitment to community-led solutions to energy transitions,
Congress should:

a) Authorize a National Transition Corporation (NTC) to consolidate resources,
finances, technical assistance, and strategy in an entity with experienced, multi-
sectoral leadership. The NTC would have the scope to allocate funds in modes
(duration, amount, program design) better aligned with the aspirations, needs, and
constraints of communities based on where they are in the energy transition.

b) Adequately fund, continue, and expand the Thriving Communities Technical
Assistance Center (TCTAC) Program model so that every community, especially
under-resourced communities, can access robust, evidence-based, and culturally
competent technical assistance necessary to develop effective mitigation investment
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plans. The TCTACSs will act as the connector between the NTC and regional or local
organizations that need support during the transition.

¢) Create a program for states to facilitate holistic, community-driven mitigation
projects in disadvantaged communities, called Climate Opportunity Zones (COZs).
Modeled after California’s Transformative Climate Communities program, the
COZs would foster multi-stakeholder partnerships, planning, and investments that
reduce greenhouse emissions and demonstrate co-benefits for the economy,
workforce, and health.

Finding 2-6: The current federal policy encourages regional and local planning that integrates
energy into community-based and holistic approaches to address climate resilience,
environmental justice, and economic opportunity in disadvantaged communities. However,
increased inclusive and equitable approaches to technical assistance can better support under-
resourced communities in transition and transformation programs. Inclusive and equitable
approaches to technical assistance, capacity-building, and program development are key to
preempting or minimizing the potential for implementation challenges or the derailment of
projects altogether.

Recommendation 2-5: Develop Equitable Technical Assistance Guidelines. The Federal
Interagency Thriving Communities Network should work with state and local agencies to
develop guidelines that make it easy to access and obtain technical assistance resources.
These guidelines should be developed through an inclusive process that engages
disadvantaged communities, stakeholders, and staff from local, state, and federal agencies.
Furthermore, the White House Environmental Justice Advisory Committee should review
and advise these guidelines to ensure that they adhere to an equity framework.

Evaluation of the Just Energy Transition

The data collection of relevant metrics, evaluation of outcomes and progress, and communication
of results are critical components of any effective policy action, especially when a new policy is first
implemented. Evaluation of programmatic data is critical for adaptive management and for planning
action during the transition’s second 2 decades. Affected communities have to be consulted during the
design of the evaluative process for it to produce equitable measures that reflect and support their
priorities.

There is a need to assess if energy transition actions are resulting in equitable and just outcomes
for the nation, especially for disadvantaged communities. All principles of energy justice need to be
operationalized in evaluation with a two-fold goal of (a) determining if policies are equitable in their
design, development, impacts, and outcomes; and (b) establishing the process to monitor and revise
program design and implementation. Adaptive management, an iterative learning process producing
improved understanding and management over time, can help the nation stay on the trajectory to an
equitable net-zero emissions goal while also being able to revise policies and rethink technologies that do
not work as intended. Both the diversity of policies intended to promote equity and justice during the
energy transition and their distribution across many agencies and locations increase the need for a single
entity that monitors, aggregates, synthesizes, and translates equity metrics to evaluate these policies. See
Chapter 1 for more about the need for comprehensive evaluation and adaptive management.

Metrics serve multiple objectives such as holding decision-making publicly accountable, locating
target populations, assessing policy design and development, or evaluating how disadvantaged
communities are faring in the short-term (outputs) and the long-term (outcomes). The evaluation of
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metrics can also serve as justification for continued and increased financial support from federal agencies
and philanthropic organizations. In support of efforts to develop an energy equity framework, the Pacific
Northwest National Laboratory conducted a literature review and identified 3 equity metric types
(Tarekegne et al. 2021):

o Target population identification metrics locate or describe a target population. The
identification of relevant populations must happen at the beginning of the process.

o [nvestment decision-making metrics measure the potential impact of investments and assess
the distributional effects of investments across groups. These metrics need to be considered
during program and project design and can also be used to measure the short-term impacts on
the target population.

e  Program impact assessment metrics measure the benefits that directly reach people. These
metrics are analyzed after the implementation of a program or project and should continue to
be collected to determine the performance and success of the program or project and the long-
term impacts on the target population.

Furthermore, a review of 57 distinct equity metrics found: 24 target population identification
metrics; 25 investment decision-making metrics; and eight program impact assessment metrics
(Tarekegne et al. 2021). The authors suggest that baseline equity measurements can be developed by
collecting and analyzing demographic and energy-related metrics such as income, race, geographic
location, energy access, energy affordability, access to renewable energy, and community engagement.
Thus, equity metrics are fundamental to operationalize notions of justice into concrete attributes,
determinants, or outcomes.

To support an equity evaluation of the U.S. transition, the collection of data on the equity impacts
of investments and the equity outcomes of programs is still needed because there are multiple screening
tools to locate disadvantaged communities for targeted energy equity programs. Box 2-4 describes CEQ’s
Climate and Economic Justice Screening, which identifies disadvantaged communities and will be used
for the implementation of Justice40 covered programs, as an example of the iterative process of
identifying target population identification metrics. Equity data, especially sociodemographic data, will
need to be standardized in addition to being collected (Bozeman III et al. 2022). Data collection for
program impact assessment will support analyses of federal agency compliance with the Justice40
Initiative.

BOX 24
CEQ’s Climate and Economic Justice Screening Tool

To help federal agencies identify disadvantaged communities, EO 14008 directed the CEQ to
create a Climate and Economic Justice Screening Tool (CEJST). CEQ released CEJST Version 1.0° in
November 2022 which included updated datasets, categorizations, and features responding directly to
feedback received during the public comment period on the beta version and listening sessions (White
House 2022c). Recommendations from the WHEJAC to add historic redlining data, identify Tribal
Nations, display demographic information, and enhance data on climate vulnerability were also included
in Version 1.0. However, this tool specifically excludes race and ethnicity as a consideration for
vulnerability status—this is understood that these factors are excluded owing to potential legal challenges
that would hinder the use of CEJST by federal agencies.

CEJST Version 1.0 uses datasets for 30 burden indicators which are organized into eight
categories. See Figure 2-4-1 for a depiction of the eight burden categories and related indicators. A
community is designated as disadvantaged if it is in a census tract scoring at or above the threshold for
one or more burden indicators and is at or above the threshold for an associated socioeconomic indicator.
Low income was the socioeconomic indicator for all categories, except for workforce, which used high
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school education. The current version of the tool identifies 27,251 census tracts as disadvantaged or
partially disadvantaged (White House 2022c¢), meaning 33 percent of the nation’s population is within a
disadvantaged community. The CEJST will continue to be updated annually based on public feedback
and information collected by the National Academies’ Committee on Utilizing Advanced Environmental
Health and Geospatial Data and Technologies to Inform Community Investment’ (NASEM 2023b) with
full transparency on the methodology and datasets supported by the U.S. Digital Service (White House

2022c¢).
Climate Change Legacy Pollution Housing
«Expected Agricultural Loss Rate *Formerly Used Defense Site +Lead Paint
+Expected Building Loss Rate +Abandoned Mine Land +Housing Cost
*Expected Population Loss Rate +Proximity to Hazardous Waste Facility | | «Lack of Green Space
+Projected Flood Risk +Proximity to Risk Management +»Lack of Indoor Plumbing
«Projected Wildfire Risk Planning Facility *Historic Underinvestment
+»Proximity to Superfund Site
Workforce Development Health Transportation
+Linguistic Isolation +Asthma »Diesel Particulate Matter Exposure
«Low Median Income «Diabetes *Transportation Barriers
«Poverty +Heart Disease +Traffic Proximity and Volume
+Unemployment +Low Life Expectancy
Energy Water and Wastewater
«Energy Cost «Underground Storage Tanks and
*PM, . in the Air Releases
*Wastewater Discharge

FIGURE 2-4-1 Climate and Economic Justice Screening Tool Burden Categories and Indicators
SOURCE: Data from Climate and Economic Justice Screening Tool.

During the beta phase of CEJST, OMB released a memo in July 2021 for the Heads of
Departments and Agencies urging federal agencies with Justice40 covered programs to develop and
publicize their own methodology for calculating the benefits of the programs accruing in disadvantaged
communities (Young et al. 2021). This resulted in a majority of federal agencies with Justice40 covered
programs developing their own screening tools (see Appendix G). However, an addendum to the 2021
memo encouraged federal agencies to use CEJST Version 1.0 to identify disadvantaged communities for
Justice40 covered programs and other federal programs where resources are directed to disadvantaged
communities (Young et al. 2023). Additionally, CEQ encourages federal agencies to “use the entire list of
disadvantaged communities identified by the CEJST as a starting point” while noting that agencies may
use their own data to prioritize certain communities from the list (CEQ 2023b, p. 5). Thus, CEQ provides
a ceiling list of disadvantaged communities for federal agencies with covered programs to consider in the
evaluation of program impacts.

“View the Climate and Economic Justice Screening Tool: https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5.
b For more about the National Academies’ Committee on Utilizing Advanced Environmental Health and Geospatial
Data and Technologies to Inform Community Investment, visit the study’s webpage:
https://www.nationalacademies.org/our-work/utilizing-advanced-environmental-health-and-geospatial-data-and-
technologies-to-inform-community-investment.

The CEJST provides an opportunity to have one set of data for federal target population
identification and investment decision-making. However, environmental justice advocates note that
CEJST Version 1.0 does not explicitly consider racial demographics as a factor for disadvantaged
communities despite “evidence that race is the strongest and most consistent predictor of environmental
burdens” (Sadasivam 2023). The absence of explicit mention of race in screening tools and program
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design is common, even within programs designed to address environmental racism. At the federal level,
race-neutral criteria are often selected to develop tools that will survive “legal challenges that would
stymie their efforts” (Friedman 2022) (e.g., Supreme Court ruling on the use of affirmative action in
college admissions [Supreme Court Docket Number 20-1199 2023]). Although legal experts agree with
the pragmatic approach to federal and state'' programs, advocates stress that discussions of justice must
recognize race as a factor of inequities and that efforts without explicit focus on race will not ultimately
prioritize disadvantaged communities of color for Justice40 programs (Friedman 2022; Sadasivam 2023).
Navigating the political environment to create mapping tools and programs that identify the on-the-
ground experiences of disadvantaged communities without explicitly using racial and ethnic demographic
data will impact what program evaluations will report as outcomes and impacts.

There is still a need for program impact assessment data to be collected and analyzed. EO 13985
tasks OMB to conduct a federal equity assessment of programs and policies through the consultation of
the heads of agencies (EO 13985 2021). OMB found that the most promising evaluations of equity: (1)
consider historical legacies of disparities, prospective assessment of new interventions, and inclusive data
initiatives—for example, developing and utilizing methodological innovations to impute missing data
values, and methods that address equity in program eligibility; and (2) assess whether eligible groups
receive benefits (OMB 2021). The report concludes with recommendations to federal, state, and local
authorities that support the continued exploration of equity evaluation practices, including

e Continually identify methods to assess equity for program improvement;
Prioritize the expertise, capacity, and capabilities to improve data collection and analysis for
equity considerations;

e Prioritize the expertise, capacity, and capabilities needed to engage stakeholders
meaningfully; and

e Sustain and institutionalize equity in planning and workforce initiatives.

These recommendations provide a good foundation for the evaluation of programs and policies designed
to support the just transition to a net-zero energy system. '*

The Equitable Data Working Group is critical to determine what data federal agencies are already
collecting, and what data needs to be collected for an overall review of equity and justice in the nation’s
energy transition. EO 14091 requires the Office of Science and Technology Policy (OSTP) to coordinate
with the Equitable Data Working Groups to implement strategies that address federal capacity-building
needs for the collection and assessment of programmatic data (EO 14091 2023). Researchers have already
noted the need for the consolidation of concepts relevant to the evaluation of equity, particularly for the
use in life-cycle analyses (Bozeman III et al. 2022). Both standardization of data practices and chosen
equity concepts will be important for the development of a just energy transition evaluation. ' This
standardization can start at the federal level and support state and local development and use. Recent

' At the state level, the California Communities Environmental Health Screening Tool (CalEnviroScreen) does
not include indicators of race, ethnicity, or age. However. However, the California Environmental Protection
Agency analyzes and publishes supplemental reports on the relationship between screening tool scores, race, and
ethnicity to show how accurately the screening tool identifies communities of color that are impacted by
environmental injustices (CalEPA 2018). For more information, see R. Liévanos, 2018, “Retooling
CalEnviroScreen: Cumulative Pollution Burden and Race-Based Environmental Health Vulnerabilities in California,
International Journal of Environmental Research and Public Health 15(4), https://doi.org/10.3390/ijerph15040762.

12 In July 2023, DOE introduced their new Office of Energy Justice Policy and Analysis (OEJPA) which will
collaborate with members of minority and disadvantaged communities to “achieve equity-centered Federal energy
policy, research and development, and demonstration and deployment activities” (DOE n.d.). OEJPA will analyze
the “socio-economic and environmental effects of energy programs, policies, and regulations” on communities and
will additionally ensure Justice40 benefits flow to disadvantaged communities (DOE 2023b).

13 For a review of the consolidated knowledge about equity applications and a 10-step process for developing
standard sociodemographic data practices, see Bozeman III et al. (2022).
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community-level initiatives also offer insights that can inform future programmatic and policy efforts to
create a just energy transition through a bottom-up approach. However, as noted in the committee’s
Pathways to a Just and Equitable Transition workshop, the communication of these lessons learned will
benefit from publicly accessible and standardized data (NASEM 2023a). For instance, metrics on energy
costs, usage, and needs across different households and communities can provide critical guidance and
best practices for the design of solutions that are most appropriate for the context of people’s lives.

Equity Evaluation of the Just Energy Transition

A foundation exists for a cross-agency evaluation on decarbonization investments and outcomes
for an equitable and just energy transition. To support adaptive management of transition actions, a
progressive assessment tool for the justice implication of policies and programs and the future impacts of
the energy transition may be required (Heath 2022). Examples of energy transition analyses from local,
state, and global organizations include

o Initiative for Energy Justice’s Energy Justice Scorecard, which assesses existing or proposed
energy policy based on the tenets of energy justice (see Baker et al. 2019);

e Maryland’s Just Transition Analysis, which models the impact of the transition on fossil-fuel-
reliant industries and workforce (see Irani et al. 2021);

e International Energy Agency’s Tracking Clean Energy Progress assessment, which
categorizes components of the energy system based on whether they are on target for the
2050 net-zero scenario (see IEA 2023); and

e  World Benchmarking Alliances’ Just Transition Assessment, which focuses on the transition
of companies to a low-carbon future (see WBA 2021).

Empowering disadvantaged communities in decision-making will be critical to any equity
evaluation to motivate actionable remediation in federal programs or implementation processes that are
not achieving the desired or promised equitable outcomes. To build on this foundation and make an
evaluation digestible by affected communities and groups, streamlined information about the transition
needs to be developed by a single entity and communicated to stakeholders through trusted, existing
communication tools.

Finding 2-7: A critical component of understanding and improving the energy transition is to
evaluate policy design, process, outcome, and impact regarding energy justice and equity. This
understanding of equitable outcomes is an important aspect of a periodic evaluation of energy
system decarbonization. For evaluations of equity, analysis of only quantitative data is
insufficient. The analysis of both qualitative and quantitative data through participatory
workshops, focus groups, and other elicitation techniques including the engagement of
community stakeholders in their development, is critical to creating a comprehensive
understanding of the implementation and outcomes of climate mitigation programs, and to
redressing any failings of federal programs.

Recommendation 2-6: Evaluate the Equity Impacts of the Just Energy Transition. A single
entity should collect, analyze, and communicate the equity data of federal program
implementation and outcome. This evaluation should include quantitative and qualitative
data and analysis, and selected metrics should be advised by the White House
Environmental Justice Advisory Council and community-level stakeholders. The
communication of the evaluation results should include regular reviews of progress toward
equitable decarbonization in the United States that explicitly address the trends in energy
burden reduction, workforce development and employment, community health and
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resilience. Additional impact and outcome metrics should be reported by federal agencies as
relevant to specific decarbonization program and policy goals.

THE FUTURE OF ENERGY JUSTICE BEYOND THE 2020s

The nation’s transition to a decarbonized energy system will require a fundamental shift in the
way the burdens, concerns, priorities, and benefits of affected groups are considered. A just energy
transition will require planning, implementation, and evaluation processes to be collaborative with the
public, especially with its disadvantaged members, to support a bottom-up approach. Additionally, energy
justice principles need to be incorporated into policymaking to achieve top-down integration and
implementation. Laying these foundations now through baseline definitions, equitable implementation,
and capacity building is critical to ensuring a just energy transition. Implementing energy justice
principles will require a significant shift in the timescales involved in and approaches to policymaking.
Meaningful participation, moreover, from all stakeholders takes time and new governance structures (see
Chapter 5). Such collaborative processes determine how goals, barriers, burdens, and benefits are defined
and evaluated. The integration of knowledge and expertise throughout policymaking and regulatory
processes will be key to assuring procedural, recognitional, and distributional justice are incorporated into
the nation’s just energy transition.

SUMMARY OF RECOMMENDATIONS ON ENERGY JUSTICE AND EQUITY

TABLE 2-3 Summary of Recommendations on Energy Justice and Equity

Actor(s)
Responsible for Sector(s) Objective(s) Overarching Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation  Recommendation Recommendation Recommendation
2-1: Coditfy the Congress ® Buildings e Equity Rigorous and Transparent
Ju§§1c§40 e Transportation  ® Health Analysis and Reporting
Initiative
¢ Employment Ensuring Procedural
Equity in Planning and
Siting New Infrastructure
and Programs
Ensuring Equity, Justice,
Health, and Fairness of
Impacts
Building the Needed
Workforce and Capacity
Rigorous and Transparent
2-2: Develop a Council on e Equity Analysis and Reporting
Federal Baseline Environmental
Set of Metrics for Quality (CEQ) Ensuring Equity, Justice,
Disadvantaged Health, and Fairness of
Communities for Impacts
Program Design
and Evaluation
2-3: Implement Federal ® Non-federal e GHG Rigorous and Transparent
Federal policymakers actors reductions Analysis and Reporting

Legislation for o Equity
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Actor(s)

Responsible for Sector(s) Objective(s) Overarching Categories
Short-Form Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation Recommendation Recommendation Recommendation
Equitable Ensuring Equity, Justice,
Outcomes Health, and Fairness of

Impacts

2-4: Build Multi-  Congress, National o Non-federal e GHG Ensuring Procedural
Level Capacity to ~ Transition actors reductions Equity in Planning and
Support Corporation, EPA e Equity Siting New Infrastructure
Community-Led and DOE and Programs
Transitions Department of ® Health
Energy, state e Employment Ensuring Equity, Justice,
legislatures ® Public Health, and Fairness of
engagement Impacts
Building the Needed
Workforce and Capacity
2-5: Develop Federal Interagency e Non-federal e Equity Ensuring Procedural
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3
Public Health Co-Benefits and Impacts of Decarbonization

ABSTRACT

The energy system, which incorporates transportation, industry, buildings, and agriculture,
supports daily activities that have both beneficial and adverse impacts on public health. The energy
transition to a net-zero future provides an opportunity to address multiple health and energy challenges
simultaneously. Numerous health benefits, also referred to as co-benefits, are possible with the energy
transition, including improvements in air quality, water quality, physical fitness, and green space and
living conditions. One of the primary benefits of decarbonizing the U.S. economy is preventing premature
deaths related to fossil fuel production and combustion.

It is crucial to minimize human health risks, including health inequities during the energy
transition. The energy transition is an opportunity not only to avoid repeating past injustices and
disparities but create a more equitable and health-promoting energy system overall. New energy policies
and technologies come with potential tradeoffs for climate mitigation and health that must also be
considered. To address and overcome barriers of the energy transition, the committee recommends health
impact assessments be conducted during the development of transition programs and deployment of
technologies to monitor the of health outcomes of decarbonization actions. Table 3-2 summarizes all the
recommendations that appear in this chapter to support the inclusion of health considerations in
decarbonization efforts.

INTRODUCTION

How we generate and use energy impacts our health in a multitude of adverse ways: from the
environmental and health hazards associated with the extraction and processing of resources (Epstein et
al. 2011; Healy et al. 2019), to the pollutants produced during power generation, and ultimately to the use
of power and fuels in support of our daily lives such as through heating and cooling homes and buildings,
public and private transportation, and operating medical technology. Air pollution, mainly particulate
matter, contributes to an estimated 53,200—355,000 annual premature deaths in the United States
(Mailloux et al. 2022; Vohra et al. 2021).

The hazards associated with our existing energy system tend to disproportionately impact
disadvantaged communities, ' including ethnic and racial minorities and low-income households in the
United States and abroad (Agyeman et al. 2002; Healy et al. 2019; Lane et al. 2022; Mohai et al. 2009).
Discriminatory policies can contribute to increased health risks for vulnerable communities that live near
these hazards, even long after the policies have ended (Huang and Sehgal 2022; Lane et al. 2022; Wilson
et al. 2008). To prevent further injustice, procedures for siting new energy technology and remediation of
past damage must consider how risks and benefits are distributed with income and race and ethnicity
(McCauley and Heffron 2018). Without active correction and the intentional inclusion of and

! Communities that are marginalized, underserved, and overburdened by pollution and experience other
socioeconomic burdens, such as low income or high unemployment.
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consideration for affected communities, existing disparities will persist and continue the nation’s legacy
of desperate and unjust health and economic damages—or even worsen inequities and create new
disparities.

In addition to the impacts of the current energy system, climate change has adverse impacts on
health. These impacts include increased risk of premature death and exposure to extreme climate events
and environmental hazards. This section provides background on current impacts of energy access and air
quality on health. This section will also provide a brief background about the health impacts of climate
change itself, but the focus of this chapter will be the health impacts from air pollution of fossil fuel
combustion.

Health Impacts of Energy Access

Energy access is vital for health and well-being. Basic needs for adequate heating, cooling, and
some life-sustaining medical equipment require reliable and affordable energy. Without energy,
additional health hazards can arise such as lack of clean water for hygiene, and increased exposure to heat
during heatwaves, which can exacerbate chronic health conditions (Jessel et al. 2019) and coping
strategies during cold weather that increase risk of house fires (Carley et al. 2022). Climate change
associated with fossil fuel energy sources may challenge reliable energy access, increase heat waves, and
reduce access to clean water in many communities. As further discussed in Chapter 2, vulnerable
populations are particularly at risk for limited energy access. Even households not identified as energy
insecure based on income metrics may still limit their energy use, potentially risking more heat and cold
related illnesses (Cong et al. 2022). The uncertainty and challenges of controlling energy costs can have
mental health impacts, including anxiety, chronic stress, and depression, as well as physical impacts from
the effects of heat and cold, and when households are forced to choose to spend their income on food or
energy (Hernandez et al. 2016).

Finding 3-1: Energy access and affordability persist as barriers to low-income communities in
achieving health and economic stability. Health risks include heat and cold stress, anxiety,
increase of fire risk, and lack of reliable access to energy for medical devices.

Health Impacts of Air Pollution

While climate change mitigation is primarily focused on methods for reducing greenhouse gas
(GHG) emissions, sometimes referred to as climate pollutants, the same measures to reduce GHGs often
reduce many co-emitted “traditional” air pollutants as well. “Traditional” air pollutants include the six
explicitly regulated by the National Ambient Air Quality Standards (also known as criteria pollutants):
particulate matter (PM), sulfur dioxide (SO.), ground-level ozone (O3), nitrogen dioxide (NO»), carbon
monoxide (CO), and lead (Pb) (EPA 2022a). These pollutants have distinct direct health impacts,
typically via acute or chronic inhalation. Criteria air pollutants tend to be short lived (e.g., hours, days,
months) in the atmosphere and exert much of their impact regionally. See Box 3-1 below for information
about criteria air pollutants. In contrast, GHGs last from 12 years to thousands of years in the atmosphere
(EPA 2022b) and exert global effects. GHGs include carbon dioxide (CO,) and methane (CHy4). Some
pollutants could be considered both traditional air pollutants and climate pollutants, including ozone,
precursors to ozone (e.g., CHa), and black carbon, a component of fine particulate matter emitted from
sources that burn fossil fuel. Clarifying the differences between traditional air pollutants and climate
pollutants is also important for public perception and support of health-based decarbonization policies
(Dryden et al. 2018). Furthermore, the transience of traditional air pollutants can be beneficial for
decarbonization policies because immediate health co-benefits can be achieved from reduction of fossil
fuel emissions and are highly relevant on a local scale.
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BOX 3-1
Fossil Fuel Combustion and Criteria Air Pollutants

Particulate matter (PM) is a complex mixture of particles derived from a variety of sources—including
fossil fuel combustion, wildfires, windblown dust, agriculture, and chemical reactions of other pollutants
like ammonia and sulfur dioxide. PM is one of the top environmental health concerns as it is estimated to
contribute to as many as 8.9 million premature deaths per year globally (Burnett et al. 2018). Fine
particulate matter (PM,s), comprised of particles 2.5 microns or less, presents the greatest health concern,
because it can infiltrate the lungs deeper than larger particles. Well-established causes of death associated
with PM; s include ischemic heart disease, stroke, chronic obstructive pulmonary disease (COPD), lung
cancer, and lower respiratory infections (McDuffie et al. 2021). Some fossil fuel combustion PM sources
may be more dangerous than others, even after correcting for the mass of PM; s they produce, although
more research is needed (Thurston and Bell 2020; Wang et al. 2022; West et al. 2016).

Sulfur dioxide (SO3) is a gas released upon burning of fossil fuels, particularly from coal-fired power
plants which emit 66 percent of U.S. SO, emissions (EPA 2023a). Diesel combustion and industrial
processes such as metal extraction, pulp and paper mills, and gasoline extraction also emit SO, (WHO
2000). SO, has been identified as a potential contributor to developing and exacerbating asthma
(Andersson 2006; Casey et al. 2020; Gorai et al. 2014). Short-term exposure to SO is linked to an
increase in asthma-associated emergency room visits and hospital admissions (Zheng et al. 2021) and is
positively associated with all-cause and respiratory mortality (Orellano 2021).

Ground-level ozone (0O3) forms from precursors emitted from fossil fuel sources, particularly tailpipe
emissions containing nitrogen oxides (NOy). While ozone in the stratosphere forms the UV-protective
ozone layer, ground-level ozone (or tropospheric ozone) is a health hazard. Under favorable conditions of
heat and sunlight, ozone is formed from the combination of NOy and either volatile organic compounds
(VOCs), CO, or methane. O3 causes respiratory harm through worsening asthma and COPD and causing
inflammation. It has also been linked to causing premature death from short and long-term exposure (EPA
2013).

Nitrogen dioxide (NO,) is formed during fossil fuel combustion from oxidation of nitrogen contained in
the fuel and/or from the reaction of N> and O; in air at high temperatures. NO; and other nitrogen oxides
(NOxy) are often associated with traffic-related air pollution. NOy can interact with VOCs to form acid
rain. NOx can irritate the respiratory tract, aggravating asthma and potentially causing the development of
asthma (EPA n.d.(a)).

Carbon monoxide (CO) is released from the incomplete combustion of carbon-containing fuels, often
associated with traffic-related air pollution. Sources of indoor CO emissions include furnaces, gas water
heater, gas stoves. In high doses, especially in enclosed environments, CO can cause fatigue, headaches,
confusion, and death (EPA n.d.(b)). Although elevated levels of CO outdoors are uncommon, this can be
an issue, particularly for people with cardiovascular disease, who may have a harder time getting oxygen
to their heart.

Lead (Pb) is a metal that can be suspended in the air and absorbed and accumulated in the body. Lead
can cause irreversible brain damage, as well as damage to liver and kidneys, immune system, and
reproductive system (EPA n.d.(c)). Since the EPA began phasing out leaded gasoline in 1973, lead levels
in the air dropped 98 percent between 1980 and 2014 (EPA n.d.(c)). Lead can still also be found in soil
and resuspended in the air, leaded fuels are still used in piston-engine aircraft, and lead is a pollutant from
certain types of ore and metal processing.
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In the United States, ambient air pollution, especially from fine particulate matter (PM ), is
among the top environmental risk factors for premature death. Estimates may differ based on how
pollution concentration is calculated, the number of health outcomes included, and the exposure response
function used in the study (Pozzer et al. 2023). See Table 3-1 for a compilation of estimates from various
studies. Despite the varying estimates of attributable premature deaths attributable to PM, 5, decreasing
fossil fuel combustion is a key target for reducing PM emissions because it can be more easily controlled
than natural sources.

TABLE 3-1 Estimated Premature Deaths from PM; 5 Pollution in the United States: Total and
Attributable to Fossil Fuels

Total Estimated Premature Deaths Estimated PM, 5 Deaths Attributable
Study from PM; s Emissions (thousands) to Fossil Fuels (thousands)
McDuffie et al. (2021) 47in 2017 N/A
Thakrar et al. (2020) 100%?in 2015 N/A
Goodkind et al. (2019) 107¢1in 2011 N/A
Fann et al. (2018) 121in2014 N/A
Tessum et al. (2019) 131 in 2015 N/A
Shindell et al. (2021) 191 in 2020 N/A
Mailloux et al. (2022) 2051in 2016 53in 2016
Burnett et al. (2018) 2139in 2015 N/A
Lelieveld et al. (2019) 283¢/in 2015 194¢in 2015
Vohra et al. (2021) N/A 355%"in 2012

¢ Estimate includes primary PM, s and secondary PMs s precursors (NOy, NH3, NMVOC, and SOy).

b Estimate attributes 99,900 deaths to anthropogenic PM, 5 from the transportation, electricity, food and
agriculture, residential, and industrial and commercial sectors.

¢ Estimate attributes 60,990 deaths to pollution from energy consumption.

4 Estimate includes mortality data from the United States and Canada.

¢ Estimate includes ozone (O3) pollution.

/ Estimate attributes 230,000 deaths to anthropogenic PM, s which includes agriculture, residential energy use,
and non-fossil emissions.

¢ Estimate includes mortality data for long-term exposure to PM, s from fossil fuel combustion.

" Estimate includes mortality data for populations older than 14 years old.

A few studies evaluate the impact specific energy sectors and process have on the premature
deaths and costs in the United States. For example, Penn et al. (2017) estimates that PM, 5 from electricity
production, mainly driven by SO, emissions forming secondary PM; s, cause 21,000 premature deaths per
year in the United States. Another estimate finds that human-caused PM; s emissions contributed to $886
billion in costs with 57 percent of the impacts attributable to electricity generation and transportation
(Goodkind et al. 2019). Goodkind et al. (2019) also point out that air pollution from electricity generation
and industry may be easier to control than PM; s emissions from road dust or residential wood burning.
These health impacts do not include additional damages from other co-emitted criteria air pollutants.

While there is a range of estimates owing to differing methodologies, the evidence indicates that a
reduction in GHG emissions could have significant positive health outcomes from reduction in co-emitted
air pollutants (Gallagher and Holloway 2022). A retrospective analysis, for example, found that between
2007 and 2015 the improvements in air quality from increasing replacement of coal generated power with
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wind and solar in the United States have prevented between 3,000 and 12,700 deaths and saved $29.1
billion—$112.8 billion (2015$) of health costs (Millstein et al. 2017). The benefits of clean air, especially
reductions in particulate matter are large: the Environmental Protection Agency’s (EPA’s) cost benefit
analysis of the Clean Air Act estimates that 85 percent of the economic benefits of the Clean Air Act can
be attributed to reductions in premature mortality from particulate matter (DeMocker and Neumann
2011). For more information about the air quality impacts of certain energy sectors, see the Health Co-
Benefits of Decarbonization section below.

Current Disparities in Exposure to Air Pollution

Decarbonization policies can reduce disparities in exposure to air pollution and create health and
equity-related co-benefits. Effective policies will target households and communities experiencing the
greatest harm. Low-income, racial, and ethnic minority households often live in older, less energy
efficient homes, where energy efficiency upgrades would improve both the health and financial stability
of the household (Lewis et al. 2020; Tonn et al. 2014). Furthermore, Black Americans and Hispanic
Americans face excess exposure to PM; s relative to the pollution caused by their consumption of goods
and services (56 percent and 63 percent, respectively) (Tessum et al. 2019). Increasingly, decarbonization
strategies are location-specific, and at least one analysis reports that these are more effective than broad
regional or sector-specific strategies, especially when trying to achieve multiple goals (Wang et al. 2022).

Despite the regional and state variation, racial and ethnic minority groups historically have the
highest national average exposure to all six criteria pollutants (Liu et al. 2021). The health risks are also
disproportionate: people of color have higher rates of emergency department visits for asthma and other
diseases (Nardone et al. 2020) and are more likely to be living with at least one chronic condition that
enhances their susceptibility to air pollution, including asthma, diabetes, and heart disease (Erqou et al.
2018). The evidence of socioeconomic disparities in respiratory health may be, in part, explained by
disparities in exposure to air pollution (Bravo et al. 2016; Liu et al. 2021; Ringquist 2005; Woodruff et al.
2003). The following sections examine the existing disparities in exposure to indoor and outdoor air
pollution.

Indoor Air Quality

While much research on air quality centers on effects of ambient air quality, these same pollutants
can be found in indoor environments. Residents of the United States are estimated to spend 87 percent of
their time indoors (Klepeis et al. 2001), and while outdoor air quality influences indoor air quality, there
can be greater variation indoors than outdoors (O’Dell et al. 2023). This means indoor air pollution can
reach very high levels in some rooms or dwellings, with corresponding health impacts (Ilacqua et al.
2022; NASEM and NAE 2022). Indoor combustion (e.g., unvented gas fireplaces) can release CO and
NO:; at levels higher than health-based standards, even when appliances are correctly operated (Francisco
2010; Lebel et al. 2022). A recent meta-analysis on gas stove use and asthma found that 12.7 percent of
childhood asthma could be attributed to gas stove use (Gruenwald et al. 2023). A National Academies’
report (2022a) recommends researchers and practitioners engage disadvantaged communities in studies
on indoor environments and in developing research priorities for indoor air quality standards. A better
understanding of the factors impacting air quality indoors— such as the type of heating, cooling,
ventilation, and filtration systems; building materials and maintenance practices; occupant density and
housing type; and the source, proximity, and scale of outdoor contaminants—would be useful.
Furthermore, the electrification of home appliances can improve indoor air quality and reduce the health
risks associated with indoor air pollution.
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Ambient Air Quality and Facility Siting

Since 1982, the environmental justice movement in the United States has identified
disproportionate siting of hazardous facilities, particularly sites for energy production and petrochemical
facilities, near historically disadvantaged populations (Agyeman et al. 2002; GAO 1983; James et al.
2012; Linder et al. 2008; Mohai et al. 2009), with communities of color up to 75 percent more likely to
live near pollution from the fossil fuel industry (Fleischman and Franklin 2017). Socioeconomic and
racial disparities to outdoor air pollution are related to inequities in the proximity of communities to these
environmental hazards (Brender et al. 2011). However, as noted in Chapter 2, disparities in absolute
exposure to air pollution have been found to be larger for racial and ethnic groups than for income
categories. For example, racial-ethnic exposure disparities to air pollution from emissions sources are
found to be consistent across incomes and within urban and rural areas (Liu et al. 2021; Tessum et al.
2021). Furthermore, a study quantifying PM> 5 exposure disparity by emission type found that the
industry, light-duty gasoline vehicles, construction, and heavy-duty diesel vehicles sectors are responsible
for the largest emission disparities for Black, Hispanic, and Asian populations when compared to White
populations (Tessum et al. 2021). Changes in passenger vehicle activity during COVID-19 lockdowns
further also revealed disparities in impact of NOyx emissions from heavy-duty vehicles (Kerr et al. 2021).

Finding 3-2: Siting of electricity generating facilities and other large industries, as well highways
and roadways with light- and heavy-duty vehicles in the United States has a legacy of
disproportionately harming Black, Indigenous, and low-income communities through higher
exposure to criteria air pollutants, especially PM, 5. Existing disparities in exposure to air
pollution need to be recognized to ensure that the siting of decarbonization infrastructure does not
worsen them during the transition.

Redlining, Air Pollution, and Heat Islands

The legacy effects of redlining—a 1930s process through which areas with high populations of
people of color, older housing, and/or poorer neighborhoods were deemed hazardous for home loans—
include increased exposure to urban heat islands (Hoffman et al. 2020), increased exposure to air
pollution (Lane et al. 2022; Rothstein 2017), and higher rates of asthma-related emergency room visits
(Nardone et al. 2020). The impact and occurrence of heat islands can be reduced through the strategic
placement of reflective surfaces and green space. However, redlined areas often do not have these
features and are therefore more impacted by the adverse outcomes of heat islands, especially heat-related
mortality. Figure 3-1 shows a comparison of greenspace and the occurrence of heat islands within
Richmond, Virginia.
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FIGURE 3-1 Legacy impacts of redlining in Richmond, Virginia: (a) tree cover, and (b) summer
temperatures compared to the city average.

SOURCE: From The New York Times. © 2022 The New York Times Company. All rights

reserved. Used under license.
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Adaptation to these adverse effects of redlining commonly lead to energy intensive actions, such
as increased air conditioning to combat high outdoor temperatures (Abel et al. 2018). Furthermore, as
shown in Chapter 2 (see Figure 2-3), redlining has caused air pollution exposure to persist in racial-ethnic
minority communities despite the national decrease of PM, 5 exposure overall (Tessum et al. 2021). See
the section “Built Environment Co-Benefits” below for more information about how the effects of
redlining and the current energy system can be mitigated with the transition to a net-zero energy system.

Decarbonization policies can reduce current disparities, with the most effective policies
acknowledging these disparities and targeting emission sources causing the most harm (Tessum et al.
2021). Additionally, subnational analysis of national decarbonization strategies and their impacts show
the importance of considering co-pollutant emissions when decarbonizing the electricity sector to reduce
the inequities of PM, s exposures (Goforth and Nock 2022). That is, although PM> 5 has been identified as
a risk factor for premature death, decarbonization actions that simultaneously target specific emission
sources and reduce other criteria pollutions associated with fossil fuel combustion will support the
reduction of air pollution disparities. Furthermore, siting of new energy facilities need to consider the
health impacts neighboring communities will face and engage with communities to inform them of the
risks and benefits of new energy facilities will be the most successful during the transition. See Chapter 5
for more information about engaging effected communities in energy transition decision-making.

Climate Change and Air Pollution Intertwined

Adverse health impacts from climate change are extensive and provide some of the most
compelling motivation for climate mitigation. Although this chapter primarily focuses on the health
impacts of the transition to net-zero energy, Box 3-2 briefly reviews some of the major health impacts
linked to climate change.

BOX 3-2
Health Risks from Future Climate Extremes

Warming since 1850—1900 has increased the frequency and intensity of extreme climatic events
globally, including extreme heat and cold, heavy precipitation, floods, droughts, desertification, dust
storms, and wildfires (Diffenbaugh et al. 2017; Ebi et al. 2021), and climate change is projected to
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exacerbate this trend (Cissé et al. 2022). These climatic events cause significant human mortality and
adversely affect human health (Alderman et al. 2012; Bressler 2021; Ebi et al. 2021; GCRP 2016).
Health costs from premature mortality, health care, and lost wages during these events can reach
billions of dollars (Knowlton et al. 2011; Limaye et al. 2019). Long-term negative effects include
increased respiratory illnesses, vector-borne, water-borne and food-borne diseases, food insecurity, and
detrimental mental health impacts (Cissé et al. 2022; Limaye and De Alwis 2021).

As the intensity and frequency of heatwaves increases, death tolls and hospitalizations from heat
are also increasing globally (Hayashida et al. 2019; Kollanus et al. 2021; Li et al. 2012; Limaye et al.
2019; Vogel et al. 2019). For example, in 2020, about 17,000 premature deaths were attributable to heat
exposure (Shindell et al. 2021) and in June 2021, the number of heat-related emergency department
visits was 69 times higher than during the same period in 2019 (Schramm et al. 2021). Adaptation to
heat with air conditioning use requires more energy, which could in turn increase air pollutants from
that energy use, leading to 5-9 percent increase in air-pollution-related mortality from building
electricity demand (Abel et al. 2018), if fossil fuels continue to be used to generate electricity.

Predicting the impact of policies on prevention of direct climate change health impacts, like
excess heat related deaths or improved air quality, can be challenging. One study finds that, while air
pollution impacts are more immediate, U.S. premature deaths from heat exposure increases from about
20,000 premature deaths annually in this decade to 100,000—150,000 premature deaths per year by
2070 even with U.S. and global decarbonization action (Shindell et al. 2021). Comparatively, the
Climate Impact Lab’s Lives Saved Calculator,” which uses a damage function to calculate deaths and
health costs of future climate change, predicts that globally 7.4 million annual premature deaths and
$3.7 trillion in annual adaptation costs (e.g., building cooling centers, installing air conditioning) could
be avoided if the United States achieves net-zero emissions by 2050 (Climate Impact Lab 2022).

Increasing aridity is likely to lead to increased drought, dust, wildfires in some regions with
associated health issues. Wildfires have increased dramatically in the past decades, driven in part by
climate change, and continue to increase (Burke et al. 2021; Ford et al. 2018; Romanello et al. 2022).
Wildfire activity is associated with premature mortality and increased hospital admissions for
respiratory and cardiovascular incidents from smoke (Neumann et al. 2021). Rising aridity in the U.S.
Southwest (Overpeck and Udall 2020) is expected to increase fine and coarse dust levels, triggering
additional mortality and hospitalizations for cardiovascular conditions and asthma (Achakulwisut et al.
2019). Furthermore, drought, fires, and excess heat are likely to stress agricultural production,
impacting food security, human health (including outdoor workers), and livestock health (Bezner Kerr
et al. 2022; Gowda et al. 2018).

Over half of all human pathogenic disease can be aggravated by climate change (Mora et al.
2022). Rising temperatures will increase water-related illnesses (Limaye and De Alwis 2021; Trtanj et
al. 2016) and food-borne diseases (Ciss¢ et al. 2022). Additionally, allergies and respiratory diseases,
such as asthma, are also predicted to be enhanced by rising temperatures, which induce longer pollen
seasons and higher pollen concentrations (Anderegg et al. 2021; Ziska et al. 2011) and increased CO»
levels, which increase the potency of aeroallergens (Bielory et al. 2012). Furthermore, climate change
is expected to alter the seasonal and geographical activities of vectors, including mosquitoes and ticks,
affecting the transmission of the infections that they carry, and may increase human exposure to vector-
borne illnesses (Kraemer et al. 2019).

In addition to impacting physical health, climate change-related extreme events affect mental
health through multiple pathways: extreme events, heat, and climate anxiety. Extreme events can lead
to depression and posttraumatic stress disorder (Lowe et al. 2019). Other consequences of climate
change and extreme events, such as displacements and malnutrition, were also linked to several mental
health problems (Cissé et al. 2022). Hotter days were correlated with an increase in self-reported mental
health issues in the United States and globally (Li et al. 2020; Obradovich et al. 2018). Last, the view of
climate change as an existential threat was suggested to increase levels of stress, anxiety, and hopeless,
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of particular concern for young people (Hickman et al., 2021; Ojala et al. 2021; Palinkas and Wong
2020).

“To view the Lives Saved calculator, see https://lifesaved.impactlab.org/.

Despite the extensive negative health effects of climate change, research shows the health effects
from fossil fuel combustion alone are much larger than those associated with climate change. For
example, Shindell et al. (2021) found health benefits from improved air quality outweighed those related
to avoided climate change. Additionally, the economic benefits of avoided climate change, which
includes the monetized impacts of avoided heat exposure and extreme weather events, have been found to
be smaller values than the economic benefits of reduced fossil fuel combustion (EPA 2011; Markandya et
al. 2018; Vandyck et al. 2018). However, there are decarbonization pathways that will directly address the
impacts of fossil fuel combustion while indirectly lessening the adverse health impacts of climate change.
For example, decarbonization pathways that increase green space may also reduce allergy and respiratory
impacts, and mental health impacts associated with climate change. The rest of this chapter will focus on
the health and monetized benefits predicted to follow from decarbonizing the U.S. energy system.

HEALTH CO-BENEFITS FROM DECARBONIZATION

Large health benefits come from the associated reduction in air pollution when fossil fuel
combustion is reduced. For example, renewable energy sources such as wind and solar reduce GHGs and
have the co-benefit of reduced ambient air pollution emissions relative to fossil fuel combustion. While
reduced air pollution will likely provide the largest amount of health co-benefits, others, such as green
space and infrastructure for active travel can yield additional mental and physical well-being co-benefits
(Grabow et al. 2012; Nieuwenhuijsen 2021; Raifman et al. 2021; Younkin et al. 2021). This section
describes co-benefits of decarbonization in for air quality, built environment, transportation, water
quality, nutrition, and occupational health.

Air Quality Co-Benefits

As the country transitions to net-zero emissions and a majority of fossil fuel combustion is phased
out, positive air quality health co-benefits are universally expected, although studies relying on different
methodologies or modeling different policies show considerable variation. Some studies use models to
assess how future policies and actions—such as phasing out fossil fuel combustion (Goodkind et al. 2019;
Mailloux et al. 2022; Penn et al. 2017; Shindell et al. 2021), replacing some energy generation with
emissions-free renewables (Abel et al. 2018; Driscoll et al. 2015; Prehoda and Pearce 2017), or increasing
energy efficiency (Abel et al. 2019)—affect air pollutant emissions and subsequent human exposures.

While estimates of the number of deaths avoided and health costs vary simulation modeling
indicates that future decarbonization of electricity generation would prevent thousands of deaths per year
in the United States. Shindell et al. (2021) find that decarbonizing in the United States to maintain a 2°C
pathway could prevent 4.5 million premature deaths and 1.4 million hospitalizations and emergency room
visits. Comparatively, Mailloux et al. (2022) predicts nationwide efforts to eliminate energy-related
emissions across the electric, transportation, building, and industrial sectors could result in 53,000
avoided premature deaths per year and approximately $610 billion annual savings. Figure 3-2 depicts the
projected decrease in ambient PM s from the simultaneous removal of PM> 5, SO, and NOx emissions
from energy-related sectors: electricity fuel use, industrial fuel use, residential fuel use, on-road vehicles,
non-road vehicles, and oil and gas production and refining. Other benefits of decarbonizing are also being
quantified. In addition to $56 trillion to $163 trillion in public health benefits from 2020-2100,
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decarbonizing in the United States could prevent 300 million lost workdays, and 440 million tons of crop
losses (Shindell et al. 2021) over the next 20 years.

019 025 0.5 1 2 3.75

Decrease in ambient PM, 5 concentration (ug/m?3)
FIGURE 3-2 Projected decrease in ambient PM; s concentration from the simultaneous removal of PM; s,
SO,, and NOx emissions from energy-related sectors. The energy-related sectors included in this estimate
are electricity fuel use, industrial fuel use, residential/commercial fuel use, on-road vehicles, non-road
vehicles, and oil and gas production and refining.
SOURCE: Courtesy of Mailloux et al. (2022), https://doi.org/10.1029/2022GH000603. CC BY-NC 4.0.

Numerous studies have quantified health benefits for specific decarbonization policies, such as
replacing fossil fuel combustion for energy generation with renewable options, and have found benefits
vary based on region, technology, and methodology (e.g., model assumptions, extent of life-cycle
assessment). For example, Wiser et al. (2016a) finds $77 billion—$298 billion in air quality and public
health benefits will result from future solar energy use but acknowledges the uncertainty from existing
estimates of GHG impacts and air pollution. Similarly, McCubbin and Sovacool (2013) estimate avoided
health and non-health externalities for wind power plants in Idaho are between $18 million and $104
million and in California are between $560 million and $4.38 billion, noting the ambiguity is owing to
emission rate and location, and estimate of effect.

Impacts from the Infrastructure and Jobs Act and Inflation Reduction Act

The recent major U.S. climate-change-related laws, the Infrastructure Investment and Jobs Act
(IIJA) (P.L. 117-58) and the Inflation Reduction Act (IRA) (P.L. 117-169), have health co-benefits
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associated with many of the provisions in the bills.” Together IIJA and IRA invest in the nation’s energy
and transportation sectors through appropriations and authorization which will have direct and indirect
impacts on GHG emission reduction goals. The health co-benefits from these investments include avoided
premature deaths from PM; s and increased opportunity for active travel. However, a majority of the
provisions have yet to be implemented and the true impacts of the bill cannot yet be reported. In lieu of a
peer-reviewed analysis of the bills, policy analysis and previous estimates of potential co-benefits can
help with estimating the health impacts. This section highlights modeling studies that estimate the health
impacts of [IJA and IRA.

The IRA and IIJA include appropriations that are likely to help both reduce GHG emissions and
improve air quality (see Appendix H). The provisions include: appropriations for fleets of zero-emission
medium and heavy duty vehicles, appropriations for light-duty EVs, and spending programs to reduce air
pollution at ports; tax credits for electricity produced from renewables or new solar and wind facilities in
low-income communities; appropriations for construction of renewable energy facilities and energy
efficient buildings; spending programs for improving air quality monitoring for underserved populations
and at schools and block grants for environmental and climate justice projects; and appropriations for
clean energy projects, including the EPA Greenhouse Gas Reduction Fund which was modeled on
successful green banks. Multiple groups have attempted to quantify the air quality co-benefits from the
IRA. Rhodium Group’s analysis suggests that SO, and NO, emissions will be reduced from 2021-2030
from the IRA, as compared to baseline modeling without the IRA (Larsen et al. 2022).

The implementation of IIJA and IRA have been identified as a key barrier to accessing the health
and decarbonization benefits of the provisions. For previous climate-related policies, it has been observed
that the monetized health impacts from air quality improvements have been found to either partially offset
(Sergi et al. 2020; Shindell et al. 2021; Thompson et al. 2016) or exceed the up-front cost of
implementing policies and funding incentives (Abel et al. 2018; Buonocore et al. 2019; Wang et al. 2020).
According to a presentation from the REPEAT Project, the IRA could have health benefits of reducing
5,800 premature deaths from particulate matter annually by 2030 (Jenkins et al. 2022). Comparatively,
Resources for the Future (RFF) estimate IRA policies focused on electricity generation will lead to at
most 1,300 avoided deaths with an associated $12 billion—$22 billion in health benefits in the year 2030
alone (Roy et al. 2022). An NREL modeling report estimate the cumulative impacts of both IIJA and IRA
may result in 4,200—18,000 avoided premature deaths and $45 billion—$190 billion in avoided health
damages estimated reductions in SO, and NOy from the 2023 to 2030 (Steinberg et al. 2023).
Additionally, Energy Innovation indicated that the IRA could prevent at most 3,900 premature deaths,
100,000 asthma attacks, and 417,00 lost workdays in the year 2030 alone owing to corresponding
reductions in air pollution, specifically particulate matter (Mahajan et al. 2022). The benefits of recent
U.S. decarbonization policies are expected to continue beyond the modeled 2030 outcomes, assuming no
changes occur to remove them. It is also expected that additional legislation will be passed to support a
national net-zero energy system by 2050. Calculating the effects of policy implemented beyond 2030
increases the cumulative benefits.

Other components of IIJA and IRA specifically target low-income, disadvantaged, and
environmental justice communities, which could help with health equity goals. However, because most of
the bills’ programs offer only incentives, such as tax credits, there will not be equitable outcomes unless
the incentives are appropriately implemented and work as intended. For example, if incentives to electrify
transportation and home heating are highly successful while simultaneously incentives to site and deploy
renewables are not, air quality could decrease and fossil fuel use could increase through 2030. See

2 It should be noted that the IIJA and IRA are not equivalent in funding mechanisms. The IIJA consists of a mix
of authorizations and appropriations while the IRA primarily consists of spending programs (appropriations) and tax
expenditures. Appropriations are laws that provide money for government programs and must be passed by
Congress every year in order for the government to continue to operate. Spending programs can allocate federal
resources to projects and activities up to the amount of their appropriation. By contrast, tax expenditures typically
have no limit on the amount that could be claimed by taxpayers.
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Chapter 5 for more about siting processes. If incentives work as planned, improvements in air quality,
active travel, and mitigation of climate change will provide substantial positive health benefits.

Some provisions in both pieces of legislation may have additional health impacts from
infrastructure that supports active travel, such as biking and walking. Provisions in the IIJA that can be
used to improve active travel include: the Surface Transportation Block Grant program (§11109);
Congestion Mitigation and Air Quality Improvement program (§11115); Safe Routes to Schools Program
(§11119); Bicycle transportation and pedestrian walkways (§11133); and funding to increase streets for
safe and accessible transportation (§11206). See the Transportation Co-Benefits section for more about
active travel and related health benefits.

Finding 3-3: Serious and widespread negative health consequences would continue from fossil
fuel use under the “business as usual” greenhouse gas emissions projections. Recent climate
legislation, especially the Inflation Reduction Act, will have direct and indirect impacts on U.S.
emissions, mainly through air quality improvements. The improvements in air quality anticipated
from implementation of the Inflation Reduction Act will prevent thousands of premature deaths
and thus provide significant monetary benefits. Even larger health and monetary co-benefits
could occur with further reductions in fossil fuel combustion and deployment of technologies to
manage combustion emissions, both of which are supported by various Inflation Reduction Act
and Infrastructure Investment and Jobs Act provisions to meet the net-zero emissions goal.

Regional Variation

Health benefits from emissions reductions will depend on regional factors, including weather,
population density, and the type of emissions sources. For example, atmospheric chemistry with natural
precursor emissions (like biogenic VOCs) can affect the formation of ozone. Wind speed and direction
also affect where air pollution ends up. When densely populated regions are affected, the value of total
co-benefits are larger because more people are affected; likewise, the underlying characteristics of the
population that affect vulnerability to air pollution (e.g., the elderly, or children) can also affect the
calculated health benefits. Lastly, regional variation in emissions sources can affect the co-benefit
estimate—using wind or solar to replace a highly polluting coal-fired power plant versus a somewhat less
polluting natural gas-fired plant.

Health benefits from replacing existing electricity sources with wind, rooftop solar and utility
solar energy in 2017 have been estimated across the 10 U.S. electrical grid regions (Buonocore et al.
2019). Figure 3-3 illustrates the results of the study, highlighting how different renewable energy
technologies relate to CO; reductions and monetized health benefits. As shown below, renewable energy
deployment offers the highest health benefits in the Great Lakes Mid-Atlantic region, followed by the
Upper Midwest, and then the Northeast. The main differences in health benefits are owing to the fuel type
and corresponding emissions displaced, and size of the population affected. For example, the Great Lakes
Mid-Atlantic electrical grid region (including the Ohio River Valley region) benefits from
decarbonization as a higher concentration of coal plants would be replaced with cleaner energy, and
substantial populations downwind are affected. Likewise, in the Northeast, gas and oil would be reduced,
affecting the high population density region, resulting in high health benefits per ton of CO,.
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Localized health benefits from future decarbonization efforts will vary by location. For example,
between 32 percent and 95 percent of the health benefits from eliminating emissions in a region will
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remain in that region, with marked state-to-state variability (Mailloux et al. 2022), as pollutants easily
cross county (Sergi et al. 2020) and state boundaries (Dedoussi et al. 2020). The regional nature of air
pollution impacts has equity implications, as different decarbonization strategies may not bring emissions
reduction benefits to all demographic groups at the same scale and/or pace (Goforth and Nock 2022). It
will be important to consider both health and equity impacts of decarbonization technologies during this
energy transition.

Built Environment Co-Benefits

The built environment encompasses residential homes, workplaces, neighborhoods, and metropolitan and
regional geographies. Globally, 30 percent of final energy consumption and 26 percent of energy-related
emissions come from the planning, design, maintenance, and disposition of the built environment (EIA
n.d.). This section identifies the health co-benefits that stem from improving the two key challenges
within the built environment: heat islands and energy use. See the Identifying Potential Health Risks
section for more about retrofitting existing buildings. See Chapter 7 for more information about additional
challenges that will be faced during the energy transition.

Urban Green Space

Local decarbonization and health action can reduce urban heat islands along with the GHG
emissions associated with the energy demand for cooling. Urban heat islands can be mitigated with cool
surfaces (e.g., roofs and pavement designed to help reflect rather than absorb sunlight) as well as green
space. Cool surfaces can reduce urban air temperatures and up to 6 percent of GHG emissions, according
to one study (Azarijafari et al. 2021; EPA 2008). However, the true reduction of GHG emissions and heat
islands will be context-specific with some neighborhoods seeing less reduction than others.

Creating green space in built environments can provide many potential benefits related to health
and decarbonization, including reducing urban heat, reducing air pollution, and benefiting mental health.
Green spaces reduce urban heat by increasing evaporative cooling, creating shade, and altering wind
around buildings and this heat reduction has both energy and health impacts. Urban forests* in the United
States reduce electricity use by 38.8 million MWh annually, with the average reduction in residential
energy use from trees estimated at 7.2 percent (Nowak et al. 2017). For health impacts, several studies
indicate that green space, along with other sociodemographic factors, may decrease heat-related mortality
risk (Choi et al. 2022; Gronlund et al. 2015). Additionally, greater tree canopy cover is associated with
reduced ambulance calls during extreme heat events (Graham et al. 2016). However, a case study in
Chicago demonstrates that a green roof on a new building did not create the same heat mitigation effect as
the field the building was constructed on (McConnell et al. 2022). It will be important to identify the limit
of green spaces in built up landscapes.

Other potential co-benefits from green space include improved air quality, mental health, and
stormwater management. Urban vegetation can also help remove air pollutants from the atmosphere. The
EPA estimates that urban forests in the U.S. net annual sequestration is 37,580,224 metric tons of carbon
(EPA 2023b). Green space also has been found to be associated with lower levels of depression, anxiety,
and stress after controlling for many confounding factors (Beyer et al. 2014). Green infrastructure can
additionally help stormwater management, improving water quality and reducing runoff (Kuehler et al.
2017). Considering the health impacts in total, a study in Portland, Oregon finds that one premature death
can be avoided for every 100 trees planted, with older trees providing more value (Donovan et al. 2022).

While creating green space offers multiple benefits, there are limitations and potential trade-offs
involving green space depending on the specific choice of plants (Wolf et al. 2020). Many factors of how
well vegetation can provide heat, air quality, water quality benefits, as well as the overall maintenance

3 Trees in cities and suburban areas.
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and water usage required may depend on the type, diversity, and density of vegetation (Fineschi and
Loreto 2020; Rambhia et al. 2023). Two potential disbenefits include increase in pollen, which can
exacerbate asthma and allergies (Sousa-Silva 2021; van Dorn 2017), and emissions of VOCs, which may
contribute to ozone (Drewniak et al. 2014; Sousa-Silva 2021; van Dorn 2017). Selection of trees that are
known to be less allergenic or diversifying tree planting overall may improve urban health.

Energy Efficiency

Substantial health co-benefits can result from decarbonizing the built environment, specifically
from energy efficient buildings. These co-benefits include improved mental and physical health, and
reduced risk of dehydration and excess winter mortality in hot climates (IEA 2019). However, challenges
exist in the implementation energy efficiency policies buildings. For example, the primary use of
voluntary financial incentives requires extensive coordination to be successful (see Chapter 7).

This report will examine the impacts of energy efficiency in buildings by exploring the sector
most pertinent to health—the healthcare system. Within the buildings sector, the healthcare system
contributes 8.5 percent of U.S. GHG emissions when estimates include buildings, purchased electricity,
and supply chain emissions, which is nearly double the global average of healthcare emissions of about
4.5 percent (Eckelman et al. 2020). According to the Commercial Buildings Energy Consumption Survey,
inpatient health care was the third highest energy intensity per square foot for commercial buildings in
2018, after food service and food sales, and was also the sector with the largest decrease since 2012 (EIA
2022). Note that chapters will discuss the emissions associated with electricity (Chapter 6) and the built
environment (Chapter 7) as separate sectors in of themselves.

The healthcare sector can act as a leader in promoting innovation for health, equity, and climate
change. Many organizations have already taken steps to reduce GHG emissions and support health equity
in this sector. For example, the Department of Health and Human Services announced the Health Sector
Climate Pledge in April 2022 to encourage organizations to commit to lowering their GHG emissions and
to building more climate resilient infrastructure (HHS n.d.). Within a year, more than 100 stakeholders—
hospitals, health center, insurance companies, pharmaceutical companies, and so on—have signed the
pledge. In addition to the commitment of federal health systems, about 15 percent of U.S. hospitals have
committed to reducing GHG emissions (HHS n.d.). Addressing the full life-cycle energy demand from
the health sector—from facilities and products (e.g., anesthetic gases), to electricity and steam sources,
and ultimately to supply chains—is the motivation of the National Academy of Medicine’s Grand
Challenge on Climate Change, Human Health, and Equity * as well as other initiatives within the health
care sector.

Transportation Co-Benefits

Like decarbonization of electricity generation, decarbonization of transportation can also have
health co-benefits from fewer emissions. Transport decarbonization can also yield benefits through
physical fitness. In addition to air pollution, transportation health considerations include physical fitness
and avoided emissions from road dust. One study exploring reducing short car trips in 11 cities in the
upper midwestern United States found that the combined benefits from improved air quality plus the
added physical fitness benefits from making 50 percent of short trips via biking could result in a total of
nearly 1,300 lives and $8 billion saved annually from avoided morbidity and mortality (Grabow et al.
2012). However, owing to the relative lack of research in transportation health co-benefits compared to
air quality co-benefits, there are limited tools and literature to assess the immediate impacts of the

4 The National Academy of Medicine’s Grand Challenge on Climate Change, Human Health, and Equity seeks
to improve and protect human health and equity through a multi-year global initiative. For more details, see
https://nam.edu/programs/climate-change-and-human-health/.
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initiatives. Furthermore, the health impacts of transportation modes, such as mass transit and active
transport, can be challenging to model across large scales.

Vehicle Transportation

Several pollutants are associated with the transportation sector, particularly tailpipe emissions
from fossil fuel combustion, including PM» 5, NOy, and ozone. One study estimates that 22,000 out of
115,000 deaths attributable to PM» 5 and ozone came from the transportation sector, with health damages
costing approximately $210 billion (2015$) in the United States in 2015 (Anenberg et al. 2019). At a finer
spatial resolution, many reviews have noted the near-highway health effects from motor vehicles
emissions, especially in urban areas (e.g., Brugge et al. 2007; HEI Panel on the Health Effects of Traffic-
Related Air Pollution 2010; Khreis et al. 2020). Studies have shown how decarbonization of vehicles,
especially the electrification of the heavy-duty vehicle fleet, can provide significant health and equity co-
benefits (Ramirez-Ibarra and Saphores 2023; Zhu et al. 2022) and will play a large role in
decarbonization, given the large amount of GHG emissions from the transportation sector and the large
percentage of transportation emissions resulting from passenger, freight, and other vehicle trips. However,
even with a fully electric fleet, vehicles would still produce transportation-related pollution, especially
coarse particulates, from brake dust, tire abrasion, and road dust (Liu et al. 2022; Timmers and Achten
2016).

Active Transportation

Active travel, including walking and cycling, can reduce emissions associated with gasoline
combustion and improve health through increased physical activity (Castillo et al. 2021; Celis-Morales et
al. 2017; Dinu et al. 2019; Hamer and Chida 2008; Kelly et al. 2014; Mueller et al. 2017). A systematic
review and meta-analysis found that people who participated in active transportation had an 8 percent
reduction in all-cause mortality, 9 percent reduction in risk of cardiovascular disease, and a 30 percent
reduction in risk of diabetes (Dinu et al. 2019). For cyclists, a 24 percent reduction in all-cause mortality
and a 25 percent reduction in cancer mortality was also identified (Dinu et al. 2019). Additionally, several
studies find the health benefits of active transport are much higher than the health risks of traffic
collisions while walking or cycling (Maizlish et al. 2022; Mizdrak et al. 2019; Mueller et al. 2015).
Accounting for both avoided deaths from increased physical activity and additional traffic deaths, an
analysis of multiple scenarios of active transportation infrastructure investments found the benefits of
avoided deaths greatly exceed the costs of building the infrastructure (Raifman et al. 2021).

In the United States, 52 percent of trips are less than 3 miles, with only 2 percent of trips greater
than 50 miles (DOE-EERE 2022). Given the majority of emissions are from longer trips unsuitable for
biking and walking, active transportation is likely to have a small impact on GHG emissions from
transportation. Based on Bureau of Transportation Statistic data, doubling active transportation and public
transit is likely to replace less than 5 percent of miles traveled in personal vehicles and a similar
percentage of GHG emissions (BTS 2017). Nonetheless, the health benefits from active travel are
substantial and health promotion priority for walkable and bikeable communities within transportation
decarbonization planning is elevated because small incremental increases in routine exercise at the
population level offer substantial health benefits (Mueller et al. 2017; Pedersen and Febbraio 2012).

To what extent active transportation replaces personal vehicle travel depends on the regional
planning and infrastructure. Examples of short-term changes of increases in bike lanes in some areas have
demonstrated that large, rapid increases in cycling is possible when the infrastructure exists to support
people’s ability to bike safely (Kraus and Koch 2021). Safety for cycling could be improved with physical
separation for bike lanes, which one study estimates benefits would be 10-25 percent greater than the
costs (Macmillan et al. 2014). Increases in mass transit ridership may also increase physical activity if
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replacing automobile trips. While riders of mass transit may not be active during a bus ride or train ride,
90 percent of transit riders walk to or from their transit stops (NASEM 2021). In the United States, this is
a median time of 19 minutes of daily walking to and from transit (Hirsch et al. 2018; Xiao et al. 2019).

Few studies have explored the equity implications of active transportation. People of low-income
often rely on active travel owing to lack of vehicle access, and while they may benefit from physical
activity there may be other equity concerns, such as lack of nearby access to healthy food or health care
(Hansmann et al. 2022). There are also many barriers to active transportation including lack of safe street
infrastructure (e.g., sidewalks, bike lanes, etc.), pollution exposure, exclusionary zoning, crime and
policing, harassment, and racism (Agyeman and Doran 2021; Barajas 2021; Brown 2016). Some of these
barriers can be overcome with equitable urban planning that considers the health impacts of and access to
active transportation. However, the needs and constraints for each community will vary depending on
their transportation needs and climate and health goals and thus active travel and transportation
infrastructure decisions need to have at the local level.

Water Quality Co-Benefits

Water and energy are interrelated concepts: water is used within all phases of energy production
and energy is required to pump and deliver water (DOE 2014). If the transition to net-zero is not
completed with an intentional focus on impacts on water use and availability, the United States may risk
increasing existing water stress’ (IEA 2020). Although most studies of impacts of climate change on
water quality focus on the hydrologic cycle (e.g., increased contamination from flooding), climate
mitigation strategies may also impact water quality, with corresponding health effects. Decarbonization
may impact water quality directly via pollution or more indirectly through changes in water withdrawal
and consumption, which affects the availability of quality water sources.

Some current energy sources directly produce water pollutants. Steam electric power plants
(powered by fossil or nuclear fuels) generate an estimated 30 percent of all toxic pollutants that are
discharged into surface waters from industry (EPA 2015; Massetti et al. 2017). Toxic metals (including
lead and arsenic) are of special concern in water, as they are consumed by fish and wildlife and
accumulate to dangerous levels, and may be eaten by people in the community, with deadly effects on
health (CDC n.d.). Mining and other extractive activities can also negatively impact water quality, as a
result of acid mine drainage, contamination from tailing ponds, and pollution from oil and gas well
runoffs (de Oliviera Bredariol 2022). Relatedly, some processes to mitigate and reduce water pollution,
such as desalination, are energy intensive, expensive, and often come with environmental impacts related
to waste management (Molinos-Senanta and SalaGarrido 2017; Shahzad et al. 2017).

The reductions in fossil fuel use expected in a net-zero energy system could lead to improvements
in water quality from decreased discharges of toxic pollutants. The electric sector in the United States is
one of the largest withdrawers of water (removing and returning to a source, often at higher
temperatures), although it consumes (removal without return) only 6 percent of the nation’s water
(Cameron et al. 2014). Several analyses find potential for decreasing water withdrawals and consumption
with increasing renewable use (especially wind and, to some extent, solar), although the extent varies by
region based on the portfolio of technology (Barbose et al. 2016; Ou et al. 2018; Wiser et al. 2016b).
Increased mining for the critical minerals needed for clean energy technologies could negate some of
these potential water quality benefits, although there are recommended technologies and policies to
mitigate environmental impacts of mining (IEA 2021). Likewise, agriculture for biofuels, mining and
fracking processes can have adverse impacts on water quality. For example, runoff can contribute to
excess nutrient contamination and algal blooms (see the below section Identifying Potential Health Risks).

5 For more information about the water-energy nexus and the predicted impacts energy transitions to net-zero
will have on water availability, visit https://www.iea.org/articles/introduction-to-water-and-energy.
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Improved Nutrition Co-Benefits

Shifting from diets high in animal product, particularly red meat and processed meat, to more
plant-based diets can reduce GHG emissions and improve health. This shift can also provide other
environmental benefits, including improved water quality and decreased nutrient runoff. The EPA
estimates that 11.2 percent of national GHG emissions from 2020 are attributable to agriculture with this
sector’s electricity-related emissions accounting for 0.6 percent (USDA 2022). See Chapter 8 for more on
the GHG and land-use impacts of agriculture. A realistic healthy diet, as defined by the Dietary
Guidelines for Americans, could reduce U.S. food-system energy use by 3 percent, and, if further
maximized for energy efficiency, a 74 percent reduction in food system energy use could be achieved
(Canning et al. 2017).

There are numerous significant health benefits of sustainable and plant-based diets (Gao et al.
2018; Tilman and Clark 2014) and for diets when meat consumption is reduced (Biesbroek et al. 2014;
Scarbough et al. 2012). Most significantly, a decreased risk of all-cause mortality. For example, adhering
to the EAT-Lancet Commission’s sustainable diet guidelines could prevent 11.6 million deaths per year
among adults worldwide (Willet and Rockstrom 2019). Similarly, according to a UK-based study,
following the World Health Organization’s dietary recommendations could also reduce deaths, improve
life expectancy by 8 months, and reduce GHG emissions (Milner et al. 2015). Additionally, three
prospective cohort studies in the United States found that a healthy plant-based diet reduced the risk of
developing type 2 diabetes by about 20 percent (Satija et al. 2016).

There are GHG trade-offs associated with all diets, including harvest emissions, transport
emissions, and issues of food waste. Global transport of food accounts for 19 percent of total food-system
emissions with high-income countries accounting for 46 percent of international food-miles and food-
miles emissions (Li et al. 2022). Domestically, Li et al. (2022) found that the emissions from food-miles
for fruits and vegetables were 0.61 Gt CO,e whereas the food-mile emissions for meat were 0.007 Gt
COze. In comparison, the food production emissions for meat were 2.00 Gt COze versus 0.03 Gt CO,e for
fruits and vegetables (Li et al. 2022). In addition to transportation-related emissions, roughly one-third of
food in the United States is never eaten, representing a significant waste of resources and embodied
emissions. See Chapter 8 for more information about reducing food waste to support climate mitigation.

Current policies indirectly subsidize the costs of animal products and encourage the use of
concentrated animal feeding operations (CAFOs) (Horrigan et al. 2002; Sealing 2008; Story et al. 2008).
CAFOs enable a large and cheap supply of meat in the U.S. food system and contribute a variety of air
and water quality issues, as well as increase the risk of emerging infectious diseases (Hribar and Schultz
2010). Because animal products produced by this system also cause environmental health impacts, federal
spending on agriculture has not been optimized to promote human health (Mozaffarian et al. 2019). For
example, current spending on corn and soy to support CAFOs outweighs spending on other fruits and
vegetables. Policies must be modified to accurately include the health and environmental impacts in food
prices (i.e., healthy and sustainable will also be cheap and affordable). The current system does not reflect
“the true cost of food,” which would incorporate the cost of negative health and environmental
externalities (Rockefeller Foundation 2021). Changes to the system need to consider the benefits of
incorporating health and environmental impacts and the risks of heightening food security disparities with
increased food prices.

Finding 3-4: Shifting from diets high in animal products to more plant-based diets can reduce
GHG emissions, especially methane, from food production and improve health. Plant-based diets
are associated with a lower risk of type 2 diabetes, coronary heart disease, stroke, and cancer.

Recommendation 3-1: Phase Out Incentives for the Highest Greenhouse Gas (GHG)-Emitting

Animal Protein Sources. Congress and the U.S. Department of Agriculture should phase out
incentives for the highest GHG-emitting animal protein sources, such as beef, and increase
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incentives toward sustainable, low-emission production of fruits and vegetables. This could
reduce the risk for farmers, create greater access to fruit and vegetables, and reduce
production and consumption of high-emission animal foods.

Occupational Health Co-Benefits

Moving to a decarbonized energy system will decrease jobs in industries with substantial health
risks. Analysis of the comparative risk of severe injuries has found that fossil fuels jobs entail greater
health risk (higher overall fatalities and higher fatalities per unit of energy produced) than jobs in wind or
solar electricity, hydropower, and nuclear energy (Burgherr and Hirschberg 2014). For coal, accidents and
fatalities occur primarily in mining, while oil and natural gas have the largest proportion of accidents
(e.g., spills, leaks) during transportation and storage (Burgherr and Hirschberg 2014). Although accidents
comprise a small portion of overall health impacts compared to ambient air pollution, they can have major
impacts on local environmental health (e.g., the Deepwater Horizon spill). In addition to accidents, coal
miners are at risk of lung diseases including pneumoconiosis and COPD from their exposure to coal mine
dust (NIOSH n.d.(b)). The risk of lung diseases may persist for miners of the critical minerals needed to
create some net-zero energy technologies. See the Manufacturing Net-Zero Energy Technologies section
below.

Maximizing Health Co-Benefits of the Energy Transition

Any approach to decarbonizing the electricity sector will decrease co-pollutant emissions
compared to a scenario in which no additional carbon policies are implemented; however, some of these
approaches may be more effective and faster than others at reducing regional, racial/ethnic, and
socioeconomic disparities in exposure to air pollution (Goforth and Nock 2022). Goforth and Nock
(2022) note that, given the equity implications of these different approaches, decision-makers need to
consider both national (e.g., total air pollutant reductions) and regional impacts of electricity sector
decarbonization scenarios.

Health impact assessments (HIAs) are intended to analyze how decisions affect population health,
including health impacts specific to disadvantaged communities (CDC 2016). These assessments can
identify key health outcomes that need to be considered during program design and evaluated after
program implementation. HIAs also help build public trust and acceptance and support data analysis to
understand the scale of health benefits and harms relevant for decision-making on facility siting and the
stringency of standards (Nkykyer and Dannenberg 2019). The use of HIAs that support adaptive
management will be critical for the adjustment of projects that are not on target or are creating unforeseen
adverse impacts (see Chapter 1 about the critical role of adaptive management). However, health impact
assessméent tools would benefit from technological advancement to improve ease of use and speed of
results.

Finding 3-5: Decarbonizing the U.S. energy system has the potential to provide substantial health
co-benefits including access to safe active transportation options, reduced heat islands, and
reduced air and water pollution. However, there are risks to human health that need to be avoided
during the energy transition. To maximize health co-benefits and minimize health risks, public
health experts need to be engaged early in the decision-making process and often to broaden the
consideration of health and equity impacts into planning decisions. Furthermore, affected
communities need to be considered priority decisionmakers and should be consulted for relevant
decarbonization actions that may pose adverse health risks. The coordinated engagement between

¢ The EPA compiled a report enumerating the existing HIA tools and resources with the goal to generate a
comprehensive list for HIA practitioners to use throughout the process. For more information, see Pepe et al. (2016).
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experts and affected stakeholders will advance both public health and equity approaches of the
energy transition. Therefore, successful decarbonization policies have to include selection criteria
and formal evaluation with health benefits in mind, in addition to equity and efficacy for carbon
emissions reduction.

Recommendation 3-2: Increase Use of Health Impact Assessment Tools in Energy Project
Decision-Making. Health impact assessment tools should be incorporated into the program
design and evaluation processes of decarbonization policy with consideration for the full
life-cycle impacts. The inclusion of health impact assessment into existing life-cycle
assessments for decarbonization technologies will ensure that benefits and costs are
considered. This will support adaptive management efforts by providing insight into which
programs are not having the intended effects on public health. To support the increased
inclusion of advanced health assessments in energy decisions

a) Congress should allocate new funds to the Centers for Disease Control and
Prevention’s National Center for Environmental Health/Agency for Toxic
Substances and Disease Registry to add a Climate Mitigation Health Co-Benefits
component to the existing state health department-level Building Resilience Against
Climate Effects (BRACE) program.

b) The Department of Health and Human Services Office of Climate Change and
Health Equity should establish and convene meetings for a new interagency working
group with the goal of developing a rapid health impact assessment tool to assess the
health and equity risks and benefits arising from deep decarbonization and to
mitigate risk to communities.

IDENTIFYING POTENTIAL HEALTH RISKS OF DECARBONIZATION

While decarbonization is generally expected to produce large positive health co-benefits, some
decarbonization strategies could contribute to health harms. To understand the multifaceted benefits of
decarbonization, it is important to consider the full life-cycle costs and benefits of emerging energy
technologies, ’ including related to public and personal health impacts, in comparison to fossil-dependent
energy processes. Many energy technologies that don’t burn fossil fuels are associated with reduced
exposure to pollution (Chapman et al. 2018; Hawkins et al. 2013; Lee et al. 2012; Romero-Lankao et al.
2022). However, some of these technologies can also create risks to human health and quality of life. One
example is biofuels, which unlike wind or solar, still do emit some air pollutants and would require
additional land devoted to agriculture for energy crops, which could have negative impacts on water
quality, water availability, and food security (Hill et al. 2009; Luderer et al. 2019). This section discusses
the adverse health impacts that need to be considered during the energy transition.

Continued Combustion of Fuels

A net-zero future will likely still require combustion of fuels for certain applications to maintain
reliable and affordable energy services. For example, biofuels or low-carbon synthetic fuels may be
required to decarbonize aviation and some heavy-duty transportation, and natural gas burning power
plants with carbon capture and sequestration (CCS) may be needed as a firm source of power to back up a
mostly renewable grid. Use of low-carbon synthetic fuels or biofuels and combustion of fossil fuels with
CCS could reduce or eliminate net CO, emissions, yet may still lead to release of air pollutants, including
PM, NO,, and ammonia (NH3), that have the potential to degrade air or water quality (Driscoll et al. 2015;

7 For a comparison of the health benefits and disbenefits of multiple energy generation technologies and
processes, see Smith et al. (2013).
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Tzanidakis et al. 2013; Veltman et al. 2010). In some cases, chemical- and site-related emissions from
hydraulic fracturing, also known as fracking, have been linked to drinking water contamination and
negative infant health outcomes, including preterm births, low birth weight, and lymphoma (Apergis et al.
2019; Currie et al. 2017; Hill and Ma 2022; Li et al. 2017; Schuele et al. 2022; University of Pittsburgh
2023).

Net-zero-carbon fuels, either derived from biomass or synthesized from CO, and H», can emit
NOy, CO, SOy, and PM when combusted. Implementing CCS on existing fossil fuel powered plants will
require using more energy than an equivalent energy output of a non-CCS equipped plant, and could
increase emissions of NOy, NH3, and PM throughout the fuel life cycle, depending on the source of
energy to run the capture unit (Tzanidakis et al. 2013). At the capture location itself, NOx and PM
emissions are likely to decrease because of pretreatments used to purify flue gas (European Environment
Agency 2020) or system designs that integrate CO, capture with NOx and SO, removal (Shaw 2009). One
case study found that, with just the pollution control equipment required for the carbon capture
technology to function, NOx emissions decrease by 10 percent, SO, and filterable PM emissions by 96
percent, and condensable PM emissions by 46 percent (Brown et al. 2023). Depending on the carbon
capture technology used, emissions of other co-pollutants, such as NH3 and volatile organic compounds,
may increase owing to solvent degradation or reactions of the solvent and flue gas (Benquet et al. 2021;
Gibbins and Lucquiaud 2022; Gorset et al. 2014; NETL 2020; Spietz et al. 2017). However, there are
strategies for mitigating these emissions. See Chapter 10 for more about mitigating the emissions of
criteria pollutants.

In some cases, use of low-carbon fuels and biofuels and deployment of CCS may fail to
maximize the health co-benefits and to some extent, impede decarbonization.® For example, large
subsidies on biofuels, particularly first-generation biofuels, could miss health benefits that would be
obtained with other renewable energy options and contribute to worse harms via air and water pollution
and higher food prices—while also failing to meet GHG emission targets (Lark et al. 2022). See Chapters
8 and 9 for more about biofuels and land use strategies.

Increased production of biomass for fuels would require additional U.S. land devoted to
agriculture for energy crops, which could have negative impacts on water quality, water availability, and
food security. A systematic review found that 56 percent of 224 publications reported negative impacts of
biofuels on food security (Ahmed et al. 2021). This finding was not significantly different based on which
fuels derived from feedstocks directly compete with food production, like corn ethanol, versus inedible
biomass. Additionally, the agriculture practices can lead to the contamination of wells by runoff
containing excess nitrogen from fertilizer and animal waste. This can lead to methemoglobinemia (blue
baby syndrome) and harmful algal blooms that often produce their own adverse health impacts and are
associated with some cancers in adults (Carmichael and Boyer 2016; Temkin et al. 2019; Ward et al.
2018).

Similarly, outfitting combusting facilities with CCS has fewer health co-benefits than
decarbonization strategies that rely on retirement of combusting facilities enabled by increasing energy
efficiency and increasing renewable energy use (Driscoll et al. 2015). While CCS could be targeted for
industries where decarbonization is particularly technically challenging, its deployment could potentially
delay retirement of polluting facilities where cleaner alternatives exist. For example, in 2020 Wyoming
legislated that electric utilities generate power from coal plants with CCS, despite increased costs for
consumers and increased pollution, rather than enabling a transition to renewables (Kusnetz 2022).
Furthermore, data from a coal plant with carbon capture capabilities indicates a net of only 10.5 percent
of CO, emissions are captured,’ and that for the same energy costs, wind and solar can reduce more CO,

8 See Chapter 2 for more information about the environmental and equity concerns surrounding CCS and
Appendix E for more information about challenges associated with other decarbonization technologies.

? Jacobson (2019) determined the low net capture rates are due to uncaptured combustion emissions from the
natural gas used to power the carbon capture equipment, uncaptured upstream emissions, and uncaptured coal
combustion emissions.
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without the air pollution (Jacobson 2019). Furthermore, CCS comes with potential environmental risks
(Warner et al. 2020):

Contaminating underground sources of drinking water;

Moving radon closer the surface where it could affect businesses and homes;
Releasing CO; to the soil or the atmosphere; and

Physical damage, such as landslides, sinkholes, and earthquakes

Regulation can reduce risk, through site characterization, monitoring, and safe operational
practices (Warner et al. 2020). (See Box 2-2 for additional discussion on CCS, environmental risk, and

equity.)

Finding 3-6: Decarbonization technologies that involve continued combustion, such as power
generation with biofuels and carbon capture and storage, if focused solely on mitigating CO,, can
potentially harm human health through continued or increased emission of harmful non-CO; air
pollutants, water contamination, and food insecurity. Similarly, the recent incentives for biomass
fuels could have negative impacts on water quality, food security, and human health by
encouraging the growth of feedstocks that compete with food production.

Manufacturing Net-Zero Energy Technologies

Increased demand for minerals, especially critical minerals, needed in the production of solar
panels and batteries, for example lithium, nickel, cobalt, and gallium, could increase mining and the
subsequent impacts from mining, including significant environmental damage and health risks from
contaminated water ' (Luckeneder et al. 2021; Martinez-Alier 2001). See Chapter 9 for more information
about the critical minerals and supply chain associated with electric vehicles. The mining of certain
minerals categorized as critical for net-zero technologies is concentrated in a few places: 60 percent of the
worlds’ cobalt comes from Democratic Republic of Congo (Brinn 2023), while lithium mining is highest
in Chile, Australia, China, and Argentina (Dall-Orsoletta et al. 2022). Cobalt and lithium mining has
“effects on human health and local biodiversity, water consumption, energy intensity, and conflicts with
local and indigenous people” (Dall-Orsoletta et al. 2022, p. 5). Without equity-centered transition
programs and attention to local labor and environmental standards and impacts, these mining activities
could affect the health and quality of life of communities where they are extracted (Mayyas et al. 2019;
Sharma and Manthiram 2020).

Globally, the demand for minerals is increasing interest in mining in areas where mines have been
closed as well as in areas with no prior mining activity. This has led to residents expressing concern about
potential damage to their communities. See Chapter 12 for more information about recovering critical
minerals from mine tailings and other sources. Many of these regions may lack adequate or updated
mining regulations to protect public health and the environment (Healy and Baker 2021; NASEM 2022b).
In February 2022, the U.S. Department of the Interior announced an Interagency Working Group on
Mining Reform to inform potential updates to regulations and permitting (DOI 2022). Communities need
to be informed about and involved in the process of siting new mines and related infrastructure. See
Chapter 5 for more information about inclusive siting and development practices. The CDC’s National
Institute for Occupational Safety and Health (NIOSH) is a research agency whose work is supported by
five advisory committees that provide advice and guidance on topical areas, including occupational and
mine safety and health (NIOSH n.d.(a)). NIOSH, in coordination with other relevant research groups, can

10 Analogous effects are associated with fossil fuel mining and extraction, and such activities are likely to
decrease in a decarbonized future.
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play a critical role in the assessment of the risks associated with decarbonization technologies, especially
occupational health risks.

Although this report focuses on the United States, the full life cycle assessment of health impacts
needs to take into account international impacts. A transition to greater use of rooftop solar can reduce
GHGs and water consumption; however, when considering the full life cycle of solar, the water demands
and environmental hazards would likely be transferred to countries where the solar panels are being
manufactured creating global health and equity concern (Frisvold and Marquez 2013; Vengosh and
Weinthal 2023). Greater consideration is also required for the end of the life cycle of these in-demand
materials, especially for metals which can be recycled but often end up in landfills (Reck and Graedel
2012; Seeberger et al. 2016). Specifically, 95 percent of critical minerals in lithium-ion batteries can be
recycled at the commercial scale (Brin 2023). One way to mitigate mineral extraction and waste from
solar panels and batteries would be to encourage manufacturers to develop standardized modules to
enable easier recycling (see Chapter 9 for more information about mitigating mineral extraction).
Likewise, the planning for the decommissioning and restoration of the sites of mining, natural resource
extraction, oil and gas production, and fossil power plants is important for the renewal of communities
and avoiding continued health harm from insufficient environmental remediation. Additionally, more
mass transit and active travel could reduce the demand for vehicle manufacture.

Finding 3-7: Some components for low-carbon energy technology show potential health harms
for workers or the general population that must be mitigated and weighed against other expected
benefits, especially the benefit of reduced life-cycle harms from fossil fuels, which include
contamination during resource extraction or oil spills.

Recommendation 3-3: Assess Occupational Health Risks Associated with Clean Energy
Technologies. The Centers for Disease Control and Prevention’s National Institute for
Occupational Safety and Health should assess health risks associated with the
manufacturing and deployment of clean energy technologies. This assessment should
characterize potential occupational health risks relating to the extraction of raw materials,
the manufacturing and installation of technologies, and the final disposal of waste products
in an approach consistent with life-cycle assessment practices. Furthermore, the analysis
should also identify preventative interventions for addressing such occupational risks.

Building Retrofits

Unintended health risks may occur with indoor air quality when buildings have improved sealing
against the air but can be managed with precaution. While generally energy efficiency retrofits provide
health benefits, increased air tightness in homes could also increase concentrations of unwanted indoor air
pollutants, including radon and VOCs like formaldehyde (Fisk et al. 2020; Symonds et al. 2019). Building
retrofitters need to check for this risk in radon-prone areas, or buildings with older or damaged
foundations, and add mechanical ventilation (Ferguson et al. 2020; IOM 2011; Rapp et al. 2012).
Weatherization that avoids exacerbating indoor air pollution, combined with decarbonization, produces
the greatest health benefits while minimizing the potential hazards. See Chapter 7 for more information
about building retrofits and weatherization.

Transportation Electrification
For transportation electrification, the benefits depend on how energy is generated. The provisions

in IRA and IIJA intend for electric vehicles (EVs) to be powered by a grid with mostly renewables, which
would provide both GHG and health benefits. Even today, an average EV is lower emitting than an
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average internal combustion engine vehicle (ICEV) in every region of the United States; furthermore,
more than 90 percent of the U.S. population lives in a region where the average EV is lower emitting that
the most efficient ICEV when traveling at 59 mph (Reichmuth et al. 2022). However, increasing EVs
without decarbonizing electric power would limit the health and GHG benefits of vehicle electrification,
primarily shifting emissions from where the vehicles are driven to where the fossil power is generated
(Brinkman et al. 2010; Nopmongcol et al. 2017; Thompson et al. 2009; Razeghi et al. 2016; Weis et al.
2015).

Studies differ on the likely impact of vehicle electrification when paired with fossil-fuel intensive
electric power, including at the extreme case of EVs fueled entirely by coal-powered electricity. Some
studies estimating health impacts of EVs charged by coal power indicate 80 percent higher environmental
health costs relative to an ICEV fleet (Tessum et al. 2014) while others indicate that coal-powered EVs
still lead to health improvements relative to the average ICEV, given that transportation emissions tend to
occur much closer to where people breathe than power plant emissions (Shindell 2015). Studies
examining more realistic cases of EVs powered by today’s grid mix and likely future fuel mixes of the
power sector generally show that EVs reduce both GHG and health-harming emissions relative to ICEVs
(e.g., Funke et al. 2023; Peters et al. 2020). To fully reap both health and decarbonization benefits,
transportation electrification must be accompanied by decarbonization of the electricity sector, as this
report calls for. See Chapter 9 for more information about decarbonizing the transportation sector and
Chapter 11 for more information about decarbonizing the U.S. electricity grid.

Equity Considerations

Decarbonization, public health, and reducing inequity cannot be accomplished by individual
choices alone, requiring consideration of system-wide processes. While people can be asked to reduce
their carbon footprint and better their health, this places the burden on individuals to overcome obstacles
to these activities—especially challenging for those with limited time, money, and in areas where
accessing energy efficient appliances, fresh vegetables, and safe biking routes may not be easy to access.
This is also a challenge in wealthier, mostly white neighborhoods—even with newer, energy efficient
houses, the larger size of these houses means that they still have high total emissions per resident, relative
to Black neighborhoods, creating an “emissions paradox” (Goldstein et al. 2022). Systematic approaches
to alleviating barriers are needed and health and equity impacts need to be prioritized over technological
solutions through requirements for health- and equity-focused analyses during decision-making (Rudolph
2022). Such analyses must emphasize benefits to communities whose health and economic priorities have
been met with resistance or misinformation from the fossil fuel industry (NASEM 2021). To improve
health during the energy transition, the nation must be aware of both the costs of decarbonization
technology and reduce inequity.

SUMMARY OF RECOMMENDATIONS ON PUBLIC HEALTH CO-BENEFITS AND
IMPACTS OF DECARBONIZATION

TABLE 3-2 Summary of Recommendations on Public Health Benefits and Impacts of Decarbonization

Actor(s)

Responsible for Sector(s) Objective(s) Overarching
Short-Form Implementing Addressed by Addressed by Categories Addressed
Recommendation Recommendation Recommendation  Recommendation by Recommendation
3-1: Phase Out Congress and U.S. o [and use e Health Ensuring Equity,
Incentives for the Department of Justice, Health, and
Highest Agriculture Fairness of Impacts
Greenhouse Gas (USDA)

(GHG)-Emitting
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Animal Protein
Sources

3-2: Increase Use
of Health Impact

Assessment Tools
in Energy Project
Decision-Making

3-3: Assess
Occupational
Health Risks
Associated with
Clean Energy
Technologies

Congress, Centers
for Disease
Control and
Prevention (CDC),
National Center
for Environmental
Health/Agency for
Toxic Substances
and Disease
Registry
(NCEH/ATSDR),
Department of
Health and Human
Services (HHS)
Office of Climate
Change and Health
Equity

Centers for
Disease Control
and Prevention
(CDC), National
Center for
Environmental
Health/Agency for
Toxic Substances
and Disease
Registry
(NCEH/ATSDR),
Occupational
Safety and Health
Administration
(OSHA)
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Electricity
Buildings
Transportation
Industry
Fossil fuels

Electricity
Buildings
Transportation
Industry
Fossil fuels

® Equity
® Health

® Equity
® Health
® Employment

Ensuring Equity,
Justice, Health, and
Fairness of Impacts

Rigorous and
Transparent Analysis
and Reporting for
Adaptive Management

Ensuring Equity,
Justice, Health, and
Fairness of Impacts
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4
Workforce Needs, Opportunities, and Support

ABSTRACT

Investments in clean technologies and infrastructure have the potential to not only address the
climate crisis by reducing greenhouse gas emissions but also create and support millions of jobs in the
rapidly growing clean energy economy and stimulate economic growth. The transition to net zero will
have uneven impacts across sectors, demographics, and geographies of the U.S. workforce over varying
timeframes. Employment impacts will depend on the pathways for decarbonization in specific sectors of
the economy and will be influenced by many factors, including technologies utilized, timing/pace of
transition, and siting decisions. Job growth is expected to be geographically heterogeneous, and not
geographically congruent with fossil losses. New jobs may differ from lost jobs in terms of skills and
wages, and new jobs may not be created at the same time as at-risk jobs are being lost. Size, location, and
timing of employment growth will be impacted by many factors such as domestic content, worker
productivity increases, and siting decisions.

To attract and retain the workforce necessary to accomplish the ambitious goals associated with
the transition to a net-zero economy, it is vital to ensure that the clean energy economy generates high-
quality, accessible jobs and career paths. Last, action is needed to ensure that the transition enhances the
inclusiveness and diversity of the clean energy workforce. This is only possible with the active
engagement of all stakeholders in the “workforce development” ecosystem, including governments,
employers, and workers. Providing employment options that meet workforce needs is important in
maintaining the social contract necessary for accomplishing the coming decades of transition.

The clean energy transition will not be without challenges. There is widespread agreement that
historical trends of net fossil fuel job losses will continue and may accelerate, although there is still
uncertainty about the timing, geographical distribution, and magnitude of these losses. Policies and
programs need to address the losses that will inevitably occur in employment, economic base, and public
revenue for workers and communities with close ties to the fossil fuel industry. Historical analyses of
large shocks to local economies display that the existing safety net is ill-equipped to address the scale and
scope of these impacts.

INTRODUCTION

The transition to net zero will have uneven impacts across sectors, demographics, and
geographies of the U.S. workforce over varying timeframes. Employment impacts will depend on the
pathways for decarbonization in specific sectors of the economy and will be influenced by many factors,
including technologies utilized, timing/pace of transition, and siting decisions. There is widespread
agreement that historical trends of net fossil fuel job losses will continue and may accelerate, although
there is still uncertainty about the timing, geographical distribution, and magnitude of these losses (see
Chapter 12 for technical details). Job growth is expected to be geographically heterogeneous, and not
geographically congruent with fossil losses. New jobs may differ from lost jobs in terms of skills and
wages, and new jobs may not be created at the same time as at-risk jobs are being lost. Size, location, and
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timing of employment growth will be impacted by many factors such as domestic content, worker
productivity increases, and siting decisions (Mayfield et al. 2023).

Workforce impacts of the transition to net zero go beyond what we may think of as energy jobs.
Upstream materials and supply chain jobs to produce equipment for a net-zero economy will be impacted,
as will the way we produce carbon intensive industrial materials such as steel and cement (see Chapter 10
for details). Other jobs directly impacted include internal combustion engine (ICE) vehicle manufacturing
and related automotive jobs (such as auto mechanics) as more electric vehicles enter the fleet (see Chapter
9 for details). Additionally, direct energy jobs and indirect manufacturing jobs support ancillary jobs
throughout the economy, and these jobs will be impacted, along with communities that rely on tax
revenue from affected businesses. Communities whose economies rely heavily on the fossil fuel industry
are at risk, and impacts are already unfolding (see Chapter 13 for discussions of policies directed toward
coal communities, and Chapter 5 for details on working effectively with communities throughout the
transition).

The net-zero transition presents opportunities to achieve social objectives in addition to providing
significant environmental and economic benefits. Not only does it have the potential to be an engine of
economic growth, but it also has the potential to provide high-quality ' jobs that contribute significantly to
social inclusion. However, this is only possible with the active engagement of all stakeholders in the
“workforce development” ecosystem, including governments, educational institutions, employers, and
workers. All workers are balancing a series of factors in their employment such as location; wages;
working time; safety and working conditions; insurance coverage; the degree of job security; the type of
contract; social security coverage; business culture and job design; skill development and career
advancement opportunities; and access to paid leave, parental leave, and sick leave (AFL-CIO 2017,
Aspen Institute 2022; Congdon et al. 2020; Gammarano 2020; ILO 2020; United Way Worldwide 2012).
Providing employment options that meet workforce needs is important in maintaining the social contract
necessary for accomplishing the coming decades of transition.

Policy choices can greatly affect the employment impacts of transition. Employment
opportunities in clean energy and other net-zero-relevant fields are projected to grow significantly in the
next decades as the decarbonization push intensifies, but employers already face hiring, recruitment, and
retention challenges. The Inflation Reduction Act (IRA) provisions are expected to ramp up demand for
apprenticeships, unions, and other high-road employment pathways, but many state and local workforce
and apprenticeship systems lack the capacity and resources to produce sufficient volume of skilled,
trained, and well-compensated workers. This chapter discusses the factors that affect employment impacts
of a transition and what might be done to maximize benefits and minimize losses for workers and
communities. Table 4-1 summarizes all the chapter’s recommendations regarding building the workforce
needed to accomplish decarbonization objectives, as well as supporting workers negatively impacted by
the transition.

FIRST REPORT RECOMMENDATIONS

The committee’s first report was released in February 2021 and included findings and
recommendations on how to advance decarbonization in 2021-2030 while achieving four societal goals:
strengthening the U.S. economy, promoting equity and inclusion, supporting communities, businesses,
and workers directly impacted by the transition, and maximizing cost effectiveness (NASEM 2021). Each
goal is intertwined with the workers who will build and maintain a net-zero economy.

The goal to support communities, businesses, and workers had four sub-goals that inform the
recommendations relevant to workforce:

! As defined in the first report of this committee, “a high-quality job entails, at a minimum, a safe and secure
working environment, family-sustaining wages' and comprehensive benefits, regular schedules and hours, and
skills-development opportunities that enable wage advancement and career development” (NASEM 2021, p. 45).
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e To provide workers and communities accurate information about how clean energy
transitions could impact them and access to viable economic transition strategies;

e To directly address during transition planning risks to “highly vulnerable”* locations where
the economic transition to carbon neutrality will exacerbate existing economic disadvantages
and health disparities;

e To hold companies accountable for ensuring that fossil fuel energy infrastructures are
properly decommissioned and that their long-term environmental impacts are remediated to
prevent the creation of persistent environmental contamination and associated health impacts
for local populations; and

e To develop strategies to ensure that local, Tribal, and state governments are able to replace
lost revenue from plant, mine, and other industrial facility closures.

The first report included three overarching recommendations to Congress to understand and
address impacts of transition on labor and workforce: establish a 2-year federal National Transition Task
Force to assess the vulnerability of labor sectors and communities to the transition; establish a White
House—level Office of Equitable Energy Transitions that would establish criteria for funding, sponsor
research, and report on equity and transition impacts indicators; and establish an independent National
Transition Corporation to ensure coordination and funding to mitigate job losses, deploy and
decommission infrastructure, and provide equitable access to economic opportunities and wealth, and to
create public energy equity indicators. See NASEM (2021) for additional detail on these
recommendations.

One labor-specific recommendation aimed to ensure that jobs created in transition will be high-
quality jobs and that workers capture maximum benefits from federal funds: Federal grants, loans, tax
incentives, and other support for projects should (1) be conditioned on recipients and their contractors
meeting strong labor standards (including Davis-Bacon Act prevailing wage requirements and compliance
with all labor, safety, environmental, and civil rights statutes), (2) require that federally funded
construction and infrastructure project developers sign Project Labor Agreements (PLAs) where relevant,
and (3) require recipients of federal incentives to negotiate Community Benefits (or Workforce)
Agreements (CBAs), where relevant. Similarly, a recommendation for domestic content requirements was
included to bolster U.S. supply chains and maintain and create upstream jobs in materials, component,
and equipment manufacturing.

On workforce development and training, the first report recommended that Congress establish
education and training programs through appropriations to the Department of Energy (DOE) and the
National Science Foundation (NSF) to supply the net-zero workforce, with reporting on diversity of
participants and job placement success. This included establishing a 10-year GI Bill-type program for
anyone seeking a degree in a net-zero area; establishing new and innovative community college, college,
and university programs focused on knowledge and skills for a net-zero economy; providing funds for
interdisciplinary doctoral and postdoctoral training programs to support decarbonization and energy
justice; and supporting doctoral and postdoctoral fellowships in science and engineering, policy, and
related areas. The report also recommended that the Department of Homeland Security should eliminate
or ease visa restrictions for international students who want to study climate change and clean energy at
the undergraduate and graduate levels, where appropriate. Last, to help communities and policy makers
understand the current workforce, plan for transition, and evaluate effectiveness of interventions, the
report recommended that Congress should pass the Promoting American Energy Jobs Act of 2019 to
reestablish the Energy Jobs Strategy Council under DOE, require energy and employment data collection
and analysis, and provide a public report on energy and employment in the United States.

2 See Table 3.3.1, “Vulnerable Groups in the Context of an Energy Transition,” in NASEM (2021, pp. 126-128)
for details; these locations include those disproportionately impacted by transition such as communities that rely on
fossil fuel jobs and/or tax revenue (especially rural or disconnected communities), Native American nations,
communities with high energy costs, and so on.
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Many other recommendations of the first report would have implications for the workforce even
if the recommendations themselves do not contain specific workforce components. Examples include
actions to expand clean energy, weatherize homes, and revitalize U.S. manufacturing that would create
jobs overall, but would reduce demand for fossil fuels and therefore reduce demand for fossil jobs. Also,
all workforce impacts will ripple through the economy. These impacts are discussed later in this chapter
as well as in the sector-specific chapters.

POLICY PROGRESS SINCE 2021 REPORT

Federal, state, and local policymakers all play important roles in creating a pipeline of workers
who can build the clean energy economy, enabling the transition of erstwhile fossil fuel workers to jobs in
the clean energy economy, and ensuring that high-quality job creation and retention are an integral part of
their climate and clean energy agendas. Many states and cities have forged partnerships with the private
sector, unions, utilities, non-profits, colleges, and other stakeholders to support their workforce
development programs. These efforts vary greatly, and many do not go far enough. Chapter 13 provides
greater detail regarding subnational actions supporting decarbonization. The following section discusses
federal actions because the committee’s first report was published that relate to these questions.

Federal Actions
Infrastructure Investment and Jobs Act

The Infrastructure Investment and Jobs Act (IIJA) passed November 2021 authorizes funding to
establish and extend workforce training and development efforts across several new and existing
programs. The IIJA could create more than 800,000 jobs at its peak impact in the middle of the decade,
reducing unemployment by a few tenths of a percentage point (Zandi and Yaros 2021).

Under the Department of Energy (DOE), the I1JA established a 21st Century Energy Workforce
Advisory Board to provide recommendations to the Secretary of Energy on DOE’s strategy in support of
current and future energy sector workforce needs (DOE 2022). The IIJA supports workforce training in
many existing and new DOE programs (American-Made Challenges n.d.; ARC 2021; DOE n.d.(a),
n.d.(b); DOT Maritime Administration 2023; FTA 2021, 2023, n.d.; NGA 2023):

e The Energy Auditor Training Grant Program was authorized $40 million to establish a
competitive grant program for eligible States to train workers to conduct energy audits or
surveys of commercial and residential buildings.

e  The Building Training and Assessment Centers Program was authorized $10 million to
provide grants to institutions of higher education to establish building training and assessment
centers that would educate and train building technicians and engineers on how to implement
modern building technologies.

e The Career Skills Training Program was authorized $10 million to award grants to pay the
Federal share of associated career skills training programs under which students concurrently
receive classroom instruction and on-the-job training for the purpose of obtaining an
industry-related certification to install energy efficient buildings technologies.

e The Industrial Research and Assessment Centers Program was authorized $150 million in
cooperative agreements for institutions of higher education, community colleges, trade
schools, and union training programs to identify opportunities for optimizing energy
efficiency and environmental performance at manufacturing and other industrial facilities,
and an additional $400 million in implementation grants to small and medium manufacturers
assessed by these institutions to implement suggestions.
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e Several other DOE programs had funding authorized through IIJA for various
decarbonization efforts that can be used for workforce development efforts and/or are
available to higher education institutions, including Battery Materials Processing Grants,
Battery Manufacturing and Recycling Grants, the Electric Drive Vehicle Battery Recycling
and 2nd Life Apps Program.

e Some DOE programs require a workforce development plan as part of the application for the
program, including Regional Clean Hydrogen Hubs.

e The Energy Champions Leading the Advancement of Sustainable Schools Prize (Energy
CLASS Prize) Program offers a prize that can be used to hire and train select school
administration and facilities personnel as energy managers.

e Under the Federal Transit Administration (FTA), the Low or No Emissions Program was
authorized $5.25 billion and the Buses and Bus Facilities Program was authorized $2 billion
(5339(b) and (¢)). These competitive grants provide funding to state and local governments
for the purchase or lease of zero-emission and low-emission transit buses, including
acquisition, construction, and leasing of required supporting facilities. Five percent of Low-
No competitive grants are required to support workforce development and training, to ensure
that diesel mechanics and other transit workers are not left behind in the transition to new
technology. More than $3.3 billion of this funding has already been made available as of July
2023 and nearly 25 percent of projects funded for FY 2023 explicitly include workforce
elements such as Project Labor Agreements, use of registered apprenticeships, and/or
expansion or establishment of workforce training programs.

o  Under the Department of Transportation (DOT), IIJA authorized $2.25 billion for the Port
Infrastructure Development Program, which includes worker training to support
electrification technology.

e The Appalachian Regional Commission (ARC), an economic development partnership
agency of the federal government and 13 state governments that invests with local, regional,
and state partners to transform Appalachian communities, create jobs, and strengthen the
regional economy, was authorized $1 billion through I1JA.

e  While not specific to decarbonization, states can use funds from several IIJA formula and
grant programs to invest in their infrastructure workforce. Additionally, the I[IJA encourages,
but does not require, 5-year Human Capital Plans to outline transportation and infrastructure
workforce needs.

Creating Helpful Incentives to Produce Semiconductors and Science Act

The CHIPS and Science Act, passed in August 2022, incentivizes domestic semiconductor
manufacturing by authorizing investments totaling $280 billion over the next 10 years in science,
technology, engineering, and medicine (STEM) programs, workforce development, and technology
research and development (R&D). This includes authorization for $174 billion in investments to support
STEM, R&D, and workforce and economic programs primarily at NSF and DOE and smaller amounts to
the Economic Development Administration (EDA) and National Institute of Standards and Technology
(NIST) (Badlam et al. 2022a). Another $53 billion is focused on semiconductor manufacturing, R&D,
and workforce development. Specific funding to relevant the decarbonization workforce includes $200
million to the CHIPS for America Workforce and Education Fund to develop the domestic semiconductor
workforce; $2 billion to the Department of Defense (DOD) for microelectronics research, fabrication, and
workforce training; and, under the Department of Commerce (DOC): $2 billion for the National
Semiconductor Technology Center (NSTC) to expand workforce training and development opportunities,
$2.5 billion for the National Advanced Packaging Manufacturing Program, and funding for the
Manufacturing USA Semiconductor Institute for development and deployment of training (U.S. Senate
Committee on Commerce, Science, and Transportation 2022). Training under these programs will cover a
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wide variety of fields necessary for domestic semiconductor production, including materials science,
electrical engineering, software development, and factory machine operation (Shivakumar et al. 2022).
While workforce development and training are mentioned in regard to several of the funding streams
above, it is yet unclear how much of this funding will be directed toward workforce development versus
other priorities.

Inflation Reduction Act

The Inflation Reduction Act (IRA), passed in August 2022, appropriates almost $400 billion for
clean energy through more than a dozen federal agencies (Badlam et al. 2022b). This funding flows either
through the states, who then distribute funds to local governments, communities, or companies, or
directly to private entities and/or individuals (Harvey et al. 2022). Appropriations and incentives from the
IRA could create millions of jobs across the United States over the next decade (Mahajan et al. 2022;
Pollin et al. 2022a; Shrestha et al. 2022).

For a number of IRA programs, labor standards such as prevailing wage and apprenticeship
utilization and domestic content standards (which require certain materials or products be made in the
United States) must be met for a project/entity to be eligible for the “bonus” rate. The domestic content
standards are intended to shore up domestic supply chains and create upstream jobs in materials and
manufacturing. Some programs also have additional bonuses available for projects/facilities located in
certain types of disadvantaged communities, including Energy Communities.* Additionally, the Justice40
Initiative aims to ensure that 40 percent of IRA benefits go to disadvantaged communities. Other
programs require details or analysis of the proposed project’s potential impact on affected communities be
included in the proposal, and some require engagement with those communities.

Harvey et al. (2022) describes several tax credits and deductions under the Department of
Treasury that incorporate labor standards (e.g., Clean Energy PTCs and ITCs, Carbon Oxide
Sequestration Credit [45Q], Zero-Emission Nuclear Power PTC [45U], and Clean Hydrogen Production
Credit [45V]). To receive the bonus rate on tax credits for eligible clean energy deployment, developers
must pay a prevailing wage and employ a percentage of registered apprentices on the project.
Additionally, two “bonus” tax credits offer additional incentives: the Low-Income Communities Bonus
Credit for projects located in communities with significant poverty (U.S. Department of the Treasury
2023), and the Energy Community Tax Credit Bonus for projects located in communities that have lost
fossil jobs, where a coal plant has closed, or are host to a brownfield site (Interagency Working Group on
Coal and Power Plant Communities and Economic Revitalization 2023) (see Chapter 6 for more details).
The Domestic Content Bonus offers an additional 10 percent if a project uses domestically sourced iron
and steel, and an increasing percentage of domestically manufactured goods (20—40 percent in 2023 up to
55 percent for projects beginning construction after 2026) (IRS 2023). A “Direct Pay” option makes the
tax credits more accessible for projects that meet these domestic content standards (DOE Solar Energy
Technologies Office 2023). The Clean Vehicle Tax Credit (30D) has final assembly and component
conditions: the Battery Components Credit requires that by 2024 50 percent of battery components come
from North America, rising to 100 percent by 2029; and the Critical Minerals Credit requires an
increasing percentage of critical minerals within the battery are mined in countries with which the United
States has a free trade agreement, or are recycled in North America—40 percent by 2024 and 80 percent
by 2027 (BGA 2022). The Alternative Fuel Infrastructure Tax Credit (30C) offers additional credit for
projects guaranteeing prevailing wage and apprentice labor hours (AFDC n.d.). The Commercial

3 The IRA provides three criteria to define an Energy Community. Meeting any one of these criteria qualifies:
(1) An industrial brownfield site, as defined in a prior statute, 42 U.S.C 9601(39), (2) A county that meets two
criteria: i. at any time from 2010 on, it had 0.17 percent or greater direct employment OR 25 percent or greater local
tax revenues related to the extraction, processing, transport, or storage of coal, oil or natural gas AND ii. now has
unemployment rate that exceeds U.S. average, and (3) A census tract (plus all adjoining census tracts) where: a. a
coal mine closed in 2000 or later, OR b. a coal plant closed in 2010 or later.
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Buildings Energy-Efficient Tax Deduction (179D) requires prevailing wage and apprenticeship
utilization, and the New Energy Efficient Home Tax Credit (45L) requires prevailing wage for multi-
family buildings (DOE n.d.(d), n.d.(e)).

Under the Department of Energy, the extension and expansion of the Advanced Energy Project
Credit (48c) offers a bonus credit of 30 percent (compared to base credit of 6 percent) if prevailing wage
and apprenticeship utilization standards are met. Additionally, $4 billion is reserved for manufacturing
investments to boost job growth and economic opportunities in Energy Communities. The Advanced
Industrial Facilities Deployment Program application requires measuring benefits to the local community,
and the Energy Infrastructure Reinvestment Program application requires analysis of how the project will
engage with and affect associated communities. The Advanced Technology Vehicles Manufacturing
Program and the Domestic Manufacturing Conversion Grants require prevailing wage for construction
work. The Transmission Line and Intertie Incentives requires prevailing wage. Under USDA, the
Assistance for Rural Electric Cooperatives and Electric Loans for Rural Electric Energy require
prevailing wage.

IRA appropriations for workforce development include the following: under DOE, $200 million
for State-Based Home Energy Efficiency Contractor Training Grants to provide state energy offices with
grants for the training of contractors to carry out energy efficiency upgrades in residential and commercial
buildings (Sec. 50123, DOE n.d.(c)); and under EPA, $1 billion for the Clean Heavy-Duty Vehicle
Program, with $400 million set aside for communities located in nonattainment areas, for grants and
rebates for up to 100 percent of costs for clean heavy-duty vehicles (e.g., school buses and garbage
trucks) as well as associated maintenance, workforce training, and planning (Sec. 60101, EPA 2023). The
IRA also appropriates funding for multiple programs including youth, national service, pre-
apprenticeship, and apprenticeship programs related to climate resilience and mitigation; however, these
are not decarbonization activities and are out of scope for this report.

Executive Orders

o FExecutive Order 14005: Ensuring the Future Is Made in All of America: Increases domestic
content requirements on federal procurement (Exec. Order No. 14005 2021).

o FExecutive Order 14008: Tackling the Climate Crisis at Home and Abroad: Calls for an all-of-
government approach to “create well-paying union jobs to build a modern and sustainable
infrastructure, deliver an equitable, clean energy future, and put the United States on a path to
achieve net-zero emissions, economy-wide, by no later than 2050 (EO 14008 2021).

o FExecutive Order 14025: Worker Organizing and Empowerment: Established the Task Force on
Worker Organizing and Empowerment to identify ways the federal government could fully utilize
its authority to encourage worker organizing and collective bargaining (EO 14025 2021). On Feb.
7, 2022, the task force released its report, detailing nearly 70 recommendations for revising labor
laws and regulations (White House 2022).

o FExecutive Order 14052: Implementation of the Infrastructure Investment and Jobs Act.
Emphasizes the importance of high labor standards, including prevailing wages and the free and
fair chance to join a union in the implementation of the Infrastructure Investment and Jobs Act
(EO 14052 2021).

o FExecutive Order 14063: Use of Project Labor Agreements for Federal Construction Projects:
Requires project labor agreements (PLAs) on large federally contracted construction projects (EO
14063 2022).

Other Legislation

In December 2022, the congressional appropriations omnibus passed with a provision for a 1-year
extension on funding for the Trade Adjustment Assistance (TAA), the 60-plus-year federal program to
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support workers whose employment is impacted by trade (P.L. 117-328). However, the omnibus language
did not include the necessary authorizing language to extend administering the TAA, and thus the
program is still under termination provisions at time of writing (DOL 2022, 2023). If reauthorized, TAA
could be strengthened in several ways to better serve workers through this transition, see
Recommendation 4-3 below.

Finding 4-1: There have been significant efforts recently to incentivize businesses to utilize
domestic content, pay prevailing wages, and incorporate apprenticeships into projects. However,
the majority of the policy action does not involve durable, mandatory labor standards set by
regulatory action, but rather limited-duration tax incentives with labor elements contained to
bonus credits earned through voluntary action.

CURRENT ENERGY EMPLOYMENT AND TRENDS

In 2022, more than 8.1 million U.S. workers were employed in the energy workforce, including
professional, construction, utility, operations, and production occupations associated with energy
infrastructure, production, and use and the manufacturing of motor vehicles. More than 40 percent of total
energy jobs in 2022 were in net-zero emissions aligned areas (DOE 2023). Net-zero emissions aligned
jobs are those related to renewable energy, grid technologies and storage; traditional electricity
transmission and non-fossil distribution; nuclear energy; a subset of energy efficiency; biofuels; and plug-
in hybrid, fully electric, and hydrogen fuel cell vehicles and components.

Some concerns exist in the energy workforce today that will need to be addressed for a successful
transition to a net-zero energy system. As detailed in the following sections, these concerns include

Hiring challenges across energy jobs, particularly in manufacturing and construction;
Job quality issues of new clean energy jobs;
Diversity and inclusion;

Deindustrialization and decline in U.S. manufacturing and domestic supply chain capacity;
and

e Skills gaps.

A primary concern is whether the United States has a skilled workforce willing and capable to
produce, install, and operate the materials, products, equipment, and infrastructure needed for a net-zero
economy. A Deloitte study found that 80 percent of the needed skills for the short- and medium-term
transition already exist in the workforce (Deloitte 2022). This means that most workers already on the job
today wouldn’t need complete retraining to remain in their jobs or find new work, but rather upskilling
through microcredentials or on-the-job training. A 2020 report from the University of California,
Berkeley Center for Labor Research and Education found that, “[t]he vast majority of the jobs that will be
involved in work to lower greenhouse gas emissions across the economy are in traditional occupations
where specific ‘low carbon’ knowledge and skills are only one component of a broader occupational skill
set” (Zabin et al. 2020). In other words, it is more about greening existing jobs rather than creating a
whole set of new jobs.

However, the 2023 U.S. Energy and Employment Report (USEER) documents hiring difficulty in
every industry across types of energy jobs (although it does not provide averages across all industries) and
documents an increase in employers reporting hiring difficulties from 72 percent in 2016 to 88 percent in
2022 (BW Research 2016; DOE 2023). The problem appears to be most pervasive for motor vehicles
employers, where 94 percent of respondents report hiring difficulties, followed by the energy efficiency
industry (~92 percent), electric power generation (~87 percent), fuels (85 percent), and electricity
transmission, distribution, and storage (~83 percent) (DOE 2023). As demand increases for workers in the
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non-fossil sector, wages are expected to increase to reflect these needs. Wages can help incentivize the
supply of workers, but these adjustments can be sluggish. Moreover, higher wages are often passed
through to consumers in the form of higher product prices. Investing in training and skill development
today can minimize these skill gaps and wage pressure.

Fossil Trends

As discussed in Chapter 12, there are clear trends across the three fossil fuels: Coal production
continues to decline, while natural gas and oil production have not only avoided declines but in fact have
increased in the past decade to meet both domestic needs and provide strategic energy security
internationally. Employment in fossil fuel extraction has been declining, impacting geographic areas with
concentrated fossil jobs.

Over the past 40 years, coal employment has experienced major contractions: the first occurred in
the 1980s, when oil prices fell from their 1970s highs and caused a major reduction in coal demand
(Black et al. 2005); the second came in the 2010s, as natural gas and renewable energy increasingly
supplanted coal in generating electricity (Fell and Kaffine 2018). These previous contractions have been
shocks to the system, leaving workers and communities in the lurch (see Chapter 12 for details). Oil
refineries in California are starting to close as the state aims to be carbon neutral by 2045, spurring
conversation about “unplanned transition” versus a “just transition” (Gerdes 2020; Martin 2022). Another
big question is the extent to which new and growing jobs will require similar or transferable skills that
fossil fuel workers have. Resources for the Future (RFF) found that, exempting technical skills, the skills
necessary for disappearing fossil fuel jobs do not align with the skills needed for fast-growing
occupations at similar pay rates, many of which require skills in customer service or management
(Greenspon and Raimi 2022). See the section on “Supporting Workers Impacted by Labor Disruptions
Associated with the Net-Zero Transition” for a more in-depth discussion of the policy options for
transition-related job loss.

Renewable Trends

As noted above, net-zero emissions-aligned jobs made up more than 40 percent of total energy
jobs in 2022 and are the top growth areas in energy jobs (DOE 2023). Generally, workers in clean energy
earn higher than the national average: while the mean hourly wage of all workers nationally was $23.86 in
2016, workers in clean energy production, energy efficiency, and environmental management earned
$28.41, $25.90, and $27.45, respectively (Muro et al. 2019). There are examples of clean energy
investments creating high-quality jobs, spurring economic recovery, and growing the clean economy
(Boom 2021).

However, there are concerns about the quality of jobs in clean energy, especially when compared
to fossil jobs being lost (BGA 2021; Shrestha et al. 2022). Clean energy jobs look good compared to the
national average because the economy overall has many low-wage, no-benefits service jobs (BGA 2021).
Many incumbent energy jobs that will be lost tend to be high wage, with benefits, and high rates of
unionization, and the clean energy jobs being created do not always provide the same array of benefits.
Job quality may be of particular concern for solar PV installation jobs, as solar projects generally rely on
short-term workforces retained through temp agencies or subcontractors. These firms, which are known
for unfair hiring practices and minimal transparency, offer jobs with low wages, minimal benefits, limited
training, and no job security (Gurley 2022; Harris 2022). These short-term jobs do not typically lead to
long-term work or cultivate transferable job skills for a career (Gurley 2022). Without effective policies,
the transition to a low-carbon economy could reduce the quality of jobs in the energy sector. Box 4-1
describes the role of apprenticeships and pre-apprenticeships in supporting high-quality jobs.

The Inflation Reduction Act has attempted to address this issue by tying better labor standards to
various tax credits, which is one approach. A stronger approach would require new labor laws. The
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Protecting the Right to Organize (PRO) Act, which passed the House in the 117th Congress and has since
been reintroduced in the 118th, includes several provisions to make it easy for workers to join unions. *
One of them is a policy that would override right-to-work laws that currently exist in 27 states (NCSL
2023). While state right-to-work laws do not prohibit workers from joining a union, they provide workers
the option not to pay union dues that collectively help pay for the costs of bargaining and negotiating
contracts. With fewer workers paying dues, unions have found it difficult to sustain themselves. The
Economic Policy Institute (Gould and Kimball 2015) has estimated that right-to-work laws have led to a
3.1 percent decline in wages for both union and non-union workers after accounting for differences in
labor market characteristics, cost of living, and demographics. The PRO Act would also allow
independent contractors and gig workers the right to collectively bargain.

In addition to job quality concerns, there are also diversity concerns in the clean energy
workforce; a 2021 analysis found that about 61 percent of clean energy workers were white (non-
Hispanic), whereas Black, Hispanic/Latinx, and Women workers were all less represented in clean energy
than across the rest of the economy (E2 2021). In 2022, Black workers held only 9 percent of jobs in wind
technology and energy efficiency and only 8 percent in solar technology jobs; women held 27 percent of
energy efficiency jobs, 31 percent of solar jobs, and 33 percent of wind technology jobs (DOE 2023).
Despite improvements in recent years—over half of clean energy jobs added in 2022 went to women—
the participation rate of women and Black workers remains well below the national workforce average,
highlighting the persistence of these disparities (DOE 2023). There is also evidence of discrepancies in
roles and career progression among employees across race and gender. In the solar industry, for example,
Black workers are less likely to hold management-, director-, and president-level positions than white
workers, and women are less likely to hold these positions than men (IREC 2021).

Critical Minerals and Mining Trends

Critical minerals are necessary in producing wind turbines, solar panels, electric vehicles, smart
home devices, sensors and digital controls, batteries, and myriad other technologies that will support
decarbonization. While U.S. mining and geological engineering employment is expected to grow more
slowly than all U.S. occupations over the next decade, about 500 openings are projected each year on
average, mostly stemming from the need to replace workers who transfer to different occupations or exit
the labor force, such as to retire (BLS 2022). A 2013 National Research Council study on emerging
workforce trends in the domestic energy and mining industries named a wide array of challenges,
including aging and retiring workforce and faculty; a decrease in mining, mineral engineering, and
economic geology programs; negative perceptions with respect to the nature of the work; and foreign
competition for U.S. talent (NRC 2013). Workforce challenges persist not only owing to these factors, but
also the physically demanding nature and often remote locations of these jobs (Sicurella 2021). More than
200,000 of today’s domestic mining workforce will be retiring and need replacement by 2029; however,
in 2021, just over 300 degrees in mining and mineral engineering were awarded in the United States, far
from the rate needed to maintain the workforce, much less meet expected growth in demand for
domestically sourced or processed critical minerals (Data USA n.d.; Hale 2023; Society for Mining,
Metallurgy, and Exploration 2014). The U.S. Department of Commerce (2019) made recommendations
aimed at several key goals for growing the critical minerals workforce: (1) bolster education in mining
engineering, geology, and other fields related to critical minerals mining and manufacturing; (2) promote
interdisciplinary collaboration among material science, computer science, and related disciplines to
modernize the minerals supply sector industry and make the field more attractive to new talent; (3)
implement personnel and management reform to ensure appropriate human capital to support exploration

4 H.R.842—117th Congress (2021-2022): Protecting the Right to Organize Act of 2021,
https://www.congress.gov/bill/117th-congress/house-bill/842. H.R.20—118th Congress (2023-2024): Richard L.
Trumka Protecting the Right to Organize Act of 2023, https://www.congress.gov/bill/118th-congress/house-bill/20.
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and development of critical minerals on Federal lands; and (4) facilitate sustained interaction with critical
mineral stakeholders and the general public.

BOX 4-1
Apprenticeships, Pre-Apprenticeships, and Equity

Apprenticeship programs are widely considered a promising pathway to high-quality jobs, as
they pay workers to learn to become highly skilled and enter a career path (Inclusive Economics
2021). These programs have the potential to help alleviate labor shortage concerns in manufacturing
and skilled trades; fill skills gaps; direct young people into careers with high retirement rates; and
advance diversity, equity, and inclusion in the growing clean energy workforce. Registered
apprenticeships are approved by the U.S. Department of Labor or a state agency, can involve
businesses, industry experts, unions, education institutions, and other local partners, and are industry
vetted and validated. They are paid and lead to a credential such as a nationally recognized certificate
(DOL n.d.(a)). While registered apprenticeship programs are becoming increasingly diverse (Jones et
al. 2021), particularly union apprenticeships (BGA 2021; Bilginsoy et al. 2022), continued action is
needed to overcome historical inequities and ensure that apprentices and the future trades workforce
are more representative of the general population (Seleznow and McCane 2021). One tool to help
achieve this is pre-apprenticeship programs, which can prepare job seekers, particularly those from
disadvantaged communities, and set them up for success in completing apprenticeship programs
(Foster et al. 2020; Inclusive Economics 2021). These programs can be associated with specific
apprenticeship programs and include wrap-around services such as childcare and transportation (DOL
n.d.(b)).

A study of energy efficiency programs in California found approximately two-thirds of the
jobs generated directly by energy efficiency investments to be in traditional building and construction
trades (e.g., electricians, sheet metal workers, plumbers, carpenters, stationary engineers, and others),
with only around one-sixth in professional occupations, and only 2 percent in specialized energy
efficiency occupations like energy auditor. This result shows that very niche training programs that
cater to a specific clean energy technology, such as training for solar panel installation, may be less
effective than programs like apprenticeships and pre-apprenticeships that provide broader training and
equip workers with skills that can move between clean technologies (Zabin et al. 2014).

Manufacturing Jobs

As discussed in Chapter 10, manufacturing the equipment and building out the infrastructure
needed to create a net-zero economy will be a key part of the transition, and there are opportunities to
create and maintain high quality jobs as well as global competitiveness if done well. Several current
trends in manufacturing could be barriers to implementing a transition to net zero and need to be
addressed, including the disappearance of the manufacturing wage premium, deindustrialization and
offshoring of plants, and persistent hiring difficulties.

Manufacturing jobs once provided a key path for middle-class growth and prosperity (Barrett and
Bivens 2021); however, the manufacturing wage premium has disappeared in recent years, contributing to
the increase in overall wage inequality and potentially adding to the decline of U.S. manufacturing
(Bayard et al. 2022). Over the past 20 years, more than 5 million U.S. manufacturing jobs have
disappeared and nearly 70,000 factories have closed (Scott et al. 2022). The U.S. economy shifted toward
lower-wage, service-sector jobs with fewer benefits and lower rates of unionization than manufacturing
jobs, resulting in lower average wages for all workers without a 4-year degree (Scott et al. 2022). This
decline has disproportionally impacted workers and families of color (Scott et al. 2022; Taylor 2016).
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For many manufacturing companies that remain in the United States, workforce challenges are
negatively impacting operations and growth. In the National Association of Manufacturers 2021
Manufacturers’ Outlook Survey, nearly 45 percent of respondents reported having to turn down business
opportunities owing to insufficient staff (NAM 2021). In the same survey, about 71 percent of
respondents noted that staffing shortages also have negative impacts on the timeliness of product
deliveries and on production processes (NAM 2021). The figure is a bit higher among respondents of the
2022 Workforce Institute survey, which found that labor shortages impacted production demands for 84
percent of manufacturers; for 76 percent of these respondents, the impact on their bottom line was
considered “moderate” or “severe” (Workforce Institute 2022).

The millions of middle-income American workers currently employed in the automotive industry
still earn average wages that are higher than the national averages (Walter et al. 2020), but these averages
obscure a more nuanced reality. While unionized, full-time workers continue to earn high wages with
benefits and enjoy decent working conditions, not all workers have access to these benefits. Weakened
labor standards in U.S. manufacturing have eroded job opportunities and job quality in the sector (and
across the entire economy) (Cutcher-Gershenfeld et al. 2015). As a result, real earnings have been
declining for all autoworkers (Ruckelshaus and Leberstein 2014). Most automotive manufacturing jobs
created since 2009 have been non-union or temporary (Ruckelshaus and Leberstein 2014; Walter et al.
2020). While previously the majority of autoworkers were employed in assembly, auto parts workers now
account for 72 percent of jobs in the sector, where they are more likely to be temporary and earn
significantly less than assembly workers (Ruckelshaus and Leberstein 2014).

Finding 4-2: There is a pay gap between some fossil fuel jobs and clean energy jobs. Low wages
are often accompanied by lack of benefits. Prioritizing high-quality jobs, including union jobs, in
the clean energy sector can lead to better outcomes for both workers and the environment while
ensuring a just transition for fossil fuel workers.

EMPLOYMENT IMPLICATIONS IN A NET-ZERO TRANSITION

Analyses by Rhodium Group, REPEAT, Energy Innovation, and Chapters 6—12 of this report
conclude that recent legislation is likely to move the nation much or a majority of the way to a net-zero
trajectory. While there are no comprehensive peer-reviewed jobs analyses of recent legislation, major job
gains are projected: Energy Innovation found that the provisions in the IRA could create 1.4 to 1.5 million
new jobs in 2030 concentrated in the manufacturing, construction, and service industries (Mahajan et al.
2022). Energy Futures Initiative found that the IRA could create 1.46 million more jobs than a BAU
scenario, and construction, manufacturing, and the electric utility sector would be key sectors for growth
(Foster et al. 2023). Political Economy Research Institute (PERI) and the BlueGreen Alliance (BGA)
found that robust application of the IRA’s strong labor standards could create more than 9 million jobs
throughout the economy over the next decade—an average of nearly 1 million jobs each year (Pollin et al.
2022a). A World Resources Institute (WRI) study found that federal policies relying on a combination of
tax credits for low-carbon technologies (as included in IRA) and infrastructure investments (as included
in the IIJA) could generate an additional 900,000 net jobs by 2035, compared to a reference scenario
without these laws (Shrestha et al. 2022). This does not account for the additional economic benefits
generated by incentivizing domestic manufacturing of clean energy technologies and their supply chains.
When domestic manufacturing is factored in, then an additional 3.1 million net jobs are created in 2035
compared to a 2035 reference scenario (Shrestha et al. 2022).

Studies of employment along potential paths to net-zero offer a useful upper bound even if they
do not specifically include recent legislation:

e Mayfield et al. (2023) modeled employment impacts of the Princeton Net-Zero America
scenarios, finding that a transition to net zero in 2050 supports an annual average job creation
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of approximately 3 million direct jobs during the first decade, and approximately 4—8 million
direct jobs during the 2040s. This study does not include energy efficiency or vehicles jobs.
The study provides separate results for different technologies, regions, and individual states;
estimates training, education, and experience requirements for jobs that are created; and
estimates policies that would maximize employment benefits (Mayfield et al. 2023).

e The WRI study mentioned above also concluded that a net-zero emissions scenario would
result in 2.3 million more net jobs (direct, indirect, and induced) than the reference case
between 2020 and 2035; new clean energy jobs would be concentrated in construction of
buildings and electricity (Shrestha et al. 2022).

e The Decarb America Research Initiative found that decarbonizing the U.S. economy would
create a net increase of more than 2 million jobs economy-wide (includes direct, indirect, and
induced) by midcentury. This study focuses on electricity generation and includes vehicles,
but excludes oil/petroleum (Chan et al. 2022).

e The Sustainable Development Solutions Network (SDSN) developed the America’s Zero
Carbon Action Plan, which found that a transition to net zero by 2050 would generate about
2.5 million direct and indirect jobs per year compared to a reference case, and over four
million jobs per year if induced jobs are included. The authors concluded that many industrial
jobs would be created in the Appalachian region and Midwest (SDSN 2020).

Studies looking at global net-zero transition reported similar findings to U.S.-focused studies
regarding large net gains in employment. However, gross job losses would also be substantial. A 2022
study from the McKinsey Global Institute found that the transition would have uneven effects on sectors,
geographies, and communities, especially at the beginning (Krishnan et al. 2022). It also found that shifts
in employment would likely be substantially higher in a disorderly transition. The report notes that
economic impacts should be considered in perspective with job dislocations from other trends, including
automation, remote work, and e-commerce, which could lead to considerably more losses than the global
transition to net zero. A 2022 study from Deloitte found that 13 million jobs in the United States are
vulnerable to climate change impacts or transition effects. While the U.S. share is lower than other
regions of the world, unmanaged transition increases the risk to these jobs, while proactive policy
decisions through the 2020s can create a job dividend more than 30 years earlier than a passive transition
(Deloitte 2022). A 2021 IEA report highlights the benefits of managing transition impacts, enabling
companies to find qualified workers, using existing practices to center people in transition, supporting
long-term engagement and strong social dialogue, and using detailed energy employment data (Cozzi and
Motherway 2021).

Thus, both domestic and international analyses broadly agree that net increases in jobs are likely,
together with contractions of fossil jobs. Fossil job contractions are concentrated in a few regions, while
the job increases are likely more dispersed. Moreover, fossil contractions generally occur after 2030,
except for coal jobs, which have been declining for decades (see Chapter 12 for details). An illustrative
example is Mayfield et al. (2023), originally produced as part of Princeton University’s Net-Zero America
Project. Mayfield et al. find that from 2020 to 2030, employment stays constant or grows in most states
except coal-producing states in the Appalachian basin, where employment slightly declines but rebounds
in the 2030s. By 2050, energy jobs grow both as a fraction of total jobs in the economy and in most states,
but this growth happens in boom-bust cycles. The largest interim job losses occur in rural states with
large upstream fossil fuel industries, like West Virginia. Employment and wage losses in fossil fuels are
offset in aggregate by growth in low carbon sectors. These results are broadly consistent with the
conclusions of the literature in this area and offer granular insights about how decarbonization impacts
employment by resource sector, geography, and timing. A detailed look at this study illustrates the level
of geographic, temporal, and sectoral heterogeneity expected in employment during the net-zero
transition.
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FIGURE 4-1 Spatial distribution of employment: annual employment in energy jobs for the least
constrained net-zero scenario modeled by Mayfield et al. (2023), which permits nuclear and carbon
capture and storage in addition to renewables.

NOTE: Green means employment >15 percent above 2021, yellow means within =15 percent of 2021,
and red means >15 percent below 2021.

SOURCE: Reprinted from Energy Policy, Vol. 177, Mayfield et al., “Labor pathways to achieve net-zero
emissions in the United States by mid-century,” p. 12, Copyright 2023, with permission from Elsevier.
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FIGURE 4-2 Spatial distribution of employment: Distribution of employment by resource sector in the
least constrained net-zero scenario modeled by Mayfield et al. (2023), which permits nuclear and carbon
capture and storage in addition to renewables.

SOURCE: Reprinted from Energy Policy, Vol. 177, Mayfield et al., “Labor pathways to achieve net-zero
emissions in the United States by mid-century,” p. 12, Copyright 2023, with permission from Elsevier.
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Figures 4-1 and 4-2 depict results from Mayfield et al. (2023) on total annual employment in
energy jobs and employment by resource sector, respectively, for each U.S. state. The following
discussion further explains the results shown in these two figures.

Fossil Fuels (see also Chapter 12). Coal is the smallest fossil fuel sector in terms of current
employment. Coal employment has been declining for the past 3 decades and is projected to continue to
decline by half in 2030 and by more than 80 percent by 2050, even in the reference scenario of Mayfield
et al. (2023). Coal employment is clustered geographically in the Appalachian and Powder River basins,
and coal mining is a dominant industry in some communities. Employment in coal-fired power generation
is also spread across 45 states.

Oil is the largest fossil fuel sector in terms of employment and is spread across all states with
some clustering in areas that produce oil and in areas with major industry concentration. The reference
scenario of Mayfield et al. (2023) shows a 40 percent decline in oil sector employment by 2050, and the
net-zero scenarios show 60—90 percent declines, largely influenced by the rate of transportation
electrification and the level of future exports. In areas like North Dakota, the oil sector employs a large
share of the labor force through midcentury.

Natural gas employment is influenced by rate of heating electrification, renewable siting
constraints, and natural gas exports, leading to vastly different potential pathways. Natural gas
employment declines over both the short and long term in both the reference and net-zero scenarios in
Mayfield et al. (2023): in the reference scenario, employment declines steadily by 15 percent between
2020 and 2050. However, in the net-zero scenarios, natural gas employment declines 15—30 percent by
2030 and 50—80 percent by 2050. Most of the decline is upstream; employment in the gas-fueled electric
power industry only slightly declines as carbon capture and storage (CCS) technology expands.

Low-Carbon Sectors. The solar sector rapidly scales up in the net-zero scenarios studied by
Mayfield et al. (2023), with utility-scale solar capacity increasing 10-fold by 2030 and 20- to 120-fold by
2050, as domestic manufacturing share of related components multiplies 2 to 4 times by 2030 and 3 to 18
times by 2050. By 2030, the solar sector has the highest employment of all resource sectors. Solar jobs
are spread across the United States with a concentration in the southern half of the United States, and
solar employment increases from 250,000—500,000 jobs currently to 700,000—2,500,000 jobs in 2050.

The wind sector experiences a rapid expansion, increasing capacity two- to four-fold by 2030 and
six- to 27-fold by 2050, as domestic manufacturing share of related components multiplies 4 to 10 times
by 2030 and 4 to 46 times by 2050. Wind resources increase employment mid-continent, and
manufacturing increases employment across the East, Midwest, and Great Lakes. Wind has the potential
to mitigate job losses from fossil fuels in some areas, such as Wyoming. Nationwide, wind employment
increases from 100,000—150,000 currently to 350,000-2,200,000 jobs in 2050. Depending on the
proportion of domestic content (materials and goods made in the United States) used in offshore wind
energy development and construction, Stefek et al. (2022) estimates that from 2024 to 2030, the offshore
wind energy industry will need an annual average of between 15,000 (25 percent domestic content) and
58,000 full-time workers (100 percent domestic content). As most of these new offshore wind jobs are
expected to be added in the manufacturing and supply chain sectors (as well as project development,
installation, ports and vessels, operations, and maintenance), realizing this job growth depends on the
construction of new manufacturing and supply chain facilities within the United States.

In these scenarios, the electric grid undergoes a 2x—4x infrastructure expansion, and employment
related to transmission increases in all states and nearly doubles in the largest states like Texas and
California. Electric grid employment increases from 450,000—600,000 currently to 1,100,000-3,500,000
jobs in 2050.

Nuclear is a relatively small sector in terms of employment today, and its fate depends on
constraints that the nation places on it and other technologies. For example, the 100 percent renewables
scenario in Mayfield et al. (2023) assumes that the public will prohibit nuclear electricity. As a result,
nuclear employment declines by 20—40 percent by 2030 and approximately 95 percent by 2050. In the
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scenario in which renewable deployment is constrained beneath the maximum historic rate, for example
because of public pressure on deployment, both nuclear deployment and employment would expand by
10x. In the least constrained scenario, shown in Figure 4-2, operations and slow decommissioning
provide steady employment from 2020 to 2040. Thus, across the full range of scenarios, today’s nuclear
employment of 50,000 could either decline almost entirely or increase to 500,000 by 2050.

Biomass is another small sector today that could see growth and transformation from corn ethanol
production to advanced biofuels from woody, non-woody, and other feedstocks. Biomass has the
potential to provide concentrated benefits to rural communities owing to colocation of farming activities.
In the scenario depicted in Figure 4-2, biomass employment increases from an average of 80,000-90,000
per year in the 2020s to 160,000—220,000 per year in the 2050s.

Carbon dioxide capture, transport, and sequestration or use currently employs few people, but is
expected to increase to substantial levels in all scenarios in Mayfield et al. (2023) that permit geologic
sequestration. However, in the Princeton America studies, much of this is CO; captured from biomass late
in the transition. In scenarios where carbon capture infrastructure gets built, employment increases in
areas with existing natural gas pipeline infrastructure, extending from the mid-continent to the East coast.
While skills for carbon dioxide jobs are similar to natural gas jobs, employment in this sector is predicted
to remain much smaller than declines in the natural gas workforce. Carbon dioxide employment could
increase to 60,000—110,000 in 2050. Note that direct air capture, geothermal energy, and hydropower
were not included in this analysis as the models did not show significant new capacity. As previously
mentioned, many factors affect potential capacity and jobs impacts and these technologies may warrant
additional study.

The Mayfield study focuses on energy supply and thus excludes vehicles and energy efficiency,
which are the largest current sectors of energy employment (DOE 2023) and both likely to see changes
owing to the transition. As the United States shifts from internal combustion engine (ICE) vehicles to
battery electric vehicles (BEV), employment in the U.S. automotive sector could increase by more than
150,000 jobs in 2030—if U.S. BEV purchases rise to 50 percent by 2030, the United States produces the
same share of the battery supply chain as it currently does ICE components, and the U.S.-assembled
market share increases 10 percentage points (to 60 percent) (Barrett and Bivens 2021). If these conditions
are not met, the U.S. auto sector could lose roughly 75,000 jobs by 2030. Modeling a transition to net
zero, a WRI study found that by 2035 there is a loss of 2 million net jobs (direct, indirect, and induced)
associated with internal combustion engine (ICE) vehicle manufacturing, maintenance, and sales
(Shrestha et al. 2022). However, increasing the share of domestic battery manufacturing from 25 percent
(base model assumption) to 50 percent leads to an additional 850,000 jobs, and increasing to 75 percent
leads to 1.7 million jobs gained, countering 87 percent of losses. The domestic content and manufacturing
requirements to harness bonus rates for tax credits included in the IRA will support realizing the job gains
projected in WRI’s scenario. The WRI study also reports an increase of 3.6 million jobs from EV
charging infrastructure deployment (Shrestha et al. 2022). Similarly, the Decarb America report finds that
EVs could generate hundreds of thousands of jobs with a domestic supply chain (Chan et al. 2022).
Employment in energy efficiency activities such as weatherization, building retrofits, electrification, and
industrial energy efficiency will be critical in transition to net zero. The WRI net-zero scenario found that
the largest job gains are in construction of buildings and electricity infrastructure and that the majority of
construction jobs are well-paying (Shrestha et al. 2022). The Decarb America report finds that energy
efficiency jobs drive gains in the first decade of transition as infrastructure is built out (Chan et al. 2022).
The SDSN study found that investments in energy efficiency would generate approximately 800,000 new
jobs per year (SDSN 2020).

While most net-zero studies include manufacturing jobs to produce equipment and infrastructure
needed for the net-zero economy, most do not address specifically job impacts of transition on the
industrial sector. The SDSN report finds that effective industrial policies could increase total job creation
by up to about 10 percent, and reports that in their modeling, many industrial jobs are created in the
Appalachian and Midwest regions (SDSN 2020).
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Finding 4-3: The employment impacts of the transition to a net-zero economy will be uneven
geographically, temporally, and sectorally. There will not be a 1:1 replacement of lost fossil
energy jobs with new clean energy jobs. Some workers and communities will be
disproportionately at risk. Proactive policy and transition management is critical to mitigating
negative impacts and improving equitable outcomes.

Finding 4-4: Decarbonization will not only impact direct energy jobs, but also jobs in supporting
communities and peripheral industries. This means that the energy transition will implicate a wide
swath of the U.S. economy.

Findings and Recommendations Regarding Attracting and Retaining the Workforce Needed to
Accomplish the Transition

Recommendation 4-1: Support the Development of Net-Zero Curriculum and Skill
Development Programs for K—12 Students. The transition to a net-zero economy will take
decades; children born in the 2020s will participate in the workforce of the 2040s, and their
preparation to be a part of the net-zero economy needs to begin today. The Department of
Education should provide support for state and local governments and school districts to
develop curricula and skill development programs that prepare K—12 students for careers
in the net-zero economy. Local governments and school districts should engage local
employers and workforces when crafting decarbonization-relevant workforce development
programs to ensure that they meet community needs and that program participants will
have career paths in their communities.

Finding 4-5: There is significant under-representation of women and people of color in the
growing clean energy workforce. Accomplishing the transition to a net-zero economy will require
trained and qualified workers across the country, in all communities. Developing a diverse and
representative clean energy workforce will support the social contract necessary to maintain
support for the transition long-term.

Recommendation 4-2: Invest in Linking People from Disadvantaged Communities to Quality
Jobs. Congress should invest in linking people from historically disadvantaged communities
to quality jobs through Registered Apprenticeship Programs and pre-apprenticeships. This
could include incentivizing or requiring the use of Project Labor, Community Benefits, and
Community Workforce Agreements with equity-focused stipulations; the use of Registered
Apprenticeships; the adjustment of wage reimbursement rates for professions with
historically low wages; and the expansion of fair chance hiring policies to Registered
Apprenticeships.

SUPPORTING WORKERS IMPACTED BY LABOR DISRUPTIONS ASSOCIATED WITH THE
NET-ZERO TRANSITION

All published analyses of the impact of current climate and energy policy on employment broadly
predict continued fossil fuel job losses but differ on details. Some baseline scenarios also predict declines
in fossil employment even without the new policies in IRA, IIJA, and CHIPS (e.g., Mayfield et al. 2023).
For example, IEA’s Stated Policies Scenario (STEPS) predicts that demand for fossil fuels would have
declined or remained constant through 2040 (Raimi 2021). Fossil jobs at risk include coal, oil, and natural
gas jobs in upstream mining and drilling, refining and transporting, energy generation, and use in the
transportation sector (including ICE vehicle manufacturing) as well as downstream supply chain and
related jobs (such as auto mechanics). Mayfield et al. (2023) found that mining sector (i.e., oil, gas, coal
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upstream activities) jobs comprise a declining portion of jobs over time. Raimi (2021, p. 2) uses the IEA’s
Sustainable Development Scenario (SDS) as the basis for their analysis and found “because coal has the
highest carbon content and can be substituted easily in the power sector (where most coal is used), these
communities will be the first to face a transition due to climate policy,” and oil and natural gas would
follow behind.

Geography of Job Losses

Nationally, fossil fuel jobs account for less than 1 percent of total employment. However, this is
highly regionally variable, and in some communities, 10-20 percent of employment is directly involved
in fossil fuels (Raimi et al. 2022). Just 10 states contain 73 percent of oil, coal, and natural gas production
(Foster et al. 2020). Raimi et al. (2022) associates these geographic hot spots with 4 regions:
Intermountain West, Texas, Appalachia, and the Gulf Coast. As shown in Chapter 12, certain types of
fossil jobs are geographically concentrated (fossil fuel mining and extraction), some are dispersed but can
be clustered (fossil fuel power plant generation), and others are widely dispersed across the country (gas
station workers, auto mechanics).

Job losses in industries like ICE vehicle manufacturing will be more concentrated in areas that
have vehicle manufacturing, like the Great Lakes and industrial Northeast. Other job losses will be more
widely dispersed, such as in communities with coal-fired power plants, ICE parts manufacturers, auto
mechanics, and so on. Other attributes of geography such as low economic diversity, isolation, and lack of
training opportunities create risk for communities and workers.

The Costs of Job Loss for Workers

Job loss, especially in fossil sectors, is likely to be extremely costly to an individual/household.
Evidence from researchers examining mass layoffs in a variety of contexts show that earnings losses for
affected workers are large and persistent—about 20 percent below their forecasted earnings trajectory up
to 20 years later, the sum of which amounts to around $110,000-$140,000 in earnings losses for someone
making $50,000 annually (von Wachter et al. 2009). Job loss may also come with loss of health insurance
and retirement benefits, and may even produce direct health effects (Sullivan and von Wachter 2009).
Even if there is an overall increase in jobs nationally through the transition, aggregate outcomes do not
reflect individual experiences, and those individuals/households who will experience a major disruption
need to be directly supported.

Outside of the fossil sectors directly affected, there are likely to be effects in other industries and
communities that directly and indirectly support and/or benefit from fossil fuels and services. These
include, but are not limited to, non-tradeable goods and services in a local community, such as
restaurants, construction, nursing homes, and so on. Loss of a major local employer may also cause a
contraction in the local tax base, which is often a primary source of public-school funding. The effects of
job loss can also impact families and children in myriad ways. For example, Stevens and Schaller (2009)
and Oreopoulos et al. (2008) provide evidence that parental layoffs have a causal effect on their children’s
test scores and their subsequent adult earnings.

These combined effects have the potential to significantly erode the social fabric that connects
communities, and policy makers need to think carefully about potential solutions to minimize these
impacts. Economic gains from getting people back to work are partly the present and future gains to the
income of workers. However, the broader social gains can include stronger families, a better network of
informal job connections, a decline in state-level spending on Medicaid and welfare payments, reduced
drug use and crime, and other benefits. Recent evidence suggests that large disruptions in U.S.
manufacturing, primarily owing to expansion of international trade with China, causally led to increases
in “deaths of despair” from fatal drug overdoses and enrollment in Social Security Disability Insurance
(SSDI) (Pierce and Schott 2020).
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At the same time, the existing federal and state policies designed to mitigate these costs, such as
unemployment insurance, are insufficient to compensate for these foregone earnings and other job-related
benefits. The federal-state unemployment insurance (UI) system helps many people who have lost their
jobs by temporarily replacing a part of their wages. Workers in most states are eligible for up to 26 weeks
of benefits from the regular state-funded unemployment compensation program, although ten states
provide fewer weeks, and two provide more. On average, unemployment insurance benefits replace about
40 percent of a worker’s prelayoff wages, but they vary substantially by state. When accounting for the
time-limited nature of Ul income and the non-wage benefits that are part of the compensation package for
many workers (benefits like employer-provided health insurance and retirement contributions), the true
pay replacement rate is much lower (EPI n.d.). In the process of searching for jobs, many workers are
likely to exhaust unemployment insurance benefits. Research suggests that upon exhaustion of Ul,
families’ consumption falls, and the incidence of poverty rises (Ganong and Noel 2019; Gruber 1997,
CBO 2004). There are also risks of dropping out of the labor force altogether, which have even larger
fiscal costs described below. These effects are particularly large for single earner families with children.

Lessons from Past Experience

The scale of the labor force transition away from fossil production is likely to be unprecedented
in nature, but it may be helpful to look at past experiences to learn about likely impacts as well as
potential solutions. There are at least two major upheavals in the past 40 years that may be helpful in this
regard: the early 1980s and 2010s decline in coal production in the Eastern United States and the more
recent and widespread erosion of manufacturing employment associated with trade exposure to Chinese
import competition.

Hanson (2023) considers the consequences of the post-1980 decline of coal in order to see how
the safety net might address job loss from the energy transition. During the past 40 years, coal mining has
had two major contractions. The first occurred in the 1980s, when oil prices fell from their 1970s highs
and caused a major reduction in coal demand (Black et al. 2005); the second came in the 2010s, as natural
gas and renewable energy increasingly supplanted coal in generating electricity (Fell and Kaffine 2018).
Following the first shock, employment and earnings fell precipitously in coal counties, which then saw
sharp increases in uptake of government transfers across a wide set of programs, such as Social Security
Disability Insurance (Black et al. 2002, 2003; Jacobsen and Parker 2016; Pierce and Schott 2020). At the
time, some analysts worried that monetary support for coal communities was insufficient, while others
raised concerns that government assistance would create a culture of welfare dependence. Hanson (2023)
shows how regions exposed to the four-decade coal bust have seen long-run reductions in earnings and
employment rates, increases in government income assistance, expanded Medicare and Medicaid usage,
and substantial decreases in population, especially among younger workers.

More recently, evidence has emerged as to the devastating impact that China’s accession to the
World Trade Organization and associated import competition has had on U.S. manufacturing (Acemoglu
et al. 2016; Alden 2016; Autor et al. 2013; Pierce and Schott 2016). Rising imports from China caused
higher unemployment, lower labor force participation, and reduced wages in local labor markets that
contained import competing manufacturing industries—ultimately responsible for nearly a quarter of the
decline in U.S. manufacturing employment (Autor et al. 2013). Between 600,000 and 1 million U.S.
manufacturing jobs disappeared between 1990 and 2007 (Autor et al. 2013).

Conventional views suggested that labor markets would adjust to these forces—workers who lost
jobs from trade competition or coal decline would move to industries or labor markets less exposed to
trade or coal. The initial decrease in labor demand and a corresponding increase in labor supply from a
newly available set of workers may depress wages, but the effect of these shocks should ultimately be
diffuse. However, increasing evidence demonstrates that these adjustments are highly heterogeneous and
incomplete (Autor et al. 2021), with only modest migration from affected areas, mostly by foreign-born
workers and younger native-born adults (ages 25-39). Expansions in import competition led to many
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localized recessions: displaced workers spent less on restaurants, entertainment, home renovations,
childcare, and other services, pushing the economy into a downward spiral of further job losses and
spending cuts.

Currently, the United States has targeted transition assistance programs to help with the disruptive
costs of job displacement for some affected workers. The largest and most well-known of these programs
is TAA, a federal transfer program established under the 1962 Trade Expansion Act that provides
assistance to workers “who lose their jobs or whose hours of work and wages are reduced as a result of
increased imports or shifts in production out of the United States.” In fiscal year 2010, nearly $1 billion in
annual cash transfers were appropriated to subsidize an estimated 230,000 qualified workers to enroll in
retraining programs after trade-related layoffs.

Hyman (2022) provides a comprehensive evaluation of the TAA program using detailed
longitudinal microdata on workers employment and earnings histories. He finds that TAA-approved
workers have $50,000 greater cumulative earnings 10 years after the fact—driven by both higher incomes
and greater labor force participation. Overall, this program includes many of the interventions described
in the following section on Policy Tools and Mitigation of Impacts: extended UI benefits and active labor
market programs, such as intensive job training. More recently, part of the TAA has been further
experimenting with wage insurance programs that have also shown promise (Hyman et al. 2021, 2023).

The picture that emerges from these historical experiences is bleak—Ilarge shocks to local
economies have led to a collapse in local labor markets where gradual outmigration ultimately left behind
a population that is disproportionately old, sick, and poor (Hanson 2023). The existing safety net was and
is ill-equipped to address the scale and scope of these impacts.

Policy Tools and Mitigation of Impacts

What can be done to mitigate some of the transitional costs to the workforce and communities in
light of the concerns listed above? Myriad policy tools are available that research and practice have
shown to be effective at minimizing costs to affected workers and communities while also being cost
effective from the standpoint of government expenditures. Key to these suggestions is minimizing labor
force exit and/or preventing an increase in the number of long-term unemployed.’ Policies that
incorporate transparency and certainty in the timing of impacts, described in more detail below, are also
likely to aid the workforce transition.

Extending and Potentially Reforming Unemployment Insurance Benefits in Fossil Communities

There has been a long-standing concern that extending the duration and increasing the benefits of
unemployment insurance will induce workers to delay seeking new jobs and thereby elevate
unemployment rates and prolong economic recovery. Yet, extensive literature now suggests that
extending unemployment insurance prevents large declines in individual and/or local consumption for the
substantial number of workers at risk of exhausting their benefits (Ganong and Noel 2019; Kovalski and
Sheiner 2022). If this is the case, not all of the disemployment effects of Ul generosity represent a
distortion but may be a sign that Ul helps to alleviate credit constraints that prevent individuals from self-
insuring against unemployment shocks (i.e., Ul benefits provide a form of social insurance). Relatedly, UI
extensions can also provide a degree of demand stabilization for local economies.

Extensions in Ul duration can also prevent individuals who are at risk of dropping out of the labor
force entirely from entering more costly (and permanent) government programs such as SSDI or claiming
Social Security benefits early. Therefore, these extensions could imply cost savings for the Social

5> The following discussion is based on Congressional Testimony from von Wachter (2011) and recent work by
Hanson (2023).
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Security trust fund that need to be incorporated into calculations of the budgetary effect of Ul extensions
(von Wachter 2011).°

Recessions and local economic shocks also tend to lead to early retirement from the labor force,
especially for less educated men (Autor et al. 2012; Yagan 2019). For example, von Wachter (2007)
shows that in past U.S. recessions, a 5-point rise in state unemployment rates is causally related to a 5
percentage point reduction in the employment-population ratio of 60- to 64-year-old high-school
graduates. The majority of these workers do not return to the labor force and are likely to claim SSDI (if
eligible) or Social Security benefits early. Extensions in Ul durations may prevent some of these workers
from dropping out of the labor force completely.

Most extensions to unemployment insurance occur at the state-level. There appears to be scope to
further tune UI benefits to local economic conditions. Because job loss caused by the energy transition is
likely to be highly concentrated in specific local labor markets, state-level triggers may be too crude to
help the regions that will suffer high levels of worker displacement, entailing larger than necessary fiscal
expenditures. Criteria like those provided to define Energy Communities in the IRA could similarly be
used to target social assistance and workforce support programs and policies described below.’

Transition Assistance Programs

As noted above, the largest and most well-known program to alleviate the disruptive costs of job
displacement is TAA. While TAA contains several program components, its primary benefit is coverage
of training costs for every year a qualified worker is retraining, up to a statutory maximum of 3 years.
Median annual coverage from 2001 to 2016 was $7,500/recipient-year, including up to 2 years for “basic”
retraining, and an additional year for “remedial” training (if deemed necessary) or “completion” training
for workers who are close to completing a credentialed curriculum but have exhausted basic benefits.

To receive TAA benefits, workers (or their surrogates) must file petitions at the DOL within 1
year of their trade-related separation from a given employer, at which point a DOL investigators is tasked
with determining whether applicants were laid off by companies whose decline in sales was owing to
increased imports or outsourcing. Once workers are approved for TAA, state career centers (e.g.,
American Job Centers, One-Stop Career Centers) guide workers to potential training program matches
based on prior experience, with workers having the final say over where to train. Once enrolled, training
subsidies and regular TRA payments are administered through local state career centers, where workers
recoup paychecks. Recipients are also entitled to expanded unemployment insurance (UI) benefits while
training (called “Trade Readjustment Allowances” [TRA]), conditional on providing regular proof of
training enrollment (Hyman 2022, p. 7). Extended Ul is available for up to 3 years, including the standard
initial 26-week Ul duration.

Wage Insurance Program

Because unemployment insurance only reimburses a modest fraction of the long-run earnings
losses associated with job displacement, some have suggested wage insurance systems to counteract these
effects (LaLonde 2007). Wage insurance provides a temporary subsidy covering a portion of the wage

¢ With a monthly job finding rate of 10 percent (i.c., the job finding rate suggested by Hall (2005) at the trough
of the 1982 recession), an extension of benefits by 6 months would imply that about half of the individuals looking
for a job upon benefit expiration would find a job.

7 The IRA provides three criteria to define an Energy Community. Meeting any one of these criteria qualifies:
(1) An industrial brownfield site, as defined in a prior statute, 42 U.S.C. 9601(39), (2) A county that meets two
criteria: i. at any time from 2010 on, it had 0.17 percent or greater direct employment OR 25 percent or greater local
tax revenues related to the extraction, processing, transport, or storage of coal, oil or natural gas AND ii. now has
unemployment rate that exceeds U.S. average, and (3) A census tract (plus all adjoining census tracts) where: a. a
coal mine closed in 2000 or later, OR b. a coal plant closed in 2010 or later.
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decline to workers whose reemployment wages are lower than their predisplacement wages. Proponents
argue that wage insurance not only financially compensates workers facing wage reductions after job
displacement, but also incentivizes job search, shortens unemployment durations, and supports workers
for whom job training may be less effective (Kletzer and Litan 2001). By reducing what employers need
to initially pay to attract and hire a displaced worker, the wage insurance benefit can help employers and
employees find a match and provide a financial bridge to the worker until he or she is able to command a
higher salary without the subsidy, thanks to on-the-job training and experience.

Since 2002, the TAA program has included a wage insurance program available to workers aged
50 and over who were laid off in a trade-related displacement (known as Alternative or Reemployment
TAA). This national program is the largest and longest-running wage insurance program in the world.
Hyman et al. (2021, 2023) uses the age-eligibility cutoffs in this program to explore the causal effect of
these policies on employment and earnings trajectories of trade-affected workers in the United States.
While all TAA-certified workers had access to training and extended unemployment insurance payments
(see above for a more detailed discussion of TAA), only those over age 50 had the additional option of
receiving wage insurance.

The authors find that workers eligible for wage insurance are 25 percent more likely to be
employed in the years just after displacement, and their earnings are a sustained 20 percent higher,
relative to similar workers who are not eligible for the program. Most of these differences in earnings are
accounted for by the higher probability of employment, rather than job quality improvements, suggesting
that these programs can be effective in getting displaced workers back into the labor force and out from
the long term unemployed. The magnitudes of the earnings effects are large enough for this program to
“pay for itself,” through both increased government revenue associated with higher income tax revenue
per participant as well as lower social expenditures in the form of unemployment insurance or SSI/SSDI.

Active Labor Market Programs to Prevent Long-Term Unemployment

An increasing amount of evidence suggests that active labor market programs can be successful
in helping displaced and disadvantaged workers to find employment in new occupations and at wage rates
that are higher than they otherwise would have commanded. Many workers displaced by the energy
transition will need to retool their skills for new occupations. A better equipped local workforce may help
a region to rebound more quickly from the loss of key export industries. Research and past experience
have demonstrated at least three types of programs that are able to achieve lasting increases in
employment while potentially saving money for the unemployment insurance system: (1) Retraining
Programs, (2) Job Search Assistance, and (3) Reemployment Bonuses.

Evidence from recent randomized control trials shows that specific types of job training programs
yield high returns: raising wages for low-wage workers and sometimes paying for themselves within 5
years (Katz et al. 2022). These programs provide training in sector-specific skills demanded by local
employers, who sometimes help to define the training, and offer wrap-around services regarding career
readiness, career counseling, job placement, and post-placement job advancement. There is also evidence
from other countries that well-designed, sectoral training programs have improved individual employment
outcomes (Card et al. 2018).

Even though there are clear success stories regarding training, there are also concerns about
scaling and implementation (Kanengiser and Schaberg 2022). Employers’ wariness to participate in these
programs (i.e., by guaranteeing to hire certain numbers of qualified graduates) is a common problem.
Another problem may stem from the dizzying number of agencies (i.e., Workforce Development Boards)
involved in administering these programs, with jurisdictional boundaries that bear little relation to the
geographic structure of local labor markets and often do not align with the regional structure of local
economic development agencies (Hanson 2023). There are also relatively low enrollment rates for
training programs from eligible employees. Participants may fear that the opportunity costs from program
participation may exceed any future gains in productivity or workforce advancement. People are often not
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paid during the time it takes to train, and when they do receive stipends, they are unlikely to cover the
cost of living. Drop-out rates can also be high (Heckman et al. 2000). Gazmararian (2022) found that in
places like southwest Pennsylvania where there were layoffs in the coal industry, economic decline
persisted despite the presence of long-running development programs like the POWER Initiative through
the Appalachian Regional Commission or the Assistance for Coal Communities program by the
Economic Development Administration.

Other forms of training include community and 4-year colleges. “In community colleges, job-
specific training often takes the form of certificate programs. These are practical courses of study of less
than 2 years in length, which target specific occupations such as construction, manufacturing, repair,
transportation, and other vocational trades” (Hanson 2023, p. 20). Prior research finds that when local
economic conditions deteriorate, enrollment in certificate programs tends to rise. These effects are largest
for programs that provide certification in industries where employment is expanding, suggesting that
workers are using the programs to move between occupations in response to changing economic
conditions (Acton 2021; Foote and Grosz 2020). However, most community colleges are geared to
prepare students for entry into 4-year colleges and universities and allocate substantially fewer resources
to certificate programs (Schanzenbach and Turner 2022). Goolsbee et al. (2019) develop a detailed
proposal for expanding the training capacity of community colleges, as part of a broader agenda to
increase and strengthen education of the U.S. workforce.

Federal financial aid can also play a vital role in assisting displaced workers in updating or
modifying their skills via higher education. However, in many states the UI system does not continue to
pay benefits when individuals enroll in school. Policies enacted in the American Recovery and
Reinvestment Act of 2009 have led to reforms in several states that continue payment of UI benefits for
workers obtaining certain types of training for up to 26 weeks. It is worthwhile to consider further
initiatives to encourage efforts by Ul recipients to obtain retraining (von Wachter 2011).

For some workers, a long period of time may elapse before they find a new job. These workers
may have lost motivation, hope, or a realistic view of what wages to expect in the labor market. If
targeted to workers most likely to exhaust unemployment insurance benefits, bonuses that pay workers
for finding a new job can reconnect long-term unemployed workers to the labor force, raising
employment and reducing the cost for the UI system (von Wachter 2011). Evidence on “reemployment
bonus experiments” suggests that short-term subsidies raise employment (e.g., Meyer 1995) but may only
be cost effective if targeted to workers most likely to exhaust their benefits (DOL 1995; O’Leary et al.
2005). This sort of exit strategy built into the unemployment insurance system may be particularly useful
for older laid-off workers who face strong wage penalties and low employment rates (von Wachter 2011).
It may also help to address concerns regarding the effect of extending unemployment insurance benefits
on the employment rate itself.

Prevention of Layoffs Through Work-Sharing Programs

One way to reduce the costs of the decarbonization of the workforce is to slow the pace of job
destruction by using work-sharing programs (also known as “short-time compensation”). For example,
the cost of unemployment insurance benefits for a typical worker is a small fraction of the total earnings
lost owing to a layoff over the remainder of the individual’s working life (Kovalski and Sheiner 2022). If
the same benefits were paid during employment to avoid job loss, this would substantially reduce the cost
to workers. These programs would prevent the decline in spending power associated with layoffs, avoid
dislocation and long-lasting earnings losses of laid-off workers, and may be cost-effective from society’s
point of view (von Wachter 2011).
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Such a system of work-sharing has already been instituted in 17 states. ® However, the current
system may have to be extended and publicized to have a visible impact on forecasted job destruction in
fossil communities and to have a substantial impact on employment (von Wachter 2021). At the same
time, these benefits to the workforce have to be considered against the ongoing social costs of fossil-
intensive production that these compensation programs would ostensibly support.

A Safety Net for Workers Not Yet in the Workforce

The impact of decarbonization on the families and young individuals that remain in affected
communities may also be worth considering. First, the current system of financial aid for college could be
used to help prevent children of low-income background or of families who experienced a job loss from
dropping out of college (von Wachter 2011). Research has documented a robust correlation of parental
income with college attendance especially of lower income individuals, and this relationship appears to
have strengthened over time (Deming and Dynarski 2009). Financial aid can be an important buffer
against labor market shocks affecting parental income or students’ own ability to work while in school.
Another concern is that many resources available for especially lower income students are currently
provided at the state level, such as subsidized community colleges or merit scholarships. If
decarbonization and the resulting fiscal implications impact state budgets, these resources may be at risk.

Migration Subsidies

Conventional views of labor markets suggest myriad ways that communities could adjust to a
major change in economic landscape. One potential adjustment is through worker migration, moving to
higher opportunity areas in search of gainful employment. In reality, however, migration has been
relatively sluggish to respond in communities affected by trade or coal shocks, and this sluggishness has
increased over time (Raimi 2022). When workers without a college degree lose their jobs, few choose to
move elsewhere, even when local market conditions are poor. As a result, the proportion of the working-
age population that have jobs (i.e., the employment to population ratio) has fallen significantly in affected
communities. One potential explanation for this pattern is that families prefer to stay in their communities
for other reasons, such as affordability or proximity to family and jobs. An alternative explanation is that
they do not move to high-opportunity areas because of barriers that prevent them from making such
moves.

Economists and policy makers have recently proposed migration subsidies or vouchers as one
possible solution to overcome some of these barriers. There is some precedent, as the U.S. government
spends approximately $20 billion each year on the Housing Choice Voucher Program, which provides
rental assistance to low-income families with a goal of expanding residential choice and giving low-
income families access to higher opportunity areas. Evidence as to the effectiveness of these vouchers is
promising, although mostly comes from experimental evidence tied to families currently living in public
housing, rather than economically distressed communities. For example, the U.S. Department of Housing
and Urban Development (HUD) designed the Moving to Opportunity (MTO) experiment to determine
whether providing low-income families assistance in moving to better neighborhoods could improve their
economic and health outcomes (HUD n.d.). The MTO experiment was conducted between 1994 and 1998
in five large U.S. cities. Approximately 4,600 families living in high-poverty public housing projects
were randomly assigned to one of three groups: an experimental voucher group that was offered a
subsidized housing voucher that came with a requirement to move to a census tract with a poverty rate
below 10 percent, a Section 8 voucher group that was offered a standard housing voucher with no

8 See DOL (1997) for an overview of short-time compensation programs in different states. The German
experience is the most cited example of a successful implementation of a work sharing program (see Méller [2010]
for a discussion).
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additional contingencies, and a control group that was not offered a voucher (but retained access to public
housing).

Researchers found that the experimental voucher group in the MTO experiment experienced
improved mental health, physical health, and subjective wellbeing of adults as well as family safety (Katz
et al. 2001). More recently, researchers have shown how these vouchers had long run effects on children’s
outcomes; moving a child to a low-poverty area when young (at age 8 on average) using a subsidized
voucher like the MTO experimental voucher increases the child’s total lifetime earnings by about
$302,000 (Chetty et al. 2015). The additional tax revenue generated from these earnings increases would
itself offset the incremental cost of the subsidized voucher relative to providing public housing.

Place-Based Policies

An alternative to addressing job loss by targeting individuals is to target exposed regions through
“place-based” policies, which condition assistance on the state of the local economy. This is a general
term that is meant to include policies such as tax incentives to recruit or to retain companies, subsidized
lending for real estate development, and technical assistance to local business (Bartik 2020; place-based
policies are also discussed in Chapters 5 and 13). Because decarbonization is likely to reduce the
economic vibrancy of regions currently specialized in fossil fuels, the role of place-based policies would
be to help communities develop a new economic base and replace the well-paying jobs that have been lost
(Hanson 2023). Research has shown that large, place-based policies (e.g., Tennessee Valley Authority)
can have long-lived effects on regional specialization (Bianchi and Giorcelli 2022; Kline and Moretti
2014), which suggests that they have the potential to catalyze local investments in individuals (labor) and
businesses (capital).

Examples from past policy successes and failures reveal several challenges associated with design
and implementation. If not careful, these programs may intensify zero-sum tax competition among
regions to attract firms (Kim 2021) or be manipulated by elected officials for political gain (Slattery
2020). Relatedly, policy implementation tends to be badly fragmented across state and federal agencies,
which often fail to coordinate their efforts and instead frequently design incentive structures that cause
them to work at cross purposes (Hanson 2023).°

Place-Based Policies: Business Tax Incentives

A common approach to incentivizing new business and capital is to provide tax incentives to a
large company in return for promised investments in new productive capacity, the expansion of existing
operations, or the creation of R&D facilities (Slattery 2020). The hope is that, if the company breaks
ground, it will attract upstream industry suppliers and downstream industry buyers, potentially generating
industry agglomeration that could raise regional employment, productivity, and wages. There is a range of
evidence suggesting that policies targeting specific industries in various regions succeeded in expanding
regional output and/or productivity in the target area well beyond the duration of the policies (Bianchi and
Giorcelli 2022; Freedman 2017; Garin and Rothbaum 2020; Greenstone et al. 2010). It is unclear whether
business tax incentives simply move targets from one location to another (at substantial taxpayer expense)
or truly expand aggregate output nationally. That being said, place-based tax incentives may also be
justified from an equity perspective by transferring resources to communities in which needy households
are clustered (Gaubert et al. 2021).

% “In the United States, the practice of local economic development tends to be organized around five major
areas: business retention and recruitment, workforce development, financial and technical assistance to small
business, infrastructure development, and financial incentives to invest in low-income areas (Bartik 2020).... These
areas tend to be managed by different bureaucracies, funded from different sources, and guided by different and
often conflicting incentives” (Hanson 2023, pp. 27-28).
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While some place-based policies such as business tax incentives can be useful in stimulating new
capital deployment within a region (e.g., new or expanding businesses), there are also policies that may be
helpful in raising the productivity of incumbent businesses. For example, “in economically distressed
regions, local entrepreneurs may have difficulty securing loans to launch a new business while owners of
existing firms may face challenges in financing business improvements or expansions” (Hanson 2023, p.
30).

The decline of a region’s existing industrial base may reduce housing values and associated
equity that stifles business formation (Davis and Haltiwanger 2019). In the aftermath of localized
economic downturns, there may be cause to subsidize services to businesses that have a demonstrated
interest in expanding local employment.

Hanson (2023) highlights several existing government programs intended to provide a wide range
of support to small- and medium-size businesses. The Small Business Administration guarantees loans to
qualifying small businesses and runs more than 900 Small Business Development Centers, often housed
in community colleges or universities. These Centers provide technical assistance and consulting services
to local firms. The Economic Development Administration funds similar business services through its
grants to colleges and universities. The Manufacturing Extension Program run by the National Institute of
Standards and Technology is specific to industrial production and helps companies upgrade their
technology through a national network of centers. In theory, expanded versions of these programs could
help regions adversely affected by the energy transition, although evidence as to the efficacy and cost-
effectiveness of these programs remains limited. Learning more about how well these programs work,
ideally through gold-standard, randomized controlled trials should be a high priority. '°

Place-Based Policies: Fossil Retirement Subsidies

Another potential place-based policy to help mitigate some of the devastating impacts to fossil
communities are place-based transfers designed to incentivize the closure of fossil facilities such as coal-
fired power plants. While closing a facility would lead to job loss for affected workers, there are at least
two reasons why these policies can be helpful. First, some of these facility retirement subsidies can be
earmarked for worker transition assistance.'' Second, subsidies can be designed in a way that provides
important information as to the timing of the shutdown that allows not only affected workers but also
affected communities to begin planning. ' For example, Germany has been experimenting with reverse
auctions, as a type of subsidy, to compensate early retirement of hard coal and small-scale lignite power
plants. A reverse auction is a type of auction in which sellers (i.e., coal facilities) bid for the prices at
which they are willing to retire their plants. At the end of the auction the seller with the lowest amount
wins the auction and receives the payment, and a closure date for the facility is announced publicly. After
the fifth round of auctions, the German government can force compulsory power plant closures without
financial compensation. By providing both “carrots” in the form of higher maximum bids early in the
auction rounds and “sticks” in the form of compulsory closures without compensation at the end of the

10 There is evidence from developing countries about the impact of these wraparound consulting services
(Bloom et al. [2013, 2020]; Iacovone et al. [2022]). For example, Hanson (2023) describes a variety of randomized
control trials that show how supplying consulting services to medium-size businesses in developing countries leads
to long-lasting improvements in economic performance.

! Colorado has recently required that regulated utilities submit a workforce transition plan and authorizes “rate
recovery” for the expenses. As a consequence, the utility has a financial incentive to attend to impacted communities
and encourage workforce development, in order to recoup the costs from closing down a coal plant early (Righetti et
al. 2021).

12 The United States Worker Adjustment and Retraining Notification Act (WARN) has a similar mandate,
requiring most employers with 100 or more employees to provide 60-day advance notification of planned closings
and mass layoffs of employees. However, 60 days is not a sufficient length of time for workers or communities to
plan for workforce transitions.
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auction rounds, Germany has provided strong incentives for retirement. Box 4-2 expands on the lessons
policymakers can take away from Germany’s experience with coal phaseout.

BOX 4-2
Policy Lessons from Germany’s Coal Phaseout

Germany’s Commission on Growth, Structural Change and Employment (“Coal
Commission”) was established by the federal government in 2018 with representation from a wide
range of stakeholders to build a consensus on the phase-out of coal and promote a just transition. The
commission developed a plan to end coal-fired power generation by 2038 and provide targeted
support for coal-dependent regions and some 32,800 coal industry workers (German Coal
Commission 2019).

Three Clear Takeaways:

1. Clear expectations—The phase-out will occur through auctions and direct compensation to
coal companies to reduce capacity over time. For many of the coal plants, an exact retirement
date has been set, giving communities and the companies time to prepare.

2. Compensation

a. $5 billion to coal companies for retirement.

i.  Compensation is distributed through auctions, where the government awards
funds to the “bidder” (operator) that proposes to retire the most GW of
capacity at the lowest cost.

ii.  Maximum compensation amount is specified in the law, and it declines with
every year of the auction process, incentivizing operators to seek an early
shut-down. As of 2027, hard coal power plants are to be shut down by
regulatory order without compensation.

b. $47 billion to diversify the regions’ economies and create new jobs over the coming 2
decades as coal is phased out.

i.  Around $30 billion of the fund goes to infrastructure and other projects
determined by the national government, and $16.5 billion is set aside for
regional investment.

ii.  Regions can apply for investment in projects across nine categories from
tourism to research, allowing each area to decide how to grow its economy
according to its own strengths rather than a top-down vision.

c. Coal workers will receive 5 billion euros ($6 billion) in compensation for losing their
jobs and/or retiring early.

3. Strong existing safety net for the labor force

a. More generous unemployment insurance program and robust network of job training
b. Health insurance and pension program not tied to employment

Summary: Policy Tools and Mitigation of Impacts

The transitional costs associated with reallocating the workforce away from the fossil sector will
likely impose substantial and lasting costs on affected workers and communities in terms of earnings,
health, and strain on their families. Displaced workers earn significantly less than similar workers who
have not been displaced, even years after the separation occurred (Jacobson et al. 1993, von Wachter et al.
2011). Over the past several decades, import competition from China (Autor et al. 2013), the automation
of manufacturing production (Autor and Dorn 2013), and the shift in electricity generation away from
coal (Black et al. 2005) have caused locally concentrated job loss in the United States (Richardson and
Anderson 2021), which has led to lasting declines in employment rates, earnings, and social conditions in
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the local labor markets that were exposed to these shocks. Younger and more educated workers were
most likely to migrate away from these regions, but for the older and less-educated workers left behind,
localized distress has persisted for decades beyond the actual displacement events (Hanson 2023).
Without significant changes to the existing safety net and transition assistance, the transition from fossil
fuels seems likely to repeat the now familiar story of industry decline and regional hardship.

Manufacturing support and training programs can help catalyze job creation and job alternatives
for displaced workers. However, these programs do not address the concerns raised by existing research
on the fate of displaced workers and communities in the recent past. Research and prior policy
experiments suggest cost-effective ways to alleviate the burden for these workers. For example, a well-
designed and well-funded transition assistance program (see Recommendation 4-3) may offer the best
hope for reducing the harms to displaced workers who find the transition to new jobs difficult for one
reason or another. Each of the policy options described will require an act of Congress. In many cases,
changes in policy to address these challenges need to be paired with making necessary administrative data
and program information available to allow researchers to give better assessments of the full costs and
benefits of these future programs.

Finding 4-6: Reallocating the workforce away from the fossil sector will likely impose substantial
and lasting costs on affected workers and communities in terms of earnings, health, and strain on
their families. Without significant changes to the existing safety net and transition assistance, the
transition from fossil fuels seems likely to repeat the now familiar story of industry decline and
regional hardship.

Recommendation 4-3: Extend Unemployment Insurance Duration for Fossil Fuel-Related
Layoffs and Develop Decarbonization Workforce Adjustment Assistance Program. Congress
should authorize and appropriate a comprehensive transition assistance program for
workers whose employment is negatively impacted by the transition to net-zero emissions.
This transition program should include extending unemployment insurance duration for
workers affected by fossil fuel-related layoffs and continuing payments for those who
choose to enroll in skill development courses or higher education programs following job
loss. The program should include wage insurance to support laid-off workers who find new
employment where pay is not commensurate to their previous employment. It should also
include resources to scale up active labor market programs that have demonstrated recent
success in improving worker outcomes.

CONCLUDING FINDINGS AND RECOMMENDATIONS

Finding 4-7: Employment impacts of decarbonization will depend greatly on pathways to
decarbonization, timing, and the extent to which the transition is managed and coordinated across
entities in the workforce pipeline including governments, the private sector, research institutions,
and training program entities such as community colleges and labor unions. High quality
information and data about workforce supply and demand is critical to ensuring positive
outcomes for workers, communities, and companies as well as evaluating success of policies,
programs, and funding initiatives.

Recommendation 4-4: Collect and Report Data on Net-Zero-Relevant Professions. The
Department of Energy should expand on its existing energy workforce data collection and
analysis efforts through the U.S. Energy and Employment Report by
a) Collecting up-to-date and actionable data on net-zero-relevant professions,
including data on employment by industry and occupation for businesses that
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produce low- or no-emissions goods and services; data on the occupations and wages
of jobs related to net-zero-relevant technologies and practices; and career
information publications related to emissions reductions, decarbonization, and
climate change;
b) Conducting analyses to inform where and when job gains and losses may occur
related to decarbonization (e.g., $ value of different types of jobs in fossil and non-

fossil industries, job losses);

¢) Creating estimates to inform state and local workforce development programs and
the private sector of workforce preferences and capabilities (e.g., demand for

different types of jobs); and

d) Evaluating the efficacy of workforce interventions throughout the transition.

SUMMARY OF RECOMMENDATIONS ON WORKFORCE NEEDS, OPPORTUNITIES, AND
SUPPORT

TABLE 4-1 Summary of Recommendations on Employment and Workforce

Actor(s) Overarching
Responsible for Sector(s) Addressed  Objective(s) Categories

Short-Form Implementing by Addressed by Addressed by
Recommendation Recommendation  Recommendation Recommendation Recommendation
4-1: Support the U.S. Department e Electricity e Equity Building the Needed
Development of Net- of Education, e Buildings e Employment Workforce and
Zero Curriculum and local e Transportation e Public Capacity
Skill Development governments, and e Industry engagement
Programs for K—12 school districts e Non-federal
Students actors
4-2: Invest in Linking Congress e Electricity e Equity Ensuring Equity,
People from e Buildings e Employment Justice, Health, and
Disadvantaged e Transportation Fairness of Impacts
Communities to e Industry
Quality Jobs e Non-federal Building the Needed

actors Workforce and

Capacity
4-3: Extend Congress e Transportation Equity Ensuring Equity,
Unemployment o Fossil fuels Employment Justice, Health, and
Insurance Duration for Public Fairness of Impacts
Fossil Fuel-Related engagement
Layoffs and Develop Building the Needed
Decarbonization Workforce and
Workforce Adjustment Capacity
Assistance Program
4-4: Collect and U.S. Department e Electricity e Equity Building the Needed
Report Data on Net- of Energy (DOE) ¢ Buildings e Employment Workforce and
Zero-Relevant e Transportation Capacity
Professions e Industry
]

Non-federal
actors
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5
Public Engagement to Build a Strong Social Contract
for Deep Decarbonization

ABSTRACT

One of the greatest threats to a successful transition to a net-zero economy is failing to mobilize
the participation and support of the people who call the United States home. In every corner of the nation,
decarbonization efforts will ask households to buy and use new technologies, businesses, and workers to
transform energy systems, and institutions in the public and private sector to collaboratively imagine, plan
for, and invest in clean energy futures. Diverse communities will be asked to assent to and support new
policies, programs, and infrastructure construction, and to adapt to the resulting changes to society, the
economy, and the environment. Without full participation in these intertwined and interdependent
activities, the United States may fall short of implementing decarbonization at the pace, scale, depth, and
universality necessary to achieve carbon neutrality by 2050.

Public engagement is a crucial element of the social contract necessary to sustain the political will
for decarbonization. It is needed to prepare and marshal individuals and communities to act; deliver
tangible and meaningful benefits to all; and acknowledge, mitigate, and compensate for the disruptions,
risks, losses, and added burdens many will experience. To participate in decision-making, people will
need new knowledge, capabilities, opportunities, and resources. Industries and governments will need
new methods to meaningfully engage publics, new skilled professionals to do this work, and robust
research and educational programs to guide their efforts. Getting this work done in the coming decades is
a daunting human challenge, but it is just as crucial as developing and implementing the technologies
needed for deep decarbonization. Meeting this challenge will entail a continuous and robust program of
public engagement by governments, the energy and electricity industries, and civil society.

Although many of the elements of recent policy initiatives create opportunities to engage and
invest various publics in clean energy futures, the human challenge of decarbonization has received only a
tiny fraction of the investment in federal and subnational policy and private action. Inadequate public
engagement curtails opportunities to advance creative, place-based energy systems and their potential
advantages for equitable decarbonization. Furthermore, public engagement literature shows that policies
and reforms that reduce public engagement risk slowing transition processes. Without additional
resources and determined strategies, current public engagement efforts risk exacerbating public resistance
to the pace and scale of systemic change necessary for deep decarbonization. Table 5-2 summarizes the
committee’s recommendations to support innovative public engagement in decarbonization.

INTRODUCTION

The people of the United States are essential contributors to and participants in the
decarbonization of the U.S. energy system. Without their active involvement and support, the nation will
not achieve the policy, technology, and societal changes necessary to fashion a carbon neutral economy
by 2050. To engage the public well is to build a strong social contract for the whole-of-society
commitment necessary for deep and rapid decarbonization of the U.S. energy system. Unfortunately, in
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many parts of the country, the opposite is occurring: a growing number of people are feeling left out of
decisions that are affecting the communities, places, and landscapes where they live and work—decisions
that they see as having little to no local benefit. The number of communities placing significant new
restrictions on actions required to achieve deep decarbonization is growing rapidly, especially in the
deployment of renewable energy (Aidun et al. 2022; Lopez and Levine 2022a,b; Zullo 2023). These
restrictions reflect the fact that the United States is not just an abstract territory or population: it is a land
of urban and rural places—with associated histories, communities, resources, and industries to which many
people have considerable attachment and concern for risks from new kinds of energy projects.

Effective response to public engagement concerns requires that public and private sector
institutions and civil society ' establish new ways and capabilities to draw people into processes, including
for deliberating the pathways and specific actions needed to achieve carbon neutrality. Only through such
innovations will the diverse members of the public at large feel able to meaningfully contribute to and see
themselves as a part of the decarbonization project and the decisions that shape future U.S. energy
systems and the associated societal and economic futures (Devine-Wright 2011). See Chapter 2 for the
equity dimensions of strengthening meaningful public engagement in deep decarbonization. Furthermore,
the nation needs to simultaneously move forward with distributed-, community-, and utility-scale
decarbonization projects that incorporate public engagement early and often. Without synergistic,
innovative public engagement opportunities, the nation’s ability to achieve deep decarbonization may be
put at risk.

This chapter maps out the public engagement innovations required to facilitate a social contract
for deep decarbonization, which go well beyond “social acceptance” of technology. Robust public
engagement practices are necessary to involve people in the setting of transition goals for and the design
and implementation of the energy system transition. The committee’s first report introduced the joint
goals of accelerating decarbonization and facilitating a just and equitable transition, goals which are often
considered to be in conflict. The tension between pace and process poses many real challenges for those
implementing energy transition policy. However, this chapter emphasizes that failure to prioritize justice,
equity, and a multi-faceted and multi-scalar > approach to engagement will in fact slow decarbonization
and highlights the ways to make meaningful engagement processes more effective.

The chapter begins with a summary of lessons and priority actions for public engagement
innovation, followed by a brief assessment of progress toward the first report’s goals and
recommendations. The bulk of the chapter consists of four sections that review public engagement theory
and practice that could substantially enhance the ability of policy and energy institutions to involve U.S.
publics in deep decarbonization: (1) Strengthening Energy Democracy Through Inclusive Policy
Dialogue; (2) Community Energy, Energy Sovereignty, and Collective Benefits; (3) Meaningful
Engagement in Siting and Permitting; and (4) Building the Nation’s Expertise in the Human Dimensions
of Decarbonization. Box 5-1 summarizes key lessons from practice and scholarship that provide the
framework for this chapter.

BOX 5-1
Core Lessons About Public Engagement

o A coordinated and comprehensive transition to net-zero will serve the public well. The
significance and complexity of decarbonization requires all levels of government, the energy
sector, and the media to provide the public with accurate depictions of decarbonization
progress, risks being addressed, and benefits being provided.

! Civil society is the composition of communities and organization not associated with government. Civil
society organizations include schools, advocacy groups, churches, and cultural institutions (Ingram 2020), as well as
labor unions and indigenous groups (Longley 2022).

2 Related to multiple scales, including individual, local, regional, and national scales.
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e People value being consulted no matter what the outcome. When processes are understood to
be accessible, transparent, fair, and inclusive, actions to decarbonize the U.S. energy system
will be more widely viewed as acceptable.

o Trust can ultimately reduce time to achieve consensus about key decisions. While it takes time
and effort to build such trust, the perceived legitimacy of the public process depends on trust
and the character of the relationships among stakeholders.

o The development of new energy infrastructure is fundamentally a social process. When
planning and engagement occur early and often, attachment to places can be leveraged as a
catalyst for technological processes.

o Decarbonization processes will be slow in pace without appropriate public engagement
opportunities. While meaningful engagement does not guarantee consensus, its absence can
increase opposition to project development.

e Projects must deliver tangible or visible public benefits aligned with publicly identified
priorities. Projects that provide tangible or visible public benefits have a greater likelihood of
securing support from communities.

o [tis essential to be better equipped to learn as the transition progresses. This requires greater
investment in knowledge of how transitions are affecting the public and investment in methods
to estimate future impacts.

Status of Prior Committee Recommendations Related to Public Engagement

New decarbonization technologies and infrastructure programs will involve much of the U.S.
public in extensive changes to the energy system. Furthermore, fairness and justice are essential to a net-
zero energy future. The committee’s first report addressed the scale, fairness, and justice aspects of
decarbonization and identified an important set of broad policy goals to support an equitable transition
(see Appendix C). Many aspects of the first report’s recommendations explicitly and implicitly called for
inclusive public engagement:

e A White House—level Office of Equitable Energy Transitions;

e A National Transition Corporation to ensure coordination and funding for assistance to
communities and regions;

e National laboratory support to subnational entities for planning and implementation of net-
zero transition;

e Educational and training programs to train the net-zero workforce;
10 regional centers to manage socioeconomic dimensions of the net-zero transition;

e High-profile regional public dialogues and listening sessions to discuss decarbonization
pathways and goals;

e Net-zero transition offices in each state capitol;

e Local community block grants for planning; and

e Opportunities to grow community-owned and planned energy systems.

The report also recommended that the energy industry follow best practices in stakeholder
engagement and suggested ways to overcome barriers to participation facing disadvantaged populations.

Despite substantial changes in the federal policy landscape which heighten the importance of
effective public engagement, growth in federal support of public engagement is not commensurate with
the major energy investments made in recent legislation. Appendix I summarizes the committee’s
evaluation of the implementation of the first report’s public engagement objectives in the Infrastructure
Investment and Jobs Act (IIJA) (P.L. 117-58), the Inflation Reduction Act (IRA) (P.L. 117-169), and
other relevant federal actions. In summary, the committee finds recent legislation falls short of what is
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needed to empower the public to effectively participate in deep decarbonization. The outlier is the
objective to “invest in community block grants that support local transition planning, community-based
action, and community-benefiting economic and technological change,” which was codified in several
sections in the IRA (e.g., Greenhouse Gas Reduction Fund [§60103], Climate Pollution Reduction Grants
[§60114], Environmental and Climate Justice Block Grants [§60201], and Neighborhood Access and
Equity Grants [§60501]).

The 2023 Policy Landscape: Innovations, Barriers, Opportunities, and Requirements

The current policy landscape of budgetary statutes and executive orders is limiting the reach of
public engagement. IIJA and the IRA authorize and appropriate essential funding for infrastructure
deployment but only feature modest opportunities for engaging the public, primarily through funding
requirements that distribute benefits via access to technologies and economic opportunities. Public
engagement is a significant barrier to IIJA and the IRA implementation in both areas of low and high
readiness to capitalize on available funding. In parts of the country primed to capitalize on funding for
projects, the increased activity is likely to generate new siting and permitting conflicts. In other areas of
the country, shortfalls in human and organizational capacity and readiness to act will limit the impact of
many of these laws’ provisions. Gaps in engagement also create barriers at the local and community level
and exacerbate equity concerns. For example, many of the provisions for technology adoption will
primarily engage wealthy households and businesses, given the laws’ reliance on subsidies. Executive
Orders (EOs) 13985 and 14008 created parameters and strategies to advance equity and established
supporting task forces, initiatives, and working groups to support equitable outcomes. However, as
Chapter 2 points out, the administration’s executive-level approach to equity and justice is not codified in
law and faces significant implementation challenges. Furthermore, the scope of publics that must be
effectively engaged in supporting decarbonization extends far beyond disadvantaged communities; public
engagement needs to provide opportunities for every potential stakeholder, regardless of income status or
region, to play a role in decision-making processes throughout the transition to a net-zero energy future.

Much of the implementation of the IRA and IIJA will ultimately be carried out by state and local
governments and other subnational actors,* accentuating the gap between leaders and laggards. The
continued politicization of climate action poses a major obstacle to the transfer of knowledge from states
that are further along the transition to others that have made less progress (Gustafson et al. 2019).
Deploying decarbonization in a fractured political landscape is an opportunity for innovative public
engagement. However, this engagement will come in the form of support and opposition to aspects of the
transitions, specifically the deployment and adoption of new technologies.* This is not an insignificant
concern; decarbonization is a whole-of-the-nation challenge. To be successful, areas of the country with a
Republican majority will play a substantial role in many facets of the transition to net-zero. This is
especially true for the siting of extensive infrastructure within communities and the adoption of electric
vehicles (EVs) and heat pumps by households. Box 5-2 summarizes the opportunities made available by
recent U.S. policy and the chapter recommendations associated with them.

3 Subnational actors, also known as nonfederal actors, are states, cities, corporations, philanthropic and religious
organizations, and academic institutes (Cyrs and Elliot 2018) as well as regions, Tribal Nations, and civil society
(Kok and Ludwig 2022). The opportunities for subnational actors are further discussed in Chapter 13.

4 Case in point: A group of Wyoming state legislators recently introduced a bill proposing the phase out of
electric vehicles (Wyoming State Legislature 2023). Mounting, and increasingly coordinated, resistance to
renewable energy deployment in response to aggressive state mandates are visible in numerous media reports (e.g.,
see Catenacci [2022]; Clifford [2022]; French [2023]; Gearino [2022]; Gelles [2022]; and Rittman [2023]) and are
the subject of increased scholarly attention (e.g., see Crawford et al. [2022]; Nilson [2022]).
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BOX 5-2
Summary of Recommendations to Improve Public Engagement

Executive-Level and Congressional Actions:

e Convene a federally sponsored national public dialogue to engage all residents in a robust
vision for decarbonization (Recommendation 5-1a).

e Enact legislation to facilitate development of geothermal, solar, or wind energy on public lands
(Recommendation 5-3).

e Mandate a national public engagement workforce assessment (Recommendation 5-6a).

e Require best practices in meaningful engagement in federal environmental review practices
(Recommendation 5-8).

Department of Energy (DOE) Initiatives:

e Develop regional planning networks to convene inclusive multi-stakeholder dialogues around
place-based decarbonization (Recommendation 5-1b).

e Develop an assessment-informed national workforce development program focused on public
engagement professions and professional competencies (Recommendation 5-6b).

e Fund legal clinics at public institutions to provide technical assistance in collective and
community benefit programs (Recommendation 5-6¢).

e Develop place-based internships to deliver immediate capacity for local dialogue and planning
efforts (Recommendation 5-6b).

e Support public engagement in DOE deployment strategies (Recommendation 5-6b).

e Convene a national working group on innovation in generation facility siting process with
input from state energy officials (Recommendation 5-5).

e Encourage rapid analysis and action plan to address public access and engagement challenges
in decarbonization decision-making (Recommendation 5-1c).

Federal R&D and Capacity-Building Investments:

e Integrate human dimensions research and graduate training into all clean energy technology
research, innovation, and deployment programs (Recommendation 5-9a).

e Deploy an independent research program focused on the basic human and social sciences of
energy (Recommendation 5-9b).

e Develop a network of regional, university-led research centers for energy transitions
(Recommendation 5-9c).

e Deploy a national energy Science, Technology, Engineering, and Mathematics (STEM)
education network and program (Recommendation 5-10).

Civil Society Initiatives:
e Pilot regional planning networks to test models and lay the groundwork for subsequent federal
action with philanthropic support (Recommendation 5-7a).
e Develop collaborative regional land and resource use plans focused on renewable energy
deployment opportunities (Recommendation 5-7b).

Priorities for Subnational Actors:
e Encourage the development, implementation, assessment, and sharing of policy and practice
that deliver local benefits (Recommendation 5-2).
e Ensure renewable energy facilities contribute to public services and provide funding for
economic diversification (Recommendation 5-3).
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e Reform fiscal policy to increase direct local benefits for hosting renewable energy facilities
(Recommendation 5-4).

It is critical for the White House and federal agencies to develop a comprehensive approach to
public engagement that makes the U.S. public full partners in deep decarbonization. What is needed goes
beyond simply adding public engagement as a requirement to federal grants and providing modest
funding for community empowerment, as important as those efforts are. To address the challenges that
threaten progress on the social contract needed for rapid deep decarbonization, the committee offers a
series of detailed recommendations to address gaps in the current approach to public engagement. These
recommendations are organized around four areas of innovation that are essential to successfully
decarbonize the U.S. energy system:

1. Strengthening energy democracy through inclusive public dialogues: What are the
opportunities and challenges for expanding energy democracy?

2. Community energy, energy sovereignty, and collective benefits: How can the transition to
carbon neutrality promote projects that meaningfully advance local stakeholders’ goals that
go beyond the rapid deployment of clean energy technologies?

3. Meaningful engagement in impact assessment and permitting: How can design, siting,
approval, and construction of new decarbonization infrastructures better engage publics in
ways that manage conflict productively, meaningfully incorporate public input, and enhance
trust and fairness?

4. Building the nation’s expertise in the human dimensions of decarbonization: What is needed
to ensure that (a) efforts to transition the U.S. energy system are robustly informed about how
the transition impacts people and the roles people need to play in getting it done and (b) the
public has the competency and literacy to be effective partners in deep decarbonization?

This chapter describes the need for ambitious, broad, and differentiated forms of public
engagement linked to transition planning and implementation. Recent scholarship emphases the need to
frame public engagement in energy system transformation in terms of “wider ecologies of multiple
interrelating practices of ... participation that are constitutive of, shape, and are shaped by energy
systems” (Chilvers et al. 2018, p. 208). Public engagement policies and practices encompass a great deal
of government and private sector activity. Unfortunately, in far too many cases and places, publics
desiring to engage in clean energy debates and decision-making still need to actively advocate for and
sometimes push themselves into processes, rather than being invited in. The below sections focus on the
opportunities for engagement present, nascent, or absent in the nation’s current climate and transition
policy portfolio. The Creating Helpful Incentives to Produce Semiconductors and Science Act (CHIPS
and Science Act) (P.L. 117-167, 2022) is also discussed as an exemplar of the kind of comprehensive
research and development (R&D) policy initiative necessary to build the knowledge base for a national
engagement strategy. While the policy recommendations focus primarily on federal actors, the committee
also notes the important role of civil society and subnational entities.

Finding 5-1: Public engagement that considers the complexity of human dimensions of energy
systems and their intersection with lives and livelihoods of people is critical to the success of the
transition. Yet, the current national decarbonization policy portfolio lacks a comprehensive
strategy and adequate workforce and resources for engaging the public to advance and maintain a
social contract for deep decarbonization. There is potential for innovative public engagement to
be developed and incorporated into a social contract to support the pace and scale of
infrastructural investment and construction needed for the transition of the national energy system
to net-zero.
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STRENGTHENING ENERGY DEMOCRACY THROUGH INCLUSIVE POLICY DIALOGUES
The Challenge

Energy democracy is the ability of democratic publics to meaningfully participate in governing
U.S. energy systems. Efforts to enhance and expand energy democracy start from the recognition that
“energy is inescapably political” (Nadesan et al. 2023, p. xxxvii) and, therefore, that decarbonization
should be governed in a manner that is consistent with societies’ broad commitments to democratic norms
and principles. The idea that new ways of organizing energy systems could support the growth of
democratic societies and be carried out in ways that would enhance democracy has a long history (e.g.,
see Lilienthal 1944). Recent analyses of energy democracy have highlighted the substantial power, scope,
scale, and influence of energy systems in contemporary economies and societies (Miller 2022) and the
growing efforts of activists and citizens to open and/or decentralize energy governance, decision-making,
systems, and operations (Burke and Stephens 2018; Szulecki 2018).

Central to energy democracy is inclusive policy dialogue, supporting avenues for the public to
inform, deliberate, and contribute to choices about future trajectories of energy systems. Inclusive policy
dialogue encourages all members of the public, particularly those left out of policy discussions, to
deliberate and help shape policy proposals and implementation (Forester 1999; McCoy and Scully 2002).
Researchers have identified four elements of inclusive dialogue: participation, information, fair decision-
making, and local context (Elmallah and Rand 2022). This is an admittedly tricky issue to operationalize.
Democracy in the United States is subject to intense and divisive polarization, so it is risky to presume a
set of shared norms and principles or the capacity to act on shared norms in constructive ways (Sides et al.
2022). By that logic, however, it is even more important to protect the integrity of energy deliberation
processes through a deliberate commitment to the mechanisms described here.

Engagement mechanisms that catalyze equitable deep decarbonization address each of the
elements of inclusive dialogue. Such procedures have been used in small deliberative groups of the
general public and open sessions of e-governance. See Box 5-3 for an example of the challenges and
opportunities associated with developing new settings for engagement in policy design. Mechanisms of
public deliberation must focus on improving deliberative processes, as well as outcomes. “This means
more inclusion and procedural integrity, increasing participants’ knowledge and their commitment to
democratic norms, and providing symbolic value as a means of legitimizing institutions forced to make
difficult decisions” (Gastil 2018, p. 273). In the context of decarbonization, inclusive policy dialogue
includes two-way, multi-sited, > and continuous engagements that connect policy to affected publics from
the local to the regional to the national scale.

BOX 5-3
Creative Technology Use to Facilitate Inclusive Policy Development

The U.S. House of Representatives Natural Resources Committee has recently experimented
with holding inclusive public dialogues. In 2014, Representative Ratll Grijalva, chairman of the House
Natural Resources Committee, introduced what he thought was the perfect bill to address
environmental justice concerns (Meeker 2021). However, the bill failed. In 2019, he and the late
Representative Donald McEachin tried again with a new process that engaged environmental justice
groups from around the nation before the new bill was drafted. The working group of environmental
justice organizations was invited to join in-person and online convenings with Congressional staffers to
exchange expertise, experiences, and perspectives. Together, they identified guiding principles that
were incorporated into the text of the committee’s draft bill. This draft bill text was then shared through

5 Offered in diverse venues to accommodate the different capacities and constraints of participants.
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an online platform through which members of the working group could comment directly on the
proposed bill text. The platform received more than 350 comments, which the committee incorporated
into the text of H.R. 2021—Environmental Justice for All Act.”

This process has been generally well-received: the online platform was created by POPVOX,
Inc., a private technology company, and was viewed as a non-partisan forum that offered transparency
to the process and the data (Sobczyk 2020). Additionally, non-experts were able to access the platform
to participate in the same forums as experts. Through the working group, the public learned about the
decisions and trade-offs that policymakers must make, gaining understanding of democratic practice.
Yet, the process is not without concerns, perhaps the most visible of which is that it was not initiated in
a bipartisan manner—only Democratic Representatives and their staff participated in the forum.

Moving toward a just energy future will require bipartisan involvement in deliberative
processes. While the online nature of the POPVOX forum allowed for participation from people across
the country, technology is not without social dimensions that can act as obstacles to participation. For
example, broadband is not evenly distributed across the country nor is recreational time evenly
distributed across economic status. Last, scaling online forums would require balancing how to identify
participants for working groups and role of anonymity in certain processes. These factors, in addition to
concerns about fraud and administrative burdens associated with high volumes of comments are under
consideration in the context of regulatory rulemaking (ACUS 2021).

Other experiments are also being explored, more directly related to energy and decarbonization.
For example, DOE is currently building a novel consent-based siting process for examining future
potential nuclear waste repository sites in the United States (DOE 2022). This process has the
foundation of earlier innovation in public consultation and participatory technology assessment (Richter
et al. 2022). Continued innovation will support the diversity of public engagement opportunities that
are available during the transition to a net-zero energy future.

@ The bill was reintroduced as H.R. 1705—A. Donald McEachin Environmental Justice for All Act.

Change is under way in the energy and electricity sectors that aims to open governance and
decision-making to broader and more inclusive public participation, especially regarding decarbonization.
As the world reimagines and redesigns how it produces and consumes energy, many communities and
organizations have seen the desirability of expanding efforts to engage different facets of the public.
Globally, governments are also increasingly looking for new ways of public involvement in developing
and deliberating the future of energy, using methods such as citizens’ assemblies (Lacelle-Webster and
Warren 2021) and community visioning (Trutnevyte et al. 2011), on scales from cities (Sandover et al.
2021) to countries (Devaney et al. 2020; Duvic-Paoli 2022; Shehabi and Al-Masri 2022).

Innovative inclusion can help deepen the impact of already-established best practices in industrial
development, including strategic environmental assessment (SEA), a procedure to assess the
environmental impacts of a program, policy, or plan. For example, the SEA process, conducted at national
or regional scales, “acts in anticipation of future problems, needs, or challenges and creates and examines
alternatives leading to the preferred option” (Noble 2000, p. 210). This prospective, integrated approach is
associated with “greater efficiency in resource use, shortened the duration of the project level assessment
process and proactively contributed to achieving improved environmental practices” when compared to
conventional project impact assessments (Fischer et al. 2020, p. 35). Additionally, SEAs can provide the
clarification of the necessary policy reforms for industry deployment. For example, in Saskatchewan,
Canada’s SEA process produced a blueprint for coordinated institutional reforms necessary to enable a
successful regional transition to renewable energy (Nwanekezie et al. 2022).

While SEAs do not eliminate controversy, they can mitigate against time lost to the contentious
politics created by after-the-fact rulemaking—something already evident in tensions between state and
local governments about renewable energy laws (Dawson 2023; Paullin 2022). For example, the
relegation of key decisions about natural resources to state and local politics has created a highly uneven
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and uncertain regulatory landscape for shale gas developers to navigate (Rabe 2014). The risks associated
with shale gas development—increased consumption of water, induced earthquakes, air quality impacts,
and increased truck traffic, noise, and dust (DOE n.d.(a))—have created public controversy. In fact, the
state of Texas eventually conducted a SEA, recognizing a need to “improve the broad understanding and
awareness of the impacts of shale production” (TAMEST 2017, p. 15).

Generative dialogue, conversations that create and expand understanding through meaningful
inquiry, is a key aspect of inclusive engagement. Examples in Arizona, Canada, the United Kingdom, and
Australia illustrate applications of generative dialog in different dimensions and settings of the energy
transition. The 2011 Arizona Town Hall brought together more than 100 policy, business, civil society,
and energy leaders to discuss strategies for advancing the state’s energy future (Miller and Moore 2011).
Other future-oriented initiatives in the state have solicited diverse stakeholder participation in creating
scenarios of the future of solar energy (Miller et al. 2015), identifying potential economic pathways for
decarbonization (Miller et al. 2022a), and imagining the impacts of future renewable energy development
on urban and rural life (Eschrich and Miller 2019, 2021). In Canada, a national dialogue about the energy
future in 2017 was attended by more than 380,000 people who identified public values and principles to
guide efforts to design and build Canada’s national energy future (Government of Canada 2017). This
public engagement mechanism included multiple venues: in-person sessions, online comment submission
forums, and polls and quizzes. Through this set of events, a 14-member “Generation Energy Council”
collected input from citizens to be used to inform its recommendations to Canada’s decision-makers
(Government of Canada 2018).

Generative dialogue can also take the form of citizens’ climate assemblies, which incentivize
representative, small groups of the public to participate in the policy-shaping process at national and local
levels. Citizens’ climate assemblies have been established in the United Kingdom ° and have the potential
to (Devine-Wright 2022):

e Provide upstream engagement to develop an understanding of concerns and values before
projects are proposed;

Enable net-zero policy to have broader legitimacy and better inclusion;

Make information, including about national or state energy policy, more accessible;
Bridge the gap between the national and local level;

Give participants a chance to form their own informed views about a given technology
through interactions with expert witnesses; and

e Identify which technologies are suitable for the county location.

Through all the above strategies, climate assemblies intend to generate socially acceptable plans
for infrastructure development.

Elsewhere, there is support for deliberative dialogue about energy futures in regions experiencing
widespread abandonment of fossil fuel facilities. In Australia, practitioners and academics—and in some
cases, industry—support consideration of social impacts of and public perspectives on mine closures in
addition to the policy focus on environmental rehabilitation in coal-dependent areas (Cameron and
Gibson 2005; Measham et al. 2021). For example, AGL Energy Ltd., an Australian publicly traded utility,
recently commissioned a study of community perspectives on reclamation options for three Latrobe
Valley coal mines and surrounding lands. Community perspectives were “obtained through a series of
focus groups with key stakeholders, including community organizations, environmental groups,
government authorities, business groups, primary producers and Traditional Owners; and a web-based
survey, completed by over 560 participants” (Reeves et al. 2022, p. 173). The resulting study generated a
community-driven plan for further consultation about options for remediation to include “an iterative

¢ See for example the UK Climate Assembly, consisting of 108 participants representative of the UK
population, and the Devon Climate Assembly, made up of 70 participants representative of Devon County (Devine-
Wright 2022; Devine-Wright and Moseley 2019).
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consultative or co-design process to capture values, share opportunities and address concerns” with “[t]he
voices of youth and Traditional Owners ... at the forefront” (Reeves et al. 2022, p. 184).

Opportunities and Barriers in Current Policy
Federal Opportunities and Barriers

Recent legislative action does not provide formal direction and support for generative public
dialogue activities, as shown in Appendix I. Instead, the most explicit federal commitments to inclusive
dialogue on the energy transition can be found in executive directives and interagency initiatives. For
example, the White House Environmental Justice Advisory Council (WHEJAC), established by EO
14008, brings together a council of experts who “have knowledge about or experience in environmental
justice, climate change, disaster preparedness, racial inequity, among other areas of expertise” (EPA
2021). It encourages the experts to provide advice and input on policy development and implementation,
including providing in-depth recommendations on key policy initiatives such as the Justice40 Initiative.
Public comment at WHEJAC meetings demonstrates that the council is attracting and facilitating input
from representatives of communities who have previously lacked meaningful access to federal policy
conversations.’ However, WHEJAC and other advisory groups or initiatives created through executive
orders, lack administrative support and adequate resources, undermining their efficacy (CEQ 2022;
WHEJAC 2022a). In addition, the emphasis on environmental and climate justice, while critical, does not
always encompass all energy transition questions and issues.

Several new offices have been established to facilitate federal support of public engagement in
the energy transition. The U.S. Federal Energy Regulatory Commission (FERC) recently established a
new Office of Public Participation to build capacity to facilitate public involvement in FERC processes.
The goal of the office is to help the public better understand the institution and to reform agency rules and
practices to ensure that the agency hears from the publics that it needs to hear from in order to make good
decisions (FERC 2022). DOE has also begun to include commitments to community engagement as an
important criterion in reviewing federal energy R&D investments, although the ultimate efficacy of the
resulting engagement practices remain to be determined (DOE-OCED n.d.). Recently, DOE introduced
their new Office of Energy Justice Policy and Analysis which will collaborate with members of minority
and disadvantaged communities to evaluate policy impacts and administer programs that advance energy
justice and equity (DOE 2023).

The Interagency Working Group (IWG) on Coal and Power Plant Communities and Economic
Revitalization is an exception to the gap in federal prioritization of accessible and continuous public
dialogue on the energy transition. As further discussed in Chapter 12, the IWG is an explicit
acknowledgement that maintaining a social contract in support of decarbonization demands engaging
impacted communities by “[r]ecognizing the importance of meeting these communities where they are” in

7 For example, the May 11, 2022, meeting minutes summarize the updates and the public comment period,
during which the public expressed concerns related to environmental justice in their communities. For more
information, see WHEJAC, 2022b, “RE: request for Resources for the White House Environmental Justice Advisory
Council; Request for Timelines for Key Deliverables; Request for Key Agency Contacts to Attend Public Comment
Period During Public During Public Meetings; Recommendation for Increase in the Council on Environmental
Quality Budget and Staff,” White House Environmental Justice Advisory Council,
https://www.epa.gov/system/files/documents/2022-04/whejac-ceq-final-letter-february-24-2022-public-
meeting_.pdf.
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the energy transition (IWG 2023, p. 5).® The IWG focuses on economic and technical assistance to
communities with high numbers of “workers directly employed in coal mining and power generation, and
also the workers in related jobs in logistics and services, residents who are dependent on coal-related tax
revenue” (IWG 2021, p. 1). However, the IWG was not designed to facilitate prospective policy dialogue
and is currently limited to locations that host coal mines and coal-fired power plants. Regardless, this is a
significant strategy which merits continued investment, financial and otherwise, from the federal
government and is a good model for general and targeted engagement during the transition.

State and Regional Opportunities and Barriers

As introduced in Chapter 2, some states have enacted legislation that promotes community
engagement to facilitate energy transition planning. These initiatives often focus on including historically
excluded populations and centering their priorities in program and policy development. Following the
passage of Climate Leadership and Community Protection Act of 2019 (S. 6599, 2019-2020 Sen., Reg.
Sess. §1), New York created a Climate Justice Working Group that includes representatives from
environmental justice communities across the state to provide strategic advice to state policymakers
regarding the economic, social, and environmental impacts of the transition (New York State 2022). As
part of Washington state’s Climate Commitment Act (2021), which incorporates just transition principles
into utility and energy sector regulation, the Environmental Justice Council was established to provide
formal advice on the implementation of climate policies (Washington State Department of Ecology n.d.).
The Climate Commitment Act also includes dedicated support for tribal participation in climate project
planning.

In addition to legislation, some states have committed to engaging the public through
collaborative, multi-scalar regional planning for the energy transition. California’s Transformative
Climate Communities program is discussed in detail in Chapter 2. Relmagine Appalachia, a coalition of
civil society, elected officials, and activists, is focused on creating regional dialogue about how the energy
transition can “boost economic opportunity and benefit working people” through deliberate policy choices
(Brown 2021). Notably, the coalition regularly uses digital convenings to solicit input from diverse
stakeholders about specific policies and update their “Blueprint” for the region’s economic transition,
which connects local priorities to broader policy opportunities and priorities (Relmagine Appalachia
2021). States and communities are more likely to access support from new federal programs when the
programs have prioritized the network-building, visioning, and capacity necessary to ensure equitable and
effective investments. Box 5-4 highlights an engagement practice from Canada’s Participant Funding and
Policy Dialogue program, which provides compensation for participation.

BOX 5-4
Canadian Model for Compensation for Public Participation in Local Climate Action

Stakeholders who would otherwise be excluded from participation owing to social and
economic circumstances can be compensated for their time and expertise. Canada’s Participant Funding
and Policy Dialogue Programs provide travel support, stipends, and other resources for individuals and

8 The IWG recently released its year 2 report outlining the activities the working group and the Biden
Administration have undertaking since the signing of EO 14008. The report includes the progress made in terms of
keeping the promises made in its first report to the President. Of note, the IWG oversaw a set of roundtables that
discussed the funding opportunities made available by the new U.S. Economic Development Administration office,
established to provide a foundation for durable regional economies. These actions allowed the working group to
keep its promise to “launch a series of town hall meetings ... to both listen to the concerns of key constituencies and
identify federal resources communities could immediately access” (IWG 2023, p. 3). View the IWG report here:
https://energycommunities.gov/wp-content/uploads/2023/04/IWG-Two-Y ear-Report-to-the-President.pdf.

PREPUBLICATION COPY - SUBJECT TO FURTHER EDITORIAL CORRECTION
203

Copyright National Academy of Sciences. All rights reserved.


http://nap.nationalacademies.org/25931

Accelerating Decarbonization in the United States: Technology, Policy, and Societal Dimensions

groups. This is done under the principle that enabling public participation means “assessments can be
more open, balanced, credible and of higher quality” (Impact Assessment Agency of Canada 2022). An
expert report on best practices in citizen engagement in local climate action planning provides this
valuable insight on the role of compensation:

The majority of the Citizens’ Assemblies cited in this report have provided a small honorarium or
“gift” to compensate participants for their time, usually as a monetary reward or sometimes as
vouchers. One of the reasons behind this practice is a simple acknowledgement of the significant
time and commitment involved, and because payment can help sustain participant involvement.
Importantly, it helps to deliver inclusivity, by ensuring that people on low incomes can participate
and are not deterred by the prospect of foregone earnings.... A further reason for providing
payment is that without this, only those who are intrinsically motivated by the topic may
volunteer, resulting in a sample is biased toward those with more pro-social or communitarian
views or with stronger views on the topic at hand.... The flip side, however, is that some people
may take part purely for the financial incentive and may therefore not be committed to the process.
(Devine-Wright and Moseley 2019, p. 21)

The Participant Funding and Policy Dialogue programs and other proactive policies to advance public
inclusion in climate planning provide an adaptable template for nascent U.S. efforts to meaningfully
engage publics in decarbonization action (see Recommendation 5-5).

There are substantial opportunities for states, localities, and tribes to leverage the appropriated
funding of [1JA and IRA for participatory and innovative planning and visioning for local and regional
energy transitions. These opportunities include the $150 million Reconnecting Communities Pilot
program (IIJA §11509), the $16 billion to address legacy pollution (IIJA §40601, §40701), and the $11
billion total funding available for community block grants (IRA §60114,° §60201, and §60501). Areas
with high levels of existing capacity and bridging social capital '” are expected to access and deploy these
funds with ease. Conversely, lower-resourced and less-networked areas will struggle to access, let alone
implement, the funds to support inclusive dialogues about the energy transition. It is critical to augment
capacity gaps for the transition to include opportunities for generative dialogues (see Recommendation 2-
4 in Chapter 2). Until these opportunities to take advantage of federal funding are translated into effective
state, local, and community action, however, many critical aspects of state clean energy and climate
development will remain inaccessible to many individuals and communities.

Utility Opportunities and Barriers

Electric utilities across the country are also developing new strategies for engaging with
communities who are impacted by their decisions. Target communities include those where coal-fired
power plants are closing (e.g., the Salt River Project’s Coal Community Transition initiative (SRP n.d.)),
low-income and minority communities that experience high energy burdens (e.g., Sacramento Municipal
Utility District’s Building Sustainable Communities program [SMUD n.d.]), and frontline communities
grappling with the long-term challenges of pollution and other environmental risks (e.g., New York
Power Authority’s Environmental Justice program [NY Power Authority n.d.]). However, the
development of investor-owned utility regulation and ratemaking is overseen by state public utility
commissions or public service commissions whose processes, authorities, and functions resemble those of
courts (EPA 2010). As a result, participating in utility regulatory decision-making processes in most

° At the time of writing, EPA indicates this money will include non-competitive funds for planning, followed by
competitive implementation grants (EPA 2023).
10 A social network of individuals of with different demographic characteristics.
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states is complex, expensive, technical, and may require representation by an attorney. These costs and
barriers are prohibitive for community-based organizations and individuals. Some mechanisms exist to
make the process more accessible, including through intervenor compensation rules, the establishment by
some state legislatures of non-governmental state Citizens Utility Boards (CUB) to advocate consumer
interests and priorities in PUC settings (e.g., Minnesota’s CUB [CUB Minnesota n.d.]), and grant
programs to improve public participation (e.g., California’s PUC’s Equity Initiatives and Clean Energy
Access Grant Program, currently under development [CPUC n.d.]). In general, however, the effectiveness
of these mechanisms is modest.

Findings and Recommendations

The examples and conceptual underpinnings of inclusive policy dialogue described above
underscore the importance of the public contribution to energy transition dialogue and visioning. These
approaches help to: align public values and policy goals; build public understanding and awareness;
incorporate community perspectives into policies and infrastructures; uncover potential roadblocks or
policy gaps; allow communities to shape and design meaningful co-benefits; and coordinate across scale,
region, and sector with multi-scalar planning activities. However, neither IIJA nor IRA provide formal
direction or support for generative dialogue.

Finding 5-2: The United States is failing to engage in sufficient public dialogue to facilitate the
pace, scale, and equity ambitions of deep decarbonization by 2050. More determined and
consistent prioritization of and support for regional planning is needed to compensate for the
uneven levels of preexisting technical and social capacity and political will across the nation.
Successful regional dialogues currently under way in metro, remote and tribal, and rural regions
provide models and templates upon which to build.

Recommendation 5-1: Encourage Prospective, Inclusive Dialogue at National and Regional
Levels. The National Climate Task Force (NCTF), Department of Energy (DOE), and
Environmental Protection Agency (EPA) should pursue multiple avenues to encourage
prospective, inclusive dialogue at the national and regional levels.

a) The NCTF should convene a formal national public conversation on the energy
transition using state-of-the-art public relations, communications, and engagement
strategies to appeal to diverse sectors and social groups and to meaningfully draw
them into the public discussion. It should prioritize involvement of groups often left
out of energy planning activities such as rural populations, fenceline communities,
workers in carbon-intensive industries, and the nation’s youth.

b) DOE and EPA should establish regional systems planning networks and convene
multi-stakeholder dialogues around place-based decarbonization strategies so that
subnational actors and Indigenous nations can build the necessary capacity to take
full advantage of the Infrastructure Investment and Jobs Act and Inflation
Reduction Act. Participatory planning efforts should aim to identify positive
intersections among mitigation and energy service priorities, including economic
development, public health, accessibility, and climate resilience.

¢) DOE’s Office of Economic Impact and Diversity should direct a rapid analysis and
detailed action plan to address public access and engagement challenges in state
public utility and public service commission proceedings and other key sites of
decision-making for decarbonization. Engagement of a multi-sectoral steering
committee with representatives from public interest groups, civil society, the utility
industry, and regulatory agencies will ensure the effort’s credibility and impact.
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COMMUNITY ENERGY, ENERGY SOVEREIGNTY, AND COLLECTIVE BENEFITS
The Challenge

Extending energy democracy to the participation of individuals in small-scale energy systems and
large-scale transition projects is key to the clean energy future. This includes increased opportunities for
small groups or communities to own and operate energy processes and to directly benefit from
decarbonization actions including through community and tribal energy systems that provide collective
benefits. For low-income communities, the benefits of clean energy development have the potential to
permanently lower energy burdens, with proper policy support (Biswas et al. 2022). Similarly, localized
renewable energy infrastructures are increasingly understood as opportunities for Indigenous nations to
pursue self-determination and sovereignty, as well as economic development and resilience.

Community Energy Systems

There is a global explosion of interest in decentralized energy production, such as distributed
solar energy, as an important element of democratizing involvement in and control of energy systems
(Lotfi et al. 2020). While many end-use energy technologies have always been owned in a decentralized
fashion (e.g., automobiles, furnaces, and electrical devices), in recent years, data shows that U.S.
distributed solar generation has grown faster than utility-scale solar generation'' (EIA 2023).
Furthermore, a recent survey and interviews in New York state found that support for community or
rooftop solar among rural residents is significantly higher than support for utility scale solar (Nilson and
Stedman 2022). The number of distributed solar systems is likely to continue growing nationally given
the tax credits in the IRA and the potential for rooftop solar to reduce household energy bills.

Individual ownership is not the only mechanism for distributed solar systems. In the European
Union, for example, energy cooperatives and neighborhood microgrids have emerged as an important
strategy for enhanced public engagement and involvement in the clean energy transition (Inés et al. 2020;
Lowitzsch et al. 2020). In the United States, DOE has set a target for the National Community Solar
Partnership '* of enabling community solar projects that power the equivalent of 5 million homes by 2025.
Such investments can provide widespread benefits that help generate support for decarbonization by
reducing long-term electricity costs and providing a means for using clean energy to strengthen other
household goals (e.g., resilience to electricity grid outages). However, as noted elsewhere in this report
(Chapters 2 and 6), equity is a major concern given the high up-front capital costs required for distributed
energy systems and microgrids, and the challenge of ensuring affordability and reliability of system
operations and maintenance. Chapter 2 describes policies to facilitate disadvantaged communities’
participation in distributed and community-owned energy systems.

Tribal Energy Sovereignty

Efforts to leverage decarbonization and clean energy technologies to enhance Indigenous energy
sovereignty have also emerged as an important focus of discussion, policy development, and investment
(Atcitty 2021; Kinder 2021; Montoya 2022; Royster 2008; Schelly et al. 2020; Smith 2022a). This is not
surprising given both the growing prevalence of distributed energy systems and the reassertion of
sovereignty as a key priority for many Indigenous communities, both in the United States and around the
globe (Rezaei and Dowlatabadi 2015). Tribally owned and operated community energy systems, when
executed with attention to the feasibility of long-term operations and maintenance, can “multi-solve” for

" For a study of the extent and dimensions of social preference for household and community-scale distributed
solar in Puerto Rico, see Echevarria et al. (2022).
12 See https://www.energy.gov/communitysolar/national-community-solar-partnership-targets.
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energy service access and climate resilience. For example, the Blue Lake Rancheria, a federally
recognized tribal government and Native American community, provides an example of a successful
community-led effort to exercise sovereignty and enhance climate resilience through energy systems. The
community’s microgrid is connected to the regional distribution system and is designed to operate
autonomously—when a nearby fire in 2017 caused a grid outage, the microgrid was successfully islanded
and facilities avoided a blackout. Energy savings to the Blue Lake Rancheria are estimated at nearly
$200,000 annually (Carter et al. 2019). Other examples include the energy efficiency and renewable
energy investments at the Navajo Nation (Diné Bikéya in Navajo) (Begay 2018a) and Citizen Potowatomi
Nation (Neshnabé) (Begay 2018b).

In cases where Indigenous nations host energy infrastructure designed to export power, (e.g., high
voltage transmission lines and utility scale storage and generation facilities) there is new attention and
interest in models favorable to development, in contrast to historic practices. In a landmark example in
2021, the Morongo Band of Mission Indians was approved as the first Native American tribe to be a
participating transmission owner in a major system. Through the agreement with Southern California
Edison (SCE), the Morongo Band secured a capital interest in the project and its returns and improved the
terms of the lease allowing access over tribally held territory (ICT News 2022). The Morongo-SCE
agreement was highly complex and required many layers of regulatory approval, a barrier some have
cited as one of many facing tribes that seek to use renewable energy for economic development
(Zimmerman and Reames 2021). Similarly, the agreement between the Navajo Nation and Salt River
Project surrounding the closure of the Navajo Generating Station coal-fired power plant and associated
mine also gave the Navajo substantial access to transmission capability for future renewable energy
development (Pyper 2019). The regulatory challenges associated with these agreements need to be
addressed to support energy sovereignty within Indigenous nations.

Collective Benefits

Compensation and benefits schemes are critical aspects of engaging the public around large-scale
energy infrastructure. According to research on social dimensions of facility siting, local stakeholders
often view community or local benefits mechanisms—and the processes and negotiations associated with
them—through lenses of trustworthiness and fairness. In this way, compensation emerges as an element of
procedural, not just distributive, justice, which has a profound influence on the acceptability of proposed
project (Crawford et al. 2022; Hoen et al. 2019; Jorgensen et al. 2020; Knauf 2022; van Wijk et al. 2021).
The rapid acceleration of renewable energy deployment is encouraging creativity in compensation models
such as community benefit agreements, pooled payments to landowner collectives, and innovative state
fiscal policy. These models demonstrate increased consideration of the importance of distributive justice
to securing a social contract to site and host large-scale renewable energy facilities. Indeed, payments and
other monetary benefits to individuals, communities, and governments do influence both the social
acceptance and local impacts of energy developments—although public acceptance and local impacts are
not always correlated in straightforward ways. However, collective payment schemes and community
benefits agreements in renewable energy development are very novel tools with many potential legal
issues yet to be identified and resolved (Fazio and Wallace 2017).

With vast areas capable of hosting utility-scale generation and interstate transmission lines,
federal and state public lands and waters offer an important opportunity for the U.S. public to contribute
to and even facilitate deployment of renewable energy (Springer and Daue 2020). While state and federal
property are not taxable by local governments, their use for facility siting can generate public revenue in
the form of lease and bonus payments, right of way rentals, and even generation taxes. Despite the
apparent opportunities embedded in the nation’s public land and water holdings as sites for renewable
energy deployment, this estate will likely continue to be an underutilized decarbonization resource
without necessary policy reforms.
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Opportunities and Barriers in Current Policy

The current policy landscape creates new opportunities to engender public support for energy
infrastructure through projects with clear local benefits that outweigh the costs. This could meaningfully
comprise the growth of community-scale and energy sovereignty-focused development as well as creative
public and collective benefits schemes. The primary vehicles in federal policy include the following IRA
provisions listed in Table 5-1.

TABLE 5-1 IRA Provisions Supporting Community Energy Development, Energy Sovereignty, and
Collective Benefits

Provision(s) Description

Investment and Production Tax Credits Provides certainty and reduces costs which have previously been

(§13101, §13102, §13103) prohibitive for community-solar (Coalition for Community Solar
Access 2022).

Investment Tax Credit and Energy Credit for ~ Provides incentives for projects serving or located in qualified

Renewable Facilities Near Low-Income low-to-moderate income communities (Coalition for Community

Communities (§13103) Solar Access 2022).

Tribal Energy Loan Guarantee Program Appropriates $75 million in loans for tribal investment in energy-

(§50145) related projects (White House 2023).

Greenhouse Gas Reduction Fund—Zero Appropriates $7 billion to enable low-income and disadvantaged

Emission Technologies Grant Program communities to deploy or benefit from zero-emission

(§60103) technologies and other greenhouse gas emission reduction
activities (White House 2023).

Environmental and Climate Justice Block Appropriates $3 billion for community-led projects that address

Grants (§60201) disproportionate harms related to pollution and climate change
(White House 2023).

An additional boost for community benefits includes efforts by federal agencies to promote
community benefits agreements as a new criterion in evaluating loan and grant application reviews. The
DOE is relying heavily on Community Benefits Plans ' as a vehicle to meet requirements under the
Justice40 Initiative, which applies to all IRA and IIJA funding opportunity announcements (FOAs) (DOE
n.d.(b)). Likewise, the USDA’s New ERA program supports rural electric cooperatives and the
communities they serve to develop clean energy resources and workforce skills needed for the transition
(USDA n.d.). Together, programs in the IRA create meaningful investment opportunities for communities
and their advocates to design and fund new, decarbonized energy infrastructure that aligns with local
priorities.

Community Energy Systems

Many households and communities face steep barriers to deploying renewable energy projects
that generate significant community benefits. In the example of solar, barriers include both lower levels of
home ownership and lower financial capacity to cover the high up-front costs of rooftop solar and/or
batteries. However, where low- or zero-down solar opportunities are available (e.g., via leasing), the
resulting arrangements generally provide significantly lower financial savings than owning the solar
panels. Additionally, in cases of fraudulent or predatory behavior, these opportunities might end up

13 Community Benefit Plans as defined by DOE are inclusive of community benefits agreements and include
Collective Bargaining Agreements and other elements. The DOE Community Benefits Plan template can be
downloaded here: https://www.energy.gov/sites/default/files/2023-05/CommunityBenefitsPlanTemplate.docx.
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costing households (Vogelsong 2022). Last, many low-income households do not own their homes or
otherwise have control over what happens on their rooftops.

Community solar projects offer a potential strategy for addressing the barriers associated with
rooftop solar, if designed well, but will need significant policy innovation to take off at a substantial scale
(Chan et al. 2017; Grimley et al. 2022). These projects are often less expensive per watt than rooftop
systems and stand-alone solar installations because they are larger in scale, involving lots of households
or installations in the hundreds of kilowatts of capacity, and they do not require home ownership. When
financed effectively, or granted to the community, community solar projects can deliver significant
financial benefits. For example, the Canadian government has granted community ownership of solar
projects to remote Indigenous communities (Government of Canada 2023). Through the ownership of
energy projects, Indigenous communities have control over an energy project’s planning and
management, jobs, and profits (Institute for Human Rights and Businesses 2023). In some models, low-
income households can pay for their participation over time, through their savings resulting in lower bills
and part-ownership in the solar project.

Nonetheless, community solar remains a small portion of the nation’s solar installations. Project-
based collective benefits models are advanced and challenged by their relative flexibility and direct
dependence on the capacity and will of non-regulatory actors. Community solar projects are enabled by
law in fewer than half of U.S. states—and explicitly prohibited in others (DSIRE n.d.; ILSR n.d.). Even
where allowed, either by law or voluntarily by utilities, community solar projects are often restricted to
only one model. This limits the number and variety of communities where they can be applied and
dramatically slows innovation in the sector. As the nation seeks to rapidly expand deployment of solar,
especially in a future in which space for utility-scale projects is increasingly competitive, contested, and
scarce, community solar projects offer a way to deploy solar and advance substantial equity goals.
However, changes in federal, state, local, and utility policies are required to open opportunities for
creative engagement and deployment of capital via diverse and heterogeneous community solar project
models. This will be especially important to enable the historic investments anticipated in community-
based solar in the IRA.

Tribal Energy Sovereignty

For tribal nations, the opportunities are also historic. The IIJA provides over $13 billion in
funding for tribal infrastructure, including $2 billion for the Tribal Broadband Connectivity Program,
$200 million for climate adaptation and community relocation, and another $200 million to plug orphaned
wells on tribal lands (White House 2022a). The IRA directs hundreds of millions in grants and an
unprecedented $20 billion in allowable loan guarantees to support tribal climate resilience, access to clean
electricity, and building electrification (i.e., §50145, §50122, §80001, §80002, §80003, and §80004). The
IRA also includes elective pay and transferable credits that “allows entities with little or no tax liability—
like tribes—to accelerate utilization of these credits,” making renewable energy development on tribal
lands “exponentially more beneficial” (Smith 2022b).

However, the IRA has been criticized for offering a “blanket solution that did not address the
disparate needs of the hundreds of federally recognized tribes,” (Smith 2022b) and for failing to “capture
the nuances of community needs and concerns,” particularly in the context of EPA and DOE funding
opportunity outreach efforts (Brown 2023). Furthermore, out of the $550 million in flexible, formula-
allocated funding in the Energy Efficiency and Conservation Block Grant program, DOE has encumbered
$110 million for administrative and technical assistance. This comes at the expense of additional funding
to organizations that need it. Critics state this will “likely do little to make the program better or easier to
navigate” (Brown 2023). Moreover, “many funding opportunities require a project to be almost fully
baked to be competitive” (Brown 2023)—a problem that also plagues recent federal funding programs for
community solar initiatives.
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In a June 2022 National Academies’ information-gathering webinar, Alliance for Tribal Clean
Energy '* founder and chief executive officer Cheri Smith (2022a) noted that despite having 2 decades of
experience in applying for DOE funding, she and her colleagues still need to hire someone to decipher the
agency’s FOAs. Three ways federal agencies can improve the grant application process include (1)
reducing the amount of time needed to write grant applications; (2) standardizing the application process;
and (3) giving potential funding recipients a seat at the table in the discussions leading up to the creation
of the FOAs. Smith (2022a) has also noted that the majority of tribal communities will need to build
capacity and technical expertise to make use of these funds. To this end, the Indigenous-led nonprofit is
leveraging philanthropic and federal funding and Native experts so tribes can build capacity to develop
renewable electricity infrastructure on their homelands. See the Meaningful Engagement in Siting and
Permitting section below for more information about utilizing funding to build community capacity.

Collective Benefits

One challenge for the deployment of utility-scale infrastructure is the variability in how public
revenue policies approach renewable energy facilities (Hintz et al. 2021; Uebelhor et al. 2021). For
example, some state tax incentives for renewable energy infrastructure are less attractive to local
governments than fossil fuel facilities (Haggerty and Haggerty 2015). This challenges public investment
and equitable deployment of decarbonization infrastructure, hindering the progress of the energy
transition. There are also situations in which states formulate fiscal policy in reactive, haphazard ways,
creating confusion for developers as well as local governments (Hintz et al. 2021; Uebelhor et al. 2021).
Furthermore, depending on location and jurisdiction, siting facilities on public and private land and water
can be a highly complicated policy matter. In the case of local benefits that accrue via property and other
taxes, multiple factors converge to affect local project “buy in”: the quality of fiscal policy at the state
level; the implementation of fiscal policy at the local level; and thoughtful spending decisions and
associated communication by local officials (Haggerty et al. 2014; Mills et al. 2019).

In almost all cases, revenue opportunities for renewable energy are far smaller than they are for
fossil fuels and mined minerals because, unlike for oil, gas, and hard rock minerals, there is no severance
tax on renewable energy (Godby 2022). This does not help to engender public support for large-scale
renewable energy facilities on public lands. A notable leader in addressing this policy gap is New
Mexico’s State Land Office, which created an Office of Renewable Energy with a mission to triple the
amount of wind and solar energy generated on state trust land (Stewart 2022). Updates to auction and
contractual mechanisms used by the office and investments in capacity to work with the renewable energy
industry have enabled the use of state trust lands to make meaningful commitments to climate mitigation
and diversify funds raised for beneficiaries (Stewart 2022). In contrast, Congress has yet to update federal
land management guidelines to clarify key provisions regarding leasing and revenue programs,
particularly for wind and solar. This regulatory gap hinders development and the delivery of public
benefits from it. "

The policy space surrounding public revenue from private land is complicated. Regulations are
underdeveloped, with many states scrambling to draft revenue policy in parallel to emerging renewable
energy development. Key challenges for public revenue from renewable energy facilities on private land
include depreciation and, as in the case of public land, the absence of a severance tax. The major form of

!4 Formerly the Indigenous Energy Initiative.

15 For DOE-related lands specifically, the National Academies’ Committee on Energy Resource Potential for
DOE Lands conducted an inventory of the energy development potential of lands including (1) an analysis of all oil
gas, coal solar, wind, geothermal, and other renewable resources on the lands and (2) an analysis of the
environmental impacts associated with future development, including mitigation actions for negative impacts. Of
note, the committee recommended DOE place a higher priority on developing an inventory of lands that can be
leased or sold for energy development (NASEM 2017). For more information, see
https://nap.nationalacademies.org/catalog/24825/utilizing-the-energy-resource-potential-of-doe-lands.
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public revenue comes from property taxes, from which industry advocates frequently succeed in winning
relief in terms of incentives offered by state and local governments (Haggerty et al. 2014). However,
scholars warn against using revenue for local tax relief (Mills 2022) because, despite being popular with
voters, using new revenue to decrease local property taxes creates problems when that revenue declines—
as it will in any fiscal policy regime with no counterbalance to depreciation. Elected officials must,
therefore, use revenue in ways that demonstrate meaningful and sustainable value to the public.

Findings and Recommendations

Participation in energy systems offers important opportunities to engage in decarbonization by
providing an economic stake in the net-zero future to more groups. The ability for individual communities
to leverage the programs created in recent legislation depends on many factors including capacity and
institutional and policy environments. Sharing successful approaches will aid in the development of
community energy systems, tribal energy sovereignty, and collective benefit models that support
decarbonization and communities. Chapters 2, 6, and 13 offer additional insights and recommendations
about building capacity for implementation. Additional opportunities to build practical expertise with
community and collective benefits are noted below (see Recommendation 5-4).

Finding 5-3: Community-scale, community-designed, and community-owned energy
infrastructure can be more readily acceptable than large-scale industrial projects. The current
federal policy environment encourages the expansion of community-driven energy infrastructure
in places that are “ready to act” with appropriate regulations, political will, and planning capacity.
Localities unable to leverage these necessary capacities will miss this historic opportunity.

Finding 5-4: A lack of adequate expertise and institutional capacity hinders the diffusion and
successful application of processes which can facilitate renewable energy development and
provide collective benefits, including Community Benefits Agreements, collective leases and
payments, and federal, state, and local revenue policies.

Recommendation 5-2: Accelerate the Development, Implementation, Assessment, and Sharing
of Energy System Policy and Approaches That Deliver Local Benefits from Decarbonization
Investments. State, Tribal, and local governments should work in coordination with their
representative coalitions and federal partners to accelerate the development,
implementation, assessment, and sharing of policy and practical approaches that focus on
delivering local benefits from energy system decarbonization investments. These benefits
can include local ownership, good neighbor and collective lease payments, and community
benefit agreements. Furthermore, states should review, assess, identify, and address
conflicts in state fiscal policy that result in suppressing the potential for renewable energy
facilities to create local benefits in the form of public revenues.

Finding 5-5: Despite the apparent opportunities embedded in the United States’ vast public land
and water holdings as sites for renewable energy deployment, these locations are and will
continue to be underutilized as a resource in decarbonization. Among the necessary reforms, there
are significant opportunities in state and federal law to improve public benefits associated with
revenue payments from renewable energy facilities.

Recommendation 5-3: Fix Policy Gaps That Limit Role of Public Land in Decarbonization.

Congress and state legislatures should enact laws to expand the role of public land in
decarbonization to facilitate long-term value creation and economic diversification.
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a) Congress should encourage geothermal, solar, and wind energy development on
public lands by establishing priority areas for development, developing associated
conservation and mitigation provisions, and providing clarity about the amount and
disposition of revenues from geothermal, solar, and wind development. A long-term
“legacy fund” offers a preferred model for saving revenue from public land leasing
for renewable energy development.

b) State legislatures should consider the example of New Mexico’s State Land Office
and reform public policies governing the use of state-owned property to enable long-
term, sustainable public revenue from renewable energy.

Finding 5-6: State-level policies often suppress the potential for renewable energy facilities to
create direct local benefits in the form of public revenues. The mechanisms include aggressive tax
rebates for certain types of energy, which often result in fossil fuel facilities being more lucrative
than renewable energy projects, as well as less well-known limits on budget and expenditure
discretion for local governments.

Recommendation 5-4: Address Barriers to Local Benefits from Renewable Energy Facilities.
States should review, identify, and address conflicts in state fiscal policy that result in
suppressing local benefit for hosting renewable energy facilities. By strengthening the
relationships between decarbonization and direct public benefits, fiscal policy reform has
the potential to grow social acceptance for renewable energy facilities.

MEANINGFUL ENGAGEMENT IN SITING AND PERMITTING
The Challenge

Innovation in public engagement to ensure distributive and procedural justice will be essential to
the deployment of all deep decarbonization infrastructure across the full diversity and heterogeneity of
communities and landscapes. While the factors influencing the social acceptance of energy infrastructures
are multi-faceted (Boudet 2019), the local public processes to develop and execute infrastructure projects
are a key venue for forming social acceptance of and included support for accelerated decarbonization.
The relationship between social acceptance of renewable energy infrastructure and compensation schemes
is about perceptions of procedural justice, trust and communication, and the level of compensation being
provided. Policy and practices that encourage projects to provide clear and meaningful benefits to local
stakeholders are critical to accelerating decarbonization.

Scholars have been studying the relationship between siting policy and practice and social
acceptance of energy projects since the emergence of a strong anti-nuclear movement in the 1970s (e.g.,
see Freudenburg 1986). They continue to produce novel and important findings in the context of new
energy technologies as well as new research questions and approaches (Batel 2020; Bessette and
Crawford 2022; Krupnik et al. 2022; van de Grift and Cuppen 2022). Research demonstrates that the
character and quality of the process of engaging the public in the context of siting and permitting projects
will affect the pace and scale of decarbonization. '® Taken as a whole, this literature underscores that there
are no perfect solutions for public engagement to deliver speedy and conflict-free industrial siting
decisions in an open democratic society. In addition, even the most creative and robust public engagement
is unlikely to sway ardent opponents of projects. On the other hand, shortcutting public engagement can
lead to far longer delays owing to the risk of driving alienated publics to courts, alternative policy forums,
and other forms of protest.

16 See Chapter 6 for a discussion of how models project the impact of siting and project development.
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In that context, scholars and practitioners point to key features of effective siting and permitting
process that have the potential to reduce conflict and delay:

1. Public engagement in the context of project development requires inclusive, expansive, and
immersive communications. This means communication between project representatives,
contractors, government officials, and local and public stakeholders: is conducted in multiple
languages and in diverse and accessible formats; begins early in the process and features
continuous updates of project progress with easily accessible archives of past discussions;
and utilizes both low- and high-tech strategies to help different groups visualize and guide
changes to the natural and built environment.

2. Public engagement professionals representing developers and permitting agencies should
treat local perspectives as constructive expertise in project design and give local communities
the opportunity to participate in shaping the process and outcomes of important design
decisions (Devine-Wright 2022; Goedkoop and Devine-Wright 2016; Sherren 2021). A
corollary priority is supporting communities in the development of local and regional visions
for land use and economic development when such plans are absent or neglected—and doing
this prior to discussion of facility siting whenever possible. In this manner, the siting
discussion can build on and incorporate local visions rather than the other way around.

3. Public engagement needs to be customized to unique regions, demographics, politics,
economics, and social values. To every extent possible, flexibility in public engagement
processes must be a priority for permitting practitioners to align with local circumstances.
Clustering review processes for projects in the same geography also has merit for equitable,
rapid, and intensive infrastructure deployment that acknowledges the risk of consultation
fatigue (Bice 2020; Noble 2017). Zoned permitting is also noted to facilitate effective
environmental impact assessment (Faconti 2013).

4. Public engagement should emphasize clarity, transparency, and accountability in all
activities, particularly in the terms and conditions of engagement. That is, participants should
know and see when and how their input is used through clear and accessible information with
time for discussion about the implications of the findings. Every effort must be made to
provide opportunities for deliberative social learning about the credibility and accuracy of
estimates of how projects will affect quality of life, public health, local environments, and
economics to build trust and confidence in the data used to assess siting proposals.
Participatory impact assessments lead to better project design and can strengthen perceptions
of procedural justice.

Stakeholders who would otherwise be excluded from participation must be prioritized for
engagement as an equity measure. For example, the WHEJAC, discussed above, convenes environmental
and climate justice experts together to provide advice and input on policy development and
implementation. Additionally, Indigenous Knowledge has recently been elevated in federal policymaking.
The White House Office of Science and Technology Policy (OSTP) and Council on Environmental
Quality (CEQ) have begun to institute this practice via statements, implementation and guidance memos,
and establishment of the Subcommittee on Indigenous Knowledge (OSTP and CEQ 2022a,b,c). Included
were strategies to grow and maintain relationships to support Indigenous Knowledge, and practices and
opportunities to apply Indigenous Knowledge in federal processes, including the National Environmental
Policy Act (NEPA). These initiatives advance the inclusion of Indigenous people and their knowledge in
impact assessment and siting processes. Additional initiatives that support innovative forms of
engagement offered, including those discussed in Boxes 5-3 and 5-4 above, increase opportunities for
meaningful engagement with key stakeholders.

Rapid and expansive landscape changes driven by the amount of new industrialization necessary
for decarbonization will meet resistance from local and otherwise place-invested publics for a variety of
complex reasons (Boudet 2019; Fergen et al. 2021; Nilson 2022; Sherren 2021). A 2023 public-opinion
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poll (not peer-reviewed) found that when biodiversity and land conservation is posed as a trade-off with
rapid emissions reductions, a majority of Americans prefer a slower buildout (Meyer 2023). The growing
frequency of newspaper stories about public resistance to renewable energy projects in many parts of the
country suggests resistance is likely to strengthen and calcify in key landscapes as the pace and scale of
development accelerates (e.g., see Roth 2023; Saul et al. 2022; Stang 2022). Continued conflicts over the
appropriate use of high-value farmland and rangeland, ecosystem values, the disruption of scenic and
cultural amenities, economic uses of land, and individual private property rights are to be anticipated.
This is especially true in the absence of robust public engagement efforts that seek to understand local
sources of resistance and local input into the design of preferred and acceptable deployment strategies.

Emerging technologies and the associated industrial infrastructure are particularly likely to meet
public skepticism (Nielsen et al. 2022) as well as outright resistance from those parties with the least trust
in the energy sector. For example, the environmental justice community continues to express concerns
about carbon capture deployment '’ (Anchondo 2022). Where the electric grid meets the built
environment in key shared elements (e.g., electricity distribution lines, distributed generation, and EV
charging), the pace and intensity of infrastructure additions may result in unacceptable or undesirable
conditions. By extension, strong local resistance and/or inequitable outcomes may develop. A difficult
feature of the contemporary environment for renewable energy deployment is exacerbation of conflicts
through the rapid spread of misinformation and uncertainty via social media (Fergen et al. 2021). This
emphasizes the importance of proactive and generative public dialogues prior to and during project
development and of authentic and reliable investments in building interpersonal relationships and trust.
Beyond known best practices, there is a pressing need to accelerate and expand social science research
about how to build trust in the context of contentious decisions (see the section Building the Nation’s
Expertise in the Human Dimensions of Decarbonization below).

Opportunities and Barriers in Current Policy

Calls for more robust and innovative public engagement found in the social science literature on
renewable energy project development seem at odds with widespread concern in public policy circles
about the need to reduce permitting barriers through major policy reform. Legal scholars find that
permitting processes for large-scale infrastructure are made burdensome by a lack of interjurisdictional
alignment, the ensuing redundant and circular processes of both public participation and detailed
environmental review, and their vulnerability to litigation by project opponents (Gerrard 2017; Ruhl and
Salzman 2020). However, streamlining permitting in ways that shortcut public engagement is not a “silver
bullet,” and calls for permitting reform need to be weighed against scholarship and expert commentary
about where the problem really lies. Permitting professionals in many levels of government emphasize
that it is not permitting regulations, but understaffing and resource shortages that hinder the efficiency of
permitting processes (Robinson 2022; Roth 2023). The dominance of decision frameworks that focus on a
single measure (i.e., cost) also impede effective national and state siting decisions by minimizing the
scope of review in ways that exclude meaningful public input (Kurth et al. 2017).

If permitting reform includes significant reductions in meaningful opportunities for and forms of
public engagement, then such reform would create a real risk of slowing, rather than hastening, the
process of building out a net-zero infrastructure. Policymakers must simultaneously consider eliminating
redundant and conflicting permitting policies and practice robust and creative engagement in project
development and permitting. Whether public engagement innovation is mandated by statute or
implemented as agency or private sector priority, its efficacy will depend in large part on available
resources. These resources include subject-matter expertise and the capacity of participating parties,
including project developers, public sector regulatory bodies, and local and broader publics and civil

17 See Chapters 2 and 3 and Appendix E for more information about the environmental justice concerns and
health risks associated with carbon capture investments and other decarbonization technologies.
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society. An effective public engagement workforce for decarbonization includes public and community
engagement professionals from utilities, community-advocacy groups, tribes, clean energy demonstration
projects, local, state, and federal agencies, and other relevant organizations and programs.

Federal Actions

The IRA directs funds to improve environmental review processes in multiple agency budgets,
namely: $40 million for EPA to invest in more accurate and timely environmental reviews (§60115); $30
million for CEQ to improve stakeholder and community engagement (§60402); $100 million for the
Federal Highway Administration to develop review documents and a process that provides for a timelier
environmental review process (§60505); $350 million to accelerate and streamline the environmental
review process (§70007); and nearly $500 million for the implementation of NEPA to properly review
proposed infrastructure projects (§23001, §40003, §50301, §50302, §50303). Furthermore, two important
initiatives from IRA require the incorporation of innovative public processes into siting procedures:

o Grants to Facilitate the Siting of Interstate Electricity Transmission Lines (§50152)>—$760
million in grants for state and local governments for purposes including transmission project
studies, examination of alternative siting corridors, hosting negotiations with project backers
and opponents, participating in federal and state regulatory proceedings, and promoting
economic development in affected communities.

o [Interregional and Offshore Wind Electricity Transmission Planning, Modeling, and Analysis
(§50153)—S$100 million for expenses for convening stakeholders and conducting analysis
related to interregional transmission development and development of transmission for
offshore wind energy.

Because of how broadly these two sections of the IRA are written, there is potential to support
creative public processes, which could be used as pilots or test cases for innovation.

Staffing and resources for environmental permitting and reviews remain inadequate. For many
agencies, the additional funding for environmental permitting and reviews was only sufficient to address
staffing losses that occurred under the previous administration (Gordon 2022). At the same time, the IRA
and IIJA will create an enormous volume of new permitting and public engagement work, hence simply
returning to a previous baseline is not adequate to the task. And the resource shortage extends well
beyond the federal government. As mentioned above, the federal agencies are promoting community
benefits agreements as a new element in its loan and grant application reviews. Community benefits
agreements must be developed using state-of-the-art engagement practices that build confidence, equity,
and transparency. They also require local governments and community-based organizations have access
to legal expertise. Capacity and access falls deeply short in many companies, states, cities, and
communities.

Through NEPA, federal agencies are required to provide opportunities for meaningful public
participation. CEQ has developed documents guiding individuals through engagement processes (e.g., see
CEQ and DOE n.d.) and providing clarity to federal agencies about compliance (e.g., see DOE-ONPC
n.d.). Recent amendments to NEPA included in the Fiscal Responsibility Act of 2023 (FRA 2023) (P.L.
118-5) include the requirement that one federal agency coordinate with participating agencies in the
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development of a single NEPA document (Diller et al. 2023).'® Additionally, FRA 2023 allows project
sponsors to prepare an Environmental Assessment (EA) or Environmental Impact Statement (EIS) with
lead agencies providing guidance. Given the focus on a lead agency status for complex EIS processes and
the provision that developers can develop their own EISs, the need for public engagement workforce
expertise to facilitate decarbonization is likely widespread.

Non-Federal Actions

Non-governmental organizations (NGOs), including grassroots organizations and national-level
nonprofits, play an essential role liaising between the federal government and specific communities,
especially communities that do not have the existing capacity to apply for or appropriately utilize
available funding. Engagement with civil society leaders can produce decarbonization strategies that
represent the priorities and concerns of communities. For example, the Union of Concerned Scientists
convened an advisory committee to develop a holistic framework for decarbonization that is equitable and
just. The advisory committee identified three core principles for holistic approaches to a transformative
energy transition: effectively address the impacts of the climate crisis; advance equity and justice; and
drive systemic change (Baek et al. 2021). Policy recommendations from nongovernmental organizations
about decarbonizing the energy transition need to be reviewed and considered by policymakers at the
federal, state, and local levels. The key feature of many reports produced by nongovernmental
organizations is a platform that brings together stakeholders to discuss transition pathways, what
challenges may arise, and how to avoid or mitigate adverse outcomes.

In addition to developing policy frameworks for state and national government, some nonfederal
actors are convening cross-sectoral stakeholders to develop local decarbonization strategies. For example,
the Southwest Pennsylvania Decarbonization (SWPD) Forum gather to discuss critical opportunities and
challenges of regional decarbonization in ten counties within the state. These opportunities and challenges
include creating jobs and driving economic growth; developing a healthy public and environment;
supporting thriving and engaged communities; and facilitating innovation in technologies and
infrastructure. The convening activities of the SWPD Forum are hosted by the Pennsylvania
Environmental Counsel, which aims to be a model for implementing collaborative solutions (PEC n.d.),
and the Allegheny Conference on Community Development, which brings together Pittsburgh’s public
and private sector leaders to define and mobilize regional and action (ACCD n.d.). Funding for the SWPD
Forum comes from the Henry L. Hillman Foundation, whose goals include funding innovative solutions
that address community needs (Henry L. Hillman Foundation n.d.).

As further discussed in Chapter 2, nonfederal actors are critical to the development of multi-
sectoral partnerships that connect local and state action with broader federal funding and policy.
Furthermore, these organizations can provide independent information about decarbonization and its
trade-offs to protect the public from potential misinformation. These groups benefit from consistent,
multi-year funding, and where federal funding is absent or insufficient, philanthropic foundations can
provide needed support.

18 The FRA 2023 is the federal agreement to suspend the debt ceiling, but the legislation impacted multiple
future federal actions, including the processes associated with NEPA. In addition to the changes mentioned above,
FRA 2023 allows federal agencies to adopt categorial exclusions, categories of projects that do not need an EA and
EIA—meaning federal agencies will be able to determine which projects do not have a significant impact on the
environment without seeking public input on this categorization. This removal of a public engagement opportunity
has the potential of having adverse impacts on the energy transition. For more information about the changes to
NEPA included in the FRA, see E. Diller, R. Walter, J. Hansel, 2023, “New amendments to NEPA in the Fiscal
Responsibility Act of 2023,” Inner City Fund Insight, https://www.icf.com/insights/environment/new-nepa-
amendments-fiscal-responsibility-act-2023.
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Findings and Recommendations

Capacity is not only a matter of having the personnel and know-how to implement state-of-the-art
permitting processes or streamlining permitting for priority initiatives. Thus, enhanced permitting
capacity will depend on an effort to integrate research, practice, and policy activities, and to coordinate
across scales of government and within and across economic sectors—for example, the international and
nationwide coordination directed to the COVID-19 public health crisis demonstrated the needed urgency
and dedication (Patnaik et al. 2023). Robust community and stakeholder engagement practices need those
knowledgeable about diverse social science methods of community engagement and existing inequalities
and policy performance in energy equity collaborating with experts in law and public administration.

Finding 5-7: The resources currently dedicated to building and strengthening public sector
capacity for permitting and environmental review at the federal, state, and local levels are not
adequate to address public resistance that may well occur in the face of the extensive
infrastructure deployment anticipated. Altogether, friction in the public permitting arena has the
potential to delay emissions mitigation and equity goals significantly.

Finding 5-8: The United States currently lacks a sufficiently large or well-trained professional
workforce to implement the full scope of public engagement activities that public sector, private
sector, and civil society organizations will need to undertake to achieve deep decarbonization.
This is especially true for permitting and siting processes and for hosting inclusive policy
dialogues and developing robust strategies for ensuring a broad and impactful distribution of
benefits from deep decarbonization for households and communities. It will be critical to use
available funding to develop and implement new, creative precedents and practices to support the
workforce needed for public engagement activities. Furthermore, public engagement
professionals are essential to the success of the transition and need to be included systematically
in federal energy workforce development planning and funding.

Recommendation 5-5: Convene a National Working Group on Siting Process Innovation with
Input from State Energy Officials. The Department of Energy and Council on
Environmental Quality, with participation from the Federal Energy Regulatory
Commission, National Association of Regulatory Utility Commissioners, and National
Association of State Energy Officials as appropriate, should collaborate to convene a
national working group on siting process innovation. The role of this working group will be
to develop innovative public engagement practices for electricity generation and
transmission facility siting processes. These practices could be modeled on the International
Energy Agency working groups and Canada’s Impact Agency public policies dialogues. It
will be critical to incorporate adaptive management into the design of these public
engagement practices to ensure that insufficient processes are removed or revised. The
National Working Group on Siting Process Innovation should provide recommendations
that can inform the allocation of resources for a national public engagement workforce
assessment.

Recommendation 5-6: Mandate and Allocate Resources for a National Assessment on the
Public Engagement Workforce and Gaps. Congress should mandate and allocate resources
for an interagency national assessment and subsequent Department of Energy (DOE)
initiative focused on capacity gaps in the public engagement workforce.

a) Congress should mandate a workforce assessment to be overseen by the National
Climate Task Force (NCTF) with participation from academic experts, industry
leaders, and public-sector representatives. The assessment should focus on future
workforce needs in public processes for clean energy deployment and community
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advocacy organizations planning and impact assessment, including health, social,
economic, and environmental impacts, with particular attention to the needs of
utilities and large-scale energy developers in public engagement expertise. The
assessment should also include the public engagement implications of recent
amendments to the National Environmental Policy Act with a focus on where
workforce investments are most critical. The NCTF should make recommendations
for training programs to grow this workforce via multiple post-secondary pathways,
with a focus on enabling current engagement professionals and students to train for
and participate in clean energy deployment as quickly as possible.

b) Through appropriations, Congress should direct DOE to establish an agency-wide
workforce development initiative for public engagement in the energy transition,
informed by the findings from the workforce assessment (5-6a). The Regional Clean
Hydrogen Hubs and the Regional Direct Air Capture Hubs may provide prime
opportunities for pilot public engagement workforce initiatives that incorporate
participants into its existing clean energy workforce development programs and
demonstration projects. The purpose of the initiative would be to advance
community-led energy and environmental justice initiatives, lead planning and
organizational and cultural change for deep decarbonization, and help regions
navigate the human complexities of clean energy transitions. Furthermore,
workforce initiatives should include opportunities for place-based internships to
deliver capacity for planning and federal program access in under-resourced areas,
potentially using DOE’s Oak Ridge Institute for Science and Education fellowship
program and utilizing the AmeriCorps model. These internships would generate
non-technical career opportunities that address the climate crisis for young
professionals.

¢) DOE should fund legal clinics at public institutions to provide technical assistance
for Community Benefit Agreement and other collective benefits negotiations. This
would advance community-level engagement in decarbonization by providing
equitable access to programs providing local benefits.

Finding 5-9: The limited number of dedicated efforts to promote deployment by credible multi-
and cross-sectoral partnerships—for example, between environmental NGOs, industry, finance,
and government—is another notable capacity gap that is creating friction for clean energy
deployment and openings for misinformation and disinformation.

Recommendation 5-7: Develop Collaborative Regional Renewable Energy Deployment Plans.
Civil society leaders should use available public and private resources to develop
collaborative regional deployment plans for renewable energy.

a) The philanthropic sector should immediately support the establishment of a set of
pilot regional planning efforts, each focused on single renewable energy technology
and other relevant social and economic choices along the region’s path to net-zero
emissions. The efforts should model robust, sustained, creative engagement and
discourse around regional energy futures that include dimensions of the energy
transition most salient to local stakeholders and publics.

b) Civil society leaders should work with industry and government to determine the
best use of available land and resources for renewable energy deployment
opportunities. This process will involve difficult trade-offs; engaging with and
arriving at consensus about those trade-offs is a much-needed public exemplar of
the spirit of compromise and determination necessary to generate progress on
climate mitigation.
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Finding 5-10: While legislative progress on statutes that enshrine “meaningful engagement” into
NEPA is stalled, there are opportunities to integrate these approaches as standard practice in
private and public sector activities. Working groups and programs can be modeled after the
Interagency Working Group on Indigenous Traditional Ecologic Knowledge to support the
inclusion of specialized expertise in government policy and guidance.

Recommendation 5-8: Address the Priorities of Native American and Environmental Justice
Communities. Congress and federal agency leads should address the priorities of Native
American and environmental justice communities through legislation and, in the interim,
purposeful adoption of best practices in meaningful engagement.

a) Congress should pass legislation to codify “meaningful engagement” in
environmental review practices. Furthermore, key federal actors in renewable
energy and transmission deployment should include “meaningful engagement”
practices in existing public engagement and environmental review processes,
including providing many points of engagement (e.g., in time and across social
groups) and materials in accessible forms (e.g., diverse languages), and requiring
the consideration of alternative actions.

b) Federal program designers should involve social and behavioral researchers in the
appropriate design of the social, behavioral, and other non-financial elements of
deployment programs to enable communities to make informed technology adoption
decisions and effectively use technologies to decarbonize, reduce energy
consumption, save money, and obtain other additional benefits.

BUILDING THE NATION’S EXPERTISE IN THE HUMAN DIMENSIONS OF
DECARBONIZATION

The Challenge

Effectively engaging U.S. publics in clean energy transitions will require upgrading the nation’s
expertise in the human dimensions of deep decarbonization. Doing public engagement well entails not
only listening to people’s voices and concerns but also facilitating an informed dialogue about the aspects
of the issues that are important to them (Reed et al. 2018). For energy transitions, this means developing a
rich and contextualized understanding of the ways that decarbonization matters to people, impacts their
lives and livelihoods, and intersects with other aspects of society, the economy, and the environment that
they care about. The capability of the public, decisionmakers, and institutions to effectively understand
these issues, assess their significance, and integrate them into decision-making at multiple scales will be
crucial for the success of public engagement. Building the nation’s capacity for development and
deployment will also require the ability to conduct credible, strategic assessments of outcomes for
adaptive management (see Chapter 1).

Energy Literacy

Energy is one of the most important elements of modern economies, yet also one of the least well
understood by the public. This is true even with regard to knowledge about energy sources or how to
conserve energy (Bodzin 2012; DeWaters and Powers 2011; Murphy 2002), let alone the more complex
challenges of navigating sustainable energy transitions (Martins et al. 2020). In this context, energy
literacy ' goes well beyond basic knowledge of scientific and engineering principles of energy taught in

19 Energy literacy is the understanding of the role and nature of energy in daily lives accompanied by the
application of this understanding to solve problems (DOE n.d.(c)).
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K-12 classrooms and science museums. Few people in the United States have even a rudimentary
understanding of energy sources, infrastructures, or security (van den Broek 2019). Frequently, the only
source of public understanding of energy systems is often simplified news coverage of exciting new
technology developments or controversies over power plant or infrastructure siting.

Federal investment has prioritized improved public understanding and engagement in science and
technology for non-energy topics, such as National Aeronautics and Space Administration’s (NASA’s)
FY 2023 $144 million budget for educational programs for the public-at-large. In comparison, the United
States has invested relatively little in ensuring that people have the energy literacy needed to participate
effectively in energy decisions. It should not be surprising, therefore, that U.S. consumers significantly
underinvest in technologies that could considerably improve their household energy economics (Brent
and Ward 2018) or that misinformation pervades public understanding of energy technologies and their
ability to contribute to decarbonization (Sovacool 2009). Misinformed understandings of the energy
sector and systems undermine robust public engagement and the development and implementation of
effective energy transition policies. Choices will need to be made to upgrade the efficiency of homes and
businesses, electrify heating and transportation systems, and perhaps adopt dietary changes or new
distributed energy technologies. Chadwick et al. (2022) show that knowledge is one of the most important
factors influencing technology adoption and rejection.

Recent scholarship has highlighted the importance of adopting integrated social and technical
framing of energy systems for decarbonization policymaking (Miller et al. 2015). Interesting examples of
this are Richard Scarry’s well-read children’s books about Busytown, which contain highly illuminative
illustrations and stories about a coal mine and power plant and the people they serve with electricity
(What Do People Do All Day? [1968]) and our automobile-intensive society (Cars and Trucks and Things
That Go [1974]). These books portray a rich picture of how people’s everyday lives and work are
interdependent with energy technologies and infrastructures—and things that might be at stake in energy
transitions, from the sector jobs to the organization of communities. Energy literacy education needs to
follow this lead, not only for children but also in public engagement initiatives and for energy transition
leaders across diverse sectors and organizations.

Enhanced understanding among consumers, as well as the array of contractors, technicians,
salespeople, and influencers they interact with, will be crucial to effective household decision-making on
decarbonized energy systems. States, cities, tribes, and communities will also benefit from improved
energy literacy among residents and leaders as they face increasingly consequential choices about
complex regional energy transitions (Miller et al. 2022). To make sense of the choices, decisions, and
trade-offs entailed and their societal implications requires rich understandings of energy systems: who
and what they serve, how they work, and their constraints in serving regional economies. For example,
the National Science Foundation’s (NSF’s) Directorate for Social and Behavioral Sciences (SBE)
Sciences, which had a budget of $286 million in FY 2022, supports research on human behavior and
societal factors (NSF n.d.). Experiences from incorporation of social science and community engagement
in interdisciplinary NSF research centers, funded through the SBE, could usefully inform energy
programs (see Radatz et al. [2019]). Similar lessons might be drawn from the integration of ethical, legal,
and social research into the National Institutes of Health’s Human Genome Project (see Hilgartner et al.
[2016] and McEwen et al. [2014]).

Anticipatory Methods

Recent scholarship has demonstrated the value of using anticipatory methods to examine the
potential unanticipated impacts of new and emerging technologies (Guston 2014). Such methods use
participatory public engagement to inform technology assessment, policy deliberation, and organizational
decision-making (Kaplan et al. 2021) alongside other forward-looking analytic methods, such as
responsible innovation (Stilgoe et al. 2013) and anticipatory and social lifecycle analysis (Fortier et al.
2019; Wender et al. 2014). Anticipatory methods expand insights into new technologies beyond the limits
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of market-based technology adoption studies. This will be especially valuable for informing energy
transitions because technology adoption studies alone miss broader aspects of technology deployment that
can slow decarbonization and lead to a range of risks and adverse social or economic outcomes. For
example, strategic energy and environmental assessments using an anticipatory approach have recently
illuminated pathways for institutional reform and coordination that can facilitate renewable energy
deployment (Nwanekezie et al. 2022).

Anticipatory methods attend to the dynamics created by new technologies that ripple outward
from their construction and use via complex social and technological systems. The consequences of these
ripples are not intuitively obvious either from the perspective of the technology’s intended function and
use or when used differently than their inventors and designers initially imagined (Oudshoorn and Pinch
2005). These human complexities are particularly significant for decarbonization planning, which
anticipates rapid and near-universal adoption of new technologies by “average” people. However, these
narrow assumptions fail to account for obvious asymmetries between users and contexts, between urban
and rural users (Kline and Pinch 1996) or among users with and without disabilities (Wolbring 2008,
2011).

Anticipatory analysis can also inform systems-level elements of the energy transition. Two
examples in the electrification of light-duty transportation illustrate this phenomenon:

e A lack of anticipatory analysis in technology development may result in the need to redesign
the technology after deployment. For example, hybrid and electric vehicles are inherently
nearly silent when operating at low speeds; a fact that many early EV purchasers appreciated
but which created potential safety risks for pedestrians and other road users who couldn’t
hear them moving. Redesign was necessary to adapt vehicles to real-world human contexts
that initial designs had failed to consider by adding audible external sounds for the safety of
pedestrians (e.g., see P.L. 111-373). Few assessments—especially involving robust public
engagement—have rigorously explored how the heterogeneity of vehicle use (among different
kinds of users, as well as day-to-day for an individual user) matches the capabilities of EVs
(e.g., see He et al. 2016).

o The use of anticipatory analysis can allow for design of systems with preferred properties.
For example, EV adoption is transforming vehicle supply chains resulting in new social and
environmental consequences in the automobile manufacturing and repair sector, a major
contributor to the U.S. and global economy. Anticipatory analyses are increasing being
implemented to understand and predict how a shift to EVs will change the environmental,
employment, and consumer aspects of mineral and material resource requirements and
manufacturing, and the servicing of vehicles (e.g., see Colato and Ice 2023; EIA 2021;
Shrestha et al. 2022).

A lack of anticipatory assessment and planning can lead to a slow pace of learning, incremental
redesign, or less-than-near-universal adoption of key technologies, none of which support the accelerated
decarbonization of energy systems. Ambitious anticipatory assessment and engagement is critical to
inform and modify technology design, development, and markets, as well as to help diverse people and
communities learn about new technologies and understand their implications.

Research and Inquiry Capabilities
Developing new capabilities for research and inquiry into the complexities of energy transitions is

important to inform inclusive policy deliberation and infrastructure siting (Sovacool et al. 2020). Areas
where research capabilities can inform decarbonization planning include
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o Mobilizing and supporting people and organizations in implementing key decarbonization
strategies. The scale of effort required to achieve a net-zero economy is unprecedented—
much of it will require significant organizational, workforce, and even behavioral change
from individuals and households to entire industries. Research can identify the human and
organizational changes needed and the strategies to advance them, evaluate outcomes, and
enhance the sharing of good practices. Research can also identify and suggest strategies for
reducing workforce shortages, inflation in the pricing of materials, and backlashes against
social and environmental goal setting.

o FEvaluating the societal and economic implications of deep decarbonization. Many aspects of
U.S. society and economy are organized around the ways energy is produced, distributed, and
consumed. As a result, the consequences of adopting clean energy technologies and
reconfiguring their manufacture and supplies will ripple outward into other areas of social
and economic life and work. Research can help anticipate and comparatively evaluate trends
and their potential implications for different groups, communities, and regions—especially for
equity and justice considerations.

o Anticipating vulnerabilities in interdependent infrastructure systems. People depend on
energy systems to provide essential services for an array of critical infrastructures and
systems, including food, water, transport, communication, manufacturing, and the built
environment. While climate and disaster interdependencies among critical infrastructures
receive careful attention, significantly less attention has been paid to vulnerabilities that
might arise owing to energy transitions. Research can identify how the human and
organizational dimensions of interdependent systems may exacerbate or reduce
vulnerabilities created by technological dependencies.

Opportunities and Barriers in Current Policy

The committee’s first report identified opportunities for Congress to invest in educational and
research programs focused on the knowledge and skills needed to implement and manage the transition
(NASEM 2021). The IIJA, IRA, and CHIPS and Science Act direct nearly $18 billion*’ to career and
skills training programs located at institutions of higher education. Several programs recommended in the
first report, including $5 billion/year for the 10-year GI-Bill-type program and $100 million/year for the
creation of innovative new degree programs, could be realized by the combined efforts of these three
laws. However, support for workforce development in recent legislation focuses almost exclusively on
applied science and engineering and less on the skills needed for an equitable and just energy transition.
Outcomes will also likely be uneven given the heavy reliance on states to implement education and
training programs. Workforce training will require additional support to drive innovation (see Chapter 4).

Missing from current legislation is a key element in the committee’s prior recommendations: the
explicit recognition that the United States needs to develop substantial knowledge, expertise, and
workforces focused on higher-level understanding, analysis, and management of energy transitions,
including among disciplines and sectors, and across research, application, and decision-making. This
includes use-inspired research and training that intersects with technology development and deployment
but focuses on the effective and equitable integration of technology into diverse societal, organizational,
and market contexts. Such research areas include public and community engagement; the human and
social dimensions of energy transitions; organizational change; interdisciplinary collaboration and
convergence; energy policy and economics; the social and environmental impacts of technology; and
energy and environmental equity and justice. Additionally, it is critical to assess methods in

2 1IJA §40503, §40512, §40513, and §40521; IRA §60201; CHIPS and Science Act §10113, §10303, §10316,
§10322, §10392, §10393, §10601, and §10745.
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interdisciplinary convergence and co-production of knowledge among researchers and diverse
knowledge-users in industry, government, and society.

To build this expertise, the committee’s first report recommended $50 million per year for
interdisciplinary doctoral and postdoctoral training programs, similar to those funded by the NIH; $375
million per year to support doctoral and postdoctoral fellowships in energy transitions, with at least 25
fellowships per state; and support for lowering barriers to non-U.S. researchers. In principle, such
investments might be made via the new NSF Directorate For Technology, Innovation and Partnerships
(TIP), established to “accelerate breakthrough technologies and solutions that address national-scale
societal and economic challenges” with multidisciplinary, use-inspired research and collaboration that
includes traditional and nontraditional players (NSF 2022; U.S. Senate Committee on Commerce,
Science, and Transportation 2022). TIP is unlikely to serve this goal, however, due to its focus on
advancing breakthrough technologies rather than tackling the broader challenges of integrating
technologies into diverse social and economic contexts to advance national goals, including
decarbonization, social and economic inclusion, and equity and justice.

Similarly, although the CHIPS and Science Act authorizes over $13 billion in funding over 5
years for programs that include scholarships and fellowships, ' this investment focuses on STEM and
entrepreneurship rather than the social science research and education needed to facilitate improved
transition management. Thus, despite substantial new investments in clean energy R&D, recent
legislation and executive action continues to significantly underinvest in efforts to understand and build
knowledge and capacity relative to navigating the human complexities of the energy transition. This
underinvestment risks replicating the misperception that the energy transition is a technological problem
with social and economic dimensions rather than an integrated technological, social, and economic
challenge.

Findings and Recommendations

Upgrading the nation’s expertise in the human dimensions of deep decarbonization will require
innovative action by the federal agencies that invest in and regulate the energy sector. Fortunately, much
of this will require only modest shifts in and intentional implementation of already appropriated funding.
To date, however, federal agencies are largely unprepared to do this work, and while recent legislation
has provided extensive funding that could be leveraged for these purposes, the IRA, I1JA, and CHIPS and
Science Act have not prioritized them.

Finding 5-11: The United States has not yet implemented the expanded program of research into
the human dimensions and complexities of energy transitions needed to inform effective
decarbonization and public engagement strategies. This area represents a persistent gap in
research portfolios. The committee highlighted in its first report and recommended that Congress
appropriate $25 million per year. Neither it nor an alternative is included in current policies.

Recommendation 5-9: Invest in and Integrate Social Science Research into Transition
Decision-Making. The federal agencies whose research and development efforts impact the
clean energy transition should invest in and integrate robust human dimensions and social
science research into energy transition decision-making.

a) The Department of Energy (DOE) Office of Science should establish an
independent research and graduate training program focused on the basic human
and social sciences of energy, including economics and behavioral sciences,
anthropology, sociology, and political science. This program would help develop a
robust foundation of knowledge and expertise necessary to navigate the human

21 CHIPS and Science Act §10113, §10303, §10316, §10322, §10392, §10393, §10601, and §10745.
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complexities of energy transitions in the United States. The initial budget for this
program should be $25 million annually and grow to $200 million by 2030.
Representatives from the nation’s energy social sciences research community
should design and lead the program’s research agenda.

b) DOE, Department of Transportation, Department of Defense, Environmental
Protection Agency, and National Science Foundation (NSF) should integrate
human dimensions research and graduate training into clean energy technology
research, innovation, and deployment programs. This should include the NSF
Directorate for Technology, Innovation, and Partnerships; DOE technology offices;
and the new DOE Office of Clean Energy Demonstrations. Lessons from NSF’s
prior experience integrating social science research into major science and
engineering research centers should be used to guide this effort, as should research
on anticipatory assessment and governance of emerging technologies.

¢) NSF and DOE should establish a network of 10 regional, university-led research
centers to develop and apply fundamental new strategies for managing the social
and technical dynamics of energy transitions. The research centers would draw
together interdisciplinary teams of science, engineering, and social science
researchers with government, industry, and community stakeholders to apply
anticipatory methods to the energy transition.

Finding 5-12: The U.S. public is under-prepared and insufficiently educated to fully carry out the
work required of them for the nation to achieve deep decarbonization or to participate and engage
effectively in deep decarbonization planning processes.

Recommendation 5-10: Establish an Energy Systems Education Network. The Department of
Energy and the Department of Education should establish a 5-year, $50 million national
energy science, technology, engineering, and mathematics (STEM) network for informal
education and a parallel $50 million annual national energy STEM education program for
K-12 schools. The focus of these initiatives should introduce students to (a) the
organization, development, and operation of the energy cultures, infrastructures, and
systems that underpin the U.S. economy; (b) the ways in which those infrastructures and
systems are changing and will need to change to achieve deep decarbonization; (c) the
opportunities and challenges that decarbonization might pose; and (d) the ways that people
can effectively participate in envisioning and guiding energy transitions. These initiatives
should draw lessons from other large-scale, public STEM education initiatives, such as the
National Science Foundation’s Nanoscale Informal Science Education Network and the
recent National Aeronautics and Space Administration’s SciAct STEM Ecosystems project.

CONCLUSION

This chapter raises and attempts to address how to engage and mobilize the U.S. people in the
project of deep decarbonization, which has to date received far too little attention from Congress, the
White House, and federal agencies. The social contract for decarbonization is the shared understanding
among all sectors and groups in society about the necessity of decarbonization, the willingness to
deliberation and follow steps to get there, and the agreed-upon character of the transition. It hinges on
decisions and actions taken now and over the next decade to enable people to meaningfully participate in
envisioning, planning, and implementing the transition in ways that they judge fair, equitable, and
beneficial. This includes strategies about how to imagine, design, and build energy systems with the
public as well as policies that affect when, who, where, and how people will experience the everyday
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material realities of decarbonization and its impacts on their livelihoods and their access to energy
services.

Although many of the features of recent policy initiatives create opportunities to engage and
invest various publics in clean energy futures, there is a persistent mismatch between the scale of the
decarbonization endeavor and the resources, capacity, and vision currently dedicated to mobilizing all the
people of the United States to achieve deep decarbonization. Without additional resources and determined
strategies, current public engagement efforts will be inadequate to preempt substantial public resistance to
the pace and scale of systemic change necessary. Inadequate public engagement also curtails
opportunities to advance creative, collaborative, and place-based energy system designs and their many
potential advantages for equitable deep decarbonization.

Rather than being derailed by the complexity and enormity of the public engagement challenge,
proponents of deep decarbonization can turn to the policies, practices, and investments reviewed and
recommended here as actionable steps toward building a social contract. Recommendations in this chapter
include commitments to a growth mindset about public engagement—including through significant
investments in applied social science research and a determination to engage the nation’s youth in the
search for climate solutions. We can also turn to our history: in crucial moments in the past, determined
and robust efforts helped the U.S. public understand the gravity of existential problems, our critical roles
in tackling the challenges, and the benefits that we can achieve together as a nation. Public engagement
for deep decarbonization is a task no less significant than that undertaken by President Roosevelt via his
fireside chats to help the nation navigate the challenges of the Great Depression, prepare for the prospect
of war, and come together as a nation to fight for freedom and democracy. The present challenge is no
less existential, and the gravity of the public engagement task no less important.

SUMMARY OF RECOMMENDATIONS ON PUBLIC ENGAGEMENT
TO BUILD A STRONG SOCIAL CONTRACT FOR DEEP DECARBONIZATION

TABLE 5-2 Summary of Recommendations on Public Engagement to Build a Strong Social Contract for
Deep Decarbonization

Overarching
Actor(s) Responsible Sector(s) Objective(s) Categories
Short-Form for Implementing Addressed by Addressed by Addressed by
Recommendation Recommendation Recommendation Recommendation Recommendation
5-1: Encourage National Climate e Electricity e Equity A Broadened Policy
Prospective, Task Force (NCTF), Portfolio

Inclusive Dialogue

Department of

® Fossil fuels

® Employment

at National and Energy (DOE), and ® Non-federal ® Public Ensuring Procedural
Regional Levels Environmental actors engagement Equity in Planning
Protection Agency and Siting New
(EPA) Infrastructure and
Programs
Building the Needed
Workforce and
Capacity
5-2: Accelerate the ~ Subnational e Electricity e Equity A Broadened Policy
Development, government staff, e Non-federal e Publi Portfolio
. . on-federa ublic
Implementation, elected officials and actors engagement
and Sharing of their representative Ensuring Equity,
Energy System coalitions, federal Justice, Health, and
Policy and partners Fairness of Impacts
Approaches That
Deliver Local Ensuring Procedural
Benefits Equity in Planning
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Short-Form
Recommendation

Actor(s) Responsible
for Implementing
Recommendation

Sector(s)
Addressed by

Recommendation Recommendation

Objective(s)
Addressed by

Overarching
Categories
Addressed by
Recommendation

5-3: Fix Policy
Gaps That Limit
Role of Public
Land in
Decarbonization

5-4: Address
Barriers to Local
Benefits from
Renewable Energy
Facilities

5-5: Convene a
National Working
Group on Siting
Process Innovation
with Input from
State Energy
Officials

5-6: Mandate and
Allocate Resources
for a National
Assessment on the
Public Engagement
Workforce and
Gaps

Congress and state
legislatures

State legislatures

DOE, CEQ, Federal
Energy Regulatory
Commission (FERC),
National Association
of Regulatory Utility
Commissioners
(NARUC), and
National Association
of State Energy
Officials (NASEO)

Congress, DOE,
NCTF

® Electricity

® Non-federal
actors

® Land use

® Non-federal
actors

® Non-federal
actors

® Electricity

® Electricity

® Non-federal
actors

® Equity
® Public
engagement

® Equity
® Public
engagement

® Equity
® Public
engagement

® Equity
® Employment

® Public
engagement

and Siting New
Infrastructure and
Programs

A Broadened Policy
Portfolio

Ensuring Procedural
Equity in Planning
and Siting New
Infrastructure and
Programs

Siting and Permitting
Reforms for Interstate
Transmission

A Broadened 