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Chapter 1. EXECUTIVE SUMMARY

OVERVIEW

This 2022 U.S. Climate Ambition Report - the Eighth National Communication and Fifth
Biennial Report of the United States to the UN Framework Convention on Climate Change -
reports that the United States achieved its target of net economy-wide emissions reductions
in the range of 17 percent below 2005 levels in 2020. It summarizes a series of policies and
measures the United States has taken that will contribute to achieving its nationally
determined contribution (NDC) target to reduce economy-wide net greenhouse gas (GHG)
emissions 50-52 percent below 2005 levels in 2030, as well as to achieving net-zero emissions
no later than 2050. These targets and actions align with the goal to limit global temperature
rise to no more than 1.5 degrees Celsius above pre-industrial levels. The report also provides
information regarding a range of actions undertaken by the United States to support
adaptation and build resilience to the impacts of climate change in the United States, and to
support climate action internationally. It reflects not only actions by the federal government,
but those of a wide range of stakeholders engaged in taking action, building awareness, and
advancing cutting-edge science and technology to enhance global climate efforts.

While this report includes preliminary assessments of the GHG mitigation impacts of the
2022 Inflation Reduction Act (IRA) and the 2021 Bipartisan Infrastructure Law (BIL), the
United States also plans to submit a voluntary supplement to this report in 2023 to provide
more complete estimates of these impacts.

CONTEXT

Combatting the climate crisis is perhaps the most urgent and important task facing humanity
today. The United States, like so much of the world, faces unprecedented wildfires, drought,
floods, and hurricanes, intensified by climate change. Glaciers are melting, and sea-level rise
threatens low-lying coastal communities. The most vulnerable communities suffer from
extreme heat and extreme cold, while smoke from fires endangers the health of millions of
people across the continent. Farmers, fishers, and foresters see their livelihoods threatened
by changes in weather patterns and extreme weather events. In 2021 alone the United States
experienced 20 separate billion-dollar weather and climate disasters; many of these were
made worse by climate change.” The United States is far from alone. People, ecosystems,
and economies around the world are suffering from catastrophic floods, monstrous

! https://www.ncei.noaa.gov/access/billions/time-series.
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hurricanes, unrelenting drought, wildfires, and disappearing coastlines. Humanity must rise
to this challenge and the United States has stepped forward to lead.

As President Joseph Biden said at the UN General Assembly in September 2022:

From the day | came to office, we've led with a bold climate agenda. We rejoined
the Paris Agreement, convened major climate summits, helped deliver critical
agreements on COP26. And we helped get two thirds of the world GDP on track to
limit warming to 1.5 degrees Celsius.

And now ['ve signed a historic piece of legislation here in the United States that
includes the biggest, most important climate commitment we have ever made in
the history of our country: $369 billion toward climate change. That includes tens
of billions in new investments in offshore wind and solar, doubling down on zero
emission vehicles, increasing energy efficiency, supporting clean manufacturing.

Our Department of Energy estimates that this new law will reduce U.S. emissions
by one gigaton a year by 2030 while unleashing a new era of clean-energy-
powered economic growth.

Our investments will also help reduce the cost of developing clean energy
technologies worldwide, not just the United States. This is a global gamechanger
— and none too soon. We don’t have much time.

We all know we're already living in a climate crisis. No one seems to doubt it after
this past year. As we meet, much of Pakistan is still underwater; it needs
help. Meanwhile, the Horn of Africa faces unprecedented drought.

Families are facing impossible choices, choosing which child to feed and
wondering whether they'll survive.

This is the human cost of climate change. And it’s growing, not lessening.

So, as I announced last year, to meet our global responsibility, my administration
is working with our Congress to deliver more than $11 billion a year to
international climate finance to help lower-income countries implement their
climate goals and ensure a just energy transition.

The key part of that will be our PREPARE plan, which will help half a billion people,
and especially vulnerable countries, adapt to the impacts of climate change and

build resilience.

This need is enormous. So let this be the moment we find within ourselves the will
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to turn back the tide of climate devastation and unlock a resilient, sustainable,
clean energy economy to preserve our planet.

ACCELERATED ACTION

To avoid the most catastrophic impacts of climate change, we must put the world on a
pathway to limit global temperature rise to no more than 1.5 degrees Celsius above pre-
industrial levels. In April 2021, the United States communicated an ambitious NDC target in
line with this goal: to reduce economy-wide net GHG emissions 50-52% below 2005 levels in
2030. This target is in line with a trajectory to reach net-zero emissions no later than 2050.

To achieve this target, President Biden has spearheaded the most significant domestic
climate actions in U.S. history. The United States has set out a framework of policy actions
and investments designed to drastically reduce GHG emissions in this critical decade by
accelerating clean energy deployment, investing in clean transportation and infrastructure
solutions, modernizing our industrial sector, weatherizing and electrifying our buildings,
conserving and restoring our ecosystems, and supporting our lands in sequestering carbon
while producing food, feed, fiber and fuel. At the same time, we will invest in jobs,
communities, and infrastructure that are resilient to the impacts of climate change.

Building the clean energy economy is an opportunity to support high-quality jobs, restore
American manufacturing leadership, spur innovation, and deliver cleaner air and water,
while ensuring benefits for disadvantaged communities. Reflecting this, President Biden
established the Justice40 Initiative to deliver 40% of overall benefits from federal investments
in climate and clean energy to disadvantaged communities that are marginalized,
underserved, and overburdened by pollution.

The IRA is key to accelerating the implementation of this climate agenda. The IRA is expected
to reduce GHG emissions by about one gigaton annually in 2030 by, among other measures:

e More than doubling U.S. deployment of solar, wind, and battery storage by 2030, with
new and extended tax incentives for clean energy;

e Accelerating the transition to energy-efficient appliances, electric vehicles, and
energy-efficient buildings;

e Advancing clean energy projects at rural energy cooperatives that reach 42 million
people;

e Conserving and strengthening the resilience of nearly 2 million acres (809,000 ha) of
forests and coastal ecosystems; and

e Supporting the widespread adoption of climate-smart agricultural and forestry
practices.
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This complements the BIL, which provides historic levels of support for upgrading the U.S.
power grid to transmit more clean energy and withstand extreme weather; building a
nationwide network of electric vehicle chargers; improving public transit and passenger rail;
deploying zero-emission school and transit buses; weatherizing low-income homes; cleaning
up legacy pollution; supporting demonstration projects and research hubs for next-
generation clean technologies; and boosting resilience to intensifying climate impacts.

The United States also took action to reduce GHG emissions through a phase-down of the
production and consumption of hydrofluorocarbons (HFCs), super-polluting chemicals that
are hundreds to thousands of times more powerful than carbon dioxide, by enacting the
American Innovation and Manufacturing Act of 2020 and ratifying the Kigali Amendment to
the Montreal Protocol in 2022.

These legislative milestones complement strong executive action. In January 2021, President
Biden issued an Executive Order on Tackling the Climate Crisis at Home and Abroad,
mobilizing the full capacity of the federal government to reduce domestic emissions while
creating good-paying jobs, delivering environmental justice, and protecting public health.
Since then, the Biden-Harris Administration has taken new actions to fast-track clean energy
projects, accelerate electric transportation and strengthen vehicle emissions standards,
tackle super-pollutants like methane and HFCs, advance industrial decarbonization and
clean manufacturing, cut emissions and energy costs in buildings, support climate-smart
agriculture and forestry, conserve U.S. lands and waters, lead by example across federal
operations, increase resilience to extreme weather, and more - all while empowering
workers and revitalizing communities.

Building on our commitment to address climate change at home, the United States remains
focused on supporting partners around the world in enhancing resilience and curbing GHG
emissions. The Biden Administration has pledged to work with Congress to quadruple U.S.
annual public climate finance to developing countries by 2024.> Part of this overall
quadrupling goal, as reflected in the President's Emergency Plan for Adaptation and
Resilience (PREPARE), is a commitment to work with Congress to provide $3 billion in
adaptation finance annually to developing countries by 2024 - a six-fold increase in
adaptation finance. The Plan to Conserve Global Forests: Critical Carbon Sinks further
reflects the intention to dedicate up to $9 billion of international climate funding by 2030 to
support the objectives of the Plan, which seeks to catalyze and coordinate U.S. contributions

2 Relative to the average level during the second half of the Obama-Biden Administration (FY 2013-
2016).
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to these global objectives to collective goals of ending natural forest loss by 2030 and
significantly increasing the rate of global restoration of degraded landscapes and forestlands
to restore at least an additional 200 million hectares by 2030.

These federal actions complement the intense work undertaken throughout the United
States by a range of other stakeholders. U.S. states, territories, cities, and tribal governments
remain at the forefront of combatting climate change, with ambitious climate targets
consistent with the Paris Agreement temperature goals, clean energy and zero emission
vehicle goals, and plans to enhance resilience. Thousands of U.S. companies have similarly
committed to deep reductions in their own value chains on a trajectory to net zero, and to
supporting mitigation actions far beyond their own supply chains. U.S. financial institutions
are increasingly incorporating climate-related financial risk into their portfolios, and also
financing a range of climate investments around the world. U.S academics lead cutting-edge
research and development efforts that will deliver the next generation of climate
technologies. And U.S. civil society has been at the forefront of advocating for, and
supporting, climate action in the United States and around the world.

Itis largely because of the sustained efforts of this diverse set of actors that the United States
met our target of achieving economy-wide emissions reductions in the range of 17 percent
below 2005 levels in 2020. And because of this sustained action - by the public, private, and
civil society sectors - we are well placed to achieve our ambitious NDC target in 2030 and to
achieve net-zero emissions no later than 2050.

STRUCTURE

This 8™ National Communication and 5™ Biennial Report reflects the efforts of the United
States to combat climate change with the urgency it deserves, reducing GHG emissions
aggressively, adapting to the impacts of climate change, and assisting partners around the
world in taking action to do the same.

Following this Executive Summary, Chapter 2 outlines the national circumstances of the
United States. This chapter highlights trends in the economy, demographics, energy profile,
and land use, and summarizes some of the drivers behind these shifts: national and
subnational policies, investments in renewable energy technologies, cost reductions in
renewables, advances in fuel efficiency, increased demand for natural gas as a transitional
fuel, the shift to a service economy, and changes in forests and land use that are affecting
emissions and removals.

Chapter 3 summarizes the Inventory of U.S. Greenhouse Gas Emissions and Sinks that the
United States submitted in April 2022, covering the years 1990-2020, with accompanying
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summary tables and charts. This national GHG inventory report showed a 17.4 percent
decrease in U.S. net GHG emissions from 2005 to 2020.

Chapter 4 summarizes information on policies and measures that mitigate climate change.
This chapter focuses primarily on developments since the beginning of 2021, though it also
includes a selection of previously reported policies and measures. These policies and
measures reflect an intensive effort to address GHG emissions from all sources, by
advancing clean energy, transportation, buildings, and industrial processes as well as
climate-smart agriculture and forestry. Chapter 4 also includes a sample of the broad range
of policies and programs put into place by non-federal governments, including U.S. states,
territories, Tribal Nations, and local governments, to combat the climate crisis.

Chapter 5 includes projections of expected GHG emissions and removals associated with
current policies and measures based on our baseline model utilizing data available as of
November 2021, extending through 2035. As with previous reports, these projections include
a range reflecting the uncertainty around the future of the terrestrial carbon sink. This
chapter also includes preliminary assessments of the GHG mitigation impact of recently
enacted legislation such as the BIL and the IRA.

Chapter 6 summarizes efforts by the federal government, subnational governments, tribes,
businesses, and civil society to increase the resilience of American communities, the
economy, infrastructure and landscapes to impacts from extreme events and changing
conditions, including those related to climate change. It also highlights the findings of recent
scientific assessments of U.S. vulnerability to climate change and its impacts.

Chapter 7 contains information on U.S. support to developing country partners on finance,
technology, and capacity building to assist in implementing and achieving ambitious climate
goals, reduce vulnerabilities and adapt to climate change impacts, curb GHG emissions and
increase sequestration, and monitor implementation and results.

Chapter 8 includes highlights of research and systematic observation programs in the United
States. Historically, the United States has contributed substantially to a better understanding
of issues including climate systems, GHG fluxes, and land use change, and developed
systems to predict and plan for extreme weather. These efforts continue, delivering benefits
for communities on the ground and scientists worldwide.

Chapter 9 reflects programs designed to enhance climate change education, training, and
public awareness throughout the country. While many of these programs are supported by
the federal government, many others have been designed and implemented by a diverse set
of stakeholders committed to helping to combat climate change.
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Annex 1 contains the 5th Biennial Report of the United States, which includes all required
information not reported elsewhere in the National Communication. Annex 1 includes data
showing that the United States met the goal of achieving economy-wide emissions
reductions in the range of 17 percent below 2005 levels in 2020. Annex 2 provides
information on mitigation policies and measures in a tabular format. Annex 3 provides the
methodology used for policies and measures with quantified GHG mitigation estimates.
Annex 4 describes the methodology for projected GHG emissions. Annex 5 presents tables
on public financial support provided to developing countries to support climate action.
Annex 6 provides methodological information related to financial support.

Estimating Future Impacts of Recent Legislation

This report’s projections on GHG emissions focus primarily on policies and measures
implemented through November 2021, based on the U.S. Energy Information
Administration’s Annual Energy Outlook 2022, consistent with relevant UNFCCC reporting
guidelines. Where quantitative or narrative information on new policies adopted in 2022 is
available, such information has been included in the report. However, major policy
developments such as the enactment of the BIL in November 2021 are not fully reflected in
the GHG emission projections in the report and the impact of the transformational IRA
enacted in August 2022 is not yet incorporated into this report’s projections. These policies,
and the associated programs, are expected to have a substantial impact on U.S. emissions
and the achievement of the United States’ 2030 NDC.

Chapter 5 provides projections of U.S. GHG emissions through 2035, including the effects
of policies and measures implemented as of November 2021 in a “With Measures” scenario.
Chapter 5 presents information from a preliminary assessment by the U.S. Department of
Energy (DOE) that finds that the IRA—in combination with the BIL, as well as other enacted
policies and past actions—will help drive 2030 economy-wide GHG emissions to 40% below
2005 levels. The legislation would play a major role in enabling the United States to achieve
its NDC of 50-52% GHG emission reductions below 2005 levels in 2030, together with
continued executive branch, state, local, and private sector actions.

To provide a more current and complete understanding of expected future emissions and
removals, the United States plans to submit a voluntary supplement to this report in 2023
that will include projections with a “With Measures” scenario that fully incorporates the BIL
and IRA, and a “With Additional Measures” scenario that will show how the United States
can go beyond existing measures to further reduce its emissions and meet the NDC
economy-wide target of reducing net GHG emissions by 50-52 percent below 2005 levels in
2030.
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NATIONAL CONTEXT

The United States is the largest economy in the world and the third largest country in terms
of population and geographic area. As such, it faces a unique set of domestic circumstances,
and plays a singular role in global systems. National circumstances that affect greenhouse
gas (GHG) emissions and removals include market dynamics, technological innovation,
economic growth, energy production and consumption, population and density trends, use
of land and natural resources, and climate and biogeographic conditions. This chapter
outlines key circumstances relevant to the United States, including the structure of the
government, economic profile, and energy production and use, and identifies factors that
significantly impact GHG emissions and removals. It also reflects significant changes to
national circumstances and trends since the 2021 A Review of Sustained Climate Action
Through 2020 (2021 7" National Communication (NC) and 2021 3rd and 4th Biennial Reports
(BR)).

GOVERNMENT STRUCTURE

The United States is a federal republic of 50 states, plus the District of Columbia and U.S.
territories. The Constitution of the United States assigns certain powers to the federal
government, with other responsibilities entrusted to the states. Local governments, as well
as Native American tribal governments, are charged with governance responsibilities at the
corresponding level of subnational government. Indian tribal governments exercise
governmental authority over a broad range of internal and territorial affairs. This shared
responsibility for policy in areas such as economic growth, energy development,
transportation, land use planning, and natural resource use creates the opportunity for
action and coordination at multiple levels.

The U.S. federal government is divided into three branches: executive, legislative, and
judicial. Each branch of government is assigned specific authorities and plays distinct roles
in creating, implementing, and adjudicating laws and regulations. This same three-branch
structure is also replicated at the state level, and often at lower levels of government as well.
This structure creates a system of “checks and balances” which shapes the development and
implementation of policy. Jurisdiction for addressing energy, environment, and climate
change-related issues within the federal government cuts across each of the three branches.
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FEDERAL GOVERNMENT
EXECUTIVE BRANCH

The executive branch of the federal government is responsible for implementing and
enforcing the laws of the United States. The scope of its responsibility covers a wide range
of areas including enacting regulations through the rulemaking process, supporting
innovation and research and development, implementing foreign policy, maintaining federal
highway and air transit systems, and managing federal lands.

The President of the United States is the head of the executive branch and is advised by the
Vice President and a Cabinet of senior officials. This Cabinet is composed of the heads of 15
executive agencies - the Departments of Agriculture, Commerce, Defense, Education,
Energy, Health and Human Services, Homeland Security, Housing and Urban Development,
Interior, Justice, Labor, State, Transportation, Treasury, and Veterans Affairs, as well as the
White House Chief of Staff, the U.S. Ambassador to the United Nations, the Director of
National Intelligence, the U.S. Trade Representative, and the heads of the Environmental
Protection Agency, Office of Management and Budget, Council of Economic Advisers, Office
of Science and Technology Policy, and the Small Business Administration.

For the first time, under the Biden Administration the President is advised by a National
Climate Advisor and a Special Presidential Envoy for Climate. In recognition of the
seriousness of the climate crisis, these positions were newly created to lead and coordinate
the development and implementation of domestic and international climate change policy,
respectively. The Executive Office of the President includes several offices with relevance to
environmental and energy policy including the new office of Office of Domestic Climate
Policy and the Office on Clean Energy Innovation and Implementation, in addition to the
National Security Council, the Domestic Policy Council, and the Council on Environmental
Quality.

Within the executive branch, the purview for energy, environment, and climate-related
issues fall under some two dozen federal agencies and executive offices, as well as a number
of independent commissions, boards, and agencies such as the Federal Energy Regulatory
Commission. Relevant agencies and offices work together to advise, develop, and implement
policies that help the U.S. government understand the workings of the Earth’s climate
system, increase innovation related to clean energy and energy efficiency, work towards low
GHG energy systems, enhance the sustainability of land and natural resource management,
and assess and respond to the adverse effects of climate change. The actions of these
agencies are described in relevant chapters of this report.

10
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LEGISLATIVE BRANCH

The federal legislative branch is the U.S. Congress which is composed of two chambers: the
Senate and the House of Representatives (House). The Senate includes 100 elected
members, two from each state; Senators serve six-year terms of office. The House is made
up of 435 elected members, each representing a single congressional district of an average
of approximately 760,000 people.? Representatives serve two-year terms of office. The
bicameral nature of Congress is intended to balance representation based on population,
and representation based on statehood.

Both the Senate and the House have the authority to develop legislation; a completed bill
must receive a majority of votes in each chamber. Congress is also responsible for raising
revenue through taxation and authorizing the use of public funds by the executive branch
through the budget and appropriations process. Any difference between House and Senate
bills must be reconciled before the bill can be sent to the President for signature. Legislation
becomes effective upon signature by the President. As new legislation must be approved by
a majority in both chambers of Congress and signed by the President, the threshold of
support required to enact new laws remains high.

Committees within each Chamber of Congress are tasked with considering and developing
draft legislation on specific topics. In the House, the Committees on Appropriations;
Agriculture; Science, Space, and Technology; Ways and Means; Natural Resources; and
Energy and Commerce, among others, consider topics relevant to climate, environment,
energy and land use. In the Senate, the Committees on Environment and Public Works;
Finance; Foreign Relations; Agriculture; Commerce, Science, and Transportation; Energy and
Natural Resources; and Indian Affairs develop legislation on these topics and are similarly
critical venues for debate.

JUDICIAL BRANCH

The judicial branch of the federal government is responsible for interpreting the U.S.
Constitution, among other duties. The Supreme Court is the highest Court in the United
States. The judicial branch plays a significant role in defining the jurisdiction of the executive
branch departments and interpreting laws, including those related to energy, environment,
and climate policy.

3 https://www.census.gov/newsroom/press-releases/2021/2020-census-apportionment-results.html.

1
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SUBNATIONAL ACTORS

As a federal system, jurisdiction for issues related to energy, environment, and climate
change is shared by federal, state, local, and tribal governments. For example, while the
Federal Energy Regulatory Commission regulates wholesale sales and transportation of
natural gas and electricity, economic regulation of energy distribution is the responsibility of
the states. Within the scope of their authorities, States may establish energy-sector
standards, mandate building energy efficiency standards, set emissions targets, plan and
build transportation and energy infrastructure, establish state or regional carbon markets,
and determine land use practices on state lands, among other actions. Cities may also set
emissions targets; together with states, they determine how non-federal transportation
systems and other infrastructure are planned and implemented. Native American tribal
governments have similar authorities for tribal lands. Many states, cities, and tribes in the
United States are implementing policies relevant to climate change mitigation and
adaptation. Examples of these activities are provided in Chapter 4.

POPULATION PROFILE

The estimated population of the United States as of July 1, 2021, was approximately 331.9
million,*making the U.S. the third most populous country in the world. While this represents
an increase of over 30 percent above 1990 levels, the U.S. population grew at a rate of only
0.1 percent from 2020 to 2021, the lowest rate since the country’s founding, which reflected
decreased net international migration, decreased fertility, and increased mortality stemming
in part from the Covid-19 pandemic. Thirty-three states saw population increases while
seventeen states and the District of Columbia declined in population - a historically large
number of states to lose population in a year.®

4 https://www.census.gov/quickfacts/fact/table/US/PST045217.
> Ibid.
® https://www.census.gov/newsroom/press-releases/2021/2021-population-estimates.html.
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Figure 2-1: Population Change for States (and Puerto Rico) From July 2020 to

July 2021

Percent change
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-0.59%-0.00%
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Source: U.S. Census Vintage 2021 Population Estimates.”?

By 2050, the total population of the United States is expected to reach approximately 400
million people,® an estimate reflecting U.S. Census Bureau assumptions that growth rates
will decline slightly over the coming decades.’

Trends in population growth and density shape energy consumption, land use,
transportation, housing density, and other factors which have a significant effect on U.S. GHG
emissions.

ECONOMIC PROFILE

Following a decade of steady growth, the U.S. experienced its worst economic downturn
since World War Il in 2020 due to the global outbreak of Covid-19. After a sharp contraction

7 Ibid.
8 https://census.gov/data/tables/2017/demo/popproj/2017-summary-tables.html.
7 https://www.census.gov/library/publications/2015/demo/p25-1143.html.
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during the Great Recession from late 2007 to mid-2009, the U.S. economy grew at an average
annual rate of 2.3 percent from mid-2009 through 2019, before shrinking precipitously by
3.4 percent in 2020 as the pandemic ravaged factories, businesses, and households. U.S."
gross domestic product (GDP) dropped from $21.37 trillion in 2019 ($65,056 per capita) to
$20.89 trillion in 2020 ($63,285 per capita),'? with unemployment spiking to over 14 percent
- its highest on record since 1948 - in April 2020."

The economy began to rebound during the second half of 2020 with the easing of lockdown
restrictions, reopening of businesses, and introduction of a national vaccination campaign.
Output reached its pre-pandemic size in mid-2021," with annual GDP growth of 5.7 percent
for the year and average unemployment dropping to 5.3 percent' (a fifty-year low) in
November 2021.%

Due in part to reduced travel and other factors resulting in reduced energy consumption
during the pandemic, U.S. energy-related carbon dioxide (CO>) emissions in 2020 dropped
11 percent from 2019 levels-the largest annual decrease on record-falling to their lowest
level since 1983."” CO, emissions then rose significantly in 2021 from 2020 levels, along with
the nation’s economic recovery, but remained lower than 2019 levels,'® and lower than
would have been expected without the effects of increased efficiency and a rapid shift
towards cleaner and renewable energy.

GEOGRAPHICAL PROFILE

With a mainland bounded by the Atlantic Ocean to the east, the Pacific Ocean to the west,
Canada to the north, and Mexico and the Gulf of Mexico to the South, the United States is a

10 https://www.census.gov/library/visualizations/2021/dec/2020-resident-population-map.html.

" https://www.bea.gov/news/2021/gross-domestic-product-4th-quarter-and-year-2020-advance-
estimate.

12 Ibid.

'3 https://www.bls.gov/opub/ted/2020/unemployment-rate-rises-to-record-high-14-point-7-percent-
in-april-2020.htm.

4 https://www.bea.gov/news/2021/gross-domestic-product-second-quarter-2021-advance-estimate-
and-annual-update.

15 https://www.bls.gov/news.release/pdf/srgune.pdf.

'6 https://www.usnews.com/news/national-news/articles/2021-11-24/weekly-jobless-claims-fall-
sharply-now-below-200-000-and-a-50-year-low.

7 https://www.eia.gov/tODAyinenergy/detail.php?id=48856.

'8 https://rhg.com/research/preliminary-us-emissions-
2021/#:~:text=Based%200n%20preliminary%20data%20for,year%20GDP%20growth%20at%205.7%2
5.
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large and diverse country. Its 9,192,000 square kilometers (km2) (3,548,112 square miles
[miz]) are spread across six time zones.

Given the size and extent of U.S. territory, its biogeophysical profile is diverse. Ecosystems
range from the Arctic tundra of northern Alaska to the tropical forests of Hawaii and the
overseas U.S. territories. Temperate rainforests in the Pacific Northwest give way to
Mediterranean landscapes and then deserts of the Southwest. The middle of the country
includes the majestic Rocky Mountains, with Alpine ecosystems on peaks more than 4,390
meters (14,400 feet) tall. Vast grassland prairies transition into rich swathes of agricultural
land interspersed with temperate deciduous and coniferous forests. The Great Lakes, the
largest freshwater system in the world, and great rivers such as the Mississippi and Missouri,
are important features defining the middle of the country. Along the Gulf coast, riverine
estuaries and wetlands gradually melt into the sea, while further inland swamps such as the
Everglades create unique habitats. The Appalachian Mountains mark a boundary between
central and eastern lands, with temperate deciduous and coniferous forests pushing up
against the beaches and marshes of the Eastern seaboard.

Approximately 60 percent of land in the United States is privately owned. Another 28 percent
is owned and managed by the federal government. This area includes protected areas such
as national parks, wilderness areas, wildlife refuges, and monuments; national forests;
rangelands; and other public lands. Approximately 8 percent of land is owned and managed
by state and local governments, and 3 percent is held in trust for Native Americans by the
Bureau of Indian Affairs.” Currently 13 percent of lands and 26 percent of waters have
permanent protections.

CLIMATE PROFILE

The climate of the United States reflects its geographic diversity. Average annual
temperatures decrease dramatically from south to north in the continental United States, as
seasonal variability increases. The average annual temperature in Florida exceeds 21
degrees Celsius (70.7 degrees Fahrenheit), while that of Alaska is just - 3 degrees Celsius
(26.6 degrees Fahrenheit). Temperature ranges can be great, with some Great Plains states
experiencing differences in temperature of as much as 50 degrees Celsius (90 degrees
Fahrenheit) over the course of a year. Figure 2-2 illustrates the range in average
temperatures over the past three decades across the contiguous United States. As very high
or low temperatures require cooling or heating of buildings, average temperatures have a
correlation to energy usage. A mild winter or a cool summer may correspond to lower energy

9 https://www.ers.usda.gov/publications/pub-details/?pubid=84879.
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usage, and thus to somewhat lower GHG emissions. This is reflected in annual estimates in
the national GHG inventory, discussed in Chapter 3.

Figure 2-2: U.S. Temperature (1991-2020)
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Source: U.S. National Oceanic and Atmospheric Administration (NOAA), National
Centers for Environmental Information (NCEI) 20

Similarly, precipitation varies across the United States in terms of quantity and seasonality.
As Figure 3 depicts, while communities along the Gulf of Mexico may experience more than
127 centimeters (50 inches) of precipitation per year, parts of the Intermountain West and
Southwest may receive less than 30 cm (12 in). The peak rainfall season also varies by region,
though the seasonality has varied in recent years. Parts of the Great Plains and Midwest
typically receive the greatest rainfall in the late spring, the West has a distinct wet season
during the winter, the Deep South is affected by the North American monsoon, and many

parts of the Gulf and Atlantic coastal regions see their greatest period of precipitation in the
summer.

20 https://www.climate.gov/news-features/featured-images/new-maps-annual-average-temperature-
and-precipitation-us-climate.
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Figure 2-3: U.S. Annual Average Precipitation (1991-2020)
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Communities across the United States are already experiencing the impacts of climate
change, including significant shifts in temperature and precipitation, as shown in Figure 4.2
In 2021, for example, average annual temperature for the contiguous U.S. was 54.5
Fahrenheit (°F), which is 2.5°F above the 20th century average and the fourth-warmest year in
the 127-year record. The six warmest years on record have all occurred since 2012.2*> While
trends in precipitation vary by region, overall levels have increased (see Figure 2-4), and at
least some of this is linked to climate warming and the “wetting” of the atmosphere that has
occurred as rising temperatures cause more water to evaporate from the ocean and land
surface.®

2! https://www.climate.gov/media/13730.

22 https://nca2018.globalchange.gov/downloads/NCA4_Report-in-Brief.pdf.

23 https://www.ncei.noaa.gov/access/monitoring/monthly-report/national/202113.

24 https://www.climate.gov/news-features/understanding-climate/climate-change-and-1991-2020-us-
climate-normals.
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Figure 2-4: Annual Temperature and Precipitation Compared to 20th Century
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At the same time, more frequent and intense extreme weather and climate-related events
are damaging infrastructure, ecosystems, and the social systems that provide essential
services.?® In 2021 a cold-air outbreak across the central U.S. from February 10-19 brought
frigid temperatures, snow, and ice from the Plains to southern Texas and into the Mississippi
River Valley. It was the coldest event observed across the contiguous U.S. in more than 30
years and caused power outages for nearly 10 million people as well as other costly impacts
across 15 states.

A record-warm June in 2021 across the contiguous U.S. ended with an unprecedented heat
wave across the Pacific Northwest. Approximately 14.6 percent of the contiguous U.S.
observed its warmest June on record. This is the largest extent of record warm temperatures

2 https://www.noaa.gov/news/new-us-climate-normals-are-here-what-do-they-tell-us-about-climate-
change.
26 https://nca2018.globalchange.gov/downloads/NCA4_Report-in-Brief.pdf.
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on record for the U.S. during June. The summer of 2021 tied with 1936 for the warmest
summer on record. A record-warm December across the contiguous U.S. was accompanied
by record-warm temperatures across 10 states from the central Plains to the Gulf Coast. An
additional 21 states from the Rockies to the East Coast ranked among their top-five
Decembers.?’

Overall, the U.S. experienced 20-billion-dollar weather and climate disasters in 2021 (see
Figure 2-5), just two events short of the record set in 2020. These caused at least 688 fatalities
and included eight severe weather events, four tropical cyclone events, three tornado
outbreaks, two flooding events, one drought/heat wave event, one winter storm/cold wave
event, and one wildfire event, including the December 30 Marshall Fire in Boulder County,
Colorado. In total, U.S. weather and climate-related disaster costs for 2021 exceeded $145
billion- the third-highest total on record.?®

Figure 2-5: U.S. 2021 Billion-Dollar Weather and Climate Disasters
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27 https://www.ncei.noaa.gov/access/monitoring/monthly-report/national/202113.

28 |bid.

2 https://www.climate.gov/news-features/blogs/beyond-data/2021-us-billion-dollar-weather-and-
climate-disasters-historical.
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ENERGY

The United States is the world’s second-largest producer and consumer of energy. This
creates significant opportunities to mitigate GHG emissions through energy efficiency,
electrification of end-uses that currently burn fossil fuels, and carbon-free energy supply.
The United States is a leader in clean energy innovation and deployment, with recent
increases in investment into research, development, demonstration, and deployment of
clean energy, other GHG-mitigating activities, and technologies to support resilience and
adaptation to the changing climate.

e While U.S. population and GDP per capita have increased over the past three decades,
the energy and carbon intensity of the U.S. economy have declined (see Figure 2-6).°

e Energy intensity (energy/GDP) has decreased relatively consistently across this 30-
year time frame, largely as a result of demand-side efficiency gains and productivity
improvements as well as economic trends, such as the changing profile of U.S.
manufacturing industries and a shift toward greater commercial sector economic
activity.®' In 2020, U.S. energy intensity of GDP was about half of what it was in 1990,
and in 2050, is projected to decline by a further one- third from today's levels.*

e Carbon intensity of energy consumption (CO2 emissions per unit of energy used) has
also decreased significantly since 1990 as the U.S. energy mix has evolved, shifting
away from carbon-intensive and toward lower- and zero-carbon fuels. Key drivers
include increases in natural gas production from shale and tight resources, which
have lowered the cost of natural gas production and made it cost competitive with
coal for electric power generation, as well as the plummeting cost of renewable
energy, such as solar and wind.

30 https://www.eia.gov/environment/emissions/carbon/.
31 https://www.eia.gov/outlooks/aeo/consumption/sub-topic-03.php.
32 https://www.eia.gov/tODAyinenergy/detail.php?id=48896.
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Figure 2-6: Index of Key Factors that Influence Energy-Related CO.
Emissions

Figure 2. Trends in energy-related carbon dioxide emissions and key
indicators
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Source: U.S. Energy Information Administration (EIA)33

ENERGY PRODUCTION AND CONSUMPTION

In 2019, U.S. domestic energy production exceeded consumption on an annual basis for the
first time since 1957, and production continued to exceed consumption in 2020 and 2021.3
After record-high U.S. energy production and consumption in 2018, energy production grew
by nearly 6 percent in 2019 while energy consumption decreased by about one percent. In
2020, largely due to the Covid-19 pandemic, total energy production and consumption both
declined dramatically by a record 5 and 7 percent, respectively, to 95.75 and 92.94 quadrillion
BTU.* Then in 2021, production increased to 97.78 and consumption to 97.33 quadrillion
BTU, respectively.3®

3 This and material for rest of this section from
https://www.eia.gov/environment/emissions/carbon/ unless otherwise noted.

34 https://www.eia.gov/energyexplained/us-energy-
facts/#:~:text=Production%20also%20exceed%20consumption%20in,primary%20energy%20product
ion%20in%202021.

35 https://www.eia.gov/totalenergy/data/monthly/pdf/sec1_4.pdf.

36 https://www.eia.gov/energyexplained/us-energy-
facts/#:~:text=Production%20also%20exceed%20consumption%20in,primary%20energy%20product
ion%20in%202021.
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In 2021, natural gas and natural gas plant liquids represented approximately 43 percent of
energy produced. Crude oil and coal made up 23 percent and 12 percent of energy
production, respectively. Renewable energy comprised 12 percent and nuclear energy the
remaining 8 percent.*’

Figure 2-7: U.S. Primary Energy Production by Major Sources, 2021
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The energy sources consumed in the United States reflected a similar pattern, with
petroleum (36 percent) and natural gas (32 percent) making up the majority of energy use,
followed by renewable energy (12 percent), coal (11 percent), and nuclear energy (8 percent)
in 2021.% In recent years the share of renewable energy sources, which includes solar, wind,
biomass, hydropower, and geothermal, has increased substantially.

37 Ibid.

38 U.S. Energy Information Administration (EIA), Monthly Energy Review, April 2020, preliminary data.
39 https://www.eia.gov/energyexplained/us-energy-
facts/#:~text=Production%20also%20exceed%20consumption%20in,primary%20energy%20product
ion%20in%202021.
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Figure 2-8: U.S. Primary Energy Consumption by Energy Source, 2021
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Figure 2-9: U.S. Primary Energy Consumption
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40 EIA, Monthly Energy Review, Table 1.3 and 10.1, April 2020, preliminary data.
41 EIA, Monthly Energy Review, April 2020, preliminary data.
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FOSSIL FUELS

Fossil fuels - petroleum, natural gas, and coal - accounted for the majority of total U.S.
primary energy production and consumption in 2021. While they have dominated the U.S.
energy mix for more than a century, the fossil fuel mix has shifted significantly over time
toward less carbon- intensive sources.

COAL

Electric power generation has been the largest consumer of coal since the 1960s, while
industrial sector use of coal has slowly declined since the 1970s. Coal consumption in the
United States peaked in 2007 at about 1.13 billion short tons, and coal production peaked in
2008 at about 1.17 billion short tons. Due to weakening demand from the electricity sector,
both have declined nearly every year since. Last year was a notable exception, with coal
consumption increasing from 477 million short tons in 2020 to 546 million short tons in 2021.
However, this was still the lowest amount since 1964 and the second-lowest percentage
share after 2020 of total U.S. annual energy consumption since at least 1949.4

Figure 2-10: Annual U.S. Coal Production (1950-2020) Million short tons
(=>st)
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Source: U.S. EIA®

42 https://www.eia.gov/energyexplained/coal/use-of-
coal.php#:~:text=In%202021%2C%20about%20546%20million,of%20total%20U.S.%20energy%20con
sumption.

43 EIA, Monthly Energy Review, April 2020, preliminary data.
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PETROLEUM

Following a general decline between 1970 and 2008, annual U.S. crude oil production began
to rise in 2009. It reached a high of 12.2 million barrels per day in 2019,* largely driven by
increasingly cost-effective drilling and production technologies. However, production
declined to about 11.3 million barrels per day in 2020 - falling by over 8 percent, its largest
decrease on record* - due to a large drop in demand resulting from the COVID-19 pandemic.
In 2021, it dropped again slightly to 11.2 million barrels per day.*

NATURAL GAS

Natural gas production in the United States has generally increased over the past decade, as
widespread adoption of horizontal drilling and hydraulic fracturing techniques has allowed
operators to produce natural gas from shale formations more economically. These
production increases have contributed to a decline in natural gas prices, which in turn has
contributed to increases in natural gas use by the electric power and industrial sectors. In
2020, both natural gas consumption by the U.S. electric power sector and natural gas exports
reached record highs. In 2021, consumption by the power sector dipped slightly,*” while
natural gas exports again reached a new high.*® Natural gas has been the largest source of
electricity generation in the United States since surpassing coal in 2016, and more than 100
coal plants have been replaced with or converted to natural gas since 2011.*° This
displacement of more carbon-intensive fossil fuels has had a significant impact on overall
emissions from the energy sector.

44 https://www.eia.gov/tODAyinenergy/detail.php?id=47056.

45 Ibid.

46 EIA, https://www.eia.gov/dnav/pet/hist/LeafHandler.ashx?n=PET&s=WCRFPUS2&f=W.

47 https://www.eia.gov/energyexplained/natural-gas/use-of-natural-gas.php.

8 https://www.eia.gov/energyexplained/natural-gas/imports-and-
exports.php#:~:text=Natural%20gas%20exports%20reached%20a%20record%20high%20in%202021
&text=In%202021%2C%20the%20United%20States,of%20natural%20gas%20since%202017.

49 https://www.eia.gov/tODAyinenergy/detail.php?id=48256,
https://www.eia.gov/totalenergy/data/flow-graphs/natural-gas.php.
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Figure 2-11: U.S. Natural Gas Consumption and Production, 1949-2021
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NUCLEAR

Nuclear energy production in commercial nuclear power plants in the United States began
in 1957, grew each year through 1990, and slightly from 1990-2000, and generally leveled off
after 2000.>° The amount of nuclear energy production in 2021 was about 778 billion kilowatt
hours (kWh), equal to about 8.13 quads. A combination of increased electric generation
capacity upgrades and shorter refueling and maintenance cycles at nuclear power plants
have helped to compensate for reductions in the numbers of nuclear reactors and to
maintain a relatively consistent level of annual U.S. nuclear electricity generation for the past
20 years.”’

Nuclear power plants have consistently provided about 20 percent of total U.S. electricity
generation since the 1990s.>> Of the 28 U.S. states with operating commercial nuclear power
plants, 12 states generated more than 30 percent of their electricity from nuclear power, and
three states (New Hampshire, South Carolina, and lllinois) generated more than 50 percent
of their in-state electricity from nuclear power in 2019.%3

50 https://www.eia.gov/totalenergy/data/monthly/.

>1 https://www.eia.gov/energyexplained/us-energy-
facts/#:~:text=Production%20also0%20exceed%20consumption%20in,primary%20energy%20product
ion%20in%202021.

52 https://www.eia.gov/tODAyinenergy/detail.php?id=43256.

53 Ibid.
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Figure 2-12: Nuclear Electricity Generation in Selected States (2019)
(million megawatthours)
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RENEWABLES

In 2021, renewable energy production and consumption both reached record highs of about
12.32 and 12.16 quads, respectively, driven mainly by record-high solar and wind energy
production. Hydroelectric power production in 2021 was about 9 percent lower than in 2020
and about 19 percent lower than the 50-year average, primarily due to drought in the
Western United States.>® Total biomass production and consumption in 2021 were both
higher than in 2020, but lower than the record highs in 2018. Geothermal energy use in 2021
was about 1.5 percent higher than in 2020, but lower than the record high in 2014.>°

In 2021, renewables (including wind, hydroelectric, solar, biomass, and geothermal energy)
produced about 20 percent of all electricity generated in the United States,*” and renewable
generation was approximately double what it was in 2010.°®

>4 Ibid.

> https://www.eia.gov/todayinenergy/detail.php?id=51839.

%6 https://www.eia.gov/energyexplained/us-energy-
facts/#:~:text=Renewable%20energy%20production%20and%20consumption,than%20the%2050%2
Dyear%20average.

>7 https://www.eia.gov/environment/emissions/carbon/.

%8 https://www.eia.gov/energyexplained/electricity/electricity-in-the-us-generation-capacity-and-
sales.php#:~:text=In%202021%2C%20net%20generation%200f,solar%20photovoltaic%20(PV)%20sys
tems.
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Figure 2-13: U.S. Electricity Generation by Major Energy Source, 1950-2021

U.S. electricity generation by major energy source, 1950-2021
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Figure 2-14: U.S. Electricity Generation from Renewable Energy Sources,
1950-2021
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Wind, currently the most prevalent source of renewable electricity in the United States, grew
over 12 percent from 2020 to 2021, while solar grew over 28 percent. Over the past decade,

>IEIA, Monthly Energy Review, January 2022, Table 7.2a.
60 EIA, Monthly Energy Review, January 2022, Table 7.2a.
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wind generation has seen a three-fold increase (120.18 billion kWh in 2011 to 379.77 billion
kWh in 2021), while solar generation has increased by over a factor of 60 (1.82 billion kWh in
2011 to 114.68 billion kwWh in 2021).¢

Renewables are also expected to comprise most new U.S. electricity generating capacity in
2022, with solar accounting for the largest share of new capacity at 46 percent, followed by
wind at 17 percent.®® The addition of utility-scale solar capacity is expected to set a new
record of 21.5 gigawatts (GW) added to the grid in 2022, surpassing a 15.5 GW increase in
2021. Another 7.6 GW of wind capacity is also scheduled to come online in 2022, following

the addition of 17.1 GW in 2021.%3

Average U.S. construction costs for renewable generation have fallen significantly in recent
years, with costs for solar and wind dropping 50 percent and 27 percent, respectively, from
2013 to 2018.% The annual capacity-weighted average construction costs for solar
photovoltaic systems in the United States continued to decrease in 2019, dropping by a little
less than 3 percent, while the average costs for wind turbines remained relatively stable in
2019, increasing $9 per kilowatt (kW), or a little less than 1 percent from the 2018 average.®
Falling costs are a big reason for the strong deployment trends for land-based wind and solar
photovoltaic (PV). Median installed costs for standalone utility-scale PV plants have steadily
fallen by more than 75 percent since 2010, to $1.35/weighted average cost (WAC) for plants
completed in 2021.%¢ Similarly, the capacity-weighted average installed project cost for land-
based wind systems installed in 2021 was down more than 40 percent from 2010.%’

61 https://www.eia.gov/energyexplained/electricity/electricity-in-the-us-generation-capacity-and-
sales.php#:~:text=In%202021%2C%20net%20generation%200f,solar%20photovoltaic%20(PV)%20sys
tems.
©2https://www.eia.gov/todayinenergy/detail.php?id=50818#:~:text=In%202022%2C%20we%20expect
%2046.1,%25%20and%20wind%20at%2017%25.

63
https://www.eia.gov/todayinenergy/detail.php?id=50818#:~:text=In%202022%2C%20we%20expect%
2046.1,%25%20and%20wind%20at%2017%25.

64 https://www.eia.gov/tODAyinenergy/detail.php?id=48736.
8Shttps://www.eia.gov/todayinenergy/detail.php?id=48736#:~:text=The%20average%20costs%20for
%20wind, kW%2C%200r%20almost%2029%25.

6 https://emp.lbl.gov/sites/default/files/utility-scale_solar_2022_technical_brief.pdf, p 3.

67 https://emp.lbl.gov/sites/default/files/2022_land_based_wind_market_report.pdf, p 41.
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Figure 2-15: U.S. Capacity-weighted Average Construction Costs, by
Technology Type (dollars per kilowatt)

Capacity-weighted average construction costs, by technology type (2013-2019)
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In 2016, the U.S. transportation sector overtook the power sector as the leading source of
GHG emissions for the first time since the late 1970s and represented 27 percent of 2020
gross U.S. GHG emissions.®® Transportation emissions have grown significantly since 1990,
in large part due to increased demand for travel. Growth in air travel and freight
transportation including trucking was particularly pronounced in recent years, with a more
than 10 percent increase in for-hire freight shipments’® and U.S. airline traffic’’ between
2015 and 2018.

In 2020, the majority of U.S. transportation sector GHG emissions (57 percent) came from
light-duty vehicles, with the remainder from medium- and heavy-duty trucks (26 percent),
aircraft (8 percent), rail (2 percent), ships and boats (2 percent), and other sources such as
buses and motorcycles (5 percent).

68 EIA, Electric Generator Construction Costs.

%9 https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions.

70 https://www.bts.dot.gov/newsroom/january-2019-freight-transportation-services-index-tsi.
"V https://www.bts.gov/newsroom/estimated-october-2018-us-airline-traffic-data.
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Figure 2-16: 2020 U.S. Transportation Sector Greenhouse Gas (GHG)
Emissions by Source
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Since 2020, the Covid-19 pandemic has had dramatic impacts on U.S. transportation sector
trends. Energy-related CO, emissions fell by 15 percent in the transportation sector in 2020
compared to the previous year, largely because of reduced travel. Because of pandemic
restrictions, working from home and online meetings frequently replaced commuting and
in-person meetings, and both domestic and international air travel fell as well.”?
Transportation emissions are estimated to have rebounded sharply in 2021, reflecting high
demand for freight transportation of consumer products and a modest recovery of
passenger travel, though they did not return to pre-pandemic levels.”

In model year 2020, the average estimated real-world CO, emission rate for all new vehicles
fell by 7 gallons/mile (g/mi) to 349 g/mi, the lowest ever measured. Fuel economy increased
by 0.5 miles per gallon (mpg) to 25.4, achieving a record high. Since model year 2004, CO;
emissions have decreased 24 percent, or 112 g/mi, and fuel economy has increased 32
percent, or 6.1 mpg. Over that time, CO, emissions and fuel economy have improved in
thirteen out of sixteen years, and preliminary data suggest that CO, emissions and fuel
economy in model year 2021 will remain near the levels achieved in 2020.7°

72 https://www.epa.gov/greenvehicles/fast-facts-transportation-greenhouse-gas-emissions.
73 https://www.bts.gov/data-spotlight/after-year-covid-19-view-bts.

74 https://rhg.com/research/preliminary-us-emissions-2021/.

> https://www.epa.gov/automotive-trends/highlights-automotive-trends-report#Highlight1.
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Figure 2-17: Estimated Real-World Fuel Economy and CO» Emissions
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The overall new vehicle market continues to move away from the sedan/wagon vehicle type
towards a combination of truck SUVs and car SUVs. Sedans and wagons fell to 31 percent of
the market, well below the 50 percent market share they held as recently as model year 2013,
and far below the 80 percent market share they held in 1975. Conversely, truck SUVs reached
a record 39 percent of the market in model year 2020, and car SUVs reached a record 13
percent of the market. The trend away from sedan/wagons, which remain the vehicle type
with the highest fuel economy and lowest CO, emissions, and towards vehicle types with
lower fuel economy and higher CO, emissions has offset some of the fleetwide benefits that
otherwise would have been achieved from the improvements within each vehicle type.”’

Among heavy-duty vehicles, fuel economy has not improved significantly since 2010 but is
projected to increase over the next decade across all vehicle classes (see Figure 2-18)"8 -

76 https://www.epa.gov/automotive-trends/highlights-automotive-trends-report.
7 https://www.epa.gov/automotive-trends/highlights-automotive-trends-report#Highlight1.
78 https://www.eia.gov/tODAyinenergy/detail.php?id=29612.
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including with the projected uptake of zero-emission heavy duty vehicles (HDVs). Note that
these projections do not include the projected impact of the Inflation Reduction Act (IRA),
Bipartisan Infrastructure Law (BIL), or the most recent EPA fuel economy standard, as these
were adopted too late for inclusion in the Annual Energy Outlook (AEO) 2022 reference case.

Figure 2-18: On-Road Vehicle Fuel Economy
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Overall, carbon intensity of the transport sector has fallen only slightly over the past decade,
and relatively less than the power sector.®

Figure 2-19: Evolution of Energy Consumption and Carbon Intensity
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79 EIA, Annual Energy Outlook 2022.
80 https://www.eia.gov/todayinenergy/detail.php?id=29612.
81 https://www.eia.gov/todayinenergy/detail.php?id=29612&src=email.
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While fossil fuels continue to dominate U.S. transportation sector energy use, alternative
sources have been gaining ground. Due in part to the availability of federal and state financial
and other incentives, and the federal Renewable Fuels Standard (RFS) Program, biodiesel
consumption grew dramatically from about 10 million gallons in 2001 to about 2 billion
gallons in 2016.%2

Figure 2-20: U.S. Biodiesel, Renewable Diesel, and other Biofuels
Consumption, 2001-2021%
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Moreover, the sale of electric vehicles (EVs) is growing quickly in the United States as a result
of an ever-expanding supply of new models, improved infrastructure, tax incentives, and
declining costs. The numbers of hybrid, plug-in hybrid, and battery powered EVs sold have
increased steadily since 2018. This trend continues, as 2021 saw monthly record highs for
combined sales of electric- drive vehicles.

82 https://www.eia.gov/energyexplained/biofuels/biodiesel-rd-other-use-supply.php.
83 EIA, Monthly Energy Review, March 2-22, preliminary data for 2021.
84 EIA, Monthly Energy Review, March 2-22, preliminary data for 2021.
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Figure 2-21: U.S.EV Sales Annual 2000-2020
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Infrastructure to support an EV fleet shows similar strong growth. Between December of
2015 and 2019 alone, for example, the number of EV charging stations in the United States
doubled.® The expected continued growth in the EV fleet (including models like pick-up
trucks and SUVs) will continue to drive increases in average fuel efficiency over the fleet and
drive down emissions from transportation over time-especially when combined with an
ever-cleaner electricity profile.

85 U.S. Department of Transportation, https://www.bts.gov/data-spotlight/electric-vehicle-use-grows.
8 Electric Vehicle Supply Equipment (EVSE) are charging points; there may be multiple EVSE at a

single charging station.
x X X 3
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Figure 2-22: Total Number of EV Supply Equipmentand EV Charging
Stations (2010-2020)
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Direct industrial sector GHG emissions accounted for 24 percent of total U.S. GHG emissions
in 2020, making it the third largest contributor after the transportation and power sectors.
Including both direct emissions and indirect emissions associated with electricity use,
industry’s share was 30 percent, the largest contribution from any sector.2®

From 2019 to 2020, total energy use in the industrial sector fell by 5 percent, in part due to
reductions in economic and manufacturing activity resulting from the COVID-19 pandemic.
Since 1990, total U.S. GHG emissions from industry, including electricity, have declined by 22
percent®® as a result of energy efficiency improvements and other structural factors,
including shifts in industrial output away from energy-intensive manufacturing products to

less energy-intensive products (e.g., from steel to computer equipment).®

87 U.S. National Renewable Energy Laboratory, www.nrel.gov/docs/fy200sti/77508.pdf.
8 https://www.epa.gov/ghgemissions/sources-greenhouse-gas-emissions.

8 Ibid.

% Ipid.
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Figure 2-23: Greenhouse Gas Emissions from Industry, 1990-2020
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WASTE

In 2018, the United States generated approximately 292.4 million short tons of municipal
solid waste (MSW) - an increase from the 268.7 million tons generated in 2017 and the 208.3
million tons in 1990. Paper and paperboard products made up the largest component of
MSW (about 23 percent), and food waste comprised the second-largest material component
(22 percent). Yard trimmings and plastics constituted about 12 percent each, and the
remaining amount of MSW generated was comprised of rubber, leather, and textiles, metals,
wood, glass and other materials.

Recycling and composting have been the most significant change in waste management
from a GHG perspective. In 2018, Americans composted or recycled over 94 million tons of
MSW, an average of 1.6 pounds per person per day. In 2018, the recycling and composting
rate (32 percent) was approximately double what it was in 1990, and the recycling,
composting, combustion with energy recovery and landfilling of MSW saved over 193 million
metric tons of carbon dioxide equivalent (MMtCO.e) - comparable to the emissions that
could be reduced from taking almost 42 million cars off the road in 2018.%2

91 U.S. Environmental Protection Agency (2022), Inventory of U.S. Greenhouse Gas Emissions and
Sinks: 1990-2020.

92 https://www.epa.gov/facts-and-figures-about-materials-waste-and-recycling/national-overview-
facts-and-figures-materials#NationalPicture.
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Figure 2-24: Recycling Tonnages, 1960-2018
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BUILDING STOCK AND URBAN STRUCTURE

Energy use for buildings accounted for about 28 percent (approximately 21 quadrillion BTU)
of total U.S. end-use energy consumption in 2021.°Building energy consumption and GHG
emissions are influenced by building type (commercial, residential, multi-unit, single-unit,
and construction type), size, climate zone, building shell, and the appliances and the heating,
ventilation, and cooling systems (HVAC) installed.

U.S. building sector energy use has remained relatively constant since 2000 and is expected
to increase only slightly through 2050. While residential housing stocks are expected to
increase by over 20 percent and commercial building stocks by over 30 percent over the next
three decades, standards and incentives are expected to lead to further energy efficiency
improvements. Electrification of HVAC, water heating, and other appliances is expected to
contribute to additional efficiency and transition a growing number of buildings from on-site
combustion to electric power. Distributed solar generation is also becoming more prevalent

% https://www.epa.gov/crwu/climate-resilience-evaluation-and-awareness-tool-creat-risk-
assessment-application-water.
%*https://www.eia.gov/tools/faqs/faq.php?id=86&t=1#:~:text=In%202021%2C%20the%20combined%
20end,British%20thermal%20units%20(Btu).&text=This%20was%20equal%20to%20about,use%20en
ergy%20consumption%20in%202021.
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on residential and commercial buildings.® Figure 2-25 depicts projected changes in
projected energy consumption in the buildings sector, noting that the AEO2022 reference
case does not reflect the projected effects of the IRA.

Figure 2-25: Total U.S. Buildings Sector Delivered Energy Consumption
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RESIDENTIAL BUILDINGS

While the average U.S. household today uses more air conditioning, appliances, and
consumer electronics than ever before, annual site energy use per home has declined due
to avariety of factors, including improvements in building insulation and materials; improved
efficiencies of heating and cooling equipment, water heaters, refrigerators, lighting, and
other appliances; and population migration to regions with lower heating needs. HVAC
accounts for about half of home energy use, though it varies by climate zone.

Residential sector energy consumption has remained relatively flat since the mid-1990s, as
this declining average energy consumption per household has offset an increasing number
of homes overall (see Figures 2-26 and 2-27).%’

% U.S. Department of State, 2021 https://unfccc.int/documents/308100.
% EIA, https://www.eia.gov/outlooks/aeo/pdf/AE02022_ChartLibrary_Buildings.pdf.
97 https://www.eia.gov/energyexplained/use-of-energy/homes.php.
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Figure 2-26: New Privately-Owned Housing Units Started
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Figure 2-27: Energy Consumption per household, U.S. Average and by Census
Region in Selected Years
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In 2020, residential energy use in the U.S. declined an estimated 4 percent from 2019 levels
due to relatively warm winter months and reduced demand for heating, which typically
accounts for about 40 percent of energy use in homes. This was despite more time spent at
home due to the emergence of Covid-19, with about 30 percent of households reporting at

least one person working from home at least one day a week.'®

% https://www.eia.gov/consumption/residential/webinar_slides/highlights_from_the_2015_RECS.pdf.
% Ibid.
100 https://www.eia.gov/consumption/residential/status/pdf/RECS%202020%20Webinar.pdf.
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COMMERCIAL BUILDINGS

Commercial buildings include a variety of building types - offices, hospitals, schools, police
stations, places of worship, warehouses, hotels, and shopping malls. From 1979 to 2018, the
total number of commercial buildings in the U.S. is estimated to have increased
approximately 55 percent (up 6 percent since 2012) to 5.9 million, and total commercial
floorspace approximately 90 percent (up 11 percent since 2012) to 97 billion square feet."

While commercial floorspace is projected to continue to grow significantly over the next 30
years, total energy use is expected to increase at a much slower space. Wider adoption of
commercial building sensors and controls over time - and other factors, including energy
efficiency gains and warmer weather - are expected to contribute to declines in commercial
energy consumption to meet heating, ventilation, and lighting needs. Commercial buildings
are also expected to increasingly electrify HVAC and other appliances, increasing efficiency
and replacing on-site fuel combustion.'? Between 2012 and 2018, commercial building
energy consumption per square foot of floorspace fell 12 percent, and buildings used
primarily for inpatient health care, offices, and education demonstrated statistically
significant decreases in total energy intensity."'%

Figure 2-28: Major Fuel Intensity by Principal Building Activity, 2012-
2018104
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19%https://www.eia.gov/consumption/commercial/pdf/CBECS%202018%20Preliminary%20Results%20F!
ipbook.pdf.

192 https://www.eia.gov/tODAyinenergy/detail.php?id=47736.
19Bhttps://www.eia.gov/consumption/commercial/data/2018/pdf/CBECS%202018%20C&E%20Flipboo
k.pdf.

104 EIA, Commercial Buildings Energy Consumption Survey.
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AGRICULTURE

Agriculture has long been a key industry in the United States. U.S. farmers and ranchers
produce a vast array of food and fiber crops, feed grains, oil seeds, fruits and vegetables,
and other agricultural commodities for both domestic consumption and export. Investments
in advanced production techniques, efficiencies, and cultivars and livestock varieties over the
previous decades have made U.S. agriculture highly productive. While the area under harvest
today is roughly the same area as was harvested in 1910, U.S. agriculture now feeds a
population three times larger and still exports additional product.’ In 2021, U.S. agricultural
exports reached a record $177 billion, an 18 percent increase from 2020 and up 14.6 percent
over the previous record set in 2014."% The U.S. agricultural sector is a major source of
employment, with average annual jobs on a gradual upward trend since 2010, rising from
1.07 million in 2010 to 1.16 million in 2020, a gain of 9 percent.'”’

In 2021, there were approximately 2.01 million farms and ranches in the United States.
Together they covered approximately 362 million hectares (895 million acres). The size of
these operations varies greatly, with approximately 82 percent of farms showing sales of less
than $100,000 in 2021, and approximately 4 percent with sales of $1 million or more. The
average farm size is 180 hectares (445 acres). In recent years there has been a small but
notable decline in the overall number of farms, but a small upward trend in average farm

size.108

Emissions from agriculture, which accounted for approximately 11 percent of total U.S. GHG
emissions in 2020, come from a number of sources, including cultivation, organic soils,
nitrogen fertilizer use, enteric fermentation, manure, and rice production.'® Agricultural soil
management activities, such as fertilizer application and other cropping practices, were the
largest source of U.S. nitrous oxide (N2O) emissions in 2019, accounting for 75 percent of
emissions of this gas. However, soils also have the potential to sequester and store large
quantities of carbon, reducing atmospheric CO, concentrations. Additional opportunities to
reduce agricultural emissions include improving the efficiency of fertilizer use and reducing
methane emissions from livestock and rice production.

195 https://www.bls.gov/ooh/farming-fishing-and-forestry/agricultural-workers.htm.

196 https://www.fas.usda.gov/2021-country-
overview#:~:text=U.S.%20agricultural%20exports%20to%20the,8%200f%20them%20setting%20reco
rds.

197 https://www.ers.usda.gov/topics/farm-economy/farm-labor/#size.

198 https://www.nass.usda.gov/Publications/Todays_Reports/reports/fnlo0222.pdf.

199 Sources of Greenhouse Gas Emissions, US EPA.
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LAND USE, LAND USE CHANGE, AND FORESTS

Forests play a key role in the economy, ecology, and culture of the United States, whose
approximately 310 million hectares (766 million acres) of forest''® comprise the fourth
largest forest area of any country in the world. This area has remained fairly stable since the
beginning of the 20th century, even as the population of the country tripled. In recent
decades, the area of forest land has even increased slightly. The dynamics vary from region
to region. In the eastern part of the country, active farmland is decreasing and returning to
a forested state. In 2020, total net sequestration from land use, land use change, and forests
was 812 million tonnes (MMT) of carbon dioxide equivalent (COze), which offset
approximately 14 percent of total United States GHG emissions (EPA 2022).""" Sequestration
was primarily the result of carbon uptake by standing United States forests, forest
management, increased tree cover in urban areas, storage in harvested wood products, and
the management of agricultural soils. This volume was down from 900 MMT in 1990 but
represented an increase from 2015.

110 Oswalt, Sonja N.; Smith, W. Brad; Miles, Patrick D.; Pugh, Scott A., coords. 2019. Forest Resources
of the United States, 2017: a technical document supporting the Forest Service 2020 RPA.
Assessment. Gen. Tech. Rep. WO-97. Washington, DC: U.S. Department of Agriculture, Forest Service,
Washington Office. 223 p. https://doi.org/10.2737/ WO-GTR-97; based on USDA Forest Service Forest
Inventory & Analysis https://www.fs.usda.gov/research/publications/gtr/gtr_wo97.pdf.

" https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-chapter-6-land-
use-land-use-change-and-forestry.pdf.
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Figure 2-29: Changes in Forest Area by Region for Forest Land Remaining
Forest Land in the Contiguous United States and Alaska 1990-2020
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Private ownership accounts for 60 percent of forest land nationally.'™ Forest ownership
patterns vary greatly from region to region though, with public lands predominating in the
West. Forests provide a range of economic benefits to the U.S. economy. The U.S. supplies
10 percent of the world’s timber; and 96 percent of U.S. consumption of industrial wood
comes from domestic sources.'*The forest products industry accounts for approximately
five percent of U.S. manufacturing GDP.""” Visitor spending in U.S. forests generates more
than $13 billion in revenue every year.'"® The value of the ecosystem services provided by
these forests is vast. For example, 53 percent of the water in the contiguous United States
originates on forest land.""’

Forest land remaining forest land (including vegetation, soils, and harvested wood) account
for the vast majority of total CO, removals each year. Other lands converted to forest land
and settlements remaining settlements also contributed to substantial net sequestration.
Croplands remaining croplands, wetlands remaining wetlands, other lands converted to

112 https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-chapter-6-land-
use-land-use-change-and-forestry.pdf.

13 https://www.fs.fed.us/nrs/pubs/gtr/gtr_nrs199.pdf.

114 https://www.fs.fed.us/about-agency/newsroom/by-the-numbers.

15 https://www.energy.gov/eere/amo/forest-products-industry-profile.

16 https://www.fs.fed.us/about-agency/newsroom/by-the-numbers.

"7 https://www.fs.fed.us/about-agency/newsroom/by-the-numbers.
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wetlands, and settlements remaining settlements. All contributed to the total net removals.
Estimates of land use, land use change, and forestry (LULUCF) emissions and removals, with
the exception of CO; fluxes from wood products and urban trees, are calculated annually
based on activity data collected through forest and land-use surveys conducted at multiple-
year intervals ranging from 1 to 10 years. The latest Inventory of U.S. Greenhouse Gas Emissions
and Sinks™"® describes the full methodology.

While forest cover in the United States has increased in recent decades, the age of our forests
is also increasing. As more mature trees sequester relatively less carbon over time, this may
affect overall rate of sequestration in the long term. Natural disturbances such as wildfires,
drought, pest outbreaks, and windthrow may also increase over time, further affecting the
rate of net sequestration. These disturbances may lead to increased tree mortality, which
releases stored carbon over a period of years. However, regrowth after a disturbance also
increases carbon sequestration, especially in the early years after a disturbance. The net
impact on emissions over time depends on the specific event, and on subsequent policy
responses. Forest management practices are in place to help ameliorate potential increases
in future natural disturbances to the degree possible.

Figure 2-30: Distribution of Forest Land by Region and Stand Age (2012)
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Source: U.S. Forest Service 119

Forests are not the only ecosystem of note in the United States. Grassland, or prairie,
ecosystems comprise approximately 363.5 million hectares (898.2 million acres). Many of

118 https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks.

19 Oswalt, Sonja N.; Smith, W. Brad; Miles, Patrick D.; Pugh, Scott A., coords. 2019. Forest Resources
of the United States, 2017: a technical document supporting the Forest Service 2020 RPA.
Assessment. Gen. Tech. Rep. WO-97. Washington, DC: U.S. Department of Agriculture, Forest Service,
Washington Office. 223 p. https://doi.org/10.2737/WO-GTR-97.
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these grasslands are used for livestock grazing or have been converted to cropland or
settlements, but others remain in their natural state and serve as habitat for numerous
native and migratory species while also preserving soil resources and storing carbon in soils
and perennial biomass.

Coastal and inland wetlands cover approximately 43.3'% million hectares (107 million acres)
of the surface area of the United States. In the past, inland wetlands were occasionally
drained for conversion to cropland; today limited conversion of wetlands to settlements may
occur along the coasts.'

Wetlands mitigate climate change by removing GHGs like carbon dioxide (CO) from the
atmosphere and storing them in plants and in the soil, and they play a fundamental role in
important economic sectors. In 2018, for example, U.S. commercial and recreational
fisheries supported 1.7 million jobs and contributed $238 billion in sales.’ Wetlands also
increase the resilience of coastal communities and businesses to extreme weather events
through food and storm protection - estimated to save $23 billion each year'?? - and provide
valuable ecological services such as natural water purification.

120 |Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2019. p. 481.

121 https://www.fws.gov/wetlands/documents/Wetlands-Status-and-Trends-Reports-Fact-Sheet.pdf.
122 https://www.fisheries.noaa.gov/national/sustainable-fisheries/fisheries-economics-united-states.
123 https://www.fisheries.noaa.gov/national/habitat-conservation/coastal-wetland-
habitat#:~:text=Coastal%20wetlands%20support%20important%20benefits,for%20commercial%20a
nd%20recreational%20fisheries.
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INTRODUCTION

The United States is committed to providing regular, transparent reporting on current and
historical greenhouse gas (GHG) emissions. Estimates of emissions and removals are
reported annually, via the Inventory of U.S. Greenhouse Gas Emissions and Sinks'. As a Party
to the U.N. Framework Convention on Climate Change (UNFCCC), consistent with Article 4 of
the Convention and decisions at the First, Second, Fifth, and Nineteenth Conference of
Parties,’” the United States is committed to submitting a national inventory of
anthropogenic sources and sinks of GHGs to the UNFCCC by April 15 of each year. The United
States views the Inventory, in conjunction with accompanying Common Reporting Format
(CRF) reporting tables, as an opportunity to fulfill this annual commitment under the
UNFCCC.

This chapter summarizes the latest information on U.S. anthropogenic GHG emission trends
from 1990 through 2020, consistent with information submitted to the UNFCCC secretariat
in April 2022. To ensure that the U.S. emissions inventory is comparable with those of other
UNFCCC Parties, the Inventory emissions and removals estimates presented in the
submitted report and this chapter are organized by source and sink categories and
calculated using methodologies consistent with those recommended in the 2006
Intergovernmental Panel on Climate Change (IPCC) Guidelines for National Greenhouse Gas
Inventories’?® and UNFCCC guidelines for annual inventory reporting.'?” Additionally, the U.S.
emissions inventory has continued to incorporate new methodologies and data from the
2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories:
Wetlands'® and the 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas

124 EPA (2022). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2020. U.S.
Environmental Protection Agency, Washington, D.C. EPA. EPA Publication No. EPA 430-R-22-003.

125 UNFCCC (2014) Report of the Conference of the Parties on its Nineteenth Session, Held in Warsaw
from 11 to 23 November 2013. (FCCC/CP/2013/10/Add.3). January 31, 2014. Available online at:
http://unfccc.int/ resource/docs/2013/cop19/eng/10a03.pdf.

126 |PCC (2006) 2006 IPCC Guidelines for National Greenhouse Gas Inventories. The National
Greenhouse Gas Inventories Programme, The Intergovernmental Panel on Climate Change. [H.S.
Eggleston, L. Buendia, K. Miwa, T. Ngara, and K. Tanabe (eds.)]. Hayama, Kanagawa, Japan.

127 UNFCCC (2014).

128 |IPCC (2013) Climate Change 2013: The Physical Science Basis. Contribution of Working Group | to
the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. [Stocker, T.F., D.
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Inventories’®. As with each inventory submission, the “Recalculations and Improvements”
chapter of the April 2022 Inventory submission includes a description on improvements and
recalculations relative to the previous Inventory, consistent with the principle of continuous
improvement. For this latest release, the U.S. Environmental Protection Agency (EPA) has
made several important improvements. For example, EPA has added estimates for two
important sources of methane: emissions from post-meter uses of natural gas, which
includes leak emissions from residential and commercial appliances, industrial facilities and
power plants, and natural gas fueled vehicles; and emissions from flooded lands such as
hydroelectric and agricultural reservoirs. Additionally, EPA worked with researchers to
include estimates of methane emissions from large anomalous leak events, such as well
blow-outs.

BACKGROUND INFORMATION

GHGs trap heat and make the planet warmer. The most important GHGs directly emitted as
a result of human activities include carbon dioxide (COz), methane (CHa), nitrous oxide (N-0),
and several fluorinated gases: hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur
hexafluoride (SFs), and nitrogen trifluoride (NFs). Although the direct GHGs CO,, CH4, and N,O
occur naturally in the atmosphere, human activities have changed their atmospheric
concentrations. From the pre-industrial era (i.e., ending about 1750) to 2020, concentrations
of CO, CH4, and N>O have increased globally by 47, 157, and 23 percent, rGHG emissions
and removals associated with human activities across the United States.

RECENT TRENDS IN U.S. GREENHOUSE GAS EMISSIONS
AND SINKS

In 2020, total gross U.S. GHG emissions were 5,981.4 million metric tonnes of carbon dioxide
equivalent (MMT COze). Total U.S. emissions have decreased by 7.3 percent from 1990 to
2020, down from a high of 15.7 percent above 1990 levels in 2007. Total gross emissions
decreased from 2019 to 2020 by 9 percent (590.4 MMT COze). Net emissions (i.e., including
sinks) were 5,222.4 MMT CO.e. Overall, net emissions decreased 10.6 percent from 2019 to
2020 and decreased 21.4 percent from 2005 levels, as shown in Table 3-1. Similarly, total
gross emissions decreased 9 percent since 2019 and 19.5 percent since 2005. The sharp

Qin, G.-K., Plattner, M. Tignor, S.K. Allen, J. Boschung, A. Nauels, Y. Xia, V. Bex and P.M. Midgley
(eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, 1535 pp.
129 1PCC (2019) 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories. e [Buendia, E., Guendehou S., Limmeechokachai B., Pipatti R., Rojas Y., Sturgiss R.,
Tanabe K., Wirth T., (eds.)]. Cambridge University Press. In Press.
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decline in emissions from 2019 to 2020 is largely due to the impacts of the coronavirus
(COVID-19) pandemic on travel and economic activity. However, the decline also reflects the
combined impacts of many long-term trends in many factors, including population,
economic growth, energy market trends, technological changes including energy efficiency,
and carbon intensity of energy fuel choices. Between 2019 and 2020, the decrease in total
GHG emissions was driven largely by a 10.5 percent decrease in CO; emissions from fossil
fuel combustion, including a 13.3 percent decrease in transportation sector emissions from
less travel due to the COVID-19 pandemic and a 10.4 percent decrease in emissions in the
electric power sector'®. The decrease in electric power sector emissions was due to a
decrease in electricity demand of about 2.5 percent and also reflects the continued shift from
coal to less carbon intensive natural gas and renewables.

Figures 3-1 and 3-2 illustrate the overall trends in both total U.S. GHG emissions by gas and
annual changes in net emissions since 1990. Table 3-1 provides a detailed summary of U.S.
GHG emissions and sinks for 1990 through 2020. Overall, from 1990 to 2020, total gross
emissions of CO; decreased by 406.8 MMT COze (-8 percent), total emissions of methane
(CHa4) decreased by 130.4 MMT COze (-16.4 percent), and total emissions of nitrous oxide
(N20) decreased by 24.4 MMT COze (-5.4 percent). During the same period, aggregate
weighted emissions of HFCs, PFCs, SFe, and NFs rose by 89.5 MMT CO.e (89.9 percent).
Despite being emitted in smaller quantities relative to the other principal GHGs, emissions
of HFCs, PFCs, SFe, and NFs are significant because many of them have both extremely high
global warming potentials (GWPs) and, in the cases of PFCs, SFs, and NFs, long atmospheric
lifetimes.'' Conversely, U.S. GHG emissions were partly offset by 812.2 MMT CO-e of net
carbon (C) sequestration in managed forests, trees in urban areas, agricultural soils,
landfilled yard trimmings, and coastal wetlands, representing 13.6 percent of total emissions
in 2020. Emissions of CH4 and N,O from land use, land use change, and forestry (LULUCF)
activities in 2020 were 53.2 MMT COze and represent 0.9 percent of total GHG emissions.
Figure 3-1, and Figure 3-2 illustrate the overall trends in total U.S. emissions by gas, annual
percent changes, and relative change since 1990 for each year of the time series. The
discussion that follows these figures describes each gas's contribution to total U.S. GHG
emissions in more detail.

130 E|A (2022) Electricity Generation. Monthly Energy Review, February 2022. Energy Information
Administration, U.S. Department of Energy, Washington, D.C. DOE/EIA-0035(2022/02).

131 IPCC (1996) Climate Change 1995: The Science of Climate Change. Intergovernmental Panel on
Climate Change. [J.T. Houghton, L.G. Meira Filho, B.A. Callander, N. Harris, A. Kattenberg, and K.
Maskell (eds.)]. Cambridge University Press. Cambridge, United Kingdom.
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Figure 3-1: U.S Greenhouse Gas Emissions by Gas

In 2020, net U.S. emissions from all GHGs declined by a total of 370.4 MMT COze, or 6.6
percent since 1990.
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Figure 3-2: Annual Percent Change in Gross U.S. Greenhouse Gas
Emissions Relative to the Previous Year

Total gross emissions decreased 7.3 percent since 1990 with an average annual rate of
decrease of -0.2 percent over that time period. Between 2005 and 2020, total gross U.S. GHG

132 EPA (2022).
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emissions fell by 19.5 percent and average annual rate of decrease over that time period was
-1.4 percent.

4% o,
1.8% 3.0% 2.7% 3.2% 2.7% 2.9%
0

29| 18%

0.6% 0.8%
0%

-2%

-4%

-6%

-8%

-10%

2001
2002
2003
2004
2005
2006
2007
2008
2009
1
1
1
1
1
1
1
1
1
1
2020

Source: U.S. EPA13

Figure 3-3 illustrates the relative contribution of the direct GHGs to total U.S. emissions in
2020. Table 3-1 provides a detailed summary of U.S. GHG emissions and sinks for 1990
through 2020. The primary GHG emitted by human activities in the United States was CO,,
representing approximately 78.8 percent of total GHG emissions. The largest source of CO,
and of overall GHG emissions, was fossil fuel combustion, primarily from transportation and
power generation. Methane emissions (CH4) account for approximately 10.9 percent of
emissions. The major sources of methane include enteric fermentation associated with
domestic livestock, natural gas systems, and decomposition of wastes in landfills. Nitrous
oxide emissions accounts for 7.1 percent of 2020 emissions, and major sources include
agricultural soil management, wastewater treatment, stationary sources of fuel combustion,
and manure management'**. Ozone depleting substance substitute emissions, and
emissions of HFC-23 during the production of HCFC-22, were the primary contributors to
aggregate HFC emissions. Perfluorocarbon (PFC) emissions were primarily attributable to
electronics manufacturing and primary aluminum production. Electrical transmission and
distribution systems accounted for most sulfur emissions. The electronics industry is the
only source of nitrogen trifluoride (NFs) emissions. Collectively, fluorinated emissions
account for just over 3 percent of 2020 emissions.

133 EPA (2022).

134 NOAA/ESRL (2022b) Trends in Atmospheric Methane. Available online at:
https://www.esrl.noaa.gov/gmd/ccgg/trends_ch4/. 05 January 2022.

52



Chapter 3. GREENHOUSE GAS INVENTORY SUMMARY

Figure 3-3: 2020 U.S. Greenhouse Gas Emissions by Gas (Percentages
based on MMT COse)

The primary GHGs emitted by human activities in the United States was CO,, representing
approximately 78.8 percent of total GHG emissions.

3.2%
HFCs, PFCs, SFs and NF3

Source: U.S. EPA5

Table 3-1: Recent Trends in U.S. Greenhouse Gas Emission and Sinks
(MMT CQO2e)

In 2020, net U.S. GHG emissions were 5,222.4 MMT CO.e, representing a 6.6 percent
decrease since 1990 and a 21.4 percent decrease since 2005.

CO, 5122.5 6137.6 5251.8 5211.0 5376.7 5259.1 4715.7

Fossil Fuel

Combustion 4731.2 5752.0 4909.6 4853.3 4989.3 4852.3 4342.7
Transportation 1468.9 1858.6 1757.6 1780.0 1812.8 1813.8 1572.0

Electric Power

Sector 1820.0 2400.1 1808.9 1732.0 1752.9 1606.1 1439.0
Industrial 853.7 851.5 792.7 790.4 814.1 816.1 766.3
Residential 338.6 358.9 292.8 293.4 338.2 341.4 315.8
Commercial 228.3 227.1 231.5 232.0 245.8 250.7 226.8
U.S. Territories 21.7 55.9 26.0 25.5 25.5 24.3 22.7

Non-Energy Use
of Fuels 112.2 128.9 99.5 112.6 128.9 126.8 121.0

135 EPA (2022).
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Cement

Production 33.5 46.2 394 40.3 39.0 40.9 40.7
Iron and Steel

Production &

Metallurgical

Coke Production 104.7 70.1 43.6 40.6 42.6 43.1 37.7
Natural Gas

Systems 31.9 24.9 29.8 31.1 32.4 38.7 35.4
Petroleum

Systems 9.6 12.0 21.9 25.0 37.3 46.7 30.2
Petrochemical

Production 21.6 27.4 28.1 28.9 29.3 30.7 30.0
Incineration of

Waste 12.9 13.3 14.4 13.2 13.3 12.9 13.1
Ammonia

Production 13.0 9.2 10.2 1.1 12.2 12.3 12.7
Lime Production 11.7 14.6 12.6 12.9 13.1 12.1 1.3
Other Process

Uses of

Carbonates 6.2 7.5 10.8 9.9 7.4 9.8 9.8
Urea

Consumption

for Non-

Agricultural

Purposes 3.8 3.7 5.3 5.2 6.0 6.0 6.0
Urea

Fertilization 2.4 3.5 47 49 5.0 5.1 5.3
Carbon Dioxide

Consumption 1.5 1.4 4.6 4.6 4.1 4.9 5.0
Liming 47 43 3.1 3.1 2.2 2.4 2.4
Coal Mining 4.6 4.2 2.8 3.1 3.1 3.0 2.2
Glass

Production 2.3 2.4 2.1 2.0 2.0 1.9 1.9
Aluminum

Production 6.8 41 1.3 1.2 1.5 1.9 1.7
Soda Ash

Production 1.4 1.7 1.7 1.8 1.7 1.8 1.5
Ferroalloy

Production 2.2 1.4 1.8 2.0 2.1 1.6 1.4
Titanium

Dioxide

Production 1.2 1.8 1.7 1.7 1.5 1.5 1.3
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Zinc Production 0.6 1.0 0.8 0.9 1.0 1.0 1.0
Phosphoric Acid

Production 1.5 1.3 1.0 1.0 0.9 0.9 0.9
Lead Production 0.5 0.6 0.5 0.5 0.5 0.5 0.5
Carbide

Production and

Consumption 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Abandoned QOil

and Gas Wells 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Magnesium

Production and

Processing 0.1 0.0 0.0 0.0 0.0 0.0 0.0
Wood Biomass,

Ethanol, and

Biodiesel

Consumption® 2194 230.7 316.9 312.7 319.8 317.2 291.6
International

Bunker Fuels® 103.6 113.3 116.7 120.2 122.2 116.1 69.6
CH,¢ 780.8 697.5 657.6 663.8 671.1 668.8 650.4
Enteric

Fermentation 163.5 168.0 171.3 174.9 175.7 176.1 175.2
Natural Gas

Systems 195.5 177.5 165.2 166.6 171.8 172.1 164.9
Landfills 176.6 1315 107.9 109.2 111.7 113.6 109.3
Manure

Management 34.8 49.0 57.1 57.5 59.4 58.7 59.6
Coal Mining 96.5 64.1 53.8 54.8 52.7 47.4 41.2
Petroleum

Systems 47.8 41.4 40.4 40.5 38.6 40.4 40.2
Wastewater

Treatment 20.3 20.1 18.7 18.5 18.3 18.1 18.3
Rice Cultivation 16.0 18.0 15.8 14.9 15.6 15.1 15.7
Stationary

Combustion 8.6 7.8 7.9 7.7 8.6 8.8 7.9
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Abandoned QOil

and Gas Wells 6.5 6.8 6.9 6.9 6.9 7.0 6.9
Abandoned

Underground

Coal Mines 7.2 6.6 6.7 6.4 6.2 5.9 5.8
Composting 0.4 1.9 2.3 2.5 2.3 2.3 2.3
Mobile

Combustion 6.5 4.0 2.6 2.6 2.5 2.5 2.2
Field Burning of

Agricultural

Residues 0.4 0.4 0.4 0.4 0.4 0.4 0.4
Petrochemical

Production 0.2 0.1 0.2 0.3 0.3 0.3 0.3
Anaerobic

Digestion at

Biogas Facilities 0.0 0.0 0.2 0.2 0.2 0.2 0.2
Carbide

Production and

Consumption 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Ferroalloy

Production 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Iron and Steel

Production &

Metallurgical

Coke Production 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Incineration of

Waste 0.0 0.0 0.0 0.0 0.0 0.0 0.0
International

Bunker Fuels® 0.2 0.1 0.1 0.1 0.1 0.1 0.1
N,O¢ 450.5 453.3 449.2 444.6 457.7 456.8 426.1
Agricultural Soil

Management 316.0 313.8 330.8 328.3 338.9 345.3 316.2
Wastewater

Treatment 16.6 20.3 22.8 23.2 23.5 23.4 23.5
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Stationary

Combustion 25.1 34.4 30.0 28.4 28.2 24.9 23.2
Manure

Management 13.9 16.3 18.4 19.0 19.3 19.5 19.7
Mobile

Combustion 44.6 41.4 21.1 20.1 19.2 20.0 17.4
Nitric Acid

Production 12.1 11.3 10.1 9.3 9.6 10.0 9.3
Adipic Acid

Production 15.2 71 7.1 7.5 10.5 5.3 8.3
N,O from

Product Uses 4.2 4.2 4.2 4.2 4.2 4.2 4.2
Composting 0.3 1.7 2.0 2.2 2.0 2.0 2.0

Caprolactam,

Glyoxal, and

Glyoxylic Acid

Production 1.7 2.1 1.7 1.5 1.4 1.4 1.2
Incineration of

Waste 0.5 0.4 0.4 0.4 0.4 0.4 0.4
Electronics

Industry 0.0 0.1 0.2 0.3 0.3 0.2 0.3

Field Burning of

Agricultural

Residues 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Petroleum

Systems 0.0 0.0 0.0 0.0 0.0 0.0 0.0
Natural Gas

Systems 0.0 0.0 0.0 0.0 0.0 0.0 0.0
International

Bunker Fuels® 0.9 1.0 1.0 1.1 1.1 1.0 0.6
HFCs 46.5 127.4 168.3 1711 171.0 175.9 178.8

Substitution of
Ozone Depleting

Substances? 0.2 107.2 165.1 165.5 167.3 171.8 176.2
HCFC-22

Production 46.1 20.0 2.8 5.2 3.3 3.7 2.1
Electronics

Industry 0.2 0.2 0.3 0.4 0.4 0.4 0.4
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Magnesium
Production and
Processing 0.0 0.0 0.1 0.1 0.1 0.1 0.1
PFCs 24.3 6.7 4.4 4.2 4.8 4.6 4.4
Electronics
Industry 2.8 3.3 3.0 3.0 3.1 2.8 2.7
Aluminum
Production 21.5 3.4 1.4 1.1 1.6 1.8 1.7
Substitution of
Ozone Depleting
Substancesd 0.0 0.0 0.0 0.0 0.1 0.1 0.1
Electrical
Transmission
and Distribution 0.0 0.0 0.0 0.0 0.0 0.0 0.0
SF¢ 28.8 11.8 6.0 5.9 5.7 5.9 54
Electrical
Transmission
and Distribution 23.2 8.3 4.1 4.2 3.8 4.2 3.8
Magnesium
Production and
Processing 5.2 2.7 1.1 1.0 1.0 0.9 0.9
Electronics
Industry 0.5 0.7 0.8 0.7 0.8 0.8 0.7
NF; 0.0 0.5 0.6 0.6 0.6 0.6 0.6
Electronics
Industry 0.0 0.5 0.6 0.6 0.6 0.6 0.6
Total Gross
Emissions 6,453. 7,434.
(Sources) 5 8 6,537.9 6,501.0 6,687.5 6,571.7 5,981.4
LULUCF
Emissions® 31.4 41.3 35.4 45.5 39.8 30.3 53.2
LULUCF CH,4 27.2 30.9 28.3 34.0 30.7 25.5 38.1
LULUCF N,O 4.2 10.5 7.1 11.5 9.1 4.8 15.2
LULUCF
Carbon
Stock
Change® -892.0 -831.1 -862.0 -826.7 -809.0 -760.8 -812.2
LULUCF Sector
Net Totalf -860.6 -789.8 -826.6 -781.2 -769.3 -730.5 -758.9
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Net Emissions

(Sources and 5,592. 6,645.
Sinks) 8 0 5,711.2 5,719.8 5,918.2 5,841.2 5,222.4
Notes:

Total (gross) emissions presented without LULUCF. Net emissions presented with
LULUCF. Totals may not sum due to independent rounding. Parentheses indicate
negative values or sequestration.

+ Does not exceed 0.05 MMT COze. NO (Not Occurring)

a. Emissions from Wood Biomass, Ethanol, and Biodiesel Consumption are not included
specifically in summing Energy sector totals. Net carbon fluxes from changes in
biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

Emissions from International Bunker Fuels are not included in totals.

€. LULUCF emissions of CHs and N.O are reported separately from gross emissions
totals. LULUCF emissions include the CH4 and N2O emissions reported for Peatlands
Remaining Peatlands, Forest Fires, Drained Organic Soils, Grassland Fires, and Coastal
Wetlands Remaining Coastal Wetlands; CH4 emissions from Land Converted to Coastal
Wetlands, Flooded Land Remaining Flooded Land, and Land Converted to Flooded
Land; and N>O emissions from Forest Soils and Settlement Soils. Refer to Table 3-5 for
a breakout of emissions and removals for LULUCF by gas and source category.

d. Small amounts of PFC emissions also result from this source.

e. LULUCF Carbon Stock Change is the net C stock change from the following categories:
Forest Land Remaining Forest Land, Land Converted to Forest Land, Cropland
Remaining Cropland, Land Converted to Cropland, Grassland Remaining Grassland,
Land Converted to Grassland, Wetlands Remaining Wetlands, Land Converted to
Wetlands, Settlements Remaining Settlements, and Land Converted to Settlements.
Refer to Table 3-5 for a breakout of emissions and removals for LULUCF by gas and
source category.

f.  The LULUCF Sector Net Total is the net sum of all LULUCF CH4 and N,O emissions to
the atmosphere plus net carbon stock changes.

CARBON DIOXIDE EMISSIONS

The global carbon cycle is made up of large carbon flows and reservoirs. Billions of tonnes
of carbon in the form of CO; are absorbed by oceans and living biomass (i.e., sinks) and are
emitted to the atmosphere annually through natural processes (i.e., sources). When in
equilibrium, global carbon fluxes among these various reservoirs are roughly balanced.

Since the Industrial Revolution (i.e., about 1750), global atmospheric concentrations of CO;

t,136

have risen approximately 47 percen principally due to the combustion of fossil fuels for

136 |PCC (2021); NOAA/ESRL (2022a) Trends in Atmospheric Carbon Dioxide. Available online at:
http://www.esrl.noaa.gov/gmd/ccgg/trends/. 05 January 2022.
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energy. Globally, an estimated 31,500 MMT of CO, were added to the atmosphere through
the combustion of fossil fuels in 2019, of which the United States accounted for
approximately 15.4 percent. Within the United States, fossil fuel combustion accounted for
92.1 percent of CO, emissions in 2020. Transportation was the largest emitter of CO in 2020,
followed by electric power generation. As illustrated in the Figure 3-4, changes in land use
and forestry practices can also lead to net CO, emissions (e.g., through conversion of forest
land to agricultural or urban use) or to a net sink for CO; (e.g., through net additions to forest
biomass). See more on these emissions and removals in Table 3-5.

Figure 3-4 2020 Sources of CO» Emissions

In 2020, CO, accounted for 78.8 percent of U.S. GHG emissions, with fossil fuel combustion
accounting for 92.1 percent of CO, emissions.
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Source: U.S.EPAY

As the largest source of U.S. GHG emissions, CO; from fossil fuel combustion has accounted
for approximately 75.3 percent of GWP-weighted total U.S. gross emissions across the time
series. Between 1990 and 2020, CO emissions from fossil fuel combustion decreased from
4,731.2 MMT COze to 4,342.7 MMT COze, an 8.2 percent total decrease. In 2020, CO;
emissions from fossil fuel combustion were 24.5 per cent (1,409.4 MMT COze) below 2005
levels. From 2019 to 2020, these emissions decreased by 509.7 MMT CO.e (10.5 percent).

Box 3-1: Global Warming Potentials

UNFCCC reporting guidelines for national inventories require the use of 100-year GWP
values from the IPCC Fourth Assessment Report (AR4) to ensure that national GHG

137 EPA (2022).
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inventories reported by all nations are comparable (IPCC 2007). All estimates provided
throughout the national GHG inventory submission are in both CO, equivalents and
unweighted units. A comparison of emission values using the 100-year AR4 GWP values
versus the 100-year GWP values from IPCC Fifth Assessment Report (AR5) (IPCC 2013), and
the IPCC Sixth Assessment Report (AR6) (IPCC 2021) values can be found in Annex 6 of the
national GHG inventory submitted in April 2022. The 100-year GWP values used in this
report are listed below in Table 3-2. Parties will be required to shift to use AR5 100-year
GWP values when they submit their first reports using updated reporting guidelines
under the Paris Agreement at the latest by December 31, 2024, as provided in decision

18/CMA.1.

Note: see Table A-241, pp. A-495 of Annex 6 of the national GHG inventory submitted
in April 2022 for a comparison of gross total emissions estimates using AR5 GWP
values without climate-carbon feedback relative to AR4 GWP values.'38

Table 3-2: Global Warming Potentials (100-Year Time Horizon) Used in

this Report

CO: 1

CH4? 25

N20 298

HFC-23 14,800

HFC-32 675

HFC-41 92

HFC-125 3,500

HFC-134a 1,430

HFC-143a 4,470

HFC-152a 124

HFC-227ea 3,220

HFC-236fa 9,810

CF4 7,390

C2Fs 12,200

CsFg 8,830

c-CaFs 10,300

SFs 22,800

NF; 17,200

Other See Annex 6 to the national
Fluorinated Inventory report

138 https://www.epa.gov/system/files/documents/2022-04/us-ghg-inventory-2022-annex-6-

additional-information.pdf.
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Gases

a100-year time horizon.

Source: IPCC, EPA¥

Note: The GWP of CH4 includes the direct effects and those indirect effects due to the
production of tropospheric ozone and stratospheric water vapor. The indirect effect
due to production of CO; is not included. See Annex 6 of the national /nventory report
for additional information.

Historically, changes in emissions from fossil fuel combustion have been the driving factor
affecting U.S. emissions trends. Changes in CO; emissions from fossil fuel combustion are
influenced by many long-term and short-term factors. Important drivers include: (1) changes
in demand for energy; and (2) a general decline in recent years in the carbon intensity of
fuels combusted for energy by non-transport sectors of the economy. Long-term factors
affecting energy demand include population and economic trends, technological changes
including energy efficiency, shifting energy fuel choices, and various policies at the national,
state, and local level. In the short term, the overall consumption and mix of fossil fuels in the
United States fluctuates primarily in response to changes in general economic conditions,
overall energy prices, the relative price of different fuels, weather, and the availability of non-
fossil alternatives. Between 2019 and 2020, reduced economic activity and decreased travel
due to the COVID-19 pandemic had significant impacts on energy use and fossil fuel
combustion emissions.

The five fuel-consuming economic sectors are transportation, electric power, industrial,
residential, and commercial. Carbon dioxide emissions are produced by the electric power
sector as fossil fuel is consumed to provide electricity to one of the other four “end use”
sectors see Figure 3-5. Note that this Figure reports emissions from U.S. Territories as their
own end-use sector due to incomplete data for their individual end-use sectors. Fossil fuel
combustion for electric power also includes emissions of less than 0.5 MMT COe from
geothermal-based generation. Figure 3-5 further describes direct and indirect CO, emissions
from fossil fuel combustion (electricity use), separated by end-use sector.

139 |PCC (2007), EPA (2022).
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Figure 3-5: 2020 CO; Emissions from Fossil Fuel Combustion by Sector
and Fuel Type

In 2020, U.S. transportation sector emissions were primarily from petroleum consumption,
while electricity generation emissions were primarily from natural gas and coal
consumption.
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Figure 3-6: 2020 End-Use Sector Emissions of CO; from Fossil Fuel
Combustion

In 2020, direct fossil fuel combustion accounted for the vast majority of fossil fuel-related
CO; emissions from the transportation sector (mostly petroleum combustion) and industrial
sectors (mostly natural gas combustion).™' Electricity use indirectly accounted for most of
the fossil fuel-related CO2 emissions from the commercial and residential sectors

140 EPA (2022).

41 FHWA (1996 through 2021) Highway Statistics. Federal Highway Administration, U.S. Department
of Transportation, Washington, D.C. Report FHWA-PL-96-024-annual. Available online at:
http://www.fhwa.dot.gov/policy/ohpi/hss/hsspubs.htm.
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Table 3-3: CO; Emissions from Fossil Fuel Combustion by End-
Use Sector (MMT CO:e)

The figures below reflect the distribution of electricity generation emissions to each of the
four end-use sectors on the basis of each sector’s share of aggregate electricity consumption.
Between 2005 and 2020, CO, emissions from fossil fuel combustion declined by 1,409.4 MMT
COze, or 24.5 percent.

Transportation 1472.0 1863.3 1761.8 1784.3 1817.4 1818.5 1576.7
Combustion 1468.9 1858.6 1757.6 1780.0 1812.8 1813.8  1572.0
Electricity 3.0 4.7 4.2 4.3 4.7 4.7 47
Industrial 1540.1 1587.8 1310.3 1294.8 1315.3 1281.4 1175.8
Combustion 853.7 851.5 792.7 790.4 814.1 816.1 766.3
Electricity 686.4 736.3 517.6 504.4 501.2 465.3 409.5
Residential 931.3 1214.9 946.2 910.5 980.4 925.0 860.6
Combustion 338.6 358.9 292.8 2934 338.2 341.4 315.8
Electricity 592.7 856.0 653.5 617.1 642.2 583.6 544.8
Commercial 766.0 1030.1 865.2 838.2 850.7 803.2 706.8
Combustion 228.3 227.1 2315 232.0 245.8 250.7 226.8
Electricity 537.7 803.0 633.6 606.2 604.9 552.5 480.0
U.S. Territories 2 21.7 55.9 26.0 25.5 25.5 24.3 22.7
Total 4731.2 5752.0 4909.6 4853.3 4989.3 4852.3 4342.7

142 EPA (2022).
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Electric Power 1820.0 2400.1 1808.9 1732.0 1752.9 1606.1 1439.0

Notes: Combustion-related emissions from electric power are allocated based on aggregate
national electricity use by each end-use sector and represent indirect fossil fuel combustion for
each end-use sector. Totals may not sum due to independent rounding.

a. Fuel consumption by U.S. Territories (i.e., American Samoa, Guam, Puerto Rico, U.S. Virgin
Islands, Wake Island, and other U.S. Pacific Islands) is included in this report.

TRANSPORTATION END-USE SECTOR

Transportation activities accounted for 36.2 percent of U.S. CO, emissions from fossil fuel
combustion in 2020. The largest sources of transportation CO, emissions in 2020 were
passenger cars (38.5 percent); freight trucks (26.3 percent); light-duty trucks, which include
sport utility vehicles, pickup trucks, and minivans (18.9 percent), commercial aircraft (5.8
percent); pipelines (3.6 percent); other aircraft (2.4 percent); rail (2 percent); and ships and
boats (1.8 percent). Annex 3.2 of the national Inventory report presents the total emissions
from all transportation and mobile sources, including CO,, CHs, N0, and HFCs.

In terms of the overall trend, from 1990 to 2020, total transportation CO, emissions
increased 7 percent, while noting that from 2019 to 2020, transportation CO. emissions
decreased 13.3 percent, primarily as a result of the COVID-19 pandemic and associated
restrictions that led to less travel. The increase in transportation emissions from 1990 to
2019 was due, in large part, to increased demand for travel. The number of vehicle miles
travelled (VMT) by light-duty motor vehicles (passenger cars and light-duty trucks) increased
47.5 percent from 1990 to 2019, as a result of a confluence of factors including population
growth, economic growth, urban sprawl, and periods of low fuel prices. From 2019 to 2020,
the number of VMT by light-duty motor vehicles decreased by 12.2 percent, primarily the
result of less travel caused by the COVID-19 pandemic. As noted in Chapter 2, while an
increased demand for travel has led to increasing CO2 emissions since 1990, improvements
in average new vehicle fuel economy since 2005 have slowed the rate of increase of CO;
emissions. Almost all of the energy consumed by the transportation sector is petroleum-
based, including motor gasoline, diesel fuel, jet fuel, and residual oil.

INDUSTRIAL END-USE SECTOR

Industrial emissions accounted for 27.1 percent of CO, emissions from fossil fuel combustion
in 2020. These industrial emissions resulted both directly from the combustion of fossil fuels

143 FHWA (2021).
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and indirectly from the generation of electricity that is used by industry. Approximately 65.2
percent of these emissions resulted from direct fossil fuel combustion to produce steam
and/or heat for industrial processes. The remaining emissions resulted from the use of
electricity for motors, electric furnaces, ovens, lighting, and other applications. Total direct
and indirect emissions from the industrial sector have declined by 22 percent since 1990.
This decline is due to structural changes in the U.S. economy (i.e., shifts from a
manufacturing-based to a service-based economy), fuel switching, and efficiency
improvements. From 2019 to 2020, total energy use in the industrial sector decreased by 4.4
percent partially as a result of reductions in economic and manufacturing activity due to the
COVID-19 pandemic.

RESIDENTIAL AND COMMERCIAL END-USE SECTORS

The residential and commercial end-use sectors accounted for 19.8 and 16.3 percent,
respectively, of CO, emissions from fossil fuel combustion in 2020. The residential and
commercial sectors relied heavily on electricity for meeting energy demands, with 63.3 and
67.9 percent, respectively, of their emissions attributable to electricity use for lighting,
heating, cooling, and operating appliances. The remaining emissions were due to the use of
natural gas and petroleum for heating and cooking. Total direct and indirect emissions from
the residential sector have decreased by 7.6 percent since 1990. Total direct and indirect
emissions from the commercial sector have increased by 7.7 percent since 1990.

ELECTRIC POWER

The United States relies on electricity to meet a significant portion of its energy demands.
Electricity generators used 3.21 percent of U.S. energy from fossil fuels and emitted 33.1
percent of the CO, from fossil fuel combustion in 2020. The type of energy source used to
generate electricity is the main factor influencing emissions. For example, some electricity is
generated through non-fossil fuel options such as nuclear, hydroelectric, wind, solar, or
geothermal energy. The mix of fossil fuels used also impacts emissions. The electric power
sector is the largest consumer of coal in the United States. The coal used by electricity
generators accounted for 91.4 percent of all coal consumed for energy in the United States
in 2019."* However, the amount of coal and the percentage of total electricity generation
from coal has been decreasing over time. Coal-fired electric generation (in kilowatt-hours

144 EIA (2022) Electricity Generation. Monthly Energy Review, February 2022. Energy Information
Administration, U.S. Department of Energy, Washington, D.C. DOE/EIA-0035(2022/02).
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[kWh]) decreased from 54.2 percent of generation in 1990 to 19.9 percent in 2020." This
corresponded with an increase in natural gas generation and renewable energy generation,
largely from wind and solar energy. Natural gas generation in kilowatt hours (kWh)
represented 10.7 percent of electric power generation in 1990 and increased over the
subsequent thirty-year period to represent 39.5 percent of electric power generation in 2020.
Wind and solar generation (in kWh) represented 0.1 percent of electric power generation in
1990 and increased over the subsequent thirty-year period to represent 11.1 percent of
electric power generation in 2020.

Overall U.S. demand for electricity has been relatively flat since 2005, due in part to a shift
toward energy efficient products and more stringent energy efficiency standards for
household equipment and building energy code adoption.'*® Across the time series, changes
in electricity generation and the carbon intensity of fuels used for electric power had a
significant impact on CO; emissions. CO. emissions from the electric power sector have
decreased by approximately 20.9 percent since 1990; the carbon intensity of the electric
power sector, in terms of COze per quadrillion British thermal units (QBtu) input, has also
significantly decreased (-19.2 percent) during that same timeframe. This decoupling of the
level of electric power generation and the resulting CO, emissions is shown in Figure 3-7.

Figure 3-7: 2020 Electric Power Generation and Emissions

Changes in electricity demand and the carbon intensity of fuels used for electric power
generation have a significant impact on CO; emissions. Carbon dioxide emissions from the
electric power sector have decreased by approximately 20.9 percent since 1990, and the
carbon intensity of the electric power sector, in terms of CO.e per QBtu input, has
significantly decreased by 19.2 percent during that same timeframe.

145 EPA (2021b) “1970 - 2020 Average annual emissions, all criteria pollutants in MS Excel.” National
Emissions Inventory (NEI) Air Pollutant Emissions Trends Data. Office of Air Quality Planning and
Standards, December 2021. Available online at: https://www.epa.gov/air-emissions-inventories/air-
pollutant-emissions-trends-data.

146 E|A (2017) Residential End Uses: Historical Efficiency Data and Incremental Installed Costs for
Efficiency Upgrades, Energy Information Administration, U.S. Department of Energy. Washington,
D.C. Available online at https://www.eia.gov/analysis/studies/residential/pdf/res_ee_fuel_switch.pdf.
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OTHER CO; TRENDS

Other significant CO2 trends over this time series include the following:

e Carbon dioxide emissions from natural gas and petroleum systems increased by 24.0
MMT COze (57.9 percent) from 1990 to 2020. This increase is due primarily to
increases in the production segment, where flaring emissions from associated gas
flaring, tanks, and miscellaneous production flaring have increased over time.

e Carbon dioxide emissions from iron and steel production and metallurgical coke
production have decreased by 67.0 MMT COze (64.0 percent) from 1990 through
2020. This decrease is primarily due to restructuring of the industry, technological
improvements, and increased scrap steel utilization.

e Total C stock change (i.e., net CO, removals) in the LULUCF sector decreased by 9.0
percent between 1990 and 2020. This decrease was primarily due to a decrease in the
rate of net C accumulation in forest C stocks and Cropland Remaining Cropland, as
well as an increase in emissions from Land Converted to Settlements.

METHANE EMISSIONS

Methane (CH,) is significantly more potent than CO; at trapping heat in the atmosphere-by
a factor of 25 over a 100-year time frame, based on the /PCC Fourth Assessment Report

147 EPA (2022).
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estimate.’®® Over the last 250 years, the concentration of CH, in the atmosphere increased
by 168.4 percent.'* Within the United States, the main anthropogenic sources of CH4 include
enteric fermentation from domestic livestock, natural gas systems, landfills, domestic
livestock manure management, coal mining, and other energy production related activities
(i.e., petroleum systems) (see Figure 3-8).

Figure 3-8: 2020 Sources of CH4 Emissions

In 2020, CH4 accounted for 10.9 percent of U.S. GHG emissions on a 100-year GWP-weighted
basis. Enteric Fermentation is the largest source of CHs emissions contributing 175.2 MMT
COze, accounting for approximately 27 percent of total CH4 emissions. Natural Gas Systems
followed close behind, contributing 164.9 MMT CO.e or 25 percent.
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Note: Methane emissions from Abandoned Oil and Gas Wells, Abandoned Coal Mines,
Incineration of Waste, and Mobile Combustion are included in Other Energy. Methane
emissions from anaerobic digestion at biogas facilities and composting are included
in Other Waste. Methane emissions from Carbide Production and Consumption,
Ferroalloy Production, Iron and Steel Production, and Petrochemical Production are
included in Other Industrial Processes. LULUCF emissions include the CH4 reported
for Peatlands Remaining Peatlands, Forest Fires, Drained Organic Soils, Grassland
Fires, and Coastal Wetlands Remaining Coastal Wetlands, Land Converted to Coastal
Wetlands, Flooded Land Remaining Flooded Land, and Land Converted to Flooded
Land. Refer to Table 3-5 for a breakout of LULUCF emissions by gas.

Significant trends for the largest sources of U.S. CH4 emissions include the following:

e Enteric fermentation was the largest anthropogenic source of CHs; emissions in the
United States in 2020, accounting for 175.2 MMT COze (26.9 percent of total CHs

148 |PCC (2007).
149 |PCC (2021); NOAA/ESRL (2022b).
150 EPA (2022).
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emissions) and representing an increase of 11.7 MMT COze (7.2 percent) since 1990. This
increase in emissions from 1990 to 2020 generally follows the increase in cattle
populations.

e Natural gas systems were the second largest anthropogenic source category of CHs
emissions in the United States in 2020, accounting for 164.9 MMT CO.e of CH4 into the
atmosphere. Those emissions have decreased by 30.6 MMT COze (15.7 percent) since
1990 largely due to decreases in emissions from distribution, transmission, and storage.

e Landfills were the third largest anthropogenic source of CH4 emissions in the United
States (109.3 MMT COze), accounting for 16.8 percent of total CH4 emissions in 2020 and
representing a decrease of 67.2 MMT COze (38.1 percent) since 1990, with small year- to-
year increases. This downward trend in emissions coincided with both increased landfill
gas collection and control systems and a reduction of decomposable materials (i.e., paper
and paperboard, food scraps, and yard trimmings) discarded in municipal solid waste
(MSW) landfills over the time series."

NITROUS OXIDE EMISSIONS

Nitrous oxide (NO) is produced by biological processes that occur in soil and water and by
a variety of anthropogenic activities in the agricultural, energy, industrial, and waste
management fields. While total N.O emissions are much lower than CO; emissions, N>O is
nearly 300 times more powerful than CO; at trapping heat in the atmosphere over a 100-
year time frame.™ Since 1750, the global atmospheric concentration of N,O has risen by
approximately 23 percent.” The main anthropogenic activities producing N>O in the United
States are agricultural soil management, wastewater treatment, stationary fuel combustion,
manure management, fuel combustion in motor vehicles, and nitric acid production (see
Figure 3-9).

15T NOAA/ESRL (2022c) Nitrous Oxide (N20) hemispheric and global monthly means from the
NOAA/ESRL Chromatograph for Atmospheric Trace Species data from baseline observatories
(Barrow, Alaska; Summit, Greenland; Niwot Ridge, Colorado; Mauna Loa, Hawaii; American Samoa;
South Pole). Available online at: https://www.esrl.noaa.gov/gmd/ccgg/trends_n2o/. 05 January 2022.
152 |PPC (2021); NOAA/ESRL (2022c) Nitrous Oxide (N20) hemispheric and global monthly means
from the NOAA/ESRL Chromatograph for Atmospheric Trace Species data from baseline
observatories (Barrow, Alaska; Summit, Greenland; Niwot Ridge, Colorado; Mauna Loa, Hawaii;
American Samoa; South Pole). Available online at: https://www.esrl.noaa.gov/gmd/ccgg/trends_n2o/.
05 January 2022.
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Figure 3-9: 2020 Sources of N,O Emissions

In 2020, N2O accounted for 7.1 percent of U.S. GHG emissions on a 100-year GWP-weighted
basis. Agricultural Soil Management was the largest source, accounting for 316.2 MMT CO.e
(74.2 percent) of N,O emissions.
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Note: Nitrous oxide emissions from Petroleum Systems, Natural Gas Systems, and
Incineration of Waste are included in Other Energy. Nitrous oxide emissions from
Caprolactam, Glyoxal, and Glyoxylic Acid Production, Electronics Industry, and Product
Uses are included in Other Industrial Processes. LULUCF emissions include N>O
emissions reported for Peatlands Remaining Peatlands, Forest Fires, Drained Organic
Soils, Grassland Fires, Coastal Wetlands Remaining Coastal Wetlands, Forest Soils, and
Settlement Soils. Refer to Table 3-5 for a breakout of LULUCF emissions by gas.

Significant trends for the largest sources of U.S. emissions of N>O include the following:

e Agricultural soils were the largest anthropogenic source of N,O emissions in 2020,
accounting for 316.2 MMT COze (74.2 percent of N.O emissions) and 5.3 percent of total
GHG emissions in the United States. These emissions increased by 0.2 MMT COze (0.1
percent) from 1990 to 2020 but have fluctuated during that period due to annual
variations in weather patterns, fertilizer use, and crop production.

e Wastewater treatment, both domestic and industrial, was the second largest
anthropogenic source of N2O emissions in 2020, accounting for 23.5 MMT COze (5.5
percent of N,O emissions) and 0.4 percent of total GHG emissions in the United States in
2020. Emissions from wastewater treatment increased by 6.9 MMT CO.e (41.8 percent)
since 1990 as a result of growing U.S. population and protein consumption. Nitrous oxide
emissions from industrial wastewater treatment sources fluctuated throughout the time

153 EPA (2022).
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series with production changes associated with the treatment of wastewater from the
pulp and paper manufacturing, meat and poultry processing, fruit and vegetable
processing, starch-based ethanol production, petroleum refining, and brewery
industries.

¢ Nitrous oxide emissions from manure management accounted for 19.7 MMT COze (4.6
percent of N2O emissions) and 0.3 percent of total GHG emissions in the United States in
2020. These emissions increased by 5.7 MMT COze (41.2 percent) from 1990 to 2020.
While the industry trend has been a shift toward liquid systems, driving down the
emissions per unit of nitrogen excreted (dry manure handling systems have greater
aerobic conditions that promote N.O emissions), increases in specific animal populations
have driven an increase in overall manure management N>.O emissions over the time
series.

e Nitrous oxide emissions from mobile combustion decreased by 27.2 MMT COze (61.0
percent) from 1990 to 2020, primarily as a result of national vehicle emissions standards
and emission control technologies for on-road vehicles.

HFC, PFC, SFs, AND NF; EMISSIONS

HFCs, PFCs, SFe, and NFs are potent GHGs. In addition to having very high global warming
potentials, SFs and PFCs have extremely long atmospheric lifetimes, resulting in their
essentially irreversible accumulation in the atmosphere once emitted. Sulfur hexafluoride is
the most potent greenhouse gas the IPCC has evaluated.™*

Hydrofluorocarbons (HFCs) are synthetic chemicals that are used as alternatives to ozone
depleting substances (ODS), which are being phased out under the Montreal Protocol on
Substances that Deplete the Ozone Layer, and the Clean Air Act Amendments of 1990. The
most common HFCs are, however, powerful GHGs. Currently, they have a small aggregate
radiative forcing impact, but it is anticipated that without further controls their contribution
to overall radiative forcing will increase.”™ Under the 2016 Kigali Amendment to the
Montreal Protocol, there is now an international effort to phase down HFCs. The United
States ratified the Kigali Amendment on October 31, 2022. The United States enacted the
American Innovation and Manufacturing (AIM) Act on December 27, 2020, which gives EPA
authority to phase down HFC production and consumption in line with the Kigali Amendment
phase-down schedule through an allowance allocation program, promulgate certain
regulations for purposes of maximizing reclamation and minimizing releases of HFCs and

154 1PCC (2021).
155 https://www.epa.gov/climate-hfcs-reduction/aim-act.
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their substitutes from equipment, and facilitate transitions to next-generation technologies
through sector-based restrictions on HFCs.

Perfluorocarbons (PFCs) are emitted from the production of electronics and aluminum and
also (in smaller quantities) from their use as alternatives to ODS. Sulfur hexafluoride (SFe) is
emitted from the production of electronics and magnesium, as well as from the
manufacturing and use of electrical transmission and distribution equipment. NFs is also
emitted from electronics production. One HFC, HFC-23, is emitted during production of
hydrochlorofluorocarbon-22 (HCFC-22) and electronics (see Figure 3-10).

Figure 3-10: 2020 Sources of HFCs, PFCs, SF6, and NF; Emissions

In 2020, HFCs, PFCs, SF6, and NFs accounted for 3.2 percent of U.S. GHG emissions on a GWP-
weighted basis. Emissions from the substitution of ozone-depleting substances (e.g.,
chlorofluorocarbons) have been consistently increasing, from 0.2 MMT COze in 1990 to 176
MMT CO2e in 2020.

Substitution of Ozone Depleting Substances 176
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Source: U.S. EPA"™¢

Some significant trends for the largest sources of U.S. HFC, PFC, SFs, and NFs emissions
include the following:

e Hydrofluorocarbon and perfluorocarbon emissions resulting from their use as
substitutes for ODS (e.g., chlorofluorocarbons [CFCs]) are the largest share of fluorinated
emissions (93.2 percent) and have been consistently increasing, from small amounts in
1990 to 176 MMT COze in 2020. This increase was in large part the result of efforts to
phase out CFCs and other ODS in the United States.

e PFC, HFC, SFs, and NFs emissions from the electronics industry have increased by 24.7
percent from 1990 to 2020, reflecting the competing influences of industrial growth and
the adoption of emission reduction technologies. Within that time span, emissions

156 EPA (2022).
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peaked at 9.0 MMT COze in 1999, the initial year of EPA's PFC Reduction/Climate
Partnership for the Semiconductor Industry but have since declined to 4.4 MMT COze in
2020 (a 50.9 percent decrease relative to 1999).

e Sulfur hexafluoride emissions from electric power transmission and distribution systems
decreased by 83.6 percent (19.4 MMT COze) from 1990 to 2020. There are two factors
contributing to this decrease: (1) a sharp increase in the price of SFes during the 1990s;
and (2) a growing awareness of the environmental impact of SFs emissions through
programs such as EPA’s SFs Emission Reduction Partnership for Electric Power Systems.

e Emissions from HCFC-22 production were 2.1MMT COze in 2020, a 95.4 percent decrease
from 1990 emissions. The decrease from 1990 emissions was caused primarily by a
reduction in the HFC-23 emission rate (kilogram (kg) HFC-23 emitted/kg HCFC-22
produced). The emission rate was lowered by optimizing the production process and
capturing much of the remaining HFC-23 for use or destruction.

e PFC emissions from aluminum production decreased by 92.2 percent (19.8 MMT COze)
from 1990 to 2020, due to both industry emission reduction efforts and lower domestic
aluminum production.

OVERVIEW OF IPCC SECTOR EMISSIONS AND TRENDS

Figure 3-11 and Table 3-4 show aggregate emissions and sinks, using the sectors defined by
the IPCC methodological guidance and UNFCCC reporting guidelines to promote
comparability across countries. Over the thirty-one-year period of 1990 to 2020, total
emissions from the Energy and Waste sectors decreased by 486.5 MMT CO.e (9.1 percent)
and 58.6 MMT CO.e (27.4 percent), respectively. Emissions from the Industrial Processes and
Product Use, and Agriculture sectors grew by 30.2 MMT COze (8.7 percent) and 42.8 MMT
COqe (7.8 percent), respectively. Over the same period, net carbon (C) sequestration in the
LULUCF sector decreased by 79.8 MMT CO: (9 percent decrease in total net C sequestration),
while emissions from the LULUCF sector (i.e., CHs and N;O) increased by 21.8 MMT COe
(69.6 percent).
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Figure 3-11: U.S. Greenhouse Gas Emissions and Sinks by IPCC Sector

Along with Table 3-4, this figure aggregates emissions and sinks by sectors, as defined by the
Intergovernmental Panel on Climate Change, and presents net emissions including sinks.
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Table 3-4: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks
by IPCC Sector (MMT COze)

From 1990 to 2020, total emissions in the Energy and Waste sectors decreased while
emissions in the Industrial Processes and Product Use and Agriculture sectors increased. Net
sequestration in the Land Use, Land-Use Change and Forestry Sector decreased by 79.80
MMT COz (9 percent).

Energy 5,341.1 6,319.8 54131 53727 55395 5409.8 4,854.7
Industrial Processes and

Product Use 346.2 365.9 369.0 369.4 373.4 379.5 376.4
Agriculture 551.9 573.6 601.9 603.2 616.7 622.9 594.7
Waste 214.2 175.6 153.9 155.7 157.9 159.6 155.6
Total Gross Emissions?

(Sources) 6,453.5 7,434.8 6,5379 6,501.0 6,687.5 6,571.7 5,981.4
LULUCF Sector Net Total® (860.6) (789.8) (826.6) (781.2) (769.3) (730.5) (758.9)

Net Emissions (Sources
and Sinks)© 5,592.8 6,645.0 5,711.2 5,719.8 5,918.2 5,841.2 5,2224

Notes: Total emissions presented without LULUCF sector. Net emissions presented
with LULUCF. Totals may not sum due to independent rounding. Parentheses indicate
negative values or sequestration.

a Total emissions without LULUCF.
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b The LULUCF Sector Net Total is the sum of all LULUCF CH4 and N20O emissions to the
atmosphere plus net carbon stock changes in units of MMT COze.

¢ Net emissions with LULUCF.

ENERGY

The Energy sector contains emissions of all GHGs resulting from stationary and mobile
energy activities including fuel combustion and fugitive fuel emissions, and the use of fossil
fuels for non-energy purposes. As noted above, energy-related activities, primarily fossil fuel
combustion, accounted for the vast majority of U.S. CO2 emissions for the period of 1990
through 2020. Energy- related activities are also responsible for CHs and N2O emissions (41.4
percent and 9.6 percent of total U.S. emissions of each gas, respectively). Overall, emission
sources in the Energy sector account for a combined 81.2 percent of total U.S. GHG
emissions in 2020.

INDUSTRIAL PROCESSES AND PRODUCT USE

The Industrial Processes and Product Use (IPPU) sector includes GHG emissions generated
and emitted as the byproducts of non-energy-related industrial processes, which involve the
chemical or physical transformation of raw materials and can release waste gases such as
COy, CH4, N2O, and fluorinated gases (e.g., HFC-23). These processes include iron and steel
production and metallurgical coke production, cement production, petrochemical
production, ammonia production, lime production, other process uses of carbonates (e.g.,
flue gas desulfurization and soda ash consumption not associated with glass manufacturing),
nitric acid production, adipic acid production, urea consumption for non-agricultural
purposes, aluminum production, HCFC-22 production, glass production, soda ash
production, ferroalloy production, titanium dioxide production, caprolactam production,
zinc production, phosphoric acid production, lead production, and silicon carbide production
and consumption. Most of these industries also emit CO, from fossil fuel combustion which,
in line with IPCC sectoral definitions, is included in the Energy Sector.

This sector also includes the release of HFCs, PFCs, SFs, and NFs and other fluorinated
compounds used in industrial manufacturing processes and by end-consumers (e.g.,
residential and mobile air conditioning). These industries include electronics industry,
electric power transmission and distribution, and magnesium metal production and
processing. In addition, N2O is used in and emitted by the electronics industry and by
anesthetic and aerosol applications, and CO; is consumed and emitted through various end-
use applications. In 2020, emissions resulting from use of ODS substitutes (e.g.,
chlorofluorocarbons (CFCs) by end-consumers was the largest source of IPPU emissions and
accounted for 176 MMT CO.e (46.8 percent) of total IPPU emissions.
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IPPU activities are responsible for 3.5, 0.1, and 5.5 percent of total U.S. CO,, CHy4, and N;O
emissions respectively, as well as for all U.S. emissions of fluorinated gases such as HFCs,
PFCs, SFs and NFs. Overall, emission sources in the IPPU sector accounted for 6.3 percent of
U.S. GHG gas emissions in 2020.

AGRICULTURE

The Agriculture sector includes anthropogenic emissions from agricultural activities (except
fuel combustion, which per IPCC guidance is addressed in the Energy sector, and some
agricultural CO,, CH4, and N;O fluxes, which per IPCC guidance are addressed in the Land
Use, Land-Use Change, and Forestry sector). Agricultural activities contribute directly to
emissions of GHGs through a variety of processes, including the following source categories:
agricultural soil management, enteric fermentation in domestic livestock, livestock manure
management, rice cultivation, urea fertilization, liming, and field burning of agricultural
residues.

In 2020, agricultural activities were responsible for emissions of 549.7 MMT CO.e, or 9.9
percent of total U.S. GHG emissions. Methane, N,O, and CO, are GHGs emitted by
agricultural activities. Methane emissions from enteric fermentation and manure
management represented approximately 26.9 percent and 9.2 percent of total CH4
emissions from anthropogenic activities, respectively, in 2020. Agricultural soil management
activities, such as application of synthetic and organic fertilizers, deposition of livestock
manure, and retention of residues from N-fixing legumes and non-legume crops and
forages, were the largest contributors to U.S. NoO emissions in 2020, accounting for 74.2
percent of total N2O emissions. Carbon dioxide emissions from the application of crushed
limestone and dolomite (i.e., soil liming) and urea fertilization represented 0.2 percent of
total CO, emissions from anthropogenic activities.

LAND USE, LAND-USE CHANGE, AND FORESTRY

The LULUCF sector contains emissions and removals of CO. and emissions of CH4 and N2O
from managed lands in the United States. Consistent with the 2006 IPCC Guidelines, emissions
and removals from managed lands are considered to be anthropogenic, while emissions and
removals from unmanaged lands are considered to be natural. The share of managed land
in the United States is approximately 95 percent of total land included in the national
Inventory. More information on the definition of managed land used is provided in Chapter
6 of the national Inventory.

Overall, the Inventory results show that U.S. managed land is a net sink for CO; (i.e., provides
net carbon sequestration). The primary drivers of fluxes on managed lands include forest
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management practices, tree planting in urban areas, the management of agricultural soils,
and land use change. The main drivers for forest carbon sequestration include forest growth
and increasing forest area (i.e., afforestation), as well as a net accumulation of carbon stocks
in harvested wood pools. The net sequestration in Settlements Remaining Settlements, which
occurs predominantly from urban forests (i.e., Settlement Trees) and landfilled yard
trimmings and food scraps, is a result of net tree growth and increased urban forest area, as
well as long-term accumulation of yard trimmings and food scraps carbon in landfills.

The LULUCF sector in 2020 resulted in a net increase in carbon stocks (i.e., net CO, removals)
of 812.2 MMT COze (Table 3-5). This represents an offset of 13.6 percent of total (i.e., gross)
U.S. GHG emissions in 2020."™ Emissions of CHs and N.O from LULUCF activities in 2020
were 53.2 MMT CO.e, representing 0.9 percent of total GHG emissions. Between 1990 and
2020, total carbon sequestration in the LULUCF sector decreased by 9 percent, primarily due
to a decrease in the rate of net carbon accumulation in forests and Cropland Remaining
Cropland, as well as an increase in CO, emissions from Land Converted to Settlements. The
overall net flux from LULUCEF (i.e., net sum of all CH4 and N>O emissions to the atmosphere
plus net carbon stock changes in units of MMT COze) resulted in a removal of 758.9 MMT
CO2e in 2020.

Flooded lands were the largest source of CHs4 emissions from the LULUCF sector in 2020,
totaling 19.9 MMT COze. Forest fires were the second largest source and resulted in CHs
emissions of 13.6 MMT CO.e, followed by Coastal Wetlands Remaining Coastal Wetlands with
CH4 emissions of 3.8 MMT COze.

Forest fires were also the largest source of N,O emissions from the LULUCF sector in 2020,
totaling 11.7 MMT COze. Nitrous oxide emissions from fertilizer application to settlement
soils in 2020 totaled 2.5 MMT COe. Carbon dioxide removals from C stock changes are
presented in Table 3-5 along with CH4 and N,O emissions for LULUCF source categories.

Table 3-5: U.S. Greenhouse Gas Emissions and Removals (Net Flux) from
Land Use, Land-Use Change, and Forestry (MMT COse)

Forest Land Remaining

s (769.7) (674.0) (7173)  (670.1) (664.6) (631.8) (642.2)
tgngconverted to Forest (98.6) (99.1) (99.5)  (995) (99.5)  (99.5)  (99.5)
Cropland Remaining (23.2) (29.0) (227)  (223)  (166) (145  (23.3)

157 EPA (2021a) Acid Rain Program Dataset 1996-2020. Office of Air and Radiation, Office of
Atmospheric Programs, U.S. Environmental Protection Agency, Washington, D.C.
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Cropland
Land Converted to 51.8 52.0 54.1 543 540 539 544
Cropland®
Grassland Remaining 7.1 9.4 8.6 99 103 131 5.1
Grasslandd
Land Converted to
Grasslandc 3.1 (37.0) (22.6) (22.7)  (22.4)  (21.5)  (24.1)
Wetlands Remaining 14.7 17.2 15.8 159 159 159 158
Wetlands®
Land Converted to 7.1 1.2 0.6 06 0.6 0.6 06
Wetlands®
Settlements Remaining (107.6) (113.5) (121.5)  (125.3) (124.9) (1245) (123.7)
Settlementsf ) ' ) ' ) ) '
Land Converted to 60.8 82.8 77.8 779 780 779 779
Settlements©
LULUCF Carbon Stock
Change/CO% (892.0) (831.2) (862.0) (826.7) (809.0) (760.8) (812.2)
LULUCF CHs and N20O 31.4 413 35.4 455 398 303 532
Emissionsh
CHa 27.2 30.9 28.3 340 307 255  38.1
N20 4.2 105 7.1 115 9.1 48 152
LULUCF Sector Net Total (860.6) (789.8) (826.6) (781.2) (769.3) (730.5) (758.9)

Notes: Totals may not sum due to independent rounding. Parentheses indicate net
sequestration.

@ Includes the net changes to carbon stocks stored in all forest ecosystem pools and
harvested wood products, emissions from fires on both Forest Land Remaining Forest
Land and Land Converted to Forest Land, emissions from N fertilizer additions on both
Forest Land Remaining Forest Land and Land Converted to Forest Land, and CHs4 and N>O
emissions from drained organic soils on both Forest Land Remaining Forest Land and
Land Converted to Forest Land.

®Includes the net changes to carbon stocks stored in all forest ecosystem pools.

¢ Includes changes in mineral and organic soil carbon stocks for all land use
conversions to cropland, grassland, and settlements, respectively. Also includes
aboveground/belowground biomass, dead wood, and litter carbon stock changes for
conversion of forest land to cropland, grassland, and settlements, respectively.

d Estimates include CH4 and N,O emissions from fires on both Grassland Remaining
Grassland and Land Converted to Grassland.

¢ Estimates include CH4 emissions from Flooded Land Remaining Flooded Land and
Land Converted to Flooded Land.

f Estimates include N2O emissions from N fertilizer additions on both Settlements
Remaining Settlements and Land Converted to Settlements because it is not possible to
separate the activity data at this time.
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8 LULUCF Carbon Stock Change includes any C stock gains and losses from all land use
and land use conversion categories.

h LULUCF emissions include the CHs and N.O emissions reported for Peatlands
Remaining Peatlands, Forest Fires, Drained Organic Soils, Grassland Fires, and Coastal
Wetlands Remaining Coastal Wetlands; CHa4 emissions from Land Converted to Coastal
Wetlands, Flooded Land Remaining Flooded Land, and Land Converted to Flooded
Land; and N>O emissions from Forest Soils and Settlement Soils.

'The LULUCF Sector Net Total is the net sum of all LULUCF CH4 and N>O emissions to
the atmosphere plus net carbon stock changes in units of MMT CO»e.

WASTE

The Waste sector includes emissions from waste management activities (except incineration
of waste, which is addressed in the Energy sector). Landfills were the largest source of
anthropogenic GHG emissions from waste management activities, generating 109.3 MMT
COze and accounting for 70.3 percent of total GHG emissions from waste management
activities and 16.8 percent of total U.S. CHs4 emissions. Additionally, wastewater treatment
generated emissions of 41.8 MMT COze and accounted for 26.9 percent of total Waste sector
GHG emissions, 2.8 percent of U.S. CH4 emissions, and 5.5 percent of U.S. N>O emissions in
2020. Emissions of CHs and N,O from composting are also accounted for in this sector,
generating emissions of 2.3 MMT COze and 2.0 MMT COze, respectively. Anaerobic digestion
at biogas facilities generated CH4 emissions of 0.2 MMT COze, accounting for 0.1 percent of
emissions from the waste sector. Overall, emission sources accounted for in the Waste
sector generated 155.6 MMT CO»e, or 2.6 percent of total U.S. GHG emissions in 2020.

EMISSIONS BY ECONOMIC SECTOR

Throughout the Inventory of U.S. Greenhouse Gas Emissions and Sinks report, emission
estimates are grouped into five sectors defined by the IPCC: Energy; IPPU; Agriculture;
LULUCF; and Waste. It is also useful to characterize emissions according to commonly used
economic sector categories: residential, commercial, industry, transportation, electric power,
and agriculture. Emissions from U.S. Territories are reported as their own end-use sector
due to a lack of specific consumption data for the individual end-use sectors within U.S.
Territories. For more information on trends in the LULUCF sector, see discussion above on
LULUCF sector emission and removal trends.
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Figure 3-12: 2020 U.S. Greenhouse Gas Emissions Allocated to
Economic Sectors

In 2020, transportation accounted for the largest portion (27.2 percent) of U.S. GHG
emissions, electricity generation activities accounted for 24.8 percent, and industry
accounted for 23.8 percent. In contrast to transportation and industry, emissions from
electricity generation emissions have generally declined over the past decade.
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Note: Emissions and removals from Land Use, Land-Use Change, and Forestry are
excluded from figure above. Excludes U.S. Territories.

Table 3-6: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors
(MMT CO2e)

U.S. GHG emissions from major economic sectors decreased for the Electric Power. The long-
term decline in these emissions has been due to structural changes in the U.S. economy, fuel
switching, and energy efficiency improvements.

Transportation 1,526.4 1,975.5 1,828.0 11,8452 18747 18743 1,627.6
Electric Power Industry 1,880.5 2,456.7 1,860.5 1,780.6 1,799.8 1,651.0 1,482.2
Industry 1,652.4 1,536.2 14244 1446.7 1,507.6 1,521.7 1,426.2
Agriculture 596.8 626.3 643.4 644.4 657.9 663.9 635.1

158 EPA (2022).
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Commercial 4271 405.4 426.9 428.5 444.2 452.1 425.3
Residential 345.1 371.0 327.8 329.9 377.4 384.2 362.0
U.S. Territories 25.1 63.7 26.8 25.8 25.8 24.6 23.0
Total Gross Emissions

(Sources) 6,453.5 7,434.8 6,537.9 6,501.0 6,687.5 6,571.7 5,981.4
LULUCF Sector Net Total® (860.6) (789.8) (826.6) (781.2) (769.3) (730.5) (758.9)

Net Emissions (Sources
and Sinks) 5,592.8 6,645.0 5,711.2 5,719.8 5,918.2 5,841.2 5,2224

Notes: Total emissions presented without LULUCF. Total net emissions presented with
LULUCF. Totals may not sum due to independent rounding. Parentheses indicate
negative values or sequestration.

@ The LULUCF Sector Net Total is the net sum of all LULUCF CH4 and N,O emissions to
the atmosphere plus net carbon stock changes.

Using this categorization, emissions from transportation activities, in aggregate, accounted
for the largest portion (27.2 percent) of total U.S. GHG emissions in 2020. Electric power
accounted for the second largest portion (24.8 percent) of U.S. GHG emissions in 2020, while
emissions from industry accounted for the third largest portion (23.8 percent). Emissions
from industry have in general declined over the past decade due to a number of factors,
including structural changes in the U.S. economy (i.e., shifts from a manufacturing-based to
a service-based economy), fuel switching, and energy efficiency improvements.

The remaining 24.2 percent of U.S. GHG emissions were contributed by, in order of
magnitude, the agriculture, commercial, and residential sectors, plus emissions from U.S.
Territories. Activities related to agriculture accounted for 10.6 percent of U.S. emissions;
unlike other economic sectors, agricultural sector emissions, as previously noted, were
dominated by N>O emissions from agricultural soil management and CH4 emissions from
enteric fermentation. An increasing amount of carbon is stored in agricultural soils each year,
but per reporting guidelines this CO; sequestration is assigned to the LULUCF sector rather
than the agriculture economic sector and is reflected in the LULUCF sector Net Total. The
commercial and residential sectors accounted for 7.1 percent and 6.1 percent of emissions,
respectively, and U.S. Territories accounted for 0.4 percent of emissions; emissions from
these sectors primarily consisted of CO2 emissions from fossil fuel combustion. As described
above, carbon dioxide was also emitted and sequestered by a variety of activities related to
forest management practices, tree planting in urban areas, the management of agricultural
soils, landfilling of yard trimmings, and changes in carbon stocks in coastal wetlands.
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Electricity is ultimately used in the economic sectors described above. Table 3-7 presents
GHG emissions from economic sectors with emissions related to electric power distributed
into end-use categories (i.e., emissions from electric power are allocated to the economic
sectors in which the electricity is used). To distribute electricity emissions among end-use
sectors, emissions from the source categories assigned to electric power were allocated to
the residential, commercial, industry, transportation, and agriculture economic sectors
according to retail sales of electricity for each end-use sector.”™ These source categories
include CO; from fossil fuel combustion and the use of limestone and dolomite for flue gas
desulfurization, CO, and N;O from incineration of waste, CHs and N,O from stationary
sources, and SFes from electrical transmission and distribution systems.

When emissions from electricity use are distributed among these end-use sectors, industrial
activities and transportation account for the largest shares of U.S. GHG emissions (30.3
percent and 27.3 percent, respectively) in 2020. The commercial and residential sectors
contributed the next largest shares of total U.S. GHG emissions in 2020 (15.4 and 15.4
percent, respectively). Emissions from the commercial and residential sectors increase
substantially when emissions from electricity use are included, due to their relatively large
share of electricity use for energy (e.g., lighting, cooling, appliances).

Table 3-7: U.S. Greenhouse Gas Emissions by Economic Sector with
Electricity-Related Emissions Distributed (MMT COse)

In 2020, after distributing emissions from electricity generation to end-use sectors, industry
accounted for 30.37 percent of total U.S. GHG emissions, and the transportation sector
accounted for 27.3 percent.

Industry 2,326.5 2,251.6 1,917.5 19264 1,983.1 1,964.7 1,813.7
Transportation 1,529.6 1,980.3 18324 1,8496 1,879.5 1,879.1 1,632.4
Residential 957.6 1,247.2 999.9 964.3 1,036.7 984.1 923.1
Commercial 982.7 1,227.4 1,078.6  1,051.7 11,0653 1,020.1 919.7
Agriculture 631.9 664.6 682.6 683.2 697.1 699.1 669.5
U.S. Territories 25.1 63.7 26.8 25.8 25.8 24.6 23.0
Total Gross Emissions

(Sources) 6,453.5 7,434.8 6,537.9 6,501.0 6,687.5 6,571.7 5,981.4

159 EIA (2022); U.S.D.A./NASS (2020).
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LULUCF Sector Net
Total® (860.6) (789.8) (826.6) (781.2) (769.3) (730.5) (758.9)

Net Emissions (Sources
and Sinks) 5,592.8 6,645.0 5,711.2 5,719.8 5,918.2 5,841.2 5,222.4

Notes: Emissions from electric power are allocated based on aggregate electricity use in each end-use
sector. Totals may not sum due to independent rounding. Parentheses indicate negative values or
sequestration.

a. The LULUCF Sector Net Total is the net sum of all LULUCF CH4 and N20O emissions to the
atmosphere plus net carbon stock changes.

Box 3-2: Trends in U.S. Greenhouse Gas Emissions and Other Key Indices

Total GHG emissions can be compared to other economic and social indices to highlight changes over
time. These comparisons include: (1) emissions per unit of aggregate energy use, because energy-
related activities are the largest sources of emissions; (2) emissions per unit of fossil fuel
consumption, because almost all energy-related emissions involve the combustion of fossil fuels;
(3) emissions per unit of total gross domestic product as a measure of national economic activity;
and (4) emissions per capita.

Table 3-8 provides data on various statistics related to U.S. GHG emissions normalized to 1990 as
a baseline year. These values represent the relative change in each statistic since 1990. GHG
emissions in the United States have decreased at an average annual rate of 0.2 percent since 1990,
although changes from year to year have been significantly larger. This growth rate is slightly
slower than that for total energy use and fossil fuel consumption, overall gross domestic
product (GDP), and national population (see Figure 3-13). The direction of these trends started to
change after 2005, when GHG emissions, total energy use and fossil fuel consumption began to
peak. GHG emissions in the United States have decreased at an average annual rate of 1.4 percent
since 2005. Fossil fuel consumption has also decreased at a slower rate than emissions since
2005, while total energy use, GDP, and national population continued to increase.

Source: U.S EPA160

160 EIA (2022).
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Table 3-8: Recent Trends in U.S. Greenhouse Gas Emissions and Other
Key Indices
(Index 1990 = 100)

Greenhouse

Gas

Emissions® 100 115 101 101 104 102 93 -0.2% -1.4%
Energy Use® 100 119 116 116 120 119 109 0.3% -0.5%
GDP¢ 100 159 189 193 199 203 196 2.3% 1.4%
Population® 100 118 128 129 129 131 132 0.9% 0.8%

a Average annual growth rate.

b GWP-weighted values.

c Energy content-weighted values.®"
d GDP in chained 2009 dollars.®?

e U.S. Census Bureau.'®3

161 EIA (2022).

162 BEA (2022) 2021 Comprehensive Revision of the National Income and Product Accounts: Current-
dollar and "real" GDP, 1929-2021. Bureau of Economic Analysis (BEA), U.S. Department of
Commerce, Washington, D.C. Available online at: http://www.bea.gov/national/index.htm#gdp.

163 U.S. Census Bureau (2021) U.S. Census Bureau International Database (IDB). Available online at:
https:// www.census.gov/programs-surveys/international-programs.htmi\.
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Figure 3-13: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of
Gross Domestic Product (GDP)
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PRECURSOR GREENHOUSE GAS EMISSIONS

The reporting requirements of the UNFCCC request that information be provided on
precursor greenhouse gases, which include carbon monoxide (CO), nitrogen oxides (NO,),
non-CH4 volatile organic compounds (NMVOCs), and sulfur dioxide (SO,). These gases are
not direct greenhouse gases, but can indirectly impact Earth’s radiative balance, by altering
the concentrations of other greenhouse gases (e.g., tropospheric ozone) and atmospheric
aerosol (e.g., particulate sulfate). Carbon monoxide is produced when carbon-containing
fuels are combusted incompletely in energy, transportation, and industrial processes, and is
also emitted from practices such as agricultural burning and waste disposal and treatment.
Anthropogenic sources of NO, (i.e.,, NO and NO;) are primarily fossil fuel combustion (for
energy, transportation, industrial process) and agricultural burning. Anthropogenic sources
of NMVOCs, which include hundreds of organic compounds that participate in atmospheric
chemical reactions (i.e., propane, butane, xylene, toluene, ethane, and many others)—are
emitted primarily from transportation, industrial processes, oil and natural gas production,
waste practices, agricultural burning, and non-industrial consumption of organic solvents. In

164 EPA (2022)
165 BEA (2022); U.S. Census Bureau (2021).
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the United States, SO, is primarily emitted from coal combustion for electric power
generation and the metals industry. Other indirect impacts include the formation of sulfate
and nitrate aerosol from emissions of NOx and SO, both of which have a net negative impact
on radiative forcing.

One important indirect climate change effect of NMVOCs and NOx is their role as precursors
for tropospheric ozone formation. They can also alter atmospheric lifetimes of other
greenhouse gases. Additional compound such as NOx, NMVOCs, and CO also have indirect
effects on Earth’s radiative balance and climate change. For example, chemical reactions
involving these compounds will directly impact the atmospheric concentrations of CHa, CO,
and ozone (O3).

Since 1970, the United States has published triennial estimates of emissions of CO, NOx,
NMVOCs, and SO, (EPA 2021Db),'®® which are regulated under the Clean Air Act. Precursor
emission estimates for this report for 1990 through 2020 were obtained from data published
on EPA's National Emissions Inventory (NEI) Air Pollutants Emissions Trends Data website.'®’
For Table 3-9, NEl-reported emissions of CO, NOx, SO, and NMVOCs are recategorized from
NEI Tier 1/Tier 2 source categories to those more closely aligned with IPCC sectors as
described in Annex 6 of the national Inventory report. Table 3-9 shows that fuel combustion
accounts for the majority of emissions of these indirect greenhouse gases. Industrial
processes— such as the manufacture of chemical and allied products, metals processing,
and industrial uses of solvents—are also significant sources of CO, NOx, and NMVOCs. As
Table 3-9 shows, emissions of each of these precursor greenhouse gas has decreased
significantly since 1990 as a result of the implementation of Clean Air Act programs, as well
as technological improvements.

166 EPA (2021b).
167 Ibid.
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Table 3-9 Emissions of NOx, CO, NMVOCs, and SO, (kt)

NOx 21,764 17,333 8,792 8,483 8,008 7,425 7,128
Energy 21,106 16,602 8,268 7,883 7,456 6,962 6,471
IPPU 592 572 402 397 397 397 397
LULUCF 52 142 107 188 139 50 244
Agriculture 13 15 14 14 14 14 14
Waste + 2 1 1 1 1 1
co 132,759 74,553 39,981 43,688 39,531 34,170 43,799
Energy 125,640 64,985 34,461 33,401 32,392 31,384 30,376
LULUCF 2,673 7,642 4,099 8,936 5,789 1,436 12,074
IPPU 4,129 1,557 1,075 1,007 1,007 1,007 1,007
Agriculture 315 363 340 339 338 337 336
Waste 1 7 6 5 5 5 5
NMVOCs 20,923 13,309 9,855 9,483 9,310 9,136 8,963
Energy 12,612 7,345 6,022 5,664 5,491 5,318 5,145
IPPU 7,638 5,849 3,776 3,767 3,767 3,767 3,767
Waste 673 114 57 52 52 52 52
Agriculture NA NA NA NA NA NA NA
LULUCF NA NA NA NA NA NA NA
SO2 20,935 13,196 2,906 2,303 2,211 1,943 1,780
Energy 19,628 12,364 2,439 1,794 1,701 1,433 1,270
IPPU 1,307 831 466 509 509 509 509
Waste + 1 1 1 1 1 1
Agriculture NA NA NA NA NA NA NA
LULUCF NA NA NA NA NA NA NA

Note: Totals may not sum due to independent rounding.
+ Does not exceed 0.5 kt.
NA (Not Available)
Source: (EPA 2021b) EPA 202168 except for estimates from Forest Fires, Grassland

Fires, and Field Burning of Agricultural Residues. Emission categories from EPA
(2021b) are aggregated into IPCC sector.

INSTITUTIONAL ARRANGEMENTS

Federal and state government authorities, research and academic institutions, industry
associations, and private consultants are involved in supplying data to, preparing portions
and/or reviewing the national GHG inventory. The U.S. Department of Agriculture’s Forest
Service and Agricultural Research Service, National Oceanic and Atmospheric Administration
(NOAA), Federal Aviation Administration (FAA), and Department of Defense (DOD) contribute
to the collection of data and also support compilation of the estimates and supporting
analysis. Other U.S. agencies provide official data for use in the Inventory. For example, the
U.S. Department of Energy's Energy Information Administration provides national fuel

168 Jbid.
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consumption data, and DOD provides data on military fuel consumption and use of bunker
fuels. The institutional arrangements for preparing the Inventory are explained in more
detail in the Inventory of U.S. Greenhouse Gas Emissions and Sinks 1990-2020, in Section 1.2 on
National Inventory Arrangements.'® The institutional arrangements for development of the
Inventory have not changed significantly'”® since the Seventh National Communication, and 3™
and 4™ Biennial Report of the United States of America.”’” The U.S. Environmental Protection
Agency (EPA), in cooperation with other U.S. government agencies, prepares the annual
greenhouse gas inventory. Within EPA, the Office of Atmospheric Programs (OAP) is the lead
office responsible for the emission calculations provided in the Inventory, as well as the
completion of the National Inventory Report and the preparation of the Common Reporting
Format tables. EPA’s Office of Transportation and Air Quality is also involved in calculating
transportation and mobile combustion emissions, and EPA's Office of Research and
Development compiles emissions and removals from management of flooded lands for the
inventory. While the U.S. Department of State is the UNFCCC focal point, EPA's OAP serves
as the Inventory focal point for review, covering technical questions and comments on the

U.S. Inventory.

169 EPA (2022).

70 The main change is the addition of arrangements to compile estimates of greenhouse gas
emissions and removals from management of flooded lands.

71U.S. DOS (2021) A Review of Sustained Climate Action through 2020: Available online at:
https://unfccc.int/sites/default/files/resource/United percent20States percent207th percent20NC
percent203rd percent204th percent20BR percent20final.pdf.
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INTRODUCTION

As described in the previous U.S. National Communication, A Review of Sustained Climate
Action Through 2020, a range of U.S. policies have helped continually reduce greenhouse gas
emissions over the past decade, even as the economy grew.'’? In 2021 and 2022, the United
States built on this foundation with a historic wave of new executive and legislative actions
at the federal level, as well as continued progress across states, territories, Tribal Nations,
local governments, the private sector, and civil society.

In January 2021, President Biden issued an Executive Order on Tackling the Climate Crisis at
Home and Abroad, placing climate considerations at the forefront of U.S. foreign policy and
mobilizing the full capacity of the federal government to reduce domestic emissions while
creating good-paying jobs, delivering environmental justice, and protecting public health.'”3
This Executive Order created new structures and initiatives to achieve these goals equitably,
including:

e The country’s first-ever National Climate Task Force, bringing together federal
agency leaders to deploy a whole-of-government approach to combat the climate
crisis and achieve net-zero U.S. emissions no later than 2050."74

e The Justice40 Initiative, to deliver 40 percent of the overall benefits of federal
climate, clean energy, and related investments to disadvantaged communities.'”>

e The Interagency Working Group on Coal and Power Plant Communities and
Economic Revitalization, to ensure that communities that have powered the
country for generations benefit from job creation, pollution cleanup, and other

opportunities provided by the growing clean energy economy.'’®

72 The White House. https://www.whitehouse.gov/wp-
content/uploads/2021/10/ClimateNationalCommunication.pdf.

73 The White House. https://www.whitehouse.gov/briefing-room/presidential-
actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/.

174 The White House. https://www.whitehouse.gov/climate/.

175 The White House. https://www.whitehouse.gov/environmentaljustice/justice40/.

176 Interagency Working Group on Coal and Power Plant Communities and Economic Revitalization.
https://energycommunities.gov/.
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In April 2021, President Biden announced the new target of reducing U.S. greenhouse gas
emissions 50-52 percent below 2005 levels in 2030.'77 In setting this target, the Biden-Harris
Administration emphasized that climate change poses an existential threat—and that
addressing the climate crisis provides opportunities to create millions of good-paying jobs,
reduce energy costs and protect families from fossil fuel price spikes, and deliver clean air
and clean water to communities.

Over the last two years, the Administration has taken new executive actions to reduce
greenhouse gas emissions across sectors, including steps to:

e Fast-track clean energy projects, by jumpstarting the American offshore wind

industry,’”® launching a Permitting Action Plan,"”®

180

advancing renewables on public

lands, 181

182

accelerating buildout of transmission lines,
183

and supporting community
solar'®s and other distributed energy resources.
¢ Accelerate electric transportation, by setting a national goal of 50 percent zero-

emission vehicle sales in 2030,'84 finalizing the strongest-ever greenhouse gas

77 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/04/22/fact-sheet-president-biden-sets-2030-greenhouse-gas-pollution-reduction-
target-aimed-at-creating-good-paying-union-jobs-and-securing-u-s-leadership-on-clean-energy-
technologies/.

78 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/03/29/fact-sheet-biden-administration-jumpstarts-offshore-wind-energy-projects-to-
create-jobs/.

79 The White House. https://www.whitehouse.gov/wp-content/uploads/2022/05/Biden-Harris-
Permitting-Action-Plan.pdf.

180 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/01/12/fact-sheet-biden-harris-administration-races-to-deploy-clean-energy-that-
creates-jobs-and-lowers-costs/.

'8 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/11/18/fact-sheet-the-biden-harris-administration-advances-transmission-buildout-to-
deliver-affordable-clean-electricity/.

182 U.S. Department of Energy. https://www.energy.gov/communitysolar/listings/news.

183 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/04/20/fact-sheet-biden-harris-administration-creates-cost-saving-clean-energy-
opportunities-to-combat-climate-crisis/.

184 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/08/05/fact-sheet-president-biden-announces-steps-to-drive-american-leadership-
forward-on-clean-cars-and-trucks/.
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(GHG) emissions standards for passenger vehicles, '8 and strengthening battery

supply chains.'8°

e Tackle super-pollutants through the U.S. Methane Emissions Reduction Action

187

Plan covering the oil and gas industry, agriculture, buildings and more, '©” and via

ratifying the Kigali Amendment to the Montreal Protocol on Substances that Deplete

the Ozone Layer'® and an aligned national phasedown of hydrofluorocarbons. '8

e Support industrial decarbonization, by advancing the first-ever carbon-based

t190

trade instrument'** and Buy Clean actions to incentivize low-carbon production of

key materials like steel and advancing research, development, demonstration, and

deployment of technologies like clean hydrogen. '’

e Cut emissions and energy costs in buildings, by strengthening federal efficiency

standards for appliances and equipment'%?

193

and launching partnerships with state
and local governments'”> and the private sector'?* to advance retrofits,

electrification, and more.

185 U.S. Environmental Protection Agency. https://www.epa.gov/newsreleases/epa-finalizes-
greenhouse-gas-standards-passenger-vehicles-paving-way-zero-emissions.

'8 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/10/19/fact-sheet-biden-harris-administration-driving-u-s-battery-manufacturing-and-
good-paying-jobs/.

'87 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/01/31/fact-sheet-biden-administration-tackles-super-polluting-methane-emissions/.
'8 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/09/21/statement-by-president-joe-biden-on-senate-ratification-of-the-kigali-
amendment-to-the-montreal-protocol/.

'8 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/09/23/fact-sheet-biden-administration-combats-super-pollutants-and-bolsters-
domestic-manufacturing-with-new-programs-and-historic-commitments/.

190 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/10/31/fact-sheet-the-united-states-and-european-union-to-negotiate-worlds-first-
carbon-based-sectoral-arrangement-on-steel-and-aluminum-trade/.

91 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/02/15/fact-sheet-biden-harris-administration-advances-cleaner-industrial-sector-to-
reduce-emissions-and-reinvigorate-american-manufacturing/.

192 U.S. Department of Energy. https://www.energy.gov/articles/doe-releases-energy-saving-rules-
federal-buildings-and-proposes-new-standards-consumer.

193 National Building Performance Standards Coalition. https://nationalbpscoalition.org/

194 U.S. Department of Energy - Better Climate Challenge.
https://betterbuildingssolutioncenter.energy.gov/climate-challenge.
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e Enhance carbon sequestration, by launching the America the Beautiful initiative to

0195

conserve 30 percent of U.S. lands and waters by 203 issuing an Executive Order

to strengthen forests and other nature-based solutions,'?® and supporting climate-

smart agriculture.’’

e Drive innovation, by identifying 37 technologies with the power to change the

game on achieving net-zero emissions by no later than 2050 and prioritizing five for

immediate federal support.'®

¢ Lead by example through the Federal Sustainability Plan to reduce emissions

across the federal government’s 300,000 buildings, 600,000 vehicles, and $650

billion in annual purchasing power.'%°

President Biden has also signed into law two transformative pieces of legislation that will
work in tandem with continued executive actions to achieve the nation’s climate goals.

e The Bipartisan Infrastructure Law (BIL) makes foundational investments in the
U.S. clean energy economy, with historic levels of support for: upgrading the power
grid to transmit more clean energy and withstand extreme weather; building a
nationwide network of electric vehicle chargers; improving public transit and
passenger rail; deploying zero-emission school and transit buses; weatherizing low-
income homes; cleaning up legacy pollution; and supporting demonstration projects
and research hubs for next-generation clean technologies. Key investments by
sector are highlighted throughout this chapter, and the BIL Guidebook provides
detailed program-by-program information.*

e The Inflation Reduction Act (IRA) is estimated to have more than ten times the
climate impact of any other single piece of U.S. legislation. It provides approximately
$370 billion for emissions reduction, environmental justice, and climate resilience.

This law will more than double U.S. deployment of solar, wind, and battery storage

195 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/12/20/fact-sheet-biden-harris-administration-celebrates-expansion-of-locally-led-
conservation-efforts-in-first-year-of-america-the-beautiful-initiative/.

19 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/04/22/fact-sheet-president-biden-signs-executive-order-to-strengthen-americas-
forests-boost-wildfire-resilience-and-combat-global-deforestation/.

197 U.S. Department of Agriculture. https://www.usda.gov/climate-solutions

198 The White House. https://www.whitehouse.gov/wp-content/uploads/2022/11/U.S.-Innovation-to-
Meet-2050-Climate-Goals.pdf.

199 Office of the Federal Chief Sustainability Officer.
https://www.sustainability.gov/federalsustainabilityplan/.

200 The White House. https://www.whitehouse.gov/build/.
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by 2030, with new and extended tax incentives for clean energy. A variety of rebates
and tax incentives will help families save money on energy costs, including support
for making home energy efficiency upgrades, installing new electric appliances or
rooftop solar panels, and purchasing new or used electric vehicles. This law also
provides grants, loans, and other programs to support cleaner industrial facilities,
ports, and heavy-duty vehicles; community-led climate and environmental justice
projects; and climate-smart agriculture and forestry. Key investments by sector are
highlighted throughout this chapter, and the IRA Guidebook provides detailed
program-by-program information.?”"

With these policies in place, the United States is now on track to reduce economy-wide
greenhouse gas emissions to 40 percent below 2005 levels in 2030. Through additional
federal actions and efforts across other levels of government, civil society, and the private
sector through 2030, the United States is in a strong position to achieve the 50-52 percent
reduction goal.

This chapter highlights policies and measures that are already in place across each relevant
economic sector, with a focus on efforts launched or expanded in the last two years. An
accompanying table in Annex 2 provides more details on key policies and measures,
including several longstanding federal efforts that were reported in previous National
Communications. This reporting is not a comprehensive account of every policy and
measure that supports U.S. climate goals, but rather a selection of significant actions
underway.

POLICY MAKING PROCESS

FEDERAL GOVERNMENT

The U.S. federal government utilizes various types of policies and measures to promote the
mitigation of greenhouse gas emissions, including laws, investments, regulations, voluntary
programs, and partnerships with nonfederal governments and the private sector. The
federal government has jurisdiction over important mechanisms to mitigate greenhouse gas
emissions, including the regulation of pollution from power plants and vehicles, the
advancement of fuel economy in vehicles and energy efficiency of appliances, the
advancement of building energy codes, the regulation of interstate and international trade,

201 The White House. https://www.whitehouse.gov/cleanenergy/inflation-reduction-act-guidebook/
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and the ability to invest in technology research, innovation, and deployment—including
within federally-owned and occupied properties.

The United States operates a whole-of-government approach through numerous
interagency processes to ensure the efficient coordination of programs and funding. Many
federal processes require a consideration of the impact of proposed federal actions on
greenhouse gas emissions, as well as the costs and benefits of actions to mitigate those
impacts. Additionally, progress made with policies and measures intended to mitigate
greenhouse gas emissions is monitored and evaluated over time. Because of the multi-
branch system of government in the United States, described in Chapter 2, many federal
policies and measures can continue through multiple changes in leadership within the
executive and legislative branches.

In Annex 2, a table provides details on key federal policies and measures that contribute to
U.S. emissions reduction—a subset of the wide-ranging efforts underway across the
agencies of the National Climate Task Force.

NON-FEDERAL GOVERNMENTS

In addition to federal actions, non-federal governments—state, local, Tribal, and territorial—
are advancing a range of policies and measures to reduce greenhouse gas emissions. These
bottom-up efforts are particularly critical in areas where the federal government has limited
authority.

For example:

e State public utility commissions are accelerating the clean energy transition
through their oversight of electric and gas utilities, by streamlining adoption of smart
grid technologies and distributed energy resources, directing resources to building
upgrades and electric vehicle charging infrastructure, using performance-based
ratemaking to incentivize end-use energy efficiency and emissions reductions,
advancing modern rate designs, and expanding access of low- and moderate-income

households to community solar and other programs that reduce energy bills.?*

202 National Association of Regulatory Utility Commissioners.
https://maxxwww.naruc.org/forms/committee/CommitteeFormPublic/viewExecCommittee?id=7640
00C03D7.
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e State legislatures and governors are setting in-state targets to move faster on clean

electricity?® and zero-emission vehicle sales,?%*

using building codes to advance energy efficiency and electrification.

and state and local governments are
205

e Metropolitan planning organizations and state, regional, and local
transportation agencies are integrating climate goals into their planning, in order
to decrease transportation fuel emissions, improve transit services, and promote
more livable and sustainable communities.?%

e Tribal Nations are developing and implementing climate action plans to advance
clean energy, nature-based solutions, resilience efforts, and more.?’

¢ Local land use officials are pursuing smart growth strategies, by using planning and
zoning tools to support sustainable and affordable housing,?®®

deployment,?® and transit-oriented development.?'°

clean energy

Several coalitions are working to increase ambition for non-federal climate action. For
example, the U.S. Climate Alliance includes governors representing over half the U.S.
population that have committed to the collective goal of reducing greenhouse gas emissions
50-52 percent below 2005 levels by 2030 while advancing environmental justice and creating
high-quality jobs.?"" The America is All In coalition mobilizes thousands of government and
non-government members in support of climate action, including cities, counties, Tribal
Nations, businesses and investors, faith groups, health care organizations, and educational

203 National Conference of State Legislatures. https://www.ncsl.org/research/energy/renewable-
portfolio-standards.aspx.

204 Center for Climate and Energy Solutions. https://www.c2es.org/document/us-state-clean-vehicle-
policies-and-incentives/.

205 U.S. Department of Energy. https://www.energycodes.gov/.

206 Federal Highway Administration. https://www.fhwa.dot.gov/environment/sustainability/; U.S.
Department of Transportation.https://www.transportation.gov/sustainability/climate/case-studies-
mpo-activities.

207 National Congress of American Indians. https://www.ncai.org/ptg/climate.

208 U.S. Department of Housing and Urban Development.
https://www.hud.gov/program_offices/comm_planning/conplan/greenhomes.

209 National Renewable Energy Laboratory. https://www.nrel.gov/news/program/2022/nrel-releases-
comprehensive-databases-of-local-ordinances-for-siting-wind-solar-energy-projects.html.

210 U.S. Department of Transportation. https://www.transportation.gov/buildamerica/TOD.

211 U.S. Climate Alliance. http://www.usclimatealliance.org/publications/2022/9/19/2022-annual-
report.
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and cultural institutions.?'? The Climate Mayors network brings together hundreds of cities

working to achieve local emissions reduction targets.?'?

To further highlight non-federal actions, the presentation below of key policies and
measures in each sector includes specific examples from state, local, Tribal, and territorial
governments.

NATIONAL TARGETS

As detailed in its Fifth National Communication, and as part of its commitment under the
Copenhagen Accord, in 2010 the United States set a target of achieving economy-wide
greenhouse gas emissions reductions in the range of 17 percent below 2005 levels in 2020.
The United States achieved and exceeded this target, with net greenhouse gas emissions in
2020 that were 21 percent below 2005 levels. More information on achievement of this target
is presented in Chapter 3 of the annexed Biennial Report.

In April 2021 the United States communicated its Nationally Determined Contribution (NDC)
under the Paris Agreement: to achieve an economy-wide target of reducing its net
greenhouse gas emissions by 50-52 percent below 2005 levels in 2030. This 2030 NDC
represents increased ambition compared to the NDC communicated in 2015, which set a
target of reducing net greenhouse gas emissions by 26-28 percent below 2005 levels in 2025.
More information on the NDC is presented in Chapter 2 of the annexed Biennial Report.

The United States has also set a goal of achieving net-zero greenhouse gas emissions by no
later than 2050, and the 2027 Long-Term Strategy lays out pathways to achieve this goal
through actions spanning every sector of the economy.?'

KEY POLICIES AND MEASURES

The United States continues to advance many effective and complementary policies and
measures across sectors to meet its targets. Discussed here are a subset of policies and
measures that provide a significant contribution to greenhouse gas mitigation—or have the
potential to over time. While this section mentions some policies and measures that have
continued since the last National Communication, the focus is on new or expanded policies
and measures.

212 America Is All In. https://www.americaisallin.com/whos-in.

213 Climate Mayors. https://climatemayors.org/join-us/.

214 The White House. https://www.whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-
Strategy.pdf.
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ENERGY: SUPPLY

The federal government deploys a number of policies to accelerate clean and renewable
sources of energy, including a major focus on near-term deployment as well as supporting
research, development, demonstration, and deployment.

The Biden-Harris Administration has set a goal to reach 100 percent carbon pollution-free
electricity by 2035, which will eliminate emissions from power plants and help decarbonize
other sectors as more end uses across transportation, buildings, and industry run on clean
electricity. By 2025, the United States aims to permit at least 25 gigawatts of solar, onshore
wind, and geothermal on public lands, and to enable community solar systems to power the
equivalent of five million households and create $1 billion in energy bill savings.?’® The
Administration has also created an Energy Earthshots™ Initiative to drive breakthroughs and
reduce the costs of clean energy technologies including clean hydrogen, long-duration
storage, enhanced geothermal systems, and floating offshore wind.?'®

Recently enacted legislation will supercharge these efforts. The Inflation Reduction Act (IRA)
provides a historic suite of tax incentives to provide long-term certainty for clean energy
investment, with additional benefits for meeting high labor standards and bonus credits for
investing in low-income communities and communities that have historically depended on
the energy sector for jobs and economic activity.?'” These policies will drive continued growth
in deployment of wind, solar, and energy storage, as well as other clean technologies.
Additionally, both the IRA and the BIL invest in innovation and deployment of technologies
including nuclear, carbon capture and storage, clean hydrogen, direct air capture,
geothermal, and more.?'® These laws also support the buildout of long-distance transmission
lines to deliver clean power across the country, and the Administration’s Building a Better
Grid Initiative is working to mobilize these resources.?'?

Against this backdrop of new executive goals and legislative support, ongoing federal agency
efforts include the following subset of key programs:

215 U.S. Department of Energy. https://www.energy.gov/articles/doe-sets-2025-community-solar-
target-power-5-million-homes.

216 U.S. Department of Energy. https://www.energy.gov/policy/energy-earthshots-initiative.
217.U.S. Department of the Treasury. https://home.treasury.gov/system/files/136/Fact-Sheet-IRA-
Equitable-Clean-Energy-Economy.pdf.

218 U.S. Department of Energy. https://www.energy.gov/sites/default/files/2022-08/8.18
percent20InflationReductionAct_Factsheet_Final.pdf.

219 U.S. Department of Energy. https://www.energy.gov/gdo/building-better-grid-initiative.
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Leading on Federal Lands: The U.S. Department of the Interior (DOI) works with
communities, state regulators, industry, and other federal agencies to remediate
legacy energy sites and build a clean energy future. DOI provides opportunities for
and encourages use of federal public lands for the development of wind, solar, and
geothermal energy, and has approved over 120 clean energy projects on public land
with combined generating capacity of over 12 gigawatts.??° In January 2022, five
federal agencies—the Departments of the Interior, Agriculture (USDA), Defense
(DOD), Energy (DOE), and the Environmental Protection Agency (EPA)—issued a
Memorandum of Understanding to streamline reviews for these projects.?'

Launching an American Offshore Wind Industry: In 2021, DOI, DOE, and the
Department of Commerce announced a shared goal of deploying 30 gigawatts of
offshore wind in the United States by 2030, while protecting biodiversity and
promoting ocean co-use.?” Since then, the Biden-Harris Administration has held
record-breaking lease sales and approved and celebrated the groundbreaking of the
nation’s first two commercial-scale offshore wind projects in federal waters. DOI has
announced plans to hold up to seven new offshore wind lease sales by 2025, and to
complete the review of at least 16 plans to construct and operate commercial,
offshore wind energy facilities by 2025, which would alone represent more than 22
gigawatts of clean energy for the nation.?*

Financing Clean Energy: DOE's Loan Programs Office (LPO) provides loans and loan
guarantees to finance the commercial deployment of large-scale energy projects.
Since 2009, LPO has issued more than $35 billion, including guaranteed loans to the
first five utility-scale photovoltaic solar projects in the United States and one of the
largest utility-scale wind farms in the world. The IRA appropriates additional funding
to support issuing new loans, providing an additional $40 billion of loan authority for
Innovative Clean Energy projects (via an appropriation of $3.6 billion to support the

220 U.S. Department of the Interior. https://www.doi.gov/pressreleases/interior-department-outlines-

roadmap-continued-renewable-energy-progress-public-lands.

221 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/01/12/fact-sheet-biden-harris-administration-races-to-deploy-clean-energy-that-
creates-jobs-and-lowers-costs/.

222 The White House. https://www.whitehouse.gov/briefing-room/statements-

releases/2021/03/29/fact-sheet-biden-administration-jumpstarts-offshore-wind-energy-projects-to-

create-jobs/.

223 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/01/12/fact-sheet-biden-harris-administration-races-to-deploy-clean-energy-that-
creates-jobs-and-lowers-costs/.
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cost of those loans) and increasing the aggregate amount of loans available at any
time under the Tribal Energy Loan Guarantee Program from $2 billion to $20 billion.
It also creates a new Energy Infrastructure Reinvestment Program, with $250 billion
in total loan authority to support projects that retool, repower, repurpose, or replace
energy infrastructure that has ceased operations, or enable operating energy
infrastructure to avoid, reduce, utilize, or sequester greenhouse gases.?**

Supporting Clean Energy for Farmers and Rural Small Businesses: The USDA
Rural Energy for America Program (REAP) provides grants and loan guarantees to
agricultural producers and rural small businesses to install renewable energy systems
and make energy efficiency improvements to reduce energy use and costs. Examples
of renewable energy systems that have been funded through REAP include
photovoltaic arrays, geothermal heating, ventilation, and air conditioning (HVAC)
systems, and anaerobic digestors. Between 2007 and 2017—per the latest Census of
Agriculture produced by USDA—the number of farms using a renewable energy-
producing system has more than quadrupled to 130,000 farms, or 6.5 percent of all
farms, in part aided by REAP funding.??®> The IRA provides $2 billion in additional
funding to this program, which supports projects in all 50 states and Puerto Rico.

Advancing Clean Energy Across Rural Utilities: Under the Rural Electrification Act,
USDA's Rural Utilities Service (RUS) Electric Loan Program makes low-interest loans
available to electric utilities for distribution, transmission, generation, smart grid,
security, and energy efficiency infrastructure investments serving rural communities.
The program'’s portfolio of rural renewable power generation is growing rapidly. In
2016, borrowers in this program supported an estimated 155 megawatts of
renewable energy generation capacity, and as of 2020 this value is estimated to be
more than 476 megawatts. These renewable systems include solar, wind, biomass,
and hydroelectric projects that are providing power to rural consumers. The Inflation
Reduction Act supercharges this program with $9.7 billion, as well as an additional $1
billion in clean energy financial assistance for rural electric cooperatives and
municipal utilities.

Growing the American Market for Clean Energy: EPA's Green Power Partnership
(GPP) encourages U.S. organizations to voluntarily purchase green power to protect

224 U.S. Department of Energy. https://www.energy.gov/Ipo/inflation-reduction-act-2022.
225 Census of Agriculture, U.S. Department of Agriculture.
https://www.nass.usda.gov/Publications/AgCensus/2017/Full_Report/Volume_1,_Chapter_1_US/usv1.

pdf.
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human health and the environment. The GPP provides organizations with credible
minimum green power usage benchmarks, market and supply options information,
procurement assistance and guidance, and public recognition for green power
leadership and use. At the end of 2020, the program included over 700 partners who
have committed to purchasing about 70 billion kilowatt-hours of green power—40
percent of the voluntary green power market. In addition, the program recognizes
over 100 Green Power Communities-towns, villages, cities, counties, and Tribal
governments that collectively buy green power in amounts that meet or exceed EPA’s

GPP community purchase requirements.?*

NON-FEDERAL SPOTLIGHT:

State Renewable Portfolio Standards and Clean Energy Standards: More than
thirty states and territories and the District of Columbia have adopted legally binding
renewable portfolio standards (RPS) or clean energy standards (CES) requiring that a
specific percentage of electricity sold in the state must come from renewable or
carbon-free sources. These binding standards cover about two-thirds of total
electricity retail sales in the United States. The designs of these programs vary across
states, including components on performance-based standards, targets and
timetables, geographic and resource eligibility, and alternative compliance payments.
In 2021, the states of Delaware, lllinois, North Carolina, and Oregon all increased their
RPS or CES targets, and Nebraska became the twentieth state with a goal to achieve

100 percent clean electricity by 2050 or sooner.??’

State, Local, and Utility Incentives for Clean Power: Financial mechanisms and
incentives for clean energy exist in most states, with hundreds of programs offered
by state and local governments across the nation, as well as utilities and nonprofit
organizations.?*® Additionally, many utilities regulated by state commissions have
adopted programs with performance-based incentives, including feed-in tariffs,
standard offer payments, and payments in exchange for renewable energy
certificates. Twenty of the largest investor-owned utilities have committed to reducing
emissions by 100 percent (net or absolute) or reaching 100 percent clean electricity
by 2050, and some as early as 2035.%*°

226 U.S. Environmental Protection Agency. https://www.epa.gov/greenpower

227U.S. Energy Information Administration. https://www.eia.gov/todayinenergy/detail.php?id=51118
228 Database of State Incentives for Renewables & Efficiency.
https://programs.dsireusa.org/system/program

229 Natural Resources Defense Council. https://www.nrdc.org/resources/race-100-clean
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¢ Regional Greenhouse Gas Initiative: The Regional Greenhouse Gas Initiative (RGGI)
is a cooperative, market-based effort among several Northeast and Mid-Atlantic
states to cap and reduce CO; emissions in the power sector. The nine RGGI states that
participated from 2009-2020 achieved a reduction in power sector CO; of over 50
percent, even as the regional economy grew. Ninety percent of emission allowances
are distributed through quarterly auctions, generating proceeds for reinvestment in
energy efficiency, clean and renewable energy, electrification, greenhouse gas

abatement, and direct bill assistance.?*°

ENERGY: RESIDENTIAL AND COMMERCIAL END USE

The United States pursues multiple approaches to reduce the emissions intensity of energy
used by residential and commercial buildings, including through building and appliance
energy efficiency codes and standards; state-mandated and voluntary energy efficiency and
conservation programs; investments in rural energy efficiency; investments in efficient
public housing and housing for low-income households; and innovation in grid-interactive
technology for high-performance buildings of the future.

President Biden promised to help weatherize two million homes during his election
campaign, and thanks to the home efficiency incentives he signed into law with the Inflation
Reduction Act as well as the Weatherization Assistance Program he expanded ten-fold with
the BIL, the United States is on track to meet that goal.?*’

The Biden-Harris Administration has also launched several new initiatives to advance these
efforts across other levels of government and the private sector. More than 100 companies
and organizations have joined the Better Climate Challenge to reduce portfolio-wide
greenhouse gas emissions (scope 1 & 2) by at least 50 percent within 10 years, supported by
DOE's technical assistance and convening of peer exchanges that support pathways to
decarbonization.?® The Building Performance Standards Coalition includes more than 30
state and local governments working to reduce building emissions, create good-paying jobs

230 The Regional Greenhouse Gas Initiative.
https://www.rggi.org/sites/default/files/Uploads/Proceeds/RGGI_Proceeds_Report_2020.pdf

231 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/11/02/fact-sheet-biden-harris-administration-announces-new-actions-to-lower-
energy-costs-for-families/

232 U.S. Department of Energy. https://betterbuildingssolutioncenter.energy.gov/climate-challenge
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in energy efficiency and electrification, and lower energy bills.??® Through the White
House/HHS Health Care Sector Climate Pledge and similar commitments made by federal
health systems, over 1000 hospitals, along with other organizations across the sector, have
committed to emissions reductions goals in line with the Biden-Harris Administration’s
targets.?*

Recent legislation will help reduce building emissions in the near-term and for decades to
come. The IRA provides tax incentives for more energy-efficient homes and commercial
buildings,?* rebate programs for home efficiency and electrification,?*® and funding for
affordable housing retrofits.?*’ The BIL expands funding for the Weatherization Assistance
Program, Energy Efficiency and Conservation Block Grant Program, State Energy Program,
Capitalization for Efficiency Revolving Loan Funds, and Efficiency and Renewable Energy
Grants for public schools.?*®

Ongoing building sector initiatives across federal agencies include the following subset of
key programs:

e Strengthening Energy Efficiency Standards for Appliances and Equipment: DOE
establishes and regularly updates energy efficiency standards and test procedures
for more than 60 categories of appliances, equipment, and lighting, as well as for
manufactured homes. In 2022 alone, DOE is taking 100 actions to strengthen

standards that will save families $100 on average each year on their energy bills.**

233 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/01/21/fact-sheet-biden-harris-administration-launches-coalition-of-states-and-local-
governments-to-strengthen-building-performance-standards/

234The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/06/30/fact-sheet-health-sector-leaders-join-biden-administrations-pledge-to-reduce-
greenhouse-gas-emissions-50-by-2030; U.S. Department of Health and Human Services.
https://www.hhs.gov/about/news/2022/11/10/hhs-shares-health-sector-emissions-reduction-
climate-resilience-announcements-at-cop27.html

235 U.S. Department of the Treasury. https://home.treasury.gov/system/files/136/Fact-Sheet-IRA-
Equitable-Clean-Energy-Economy.pdf

236 U.S. Department of Energy. https://www.energy.gov/articles/biden-harris-administration-
announces-state-and-tribe-allocations-home-energy-rebate

27 U.S. Department of Housing and Urban Development.
https://www.hud.gov/press/press_releases_media_advisories/HUD_No_22_185

238 U.S. Department of Energy. https://www.energy.gov/bil/bipartisan-infrastructure-law-programs-
department-energy

239 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/12/19/fact-sheet-biden-harris-administration-takes-more-than-100-actions-in-2022-
to-strengthen-energy-efficiency-standards-and-save-families-money/
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By 2030, cumulative operating cost savings from all standards in effect since 1987 will
reach $2 trillion. Products covered by standards represent about 90 percent of home
energy use, 60 percent of commercial building use, and 30 percent of industrial

energy use.*°

e Developing Strong Building Energy Codes: DOE's Building Energy Codes Program
participates in the development and advancement of cost-saving building energy
codes. It is the responsibility of the federal government to make determinations on
the energy and cost savings of new commercial and residential model energy codes,
and to help states review, adopt, and implement these codes through financial and
technical assistance. DOE found that the adoption of recent model energy codes
could resultin $138 billion in energy cost savings and 900 million metric tonnes (MMT)
of avoided carbon dioxide (CO) emissions between 2010 and 2040.?*' The BIL and
IRA provide additional funding for DOE to support state and local adoption of the
latest building energy codes.

¢ Helping Consumers and Businesses Choose Efficient Solutions: The EPA ENERGY
STAR program provides simple, credible, and unbiased information that consumers
and businesses rely on to make well-informed decisions and save money through
energy efficiency. ENERGY STAR encompasses efficient options for home and
commercial products, new homes, commercial buildings, and industrial plants. Since
1992, ENERGY STAR and its partners have helped American families and businesses
save 5 trillion kilowatt-hours of electricity, avoid more than $500 billion in energy
costs, and achieve 4 billion metric tons of CO,-equivalent greenhouse gas reductions.
In 2020 alone, savings resulted in emissions reductions of more than 400 million
metric tons of COz-equivalent greenhouse gases, roughly equivalent to more than five
percent of U.S. total greenhouse gas emissions.?*?

e Supporting Home Efficiency Upgrades: Launched in 2002, the Home Performance
with ENERGY STAR® (HPwES) program is a national collaborative program between
DOE and EPA that includes a network of 32 utility and nonprofit sponsors, and 1,300
home performance contractors. Through HPwES, households make energy-saving
improvements to single family and low-rise multifamily buildings—such as sealing

240 U.S. Department of Energy. https://www.energy.gov/eere/buildings/appliance-and-equipment-
standards-program

241 U.S. Department of Energy. Building Energy Codes Program.
https://www.energycodes.gov/impact-analysis

242 U.S. Environmental Protection Agency. ENERGY STAR Program Impacts.
https://www.energystar.gov/impacts
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and insulating the home envelope, installing energy-efficient heating and cooling
systems and ENERGY STAR lighting and appliances—that reduce their energy use and
associated CO; emissions by an average of 25 percent per home. Measures are
installed by trained and qualified contractors, and quality assurance procedures are
established by participating sponsors to ensure measures are installed properly and
achieve intended outcomes for energy performance and durability.

¢ Investing in Weatherization of Low-Income Homes: DOE's Weatherization
Assistance Program (WAP) serves approximately 35,000 low-income families every
year to permanently reduce their energy bills by making their homes more energy
efficient, healthy, and safe. Through weatherization improvements and upgrades,
these households save an average of $372 every year. The BIL expanded funding for
WAP ten-fold. For each federal dollar invested, this program generates $2.78 in non-
energy benefits—such as job creation and cleaner air. DOE provides program funding
to all 50 states, the District of Columbia, Native American tribes, and five U.S.
territories—American Samoa, Guam, Northern Mariana Islands, Puerto Rico, and the
Virgin Islands—through formula grants.?*®

e Improving Energy Efficiency in Rural Communities: The Rural Energy Savings
Program at USDA provides zero-interest loan capital to eligible rural utilities and
similar energy efficiency providers to relend to their customers for energy efficiency
measures and customer-owned renewable energy systems. Loans awarded to the
Rappahannock Electric Co-operative in Virginia and Hawaii Green Infrastructure
Authority in Hawaii, for example, were used to set up successful on-bill financing
programs that offered cost-effective energy efficiency and electrification upgrades to
low- and moderate-income homeowners and renters.

¢ Reducing Emissions Across Federally-Supported Housing: The U.S. Department of
Housing and Urban Development (HUD) has a portfolio of 4.5 million public and
assisted housing units (including 2.2 million market-rate apartments occupied by
Housing Choice Voucher households) and plays a key role in the development and
preservation of affordable housing. HUD's Climate Action Plan, launched in 2021,
includes steps to strengthen green building standards and update minimum new
construction standards for HUD-assisted or insured projects and manufactured
housing, and to provide training, educational resources, and data products to help

243 U.S. Department of Energy. https://www.energy.gov/sites/default/files/2022-06/wap-fact-
sheet_0622.pdf
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grantees and other program beneficiaries pursue energy efficiency and clean energy
opportunities.?*

Promoting Voluntary Leadership through Better Buildings: DOE's Better Buildings
Initiative is a market transformation program through which partners collaboratively
pursue ambitious energy, waste, water, and greenhouse gas reduction goals. More
than 900 program partners represent 13 percent of U.S. commercial building space
and 10 of the top 25 U.S. employers, as well as more than 100 state and local
governments.?*> DOE's Better Buildings Solution Center provides proven and cost-
effective decarbonization, energy, water, and waste efficiency solutions—with more
than 3,000 solutions categorized by barrier, building type, sector, technology, and
more. %

Accelerating Innovation for Building Decarbonization: DOFE's new Initiative for
Better Energy, Emissions, and Equity (E3 Initiative) advances the research,
development, and national deployment of clean heating and cooling systems that
include heat pumps, advanced water heaters, low-to-no global warming potential
refrigerants, and smarter HVAC diagnostic tools in residential and commercial
buildings.?*” For example, the E3 Initiative launched a Residential Cold Climate Heat
Pump Challenge, in partnership with manufacturers, to develop a new technology
specification for a high-performance cold climate heat pump, demonstrate its
performance in the field, and launch pilot programs with utilities to identify and
alleviate installation challenges.?*®

NON-FEDERAL SPOTLIGHT:

Building Performance Standards: In 2019, New York City became the first major
U.S. city to establish building performance standards for greenhouse gas emissions.
Starting in 2024, the new standard will set building emission intensity limits across
large commercial and multifamily buildings to reduce their emissions 40 percent

244 U.S. Department of Housing and Urban Development.
https://www.hud.gov/climate/reducing_greenhouse_gas

245 U.S. Department of Energy.
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/DOE_BBI_2022_Pro
gress_Report.pdf

246 U.S. Department of Energy. https://betterbuildingssolutioncenter.energy.gov/

247.U.S. Department of Energy. https://www.energy.gov/eere/buildings/energy-emissions-and-equity-
e3-initiative

248 U.S. Department of Energy. https://www.energy.gov/eere/buildings/residential-cold-climate-heat-
pump-challenge
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below 2005 levels in 2030.%*° In January 2022, President Biden launched the National
Building Performance Standards Coalition, which includes more than thirty state and
local governments that have committed to inclusively design and implement
equitable building performance standards and complementary programs and
policies.?°

o Utility Regulation: More than thirty states have implemented Energy Efficiency
Resource Standards that typically set mandatory targets (or in some cases voluntary
goals) for utilities to achieve energy savings.' Since 2021, states including
California,®®>  Colorado,”®  Connecticut,®*  Massachusetts,>  Michigan,**®
Minnesota,”’ Nevada,*® New York,#*° Oregon,?*° Rhode Island,?®" and Washington?2
have taken new steps to support building decarbonization through their regulation
of gas utilities, such as promoting efficiency, electrification, and long-term emissions
reduction planning.

249 New York City. Sustainable Buildings. https://www1.nyc.gov/site/sustainablebuildings/I197/local-
law-97.page

250 National Building Performance Standards Coalition. https://nationalbpscoalition.org/

251 National Conference of State Legislatures. https://www.ncsl.org/research/energy/energy-
efficiency-resource-standards-eers.aspx

252 California Public Utilities Commission. https://www.cpuc.ca.gov/news-and-updates/all-news/cpuc-
decision-makes-ca-first-state-in-country-to-eliminate-natural-gas-subsidies

253 Colorado Public Utilities Commission. https://puc.colorado.gov/cleanheatplans

254 Connecticut Public Utilities Regulatory Authority.
https://www.dpuc.state.ct.us/dockcurr.nsf/4b3c728dd1c0d642852586db0069aa70/b09c5c63c09c2a
25852588310054086¢/$FILE/210824-042722.pdf

255 Massachusetts Department of Public Utilities. https://www.mass.gov/news/dpu-approves-
massachusetts-nation-leading-three-year-energy-efficiency-plan

256 Michigan Public Service Commission. https://www.michigan.gov/mpsc/commission/news-
releases/2022/10/27/mpsc-approves-updates-to-michigans-irp

257 Minnesota Public Utilities Commission.
https://content.govdelivery.com/accounts/MNPUBUC/bulletins/3167ecO

258 public Utilities Commission of Nevada.
https://pucweb.state.nv.us/PDF/AxImages/DOCKETS_2020_THRU_PRESENT/2021-5/12764.pdf

259 New York Public Service Commission.
https://www3.dps.ny.gov/pscweb/WebFileRoom.nsf/ArticlesByCategory/8240969C7564FBD4852588
40005DBC35/$File/pr22043.pdf?OpenElement

260 pyblic Utility Commission of Oregon.
https://edocs.puc.state.or.us/efdocs/HAH/um2178hah155046.pdf

261 Rhode Island Public Utilities Commission. https://ripuc.ri.gov/Docket-22-01-NG

262 Washington Utilities and Transportation Commission.
https://www.utc.wa.gov/ru/casedocket/2021/210553/docsets
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e Heat Pumps: A heat pump is a highly efficient piece of equipment used for heating
and cooling a building using electricity. Several states have already set time-bound
deployment targets that already total over 12 million new heat pumps by 2030,%%% and
this number is highly likely to grow considerably in the coming years due to new
incentives provided by the Inflation Reduction Act for this efficient, electric
equipment.

TRANSPORT

The United States pursues multiple approaches to reduce emissions produced by
transportation activities including from fossil-fuel powered on-road vehicles, rail equipment,
aviation, and marine vessels.

The Biden-Harris Administration has launched major new initiatives to accelerate
decarbonization of the transportation sector. In August 2021, President Biden issued an
Executive Order on Strengthening American Leadership in Clean Cars and Trucks, setting a
national goal that 50 percent of all new passenger cars and light trucks sold in 2030 be zero-
emission vehicles—including battery electric, plug-in hybrid electric, or fuel cell electric
vehicles.?® The Administration’s American Battery Materials Initiative will help strengthen
critical mineral supply chains for electric vehicles and other uses.?*® The Administration also
issued the U.S. Aviation Climate Action Plan,?® outlining a whole-of-government approach
to achieving a net-zero U.S. aviation sector by 2050, and launched a Sustainable Aviation Fuel
Grand Challenge to reduce costs and boost production of sustainable aviation fuels, with a
goal of 3 billion gallons per year by 2030.%°” On the world stage, the Administration continues
to support increased climate ambition from the International Civil Aviation Organization and
the International Maritime Organization, and recently signed a Global Memorandum of

263 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/11/02/fact-sheet-biden-harris-administration-announces-new-actions-to-lower-
energy-costs-for-families/

264 Executive Order 14037 of August 5, 2021, “Strengthening American Leadership in Clean Cars and
Trucks.” https://www.federalregister.gov/documents/2021/08/10/2021-17121/strengthening-
american-leadership-in-clean-cars-and-trucks

265 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/10/19/fact-sheet-biden-harris-administration-driving-u-s-battery-manufacturing-and-
good-paying-jobs/

266 U.S. Department of Transportation. Federal Aviation Administration.
https://www.faa.gov/sustainability/aviation-climate-action-plan

267.U.S. Department of Energy. https://www.energy.gov/eere/bioenergy/sustainable-aviation-fuel-
grand-challenge
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Understanding on Zero-Emission Medium and Heavy-Duty Vehicles with an aim of 30 percent

of new sales to be zero-emissions by 2030.%®

Additionally, the BIL provides the nation’s largest investments ever in improving public
transportation®® and passenger rail,?’° deploying a national network of electric vehicle
chargers,?”" strengthening battery supply chains,?? and switching transit*”® and school
bus?’* fleets to low- and zero-emission models. The Inflation Reduction Act provides tax
credits to accelerate adoption of clean cars and heavy-duty vehicles; support battery
manufacturing; install charging equipment in low-to-moderate income and rural
communities; and facilitate use of clean fuels including biodiesel, renewable diesel, advanced
biofuel, and sustainable aviation fuel. It also includes programs to support advanced vehicle

technologies, cleaner freight and mail delivery vehicles, and cleaner ports.?”

To continue making progress toward a clean transportation future, four federal agencies—
the Department of Energy, Department of Housing and Urban Development, Department of
Transportation, and the Environmental Protection Agency—signed a Memorandum of
Understanding to develop a comprehensive blueprint for achieving widespread and
equitable decarbonization of the U.S. transportation sector.?’® This blueprint will build on
existing efforts and help guide additional public and private sector action to advance low-
and zero-emission transportation solutions.

Ongoing transportation sector initiatives across federal agencies include the following
subset of key programs:

e Setting Standards for Low-Emission and Fuel-Efficient Cars, Trucks, and Heavy-
Duty Vehicles: The United States first introduced fuel economy standards for
vehicles in 1975. Since 2009, the United States has been implementing a coordinated

268 U.S. Department of Energy. https://www.energy.gov/articles/us-secretary-energy-advances-
americas-commitment-reaching-net-zero-global-emissions-and

269 Federal Transit Administration. https://www.transit.dot.gov/BIL

270 Federal Railroad Administration. https://railroads.dot.gov/BIL

271 U.S. Department of Energy. https://www.energy.gov/articles/doe-and-dot-launch-joint-effort-
build-out-nationwide-electric-vehicle-charging-network

272 U.S. Department of Energy. https://www.energy.gov/articles/biden-administration-announces-
316-billion-bipartisan-infrastructure-law-boost-domestic

273 Federal Transit Administration. https://www.transit.dot.gov/1800buses

274 U.S. Environmental Protection Agency. https://www.epa.gov/cleanschoolbus

275 U.S. Department of Energy. https://www.energy.gov/sites/default/files/2022-08/8.18
percent20InflationReductionAct_Factsheet_Final.pdf

276 U.S. Department of Energy. https://www.energy.gov/articles/biden-harris-administration-
announces-interagency-commitment-lower-transportation
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national program across the Department of Transportation (DOT) and EPA to
dramatically increase the efficiency of American vehicles and reduce carbon pollution.
In December 2021, the EPA finalized its strongest standards ever for greenhouse gas
emissions from passenger cars and light trucks, model years (MYs) 2023 through
2026.%7 In April 2022, the U.S. Department of Transportation’s National Highway
Traffic Safety Administration (NHTSA) issued new Corporate Average Fuel Economy
Standards requiring an estimated industry-wide fleet average of approximately 49
mpg for passenger cars and light trucks in model year 2026, the nation’s strongest
cost savings and fuel efficiency standards to date.?’”® Both EPA and NHTSA are also
advancing stronger standards for heavy-duty vehicles and the next phase of
standards for light-duty vehicles, to speed the transition to zero-emission
technologies while continuing to improve energy conservation, saving consumers
money on fuel costs, and improving air quality.

Investing in Zero-Emission Vehicle Infrastructure and Manufacturing: To
complement these vehicle standards, the United States also invests in critical vehicle
infrastructure and manufacturing to accelerate the deployment of zero-emission
technology. The Biden-Harris Administration launched an Electric Vehicle Charging
Action Plan to deploy resources from the BIL, support communities in their planning,
and continue designating Alternative Fuel Corridors along the national highway
system.?”® The Advanced Technology Vehicle Manufacturing Loan Program, operated
out of the Loan Programs Office at DOE, has loaned $8 billion for projects that have
supported production of more than 4 million advanced technology vehicles to date,
and the Inflation Reduction Act expands this program'’s loan authority.?®° The Inflation
Reduction Act also provides $2 billion to the Domestic Manufacturing Conversion
Grants program to support manufacturing of efficient hybrid, plug-in electric hybrid,
plug-in electric drive, and hydrogen fuel cell electric vehicles.

Supporting Transit-Oriented Development: The U.S. Department of
Transportation (DOT) provides a range of support for transit-oriented development—

277.U.S. Environmental Protection Agency. https://www.epa.gov/newsreleases/epa-finalizes-
greenhouse-gas-standards-passenger-vehicles-paving-way-zero-emissions

278 U.S. Department of Transportation. https://www.transportation.gov/briefing-room/usdot-
announces-new-vehicle-fuel-economy-standards-model-year-2024-2026

279 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/12/13/fact-sheet-the-biden-harris-electric-vehicle-charging-action-plan/

280 U.S. Department of Energy. https://www.energy.gov/Ipo/advanced-technology-vehicles-
manufacturing-loan-program
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projects that create dense, walkable, and mixed-used spaces near transit to support
vibrant, sustainable, and equitable communities. For example, DOT's Federal Transit
Administration administers a Pilot Program for Transit-Oriented Development
Planning to help communities integrate land use and transportation planning to
improve economic development and ridership, foster multimodal connectivity and
accessibility, improve transit access for pedestrian and bicycle traffic, engage the
private sector, identify infrastructure needs, and engage mixed-use development
near transit stations.®' In 2022 USDOT announced that the Transportation
Infrastructure Finance and Innovation Act (TIFIA) program would begin offering low-
cost and flexible financing for transit and transit-oriented development (TOD)
projects at the maximum level authorized under law.*?

Helping States Reduce Transportation Emissions: DOT's new Carbon Reduction
Program, created by the BIL, provides $6.4 billion in formula funding for states and
localities over five years for projects designed to reduce transportation emissions
from on-road highway sources. Eligible projects include: on- and off-road trail
facilities for pedestrians, bicyclists and other nonmotorized forms of transportation;
zero emission vehicles and facilities; projects that support congestion pricing and
travel demand strategies; truck stop and port electrification systems to reduce the
environmental impacts of freight movement and CO. emissions at port facilities;
public transportation projects such as the construction of bus rapid transit corridors
or dedicated bus lanes; and micro-mobility and electric bike projects, including
charging infrastructure.?®

Tackling Emissions in Aviation: In support of the U.S. Aviation Climate Action Plan
highlighted above, the Federal Aviation Administration’s (FAA) Continuous Lower
Energy, Emissions and Noise (CLEEN) Program accelerates the development of new
aircraft and engine technologies that reduce fuel burn, emissions, and noise.?

281 Federal Transit Administration. https://www.transit.dot.gov/TODPilot

282 U.S. Department of Transportation. https://www.transportation.gov/briefing-room/us-
department-transportation-expands-its-financing-program-help-even-more

283 Federal Highway Administration. https://highways.dot.gov/newsroom/president-biden-usdot-
announce-new-guidance-and-64-billion-help-states-reduce-carbon

284 Federal Aviation Administration.
https://www.faa.gov/about/office_org/headquarters_offices/apl/eee/technology_saf_operations/clee

n
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Additionally, the FAA's Airport Terminals Program, funded by the BIL, can provide

support for projects including energy efficiency improvements.?>

Expanding Infrastructure for Biofuels: USDA's Higher Blends Infrastructure
Incentive Program (HBIIP) helps to increase the sales and use of higher blends of
ethanol and biodiesel by expanding the infrastructure for renewable fuels derived
from U.S. agricultural products.?® The program is also intended to encourage a more
comprehensive approach to market higher blends by sharing the costs related to
building out biofuel-related infrastructure. The expansion of biofuel infrastructure, as
facilitated by HBIIP, broadens the availability of renewable fuels like E15, E85, and
B20, and helps American families save money at the pump while reducing carbon
emissions and harmful tailpipe pollution. Expanded use of higher blends of biofuels
also boosts the availability of skilled jobs with good wages in rural communities.

NON-FEDERAL SPOTLIGHT:

Low-Emission and Zero-Emission Vehicle Standards: In March 2022, the EPA
reinstated California’s authority under the Clean Air Act to implement its own
greenhouse gas emission standards and zero emission vehicle (ZEV) sales
mandate.?®” Seventeen other states and the District of Columbia have adopted
California’s low-emission vehicle standards, and fourteen of these states have also
adopted California’s program to increase ZEV sales share for light- and medium-duty
vehicles.?®® Additionally, the Multi-State Medium- and Heavy-Duty Zero-Emission
Vehicle initiative brings together seventeen states and the District of Columbia
(together representing 43 percent of the U.S. population) that are collaborating to
achieve goals of 30 percent ZEV sales by 2030 and 100 percent ZEV sales by 2050 for
medium- and heavy-duty vehicles, including large pickup trucks and vans, delivery
trucks, box trucks, school and transit buses, and long-haul delivery trucks.?®

285 Federal Aviation Administration. https://www.faa.gov/bil/airport-terminals

286 U.S. Department of Agriculture. https://www.rd.usda.gov/HBIIP

287 U.S. Environmental Protection Agency. https://www.epa.gov/newsreleases/epa-restores-
californias-authority-enforce-greenhouse-gas-emission-standards-cars-and

288 Center for Climate and Energy Solutions. https://www.c2es.org/document/us-state-clean-vehicle-
policies-and-incentives/

289 Northeast States for Coordinated Air Use Management.
https://www.nescaum.org/documents/multi-state-medium-and-heavy-duty-zero-emission-vehicle-
action-plan
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¢ Low Carbon Fuel Standards: California implemented the first statewide low-carbon
fuel standard in 2011, to reduce carbon intensity of transportation fuels and provide
an increasing range of low-carbon and renewable alternatives. California amended
the regulation in 2018 with stronger carbon intensity benchmarks aligned with
California’s 2030 greenhouse gas emission reduction target.?*° Oregon’s Clean Fuels

1

Program®' and Washington’s Clean Fuel Standard®? similarly establish annual

standards to steadily decrease lifecycle emissions from transportation fuels.

e Climate Mayors EV Purchasing Collaborative: Launched in September 2018, the
Mayors EV Purchasing Collaborative brings together cities, counties, transit agencies,
port authorities, and colleges and universities committed to leverage their collective
buying power and accelerate the conversion of fleets to electric vehicles.?*®

INDUSTRIAL ENERGY END-USE, INDUSTRIAL PROCESSES AND
PRODUCT USE

The industrial sector is the backbone of the U.S. economy, producing chemicals, electronics,
machinery, steel, metals, textiles, and many other products that are critical to our society.
However, the industrial sector currently accounts for nearly one third of U.S. greenhouse gas
emissions.

The Biden-Harris Administration has taken major steps forward on reducing emissions from
this notoriously “hard-to-decarbonize” sector, with executive actions including: the launch of
a federal Buy Clean Initiative for purchasing low-carbon construction materials; new
guidance on responsible deployment of carbon capture, utilization, and sequestration
(CCUS) technologies; and a commitment to negotiate with the European Union the world’s
first emissions-based sectoral arrangement on steel and aluminum trade.?** The White
House also included industrial decarbonization among the top five innovation priorities to

2% California Air Resources Board. https://ww2.arb.ca.gov/our-work/programs/low-carbon-fuel-
standard/about

291 Oregon Department of Environmental Quality.
https://www.oregon.gov/deqg/ghgp/cfp/Pages/default.aspx

292 Washington State Department of Ecology. https://ecology.wa.gov/Air-Climate/Climate-
change/Reducing-greenhouse-gases/Clean-Fuel-Standard

293 Climate Mayors. https://climatemayors.org/ev-purchasing-collaborative/

294 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/02/15/fact-sheet-biden-harris-administration-advances-cleaner-industrial-sector-to-
reduce-emissions-and-reinvigorate-american-manufacturing/
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reach net-zero emissions by no later than 2050.%*> To guide additional efforts going forward,
the Administration’s Industrial Decarbonization Roadmap lays out key pathways to reduce
industrial emissions and presents a staged research, development, and demonstration
agenda for industry and government.?®

New legislation will accelerate these industrial decarbonization efforts.?®” The Inflation
Reduction Act creates a new Advanced Industrial Facilities Deployment Program that will
provide financial assistance for facilities across emission-intensive industrial sectors (such as
iron and steel, cement, and chemicals) to use electrification, low-carbon fuels, carbon
capture, and other advanced-manufacturing processes. The IRA also leverages the
purchasing power of the federal government to support demand for low-carbon
construction materials through procurement provisions and supports standardizing
Environmental Product Declarations to make it easier for the federal government as well as
other climate-conscious buyers to select and purchase cleaner materials. The clean
hydrogen production tax credit will leverage the hydrogen hub and demonstration
investments from the BIL to drive clean hydrogen production and subsequent use in sectors
including heavy industry. Similarly, the extension and enhancement of the tax credit for
industrial applications of carbon capture and storage (CCS) will leverage BIL investments in
CCS demonstrations and CO; transportation infrastructure to abate industrial emissions.

Other ongoing industrial sector initiatives across federal agencies include the following
subset of key programs:

e Supporting Low-Carbon Steel, Cement, and More through Federal Procurement:
Under the Federal Buy Clean Initiative, federal agencies are prioritizing the use of
lower-carbon construction materials—including steel, concrete, asphalt, and flat glass
products—in federal procurement and federally-funded infrastructure projects. This
initiative seeks to reduce the embodied emissions associated with the manufacturing
of these materials, as well as other lifecycle stages including extraction and
transportation.?®

295 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/11/04/fact-sheet-biden-harris-administration-makes-historic-investment-in-americas-
national-labs-announces-net-zero-game-changers-initiative/

2% U.S. Department of Energy. https://www.energy.gov/articles/biden-harris-administration-
releases-bold-agenda-reduce-emissions-across-americas

297.U.S. Department of Energy. https://www.energy.gov/sites/default/files/2022-08/8.18
percent20InflationReductionAct_Factsheet_Final.pdf

298 Office of the Federal Chief Sustainability Officer. https://www.sustainability.gov/buyclean
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Advancing Next-Generation Clean Manufacturing: The Administration is
revitalizing American manufacturing to support lower-carbon production of the
technologies needed for a net-zero economy. In response to President Biden's
Executive Order 14017 on America's Supply Chains, DOE issued the first
comprehensive U.S. government plan to build an Energy Sector Industrial Base.?®
President Biden has also authorized use of the Defense Production Act to expand
American manufacturing of five critical clean energy technologies.?® Administration-
wide efforts are being supercharged by new investments. The Inflation Reduction Act
provides historic support for clean manufacturing, including an expansion of the
Advanced Energy Project Credit that can support re-equipping industrial or
manufacturing facilities with equipment designed to reduce greenhouse gas
emissions by at least 20 percent. It also creates a new Advanced Manufacturing
Production Credit to support manufacturing of components along the supply chain
for solar modules, wind turbines, battery cells and modules, critical minerals, and
more. The BIL funds an Advanced Energy Manufacturing and Recycling Grant
Program to help small and medium-sized manufacturers produce or recycle clean
energy products or deploy cutting edge emissions reduction equipment.

Promoting Voluntary Leadership: DOFE's Better Plants program has worked with
over 270 manufacturers and water and wastewater utilities—representing every U.S.
state and territory—to accelerate the adoption of more energy-efficient practices,
highlight new and innovative technologies, and spur change at an organizational
level. Partners set ambitious energy, water, waste, and carbon reduction goals and
commit to reducing energy intensity by 25 percent over a 10-year period across all
U.S. operations. Through this program, DOE supports 3,600 facilities, representing 14
percent of the U.S. manufacturing footprint, that have reported 2.2 QBtu of energy
savings and $10.6 billion of cost savings.3°' Additionally, the BIL provides $550 million
for DOE to expand the Industrial Assessment Centers program, which trains
engineering students and provides no-cost technical assessments to help small- and

299 U.S. Department of Energy. https://www.energy.gov/policy/securing-americas-clean-energy-
supply-chain

300 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/06/06/fact-sheet-president-biden-takes-bold-executive-action-to-spur-domestic-clean-
energy-manufacturing/

301 U.S. Department of Energy.
https://betterbuildingssolutioncenter.energy.gov/sites/default/files/attachments/2022
percent20Better percent20Plants percent20Progress percent20Update_0.pdf
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medium-sized manufacturers save energy, improve productivity, and reduce

waste.30?

e Accelerating Innovation on Key Technologies: As part of the Energy Earthshots™
Initiative, DOE launched the Industrial Heat Shot™ to develop cost-competitive
industrial heat decarbonization technologies with at least 85 percent lower
greenhouse gas emissions by 2035.3® DOE is also creating a new Clean Energy
Manufacturing Innovation Institute, bringing together industry, academia, and
government partners to develop and scale technologies to electrify industrial process
heating and reduce emissions across the sector.3*

NON-FEDERAL SPOTLIGHT:

e “Buy Clean” Policies: States including California,*® Colorado,*® Minnesota,*”” New
York,3*® and Washington®® are using their procurement power to support lower-
carbon construction materials. Additionally, through the Federal Highway
Administration’s Climate Challenge, more than two dozen state departments of
transportation are receiving federal funding to help quantify the impacts of
sustainable pavements and to demonstrate ways to reduce greenhouse gas

emissions in highway projects using sustainable construction materials.?"

302 y.S. Department of Energy. https://www.energy.gov/eere/amo/industrial-assessment-centers-iacs
303 U.S. Department of Energy. https://www.energy.gov/eere/industrial-heat-shot

304 U.S. Department of Energy. https://www.energy.gov/eere/articles/us-department-energy-
announces-7th-clean-energy-manufacturing-institute

305 California Department of General Services. https://www.dgs.ca.gov/PD/Resources/Page-
Content/Procurement-Division-Resources-List-Folder/Buy-Clean-California-Act

306 Colorado Office of the State Architect. https://osa.colorado.gov/energy-environment/buy-clean-
colorado-act

307 BlueGreen Alliance. https://www.bluegreenalliance.org/the-latest/bluegreen-alliance-lauds-
inclusion-of-buy-clean-buy-fair-provision-in-minnesota-omnibus-commerce-climate-and-energy-
finance-bill/

308 New York State. https://www.governor.ny.gov/executive-order/no-22-leading-example-directing-
state-agencies-adopt-sustainability-and

309 BlueGreen Alliance. https://www.bluegreenalliance.org/the-latest/statement-washington-makes-
critical-progress-on-buy-clean-and-buy-fair/

310 Federal Highway Administration. https://highways.dot.gov/newsroom/fhwa-steps-efforts-tackle-
greenhouse-gas-emissions-highway-construction-71-million-climate
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SPOTLIGHT: METHANE

In November 2021, President Biden issued the U.S. Methane Emissions Reduction Action
Plan, in support of the Global Methane Pledge goal to reduce global methane emissions 30
percent below 2020 levels by 2030.3'" As detailed in the November 2022 Action Plan update,
the Administration is taking more than 50 actions targeted at reducing methane emissions
across the major emitting sectors®'?>—including efforts highlighted in the Agriculture and
Waste sections below. Other key actions include:

Setting Standards for Oil and Gas Sources: The EPA is advancing a rulemaking to
sharply reduce methane emissions, other harmful air pollution, and energy waste
from both new and existing sources across the oil and gas industry.?'® This
rulemaking has a particular focus on equipment that can leak or release methane,
and the estimated impact would be to reduce methane emissions from covered
sources by 87 percent below 2005 levels in 2030.3™ EPA’s proposal would expand the
use of new technologies and monitoring approaches, including through a ground-
breaking “Super-Emitter Response Program” that would require operators to respond
to credible third-party reports of high-volume methane leaks.

Plugging Methane Leaks from Orphaned Oil & Gas Wells. The BIL provides nearly
$5 billion for orphaned well site plugging, remediation, and restoration activities led
by the Department of the Interior. In addition to emitting methane, orphaned oil and
gas wells (those with no solvent owner of record) jeopardize public health and safety
by contaminating groundwater and seeping toxic chemicals. Once remediated, these
sites can support new economic development opportunities.®'

Preventing Gas Pipeline Leaks: DOT's Pipeline and Hazardous Materials Safety
Administration (PHMSA) is implementing a comprehensive approach to eliminate
methane emissions from gas pipeline systems—including production-related

311 The White House. https://www.whitehouse.gov/briefing-room/statements-

releases/2021/11/02/fact-sheet-president-biden-tackles-methane-emissions-spurs-innovations-and-

supports-sustainable-agriculture-to-build-a-clean-energy-economy-and-create-jobs/
312 The White House. https://www.whitehouse.gov/wp-content/uploads/2022/11/US-Methane-
Emissions-Reduction-Action-Plan-Update.pdf

313 U.S. Environmental Protection Agency. https://www.epa.gov/controlling-air-pollution-oil-and-

natural-gas-industry
314 U.S. Environmental Protection Agency. https://www.epa.gov/newsreleases/biden-harris-
administration-strengthens-proposal-cut-methane-pollution-protect

315 U.S. Department of the Interior. https://www.doi.gov/pressreleases/interior-department-federal-

partners-announce-interagency-effort-clean-legacy
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gathering lines, trunk line transmission pipelines, and local distribution pipelines.
PHMSA is advancing rulemakings to boost safety requirements that will also reduce
leaks; requiring pipeline operators to update their inspection and maintenance plans;
and implementing a $1 billion Natural Gas Distribution Infrastructure Safety and
Modernization grant program to reduce risks from municipality or community owned

legacy gas distribution pipelines that are prone to methane leaks.?'

¢ Reclaiming Abandoned Coal Mines: The BIL provides more than $11 billion for
states and Tribes to reclaim abandoned coal mines over 15 years. These reclamation
projects will reduce methane emissions, while also closing dangerous mine shafts,
restoring water supplies damaged by mining, and creating good-paying jobs for
current and former coal industry workers. Following reclamation, these sites can be
used for economic redevelopment, including through advanced manufacturing and

clean energy deployment.3"’

NON-FEDERAL SPOTLIGHT:

e State-level Oil and Gas Regulations: In 2014, Colorado became the first state to
adopt regulations limiting methane emissions from the oil and gas sector. Since then,
states including California, Massachusetts, New York, and New Mexico have adopted
similar regulations.>'

SPOTLIGHT: HYDROFLUOROCARBONS

Hydrofluorocarbons (HFCs) are potent greenhouse gases used in refrigeration and air
conditioning equipment, along with several other applications. The American Innovation and
Manufacturing Act (“AIM” Act), national legislation enacted in 2020, directs the EPA to phase
down production and consumption of HFCs in the United States by 85 percent by 2036. This
phasedown schedule aligns with the Kigali Amendment to the Montreal Protocol on
Substances that Deplete the Ozone Layer, which the United States has also ratified.

¢ Implementing the Phasedown through Rulemaking: The EPA is promulgating
regulations to implement the AIM Act, which authorizes EPA to address HFCs in three

316 The White House. https://www.whitehouse.gov/wp-content/uploads/2022/11/US-Methane-
Emissions-Reduction-Action-Plan-Update.pdf

317.U.S. Department of the Interior. https://www.doi.gov/pressreleases/biden-harris-administration-
announces-availability-725-million-bipartisan

318 America is All In, Center for Global Sustainability, and University of Maryland.
https://www.americaisallin.com/sites/default/files/2022-09/All-In percent20to
percent202030_Methane.pdf
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main ways: phasing down HFC production and consumption through an allowance
allocation program; promulgating certain regulations for purposes of maximizing
reclamation and minimizing releases of HFCs and their substitutes from equipment;
and facilitating sector-based transitions to next-generation technologies through

sector-based restrictions on HFCs.3"

Preventing lllegal Import and Trade of HFCs: To help ensure the integrity of the
program and a rigorous and timely phasedown, EPA and the Department of
Homeland Security co-lead an Interagency Task Force on lllegal HFC Trade, in
partnership with the Departments of Justice, State, and Defense. The Task Force
works to detect, deter, and disrupt any attempt to illegally import HFCs into the
United States, building on experience in preventing illegal imports of ozone-depleting

substances and vehicles that fail to comply with Clean Air Act standards.3?°

Advancing Development and Use of HFC Alternatives: Several federal agencies are
supporting research and development of additional HFC alternatives, promoting use
of recovered HFCs from retired equipment to offset the need for newly manufactured
HFCs, and reducing HFC use across federal procurement, as part of a whole-of-
government approach to supporting the HFC phasedown.*’

319 U.S. Environmental Protection Agency. https://www.epa.gov/climate-hfcs-reduction

320 U.S. Environmental Protection Agency. https://www.epa.gov/newsreleases/us-takes-aim-violators-
greenhouse-gas-phasedown-and-reporting-programs

321 The White House. FACT SHEET: Biden Administration Combats Super-Pollutants and Bolsters
Domestic Manufacturing with New Programs and Historic Commitments.
https://www.whitehouse.gov/briefing-room/statements-releases/2021/09/23/fact-sheet-biden-
administration-combats-super-pollutants-and-bolsters-domestic-manufacturing-with-new-
programs-and-historic-commitments/
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NON-FEDERAL SPOTLIGHT:

o State-level HFC Restrictions: States including California,**? Colorado,3* Delaware,3*

Maine,?*> Maryland,3?® Massachusetts,**’ New Jersey,??® New York,**° Rhode Island,**°
Vermont,*' Virginia,**? and Washington®®* have adopted state-level policies to reduce
HFC emissions, including limits on HFC use in specific product categories, helping to
provide a foundation for the national phasedown now being implemented.

AGRICULTURE

In 2020, greenhouse gas emissions from the agriculture sector accounted for 9.9 percent of
gross U.S. emissions, excluding emissions associated with electric power consumed in the
sector.®* As noted in previous National Communications, the United States has undertaken
a range of efforts to reduce emissions and enhance sequestration related to the use and
management of agricultural lands and livestock.

322 California Air Resources Board. https://ww2.arb.ca.gov/our-work/programs/stationary-
hydrofluorocarbon-reduction-measures

323 Colorado Department of Public Health & Environment. https://cdphe.colorado.gov/aqcc-
regulations

324 Delaware Department of Natural Resources and Environmental Control.
https://regulations.delaware.gov/register/march2021/final/24 percent20DE percent20Reg
percent20876 percent2003-01-21.htm

325 State of Maine Legislature.
https://legislature.maine.gov/LawMakerWeb/summary.asp?ID=280078280

326 Maryland Department of the Environment.
https://news.maryland.gov/mde/2020/11/13/maryland-finalizes-regulations-to-phase-out-
hydrofluorocarbons-and-reduce-methane-emissions/

327 Massachusetts Department of Environmental Protection. https://www.mass.gov/service-
details/prohibitions-on-the-use-of-certain-hydrofluorocarbons-310-cmr-776

328 New Jersey Office of Legislative Services. https://www.njleg.state.nj.us/bill-search/2018/A5583
329 New York State Department of Environmental Conservation.
https://www.dec.ny.gov/regulations/119026.html

330 Rhode Island Department of State. https://rules.sos.ri.gov/regulations/part/250-120-05-53
331 Vermont Department of Environmental Conservation.
https://dec.vermont.gov/sites/dec/files/aqc/laws-
regs/documents/Vermont_HFC_Rule_Adopted_CLEAN.pdf

332 Virginia Department of Environmental Quality. https://www.deq.virginia.gov/air/greenhouse-
gases/hfcs

333 Washington State Department of Ecology. https://ecology.wa.gov/Regulations-Permits/Laws-
rules-rulemaking/Closed-rulemaking/WAC173-443#CR101

334 U.S. Environmental Protection Agency. https://www.epa.gov/system/files/documents/2022-04/us-
ghg-inventory-2022-main-text.pdf
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Additionally, the Biden-Harris Administration has launched new initiatives to support U.S.

agricultural producers in advancing climate solutions. For example, as directed by President
Biden's Executive Order on Tackling the Climate Crisis at Home and Abroad, USDA developed
a Climate-Smart Agriculture and Forestry Strategy to deliver measurable emissions

reductions and carbon sequestration through conservation actions, source sustainable

bioproducts and fuels, and decrease wildfire risk fueled by climate change.>**

Through the IRA, the United States is making historic investments to support farmers,

ranchers, and forest landowners in deploying climate-smart practices that will reduce

greenhouse gas emissions, increase storage of carbon in soils and trees, and make their

operations more productive.**®

Key federal programs include:

Supporting Markets for Climate-Smart Commodities: Through the new
Partnerships for Climate-Smart Commodities Initiative—launched in February 2022,
with the first set of awards announced in September 2022—USDA is providing grants
for pilot projects that create market opportunities for U.S. agricultural and forest
products produced using climate-smart practices.®®’ Funded projects will provide
technical and financial assistance to producers who implement climate-smart
practices on a voluntary basis on working lands; market climate-smart commodities
that result from those practices; and test and evaluate innovative and cost-effective
methods for quantification, monitoring, reporting, and verification of greenhouse gas
benefits associated with those products and production systems. A “Partnerships for
Climate-Smart Commodities Learning Network” will synthesize lessons learned from
the projects to facilitate efforts by USDA and others to scale up the development and
marketing of climate-friendly products and further incentivize deployment of climate-
smart agricultural and forestry practices.

Promoting Climate-Smart Practices on Agricultural Lands: The Natural Resources
Conservation Service (NRCS) at the U.S. Department of Agriculture administers a
number of technical and financial assistance programs that help agricultural
producers implement conservation practices with quantifiable greenhouse gas

335 U.S. Department of Agriculture. https://www.usda.gov/sites/default/files/documents/climate-
smart-ag-forestry-strategy-90-day-progress-report.pdf
336 U.S. Department of Agriculture. https://www.nrcs.usda.gov/about/priorities/inflation-reduction-

act

337°U.S. Department of Agriculture. https://www.usda.gov/climate-solutions/climate-smart-
commodities
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benefits. These climate-smart practices include soil health improvements, nitrogen
management, livestock and manure management, agroforestry, and other
approaches to build carbon stocks in soils and perennial biomass and reduce
emissions. NRCS's two largest financial assistance programs are the Environmental
Quality Incentives Program (EQIP) and Conservation Stewardship Program (CSP),
which together delivered more than 27 million metric tonnes of CO; equivalent
(MMTCOze) in estimated emissions reductions in 2020. The Inflation Reduction Act
provides additional support for EQIP and CSP, as well as USDA's Agricultural
Conservation Easement Program, Regional Conservation Partnership Program, and
Conservation Technical Assistance.

Reducing Methane Emissions from Agriculture: Operating since 1993, AgSTAR is a
voluntary effort run by EPA with support from USDA that provides technical and
regulatory assistance and planning guidance to livestock managers who wish to
pursue anaerobic digestor projects. AgSTAR also works to identify and address
barriers to biogas recovery projects and provides information and training to the
state and local government agencies that permit these projects and the private-sector
organizations that implement them. Digestion systems attributed to the AgSTAR
program have resulted in over 20 MMTCOze in emissions reductions since 2000.3*
Through its conservation programs, NRCS provides technical and financial assistance
to help private agricultural operations manage their livestock and manure, as well as
improve rice production in ways that can reduce methane emissions. Through the
Rural Energy for America Program (REAP)—which is receiving additional support from
the Inflation Reduction Act—USDA's Rural Development agency also provides grants
and loan guarantees to rural residents, agricultural producers, and rural businesses
for energy efficiency improvements and renewable energy systems that include
methane digesters; 49 digesters have been funded under the program since 2014.

NON-FEDERAL SPOTLIGHT:

Healthy Soils Initiatives: Several states have advanced “healthy soils” efforts to
promote carbon sequestration, reduce erosion, and boost agricultural productivity
and resilience. Examples include California’s Healthy Soils Program,®* the Colorado

338 U.S. Environmental Protection Agency. AgSTAR Accomplishments.
https://www.epa.gov/agstar/agstar-accomplishments
339 California Department of Food and Agriculture. https://www.cdfa.ca.gov/oefi/healthysoils/
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Soil Health Program,?* Healthy Soils Hawaii,>*' the Maine Healthy Soils Program,*

Maryland’s Healthy Soils Program,®** the Nebraska Healthy Soils Task Force,*** New
York's Climate Resilient Farming Program,3*> New Mexico's Healthy Soil Program,3
the Oklahoma Carbon Sequestration Enhancement Act,** and the Washington Soil

Health Initiative.3*®

LAND USE, LAND-USE CHANGE AND FORESTRY (LULUCEF)

Land use, land-use change and forestry (LULUCF) practices contribute greenhouse gas
emissions to the atmosphere, but in the U.S. these emissions have historically been
outweighed by the carbon absorbed through forests, vegetation, and soils. In 2020, the
LULUCF sector was a net sink that removed the equivalent of 13 percent of U.S. greenhouse
gas emissions.>* The United States continues to pursue multiple approaches to reduce gross
emissions from the land sector while also growing its capacity to maintain and enhance
carbon sequestration.

Major new efforts launched by the Biden-Harris Administration include the America the
Beautiful initiative, with the goal of conserving and restoring 30 percent of U.S. lands and
waters by 2030 through support of locally-led efforts. As part of this initiative, the
Administration is developing the American Conservation and Stewardship Atlas to measure
the progress of conservation and restoration efforts across the country.®° In April 2022,
President Biden issued an Executive Order on Strengthening the Nation's Forests,
Communities, and Local Economies, directing agencies to safeguard mature and old-growth

340 Colorado Department of Agriculture. https://ag.colorado.gov/soil-health

341 Hawaii Office of Planning and Sustainable Development. https://planning.hawaii.gov/wp-
content/uploads/Healthy-Soils-Hawaii-Year-1-OP-Final-Report.pdf

342 Maine Legislature - Maine Revised Statutes.
https://legislature.maine.gov/statutes/12/title12sec352.html

343 Maryland Department of Agriculture.
https://mda.maryland.gov/resource_conservation/Pages/Soil-Health.aspx

344 Nebraska Department of Agriculture. https://nda.nebraska.gov/healthysoils/index.html

345 New York State Department of Agriculture and Markets. https://agriculture.ny.gov/soil-and-
water/climate-resilient-farming

346 New Mexico Department of Agriculture. https://nmdeptag.nmsu.edu/healthy-soil-program.html
347 Oklahoma Conservation Commission. https://conservation.ok.gov/carbon-sequestration-
enhancement-act/

348 Washington State Department of Agriculture. https://agr.wa.gov/departments/land-and-
water/natural-resources/soil-health

349 U.S. Environmental Protection Agency. https://www.epa.gov/ghgemissions/sources-greenhouse-
gas-emissions

350 U.S. Department of the Interior. https://www.doi.gov/priorities/america-the-beautiful
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forests on federal lands, increase support for reforestation partnerships, and advance
nature-based climate solutions more broadly.*" President Biden has also taken historic
steps to protect the Tongass National Forest, which stores more carbon than any other U.S.
national forest and represents the largest intact tract of coastal temperate rainforest on
earth.®?

Recent legislation further advances carbon sequestration across U.S. landscapes. The BIL
provides funding for a variety of ecosystem restoration efforts®? and for the USDA Forest
Service to support healthy national forests and grasslands.®* The Inflation Reduction Act
provides additional investments to protect and strengthen the National Forest System as
well as forests on non-federal land, including through support for forest landowners to
support practices that boost carbon sequestration and for urban tree planting programs.>*

A subset of key ongoing efforts includes:

e Advancing the Conservation of Sensitive Lands: Programs within the Farm Service
Agency (FSA) and NRCS at USDA can help to reduce greenhouse gas emissions on
high-carbon soils and sensitive lands. The Conservation Reserve Program (CRP)
administered by the Farm Service Agency provides financial incentives to farmers to
voluntarily convert environmentally sensitive land from agricultural production to
native grasses, wildlife plantings, forested areas, restored wetlands, filter strips, or
riparian buffers. The CRP sequesters large amounts of carbon on private lands by
removing land from intensive agricultural production and avoiding the application of
fertilizer or usage of farm equipment. FSA estimates that the CRP currently protects
over 22 million acres of land and helps mitigate more than 19 MMTCOze annually.
NRCS also protects the long-term viability and conservation benefits of working lands
and wetlands through its suite of Conservation Easement programs. The NRCS
Conservation Easement portfolio currently protects over 5 million acres, the majority

351 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/04/22/fact-sheet-president-biden-signs-executive-order-to-strengthen-americas-
forests-boost-wildfire-resilience-and-combat-global-deforestation/

352 U.S. Department of Agriculture. https://www.usda.gov/media/press-releases/2021/11/19/usda-
announces-steps-restore-roadless-protections-tongass-national

353 U.S. Department of the Interior. https://www.doi.gov/priorities/investing-americas-
infrastructure/ecosystem-restoration

354 U.S. Department of Agriculture. https://www.usda.gov/infrastructure

355 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/08/17/fact-sheet-how-the-inflation-reduction-act-helps-rural-communities/

125



Chapter 4. POLICIES AND MEASURES

of which have converted drained marginal cropland into wetland easements that
increase carbon sequestration and improve water quality.

Promoting the Stewardship of Public and Private Forests: The United States is
committed to promoting forest conservation, avoiding deforestation, and restoring
and expanding forests that can offset greater carbon pollution. As directed by
President Biden's April 2022 Executive Order on Strengthening the Nation's Forests,
Communities, and Local Economies, USDA and the Department of the Interior are
creating an inventory of old-growth and mature forests on federal lands, developing
policies to institutionalize climate-smart management and conservation strategies,
and advancing reforestation targets and partnerships. Additionally, the USDA Forest
Service supports sustainable forest management on private land: the Forest Legacy
and Community Forest Programs partner with states and private landowners to
conserve over 2.8 million acres of forest land and open spaces through easements,
purchases, and support for community planning, and the Urban and Community
Forestry Program provides financial and technical assistance to state and local
agencies to ensure a resilient and equitable tree canopy. The Inflation Reduction Act
invests an additional $5 billion to protect National Forest System lands from wildfire,
restore federal forests, and work with forest landowners to increase climate
mitigation and forest resilience on private lands.

Measuring and Monitoring the Carbon Sink: As part of a broader federal initiative
on greenhouse gas measurement, monitoring, reporting, and verification (MMRV),
USDA is working to advance MMRV across cropland and forest-related conservation
programs. For example, USDA is working to revise guidelines for entity-scale
monitoring in forests, which will include additional information on calculating avoided
emissions from future catastrophic wildfires and refinements to harvested wood
product accounting. Work is also underway to better quantify stages of forest stand
development and their influence on carbon dynamics across the diverse forests of
the United States, with a particular focus on sequestration rates versus total carbon
stocks which may be at risk to climate change and other disturbances.

Supporting Nature-Based Solutions: The Biden-Harris Administration released the
nation’s first Nature-Based Solutions Roadmap, outlining five strategic areas of focus
for the federal government: (1) updating policies, (2) unlocking funding, (3) leading
with federal facilities and assets, (4) training the nature-based solutions workforce,
and (5) prioritizing research, innovation, knowledge, and adaptive learning that will
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advance nature-based solutions.**® The Administration also released a companion
guide, with over 150 resources to spur action—the “Nature-Based Solutions Resource
Guide: Compendium of Federal Examples, Guidance, Resource Documents, Tools and
Technical Assistance.”**

NON-FEDERAL SPOTLIGHT:

Carbon Sequestration Across Tribal Nations: The National Indian Carbon Coalition
partners with Tribes to verify forest inventory data, determine carbon sequestration
levels, and develop forest carbon sequestration projects that generate revenue while
preserving the forest. For example, the Fond du Lac Band of Lake Superior Chippewa
in northeastern Minnesota and the Keweenaw Bay Indian Community of Lake
Superior Chippewa in Michigan’s Upper Peninsula are advancing forest-based carbon
sequestration projects.>*®

Hawai‘i 30x30 Initiatives: The State of Hawai'i is implementing a 30x30 Watershed
Initiative to protect 30 percent of Hawai'‘i's priority watershed forests by the year
2030,%° and has also committed to effectively manage 30 percent of Hawai‘'s
nearshore ocean waters by 2030.3¢°

WASTE

Emissions from waste account for only 2.6 percent of total greenhouse gas emissions, but
make up 20 percent of methane emissions, mostly from landfills.3*' Reducing emissions from

356 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/11/08/fact-sheet-biden- percentE2 percent81 percentAOharris-administration-
announces-roadmap-for-nature-based-solutions-to-fight-climate-change-strengthen-communities-
and-support-local-economies/

357 The White House. https://www.whitehouse.gov/wp-content/uploads/2022/11/Nature-Based-
Solutions-Resource-Guide-2022.pdf

358 National Indian Carbon Coalition. https://www.indiancarbon.org/carbon-projects/

359 State of Hawai‘i Department of Land and Natural Resources, Division of Forestry & Wildlife.
https://dInr.hawaii.gov/dofaw/30x30/

360 State of Hawai‘i Department of Land and Natural Resources, Division of Aquatic Resources.
https://dinr.hawaii.gov/dar/announcements/hawaii-30-by-30-oceans-target/

361 U.S. Environmental Protection Agency. Inventory of U.S. Greenhouse Gas Emissions and Sinks:
1990-2020. https:// www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-
1990-2020
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landfills is therefore a pillar of the U.S. Methane Emissions Reduction Action Plan.®? In 2016,
the EPA finalized new emissions standards and guidelines for new and existing municipal
solid waste landfills. Under these rules, new, modified, and existing landfills need to collect
and control landfill gas at emission levels nearly a third lower than prior requirements. At
the time these rules were finalized, they were estimated to reduce methane emissions by an
combined 330,000 tonnes a year by 2025-equivalent to reducing 8.2 MMTCOze - in addition
to climate benefits totaling over $500 million in 2025.3% Additionally, in May 2021 the EPA
finalized a new federal plan establishing revised standards for landfills in areas without a
state or Tribal implementation plan, and ensuring that existing large municipal landfills in
the United States will be required to significantly reduce their methane emissions. As
estimated, more than 1,500 landfills are covered by the final federal plan.®®*

To support landfills in reducing methane emissions, EPA also operates the Landfill Methane
Outreach Program, a voluntary initiative working in nearly all states and territories to support
landfill operators with the recovery and beneficial use of landfill biogas for energy use. Since
1995, LMOP has assisted more than 700 landfill biogas energy projects that have collectively
reduced and avoided 600 MMTCO,e.>®

In November 2021, the EPA launched the National Recycling Strategy, and eighteen actions
identified in the strategy are underway—including creating a national map of existing
recycling infrastructure, conducting a financial needs assessment related to recycling
infrastructure in the United States, researching domestic and international circular economy
policies, providing grants to support community recycling programs, and developing a
recycling measurement guide for state, local, and Tribal governments. The BIL supports
implementation of EPA's Circular Economy Strategy Series and funds a Solid Waste
Infrastructure for Recycling grant program and a Recycling Education and Outreach grant

program.3

362 The White House. U.S. Methane Emissions Reduction Action Plan.
https://www.whitehouse.gov/wp-content/uploads/2021/11/US-Methane-Emissions-Reduction-
Action-Plan-1.pdf.

363 U.S. Environmental Protection Agency. Municipal Solid Waste Landfills: New Source Performance
Standards and Emission Guidelines. https://www.epa.gov/stationary-sources-air-
pollution/municipal-solid-waste-landfills-new-source-performance-standards.

364 U.S. Environmental Protection Agency. https://www.epa.gov/sites/default/files/2021-
05/documents/landfills-fedplan-final-fact_sheet.pdf.

365 U.S. Environmental Protection Agency. https://www.epa.gov/Imop/accomplishments-landfill-
methane-outreach-program.

366 U.S. Environmental Protection Agency. https://www.epa.gov/system/files/documents/2022-
09/EPA_Circular_Economy_Progress_Report_Sept_2022.pdf
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KEY NON-FEDERAL SPOTLIGHT:

¢ Reducing Methane Emissions from Landfill Waste: A wide range of U.S.
jurisdictions are working to divert waste from landfills, with examples including the
Austin Zero Waste Strategic Plan,*®’ the Zero Waste Boston Initiative,*®® the Los
Angeles Solid Waste Integrated Resources Plan,**® Philadelphia’'s Zero Waste
Initiatives,”® San Francisco’s zero waste goal,®”' the Santa Ynez Band of Chumash
Indians zero waste initiatives,®’? the Environmental Zero Waste DC Plan,*”® and Zero
Waste Guam.** States including California®> and Oregon®”® have adopted
regulations that specifically target landfill gas emissions.

e Food Loss & Waste 2030 Champions: USDA and the EPA recognize businesses that
have committed to specific actions to reduce food loss and waste in their U.S.
operations by 50 percent by 2030. Since the 2016 launch through May 2022, over 45
food businesses representing grocery stores, restaurants, food processors, food
manufacturers, food service, hospitality, and entertainment companies have joined
to become 2030 Champions.*”’

367 U.S. Environmental Protection Agency. https://www.epa.gov/transforming-waste-tool/zero-waste-
case-study-austin

368 City of Boston. https://www.boston.gov/environment-and-energy/zero-waste-boston

369 LA Sanitation. https://www.lacitysan.org/san/faces/home/portal/s-Ish-wwd/s-Ish-wwd-s/s-Ish-
wwd-s-zwswirp

370 City of Philadelphia. https://www.phila.gov/programs/zero-waste-initiatives/

371 U.S. Environmental Protection Agency. https://www.epa.gov/transforming-waste-tool/zero-waste-
case-study-san-francisco

372 Santa Ynez Chumash Environmental Office.
https://www.santaynezchumash.org/environment#programs

373 Government of the District of Columbia. https://zerowaste.dc.gov/zwdcplan

374 Zero Waste Guam. https://zerowasteguam.eco/

375 California Air Resources Board. https://ww2.arb.ca.gov/our-work/programs/landfill-methane-
regulation

376 Oregon Department of Environmental Quality. https://www.oregon.gov/deq/ghgp/Pages/Landfill-
Methane-Emissions-Reduction.aspx

377°U.S. Department of Agriculture. https://www.usda.gov/sites/default/files/documents/2030-
Champions-2022.pdf.
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CROSS-CUTTING

The United States undertakes a number of additional actions that help drive GHG emissions
reduction across sectors. These cross-cutting efforts include:

e Leveraging the Power of Federal Procurement: As the single largest land owner,
energy user, and employer in the Nation, the Federal Government is leveraging its
scale and procurement power to lead by example, catalyze private sector investment,
and expand the economy and American industry by transforming how we build, buy,
and manage electricity, vehicles, buildings, and other operations to be clean and
sustainable.?”® In December, 2021 the President signed Executive Order 14057 which
directs the Federal government to achieve five ambitious goals to reduce emissions
across Federal operations: 100 percent carbon pollution-free electricity by 2030, at
least half of which will be locally supplied clean energy to meet 24/7 demand; 100
percent zero-emission vehicle acquisitions by 2035, including 100 percent zero-
emission light-duty vehicle acquisitions by 2027; net-zero emissions from Federal
procurement no later than 2050, including a Buy Clean policy to promote use of
construction materials with lower embodied emissions; a net-zero emissions building
portfolio by 2045, including a 50 percent emissions reduction by 2032; and net-zero
emissions from overall federal operations by 2050, including a 65 percent emissions
reduction by 2030.3”°

e Accelerating Innovation for Net-Zero Emissions: In 2022, the Biden-Harris
Administration launched the Net-Zero Game Changers Initiative, an interagency effort
to identify, prioritize, and accelerate innovation on game-changing technologies to
support the national goal of reaching net-zero emissions by no later than 2050.3%° An
initial report describes 37 research and development opportunities and outlines five
priority areas: efficient building heating and cooling, net-zero aviation, net-zero power
grid and electrification, fusion energy at scale, and industrial products and fuels for a

1

net-zero circular economy.®' There are additional climate and clean energy

378 Office of the Federal Chief Sustainability Officer. https://www.sustainability.gov/

379 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2021/12/08/fact-sheet-president-biden-signs-executive-order-catalyzing-americas-clean-
energy-economy-through-federal-sustainability/

380 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/11/04/fact-sheet-biden-harris-administration-makes-historic-investment-in-americas-
national-labs-announces-net-zero-game-changers-initiative/

381 The White House. https://www.whitehouse.gov/wp-content/uploads/2022/11/U.S.-Innovation-to-
Meet-2050-Climate-Goals.pdf

130



Chapter 4. POLICIES AND MEASURES

innovation initiatives underway across the federal government, including DOE's
Energy Earthshots™ Initiative that is accelerating breakthroughs across technologies
including clean hydrogen, long-duration storage, carbon dioxide removal, enhanced

geothermal systems, floating offshore wind, and industrial heat decarbonization.3?

Tracking Emissions through Mandatory Greenhouse Gas Reporting: Since 2011,
EPA has required the reporting of greenhouse gas emissions from approximately
8,000 facilities across 41 U.S. industry groups that emit 25,000 metric tons or more of
COze per year. The reporting program covers about 85 to 90 percent of total U.S.
emissions sources and includes the gasses CO,, CHy4, N2O, HFCs, PFCs, SFe, and other
fluorinated gases, including nitrogen trifluoride and hydrofluorinated ethers. In 2021,
reported direct emissions totaled 2.71 billion metric tons of COze. This program
allows for the accurate and timely collection of emissions data to inform future policy
decisions and the compilation of the U.S. Inventory of Greenhouse Gas Emissions and
Sinks, which supports transparency reporting under the UNFCCC.?#3

Please see Annex 2 for a table summarizing policies and measures relevant to this reporting

period.

382 U.S. Department of Energy. https://www.energy.gov/policy/energy-earthshots-initiative
383 U.S. Environmental Protection Agency. GHGRP. https://www.epa.gov/ghgreporting/ghgrp-
reported-data
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CHAPTER SUMMARY

This chapter provides projections of U.S. greenhouse gas (GHG) emissions through 2035,
including the effects of policies and measures implemented as of November 2021 in a “With
Measures” scenario, hereafter referred to as the “2021 Policy Baseline” scenario.*®* Following
this cutoff date, President Biden has signed significant legislation into law, including the
Bipartisan Infrastructure Law (BIL)*®* and the Inflation Reduction Act (IRA),**¢ which will
substantially reduce U.S. GHG emissions. While a full analysis of the IRA and BIL is not
available for the on-time submission of this report, the United States plans to submit a
voluntary supplement to this report in 2023 that will include supplemental projections with
a “"With Measures” scenario that fully incorporates the BIL and IRA, and a “With Additional
Measures” scenario that will show how the United States can go beyond existing measures
to further reduce emissions and meet the NDC economy-wide target of reducing net GHG
emissions by 50-52 percent below 2005 levels in 2030.

Ahead of the above-described supplement to be submitted in 2023, this chapter includes
select preliminary results that will show how additional policies and programs in the process
of implementation by the Biden-Harris Administration are poised to substantially reduce U.S.
emissions and put the United States in a strong position to meet its emissions reduction
targets. In particular, a preliminary assessment by the U.S. Department of Energy (DOE) finds
that the IRA—in combination with the 2021 Bipartisan Infrastructure Law (BIL), as well as
other enacted policies and past actions—will help drive 2030 economy-wide GHG emissions
towards 40 percent below 2005 levels.

See Annex 4 for an explanation of the methodology used for this chapter on projected GHG
emissions including information on key underlying factors and activity data.

384 The 2021 Policy Baseline scenario does not include the full effects of the legislation in the process
of implementation, nor plans or programs in the process of implementation by the Biden
administration.

385 President Biden signed the BIL into law on November 15, 2021. The official short title of the BIL is
the Infrastructure Investment and Jobs Act (Public Law 117-58).

38 president Biden signed the Inflation Reduction Act into law on August 16, 2022 (Public Law 117-
169).
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PROJECTIONS FOR THE 2021 POLICY BASELINE

The projections of U.S. GHG emissions described here in the 2021 Policy Baseline reflect
national estimates considering population growth, long-term economic growth potential,
ongoing evolution of the energy system, and many of the implemented policies and
measures discussed in Chapter 4. See Annex 4 for a detailed explanation of the methodology
used for this chapter on projected GHG emissions.

The 2021 Policy Baseline scenario includes effects of policies and measures implemented
during the first months of the current administration through November 2021, the cutoff
date for the Energy Information Administration (EIA) Annual Energy Outlook 2022's baseline
projections of energy-related carbon dioxide (CO;) emissions. The projections notably
include the phasedown of hydrofluorocarbons (HFCs) under the American Innovation and
Manufacturing (AIM) Act and select provisions of the BIL.*® Policies that are proposed or
planned but had not been implemented as of November 2021, as well as sections of existing
legislation that require implementing regulations that are not yet final, or funds that have
not been appropriated, are not included in this chapter's 2021 Policy Baseline projections.
For example, the projections do not include policies in the process of implementation at the
analysis cutoff date, such as updated light-duty vehicle regulations that were finalized in
December 2021, or oil and gas sector regulations that have been proposed, but not yet
finalized. The United States plans to submit a voluntary supplement to this report in 2023
with more detailed emissions trends, including the impacts of new programs included in the
IRA and BIL.

Given implementation of programs and measures in place as of November 2021 and
economic projections from AEO2022, total net U.S. GHG emissions are projected to be about
18-20 percent below 2005 levels in 2025 and 18-21 percent below 2005 levels in 2030. These
results represent ongoing progress in reducing GHG emissions including 1) shift in electricity
production towards renewables as coal power plants are retired, 2) consistent progress in

387 AEO 2022 and the 2021 Policy Baseline are able to include the following limited set of provisions
of the BIL: 1) BlL-related spending that affects overall economic activity; 2) industrial output,
services, and mining revisions that affect the production of raw materials, intermediate and final
goods, services, and potentially mining (oil, natural gas, coal, or uranium); 3) Strategic Petroleum
Reserve (SPR) drawdown and sale; 4) Civil Nuclear Credit Program that provides funding over four
years to assist nuclear power plants that might close because of economic factors. AEO 2022 and
the 2021 Policy Baseline do not include the following provisions of the BIL: 1) Cost-effective code
implementation for efficiency and resilience; 2) Broadband Equity, Access, and Deployment
Program; 3) CO2 Infrastructure Finance and Innovation Act that would provide low-interest loans to
eligible entities for carbon dioxide (CO.) transportation projects that cost over $100 million.
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energy-efficiency of vehicles and buildings, and 3) control of non-CO, GHG emissions such
as the phasedown of HFCs under the AIM Act. These results do not fully reflect policies,
programs and measures adopted after November 2021.

Projections for the 2021 Policy Baseline are provided in total by gas and by sector. Gases
included in this report are CO,, methane (CHy), nitrous oxide (N20O), hydrofluorocarbons
(HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6), and nitrogen trifluoride (NFs).
Emissions are presented in COz-equivalent values using global warming potential (GWP)
conversions from the fourth IPCC assessment report (AR4), which is in alignment with GWP
values used for the U.S. Greenhouse Gas Inventory (chapter 3). Sectors reported include
energy, transportation, industrial processes, agriculture, waste, and land-use, land-use
change, and forestry (LULUCF). Projections for LULUCF through 2035 are presented as a
range based on alternative high- and low-sequestration scenarios.

The tables in the chapter present emissions trends from 2005 through 2035.
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Figure 5-1 shows emissions trends under the 2021 Policy Baseline.

Figure 5-1: U.S. Net GHG Emissions Projections
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Source: See Annex #4 describing the methodology for this chapter, including a
description of the sources of information.
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U.S. GREENHOUSE GAS EMISSION TRENDS UNDER THE
2021 POLICY BASELINE

The U.S. Department of Energy’s (DOE's) Energy Information Administration (EIA) Annual
Energy Outlook 2022 (AEO2022) Reference case provided the projection of energy-related
CO: emissions in the 2021 Policy Baseline scenario presented in this chapter (AEO2022).
Projected CO, emissions in the AEO2022 Reference case were adjusted to match
international GHG inventory convention. The U.S. Environmental Protection Agency (EPA)
prepared the projections of non-energy-related CO, emissions and non-CO, emissions. The
methodologies used to project non-CO; emissions are based on methodologies described in
the background document Methodologies for U.S. Greenhouse Gas Emissions Projections:
Non-CO; and Non-Energy CO, Sources*®? with incremental adjustments for changes in data
inputs availability and policy characterization. The U.S. Department of Agriculture Forest
Service (USDA/FS) and EPA collaborated on the projections of net CO; fluxes from LULUCF.
Historical emissions are drawn from the Inventory of U.S. Greenhouse Gas Emissions and
Sinks: 1990-2020.%% USDA provided estimates for agriculture-related CO, emissions
projections. In general, the projections reflect long-run trends and may not fully capture
short-run changes. More discussion of the methods used for projections is included in Annex
4.

TRENDS IN TOTAL GREENHOUSE GAS EMISSIONS

Given implementation of programs and measures in place as of November 2021 and
economic projections from AEO2022, total net U.S. GHG emissions are projected to be about
18-20 percent below 2005 levels in 2025 and 18-21 percent below 2005 levels in 2030. This
does not fully reflect policies, programs and measures adopted or implemented after
November 2021. Between 2005 to 2020, net GHG emissions decreased about 21 percent. In

388 EPA (2013). Methodologies for U.S. Greenhouse Gas Emissions Projections: Non-CO2 and Non-
Energy CO2 Sources. U.S. Environmental Protection Agency.
https://unfccc.int/sites/default/files/resource/USA%20methodologies%20got%20greenhouse%20gas
%20

emissions%20projections_0.pdf

389 EPA (2022). Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2020. U.S.
Environmental Protection Agency, Washington, D.C. EPA Publication No. EPA 430-R-22-003.
https://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-and-sinks-1990-
2020.
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2020, emissions dropped sharply in response to Coronavirus pandemic-related changes,

resulting in a decrease of 11 percent in energy-related CO> emissions from 2019. **°

Table 5-1: Historical and Projected U.S. GHG Emissions (2021 Policy

Baseline), by Gas: 2005-2035 (MMT CO2e)

Total Net U.S. GHG emissions are projected to be 18-21 percent lower than 2005 levels in

2030. Gross CO; emissions are projected to decline 22 percent over this period.

Historical Projected

2010 2015 2030 2035
CO, 6,138 5681 5377 4716 4886 4,807 4,737
CH, 698 705 667 650 653 653 651
N,O 453 453 466 426 417 413 410
HFCs 127 155 168 179 160 165 132
PFCs 7 5 5 4 5 5 5
SFg 12 7 6 5 5 4 4
NF3 0 1 1 1 1 1 1
Total Gross Emissions 7435 7,007 6,689 5981 6,127 6049 5941
LULUCEF (historical / low-sequestration) -790 -761 -700 -759 =672 -604 -602
LULUCEF (high-sequestration) - - - — -778 -813 -846
Total Net Emissions (historical / low-sequestration) | 6,645 6,246 5,989 5,222 5455 5445 5,339
Total Net Emissions (high-sequestration) — — — — 5,349 5,236 5,095

Note: LULUCF and Total Net GHG emissions are presented

sequestration and high-sequestration scenarios. The U.S. will submit a supplement to
this reportin 2023 that fully incorporates the BIL and IRA in the “With Measures” policy

baseline.

3% https://www.eia.gov/todayinenergy/detail.php?id=48856

as a range between low-
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EMISSIONS PROJECTIONS AND TRENDS BY SECTOR

Table 5-2: Historical and Projected U.S. GHG Emissions Baseline (2021
Policy Baseline), by Sector: 2005-2035 (MMT COse)

Historical Projected
Sector 2005 2010 2015 2020 2025 2030 2035
Energy 4,416 4,153 3,800 3,263 3,297 3241 3,181
Transportation 1,904 1,731 1,743 1592 1,704 1,668 1,643
Industrial Processes 366 363 376 376 367 376 349
Agriculture 574 593 614 595 596 599 600
Waste 176 168 156 156 162 165 169
Total Gross Emissions 7435 7008 6,689 5981 6,127 6,049 5941
LULUCEF (historical / low-sequestration) -790 -761 -700 -759 =672 -604 -602
LULUCF (high-sequestration) - — - — -778 -813 -84¢6
Total Net Emissions (historical / low-sequestration) | 6,645 6,246 5,989 5222 5455 5445 5339
Total Net Emissions (high-sequestration) — — — — 5,349 5236 5,095

Note: Historical emission from Inventory of U.S. Greenhouse Gas Emissions and Sinks:
1990-2020, consistent with Chapter 3 of this report. Data for 1990, 1995 and 2000 are
presented in common tabular format electronically. The U.S. will submit a supplement
to this report in 2023 that fully incorporates the BIL and IRA in the “With Measures”
policy baseline.

The economic uncertainty presented by a variety of factors, including the COVID-19
pandemic and the conflict in Ukraine, continues to be a be a key driver of overall uncertainty
in projecting future economic trends. The U.S. economy contracted by 3 percent in 2020. As
of publication in 2022, oil prices have trended above the AEO2022 projections due to the
ongoing war in Ukraine. This short-term economic environment has direct linkages to
emission levels, although the longer-term expectations in the AEO2022 reference scenario
are used in the 2021 Policy Baseline, as it represents a cohesive and reasonable long-term
outlook.

ENERGY

The energy sector includes fuel combustion emissions associated with buildings, electric
power generation, and industry, as well as emissions associated with fuel production.
Transportation emissions are discussed in the next section. In the near-term, energy sector
emissions are expected to rise relative to 2020 as the economy returns to pre-pandemic
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levels of economic activity.*' Following this, they resume the long-term declining trend,
reaching 28 percent below 2005 emissions for this sector in 2035 (see Table 5-2). Emissions
decrease from 2022 to 2035 because of a transition away from more carbon-intensive coal
to less carbon-intensive natural gas and renewable energy for electricity generation and
because of an overall decrease in energy intensity (energy consumption per unit of GDP).
This trend is not due to declining energy use. U.S. energy consumption grows through 2035,
driven by population and economic growth. The projection scenario assumes long-term
economic growth of 2.2 percent annually. (AE02022)

ELECTRICITY

The most notable changes in energy use occur in the electric sector, where significant
amounts of new renewable energy are expected to be deployed in response to falling
technology costs, and incentives. As coal and nuclear generating capacity retire, new capacity
additions come largely from wind and solar technologies. Electricity demand grows slowly
across the projection period, growing at less than 1 percent per year through most of the
projection period. This is in part due to an increase in onsite generation of electricity. The EIA
projects that residential, commercial, and industrial onsite solar PV systems will account for
more than 8 percent of total electricity generation by 2050. (AEO2022)

INDUSTRIAL

The EIA projects the U.S. industrial sector’s energy consumption to grow more than twice as
fast as any other end-use sector over 2021 to 2050. They expect industrial energy production
to exceed pre-pandemic levels by 2022, though this rebound varies by industry. For example,
glass and steel are not expected to return to 2019 levels of energy consumption, while energy
use in bulk chemicals continues to grow. No clear trend in fuel switching or electrification is
evident from energy use projections. Use of natural gas, liquid fuels, and electricity all grow
from 2021 to 2035, while coal use is relatively flat. Over the projection most major energy-
consuming industries are expected to have declining energy intensity (the amount of energy
used to produce a unit of output) resulting from efficiency gains, but emissions still grow
over 2021 to 2035. (AEO2022)

BUILDINGS

From 2021 to 2035 residential housing stocks and commercial floorspace are projected to
grow while emissions from energy use in buildings (including indirect emissions from

391 Short-Term Energy Outlook, Energy Information Administration, accessed November 2022.
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electricity usage) declines significantly. As a result of efficiency gains, delivered energy
consumption in U.S. buildings grows at 0.3 percent per year, more slowly than housing stocks
(0.8 percent per year) and commercial floorspace (1 percent per year). New single-family
homes and commercial buildings are more energy-efficient than older buildings, leading to
a decline in residential and commercial energy intensity per square foot. In addition, onsite
generation, largely from solar photovoltaics, reduces the amount of energy that must be
delivered to meet demand. These factors combined with ongoing decarbonization of
electricity generation leads to falling emissions from building energy consumption.
(AEO2022)

FOSSIL FUEL PRODUCTION

In the current projection crude oil and natural gas production are projected to continue
increasing to record high levels. Natural gas exports increase with production, driven by
global demand and continued construction of new LNG export facilities. (AEO2022)
Emissions control regulations and voluntary mitigation activities prevent growth in CHa
emissions in the context of expanding production. In 2021 and 2022, the Biden
administration has proposed additional regulations to reduce CH4 from the oil and gas
supply chain, but because these were not finalized by the analysis cutoff date, these new
proposals are not included in the current emissions projections.

TRANSPORTATION

Behavioral changes in response to the COVID-19 pandemic resulted in decreased energy use
in the transportation sector more than in other end-use sectors. Over the next few years,
energy consumption is expected to nearly return to 2019 pre-pandemic levels in 2025 before
declining slowly through 2035. In the 2021 Policy Baseline scenario new vehicle fuel economy
improvements are driven by increasingly stringent fuel economy standards. This scenario
only includes standards in place as of November 2021 (e.g., excluding changes made in
December 2021 and moving forward), so we expect future revisions will show further
technology improvement over time. Motor gasoline remains the dominant vehicle fuel over
the projection period. The EIA projects that the market for alternative-fuel vehicles continues
to grow, with battery-electric vehicles and plug-in hybrid electric vehicles combined
accounting for 13 percent of total light-duty vehicle sales in 2050. However, the on-road
vehicle stock shifts more slowly than sales. (AE02022)

INDUSTRIAL PROCESSES

Major industrial processes and product use (IPPU) source categories continue to include use
of HFCs in refrigeration and air conditioning, metals, cement, and chemicals production. In
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the AEO2022 reference scenario, the industrial sector becomes the largest consumer of
natural gas starting in the early 2020s, including expanded use as a feedstock in chemical
industries as well as for industrial heat and power. Industries such as bulk chemicals and
cement have projected over 25 percent growth in value of shipments output between 2021
and 2035. Several trends impact projections of HFC emissions from use of ozone-depleting
substances (ODS)-substitutes: (1) lower emissions due to the continued replacement of HFC-
134a with HFO-1234yf in light duty vehicle air conditioning, due to compliance flexibilities in
the light duty CO, emissions rule; (2) increasing emissions from the growth in sales of
residential air conditioning with high-GWP HFC blend, including record-level air conditioning
sales and upgrading during the pandemic; (3) Emission reductions from leak repair and
recovery; and (4) replacement of high-GWP HFCs with low/zero-GWP substances in certain
parts of the refrigeration, air conditioning, foams, fire suppression, and aerosols markets
associated with the ongoing implementation of the American Innovation and Manufacturing
(AIM) Act and its HFC allocation program to phase down hydrofluorocarbon production and
consumption.

AGRICULTURE

Across commodities, crop production in the United States through 2035 is projected to
increase modestly due to higher demands for food, livestock feed, and fiber products. These
higher demands are primarily driven by increasing U.S. and global populations and income
levels. With respect to area, however, land in crop production, both in aggregate and for
individual commodities, is projected to remain relatively stable at current levels. The
combination of increasing production and stable cropland area results from a projected
continuation of trends in productivity (i.e., increasing yields per acre) that have been
observed for the major crops over the last 10 - 20 years. For example, yields of corn and
wheat are projected to continue to rise at annual rates of, respectively, 2.0 and 0.4 bushels
per acre per year. The projected increases in yields per acre are adequate to meet the
projected increases in commodity production without increasing the quantity of land in crop
production.

As with the major crops, production of beef, pork, chicken, and dairy products are projected
to increase modestly due to rising U.S and global populations and income levels. Unlike
crops, projected increases in productivity (i.e., milk or meat per animal) are not sufficient to
meet the growing demands for livestock products resulting in modest increases in projected
herd and flock sizes.

With respect to GHG emissions from agricultural sources, the above changes in crop and
livestock productivity result in a small increase in projected methane (CH4) emissions from

142



Chapter 5. PROJECTED GREENHOUSE GAS EMISSIONS

both enteric emissions and manure management. Projected emissions of manure nitrous
oxide (N20) emissions and cropland N2O emissions are relatively stable through 2035 at
current levels. Agricultural soils (collectively the sum of cropland remaining cropland, land
converted to cropland, grasslands remaining grasslands, and lands converted to grasslands)
are also associated with CO, emissions and removals. Currently, these soils are a net source
of emissions and they are projected to remain a source through 2035. The magnitude of the
source is projected to increase through 2035, with average emissions between 2011-2020
and 2026-2035 rising from 20.1 million metric tonnes of carbon dioxide equivalent (MMT
COze) to 25.2 MMTCOze.

FOREST AND LAND USE

As described in the Inventory of Greenhouse Gas Emissions and Sinks 1990-2020, land use,
land-use change, and forestry (LULUCF) activities in 2020 resulted in net CO, removals of
nearly of 812 MMT COze/year (EPA, 2022). Total net carbon sequestration in the LULUCF
sector decreased by approximately 9 percent between 1990 and 2020. U.S. forest land
attributes and area are continually changing as the demand for forest products change, as
forest management techniques advance, as forests age, and as land use choices shift. Also,
climate change is altering forest composition, structure, and dynamics via changes in forest
growth, and higher frequency and greater intensity of natural disturbances such as droughts,
wildfires and insect and disease outbreaks.

Projecting potential future emissions fluxes from LULUCF is challenging due to the
uncertainties associated with estimating the complex carbon dynamics of different
terrestrial ecosystems and related market interactions, and the potential extent of land use
change between sectors. To reflect these uncertainties, the U.S. LULUCF projections through
2035 in this document are presented as a range (See Figure 5-2). This range incorporates
results from three different modeling approaches that use alternate modeling techniques
and different perspectives on future macroeconomic outlooks, land use and climate
changes, and accounting of forest dynamics. Using a range from alternative models helps
bolster the integrity of the projected results. The approaches used to develop this range are
discussed further in the methods section, with a brief description of the results here.

The high end of the sequestration range reflects a maintained and slightly strengthened net
forest sink (meaning carbon stocks increase at a flat or increasing rate) due to a variety of
factors including recent market, policy, and environmental drivers. This projection indicates
strong continued investment in productive private forest lands by landowners, as well as
continued net increases in forest land area. Rising investment in silvicultural practices and
forest expansion is driven largely by global demand growth for forest products and the
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evolving forest and climate policy landscape; rising forest market prices in this estimate
engender new forest investments that stimulate increased carbon stocks. Some lands,
especially in the Eastern U.S. see moderating harvests and management intensity as
landowners increasingly value other outputs besides timber. There is also decreased harvest
from less accessible regions over time and increased harvests from more accessible regions.
Policy changes - both domestic and international - also affect future potential forest CO;
fluxes, as policy changes influence landowner behavior and market outcomes, which is
reflected in the data. These factors are augmented by continued atmospheric enrichment
through CO; fertilization.

The lower sequestration range reflects the U.S. Forest sector becoming a smaller net sink of
GHG emissions (as carbon stocks increase at a decreasing rate) under current policies and
management approaches. This projection sees increases in forest harvest for products, a net
decrease in forest area, and an aging forest resource influenced by increasing disturbance
rates. This trajectory is largely driven by the interaction of increasing harvest with moderate
increases in timber prices and the effects of future disturbance on an aging forest. The
increasing price trends do result in investments in forest management and planting, yet in
key forest production regions, for example the Southeast, this increased investment serves
to shift away from recent decreases in forest plantation area to a stable plantation area in
the future. In the United States, forest plantations account for 10 percent of the forest land
base. The remaining 90 percent of the forest land base is typically less intensively managed
for timber, managed for other ecosystem services (e.g., water, wildlife, aesthetics,
recreation), or managed for multiple uses (see for example Butler et al. 2021). Decreased
sequestration is anticipated over time in this larger portion of the forest land base as
naturally regenerated forest lands are harvested to meet demand, and net forest growth
slows due to aging and increased disturbance.

In the interest of transparency, we present this range of LULUCF uncertainty as it reflects
many considerations about different possible future economic conditions, population
dynamics and land sector response. Ultimately, the range reflects the broad set of activities
currently being taken by the United States to maintain our carbon sink.
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Figure 5-2: Current Measures CO; Projections for Forestry and Land Use
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Source: See Annex #4 describing the methodology for this chapter, including a
description of the sources of information.

WASTE

An increasing population and waste deposition results in more emissions from landfills and
wastewater treatment, and corresponding projected increases in emissions.
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BOX 5.1: PRELIMINARY ANALYSIS OF THE INFLATION REDUCTION
ACT

The Inflation Reduction Act of 2022 (IRA) provides a historic, $370 billion investment in
tackling the climate crisis. While the IRA became law too recently to be included in the 2021
Policy Baseline presented in this report, the United States plans to submit a voluntary
supplement to this report in 2023 presenting a full “With Measures” scenario that includes
the IRA, and a full “With Additional Measures” scenario that shows how the U.S. can go
beyond the existing measures to further reduce its emissions and meet the NDC economy-
wide target of reducing net GHG emissions by 50-52 percent below 2005 levels in 2030. In
this report we present some information from a preliminary assessment by the U.S.
Department of Energy (DOE) that finds that the IRA—in combination with the 2021 Bipartisan
Infrastructure Law (BIL), as well as other enacted policies and past actions—will help drive
2030 economy-wide GHG emissions towards 40 percent below 2005 levels.?*?> The legislation
would get the U.S. a significant way towards our overall 2030 climate goals, positioning the
U.S. to reach its NDC of 50-52 percent GHG emission reductions below 2005 levels in 2030
with continued actions from all levels of government and the private sector.

Beyond implementation of the IRA, the Federal government will continue to deliver
additional emission reductions through forthcoming executive actions. In addition to Federal
actions, the IRA and BIL enable and catalyze state, local, Tribal, and territorial government
actions on climate change that will deliver GHG emissions reductions above and beyond
what the IRA and BIL are estimated to achieve on their own. As one indication of how these
sorts of additional measures may shape emissions trends, the U.S. Long-Term Strategy lays
out pathways consistent with reaching net-zero emissions in 2050, requiring actions
spanning every sector of the economy.>*?

392 U.S. Department of Energy (DOE) Office of Policy (2022). The Inflation Reduction Act Drives
Significant Emissions Reductions and Positions America to Reach Our Climate Goals.
https://www.energy.gov/sites/default/files/2022-
08/8.18%20InflationReductionAct_Factsheet_Final.pdf.

393 The Long-Term Strategy of the United States: Pathways to Net-Zero Greenhouse Gas Emissions
by 2050. November, 2021. U.S. Department of State and the US Executive Office of the President.
Available at: http://whitehouse.gov/wp-content/uploads/2021/10/US-Long-Term-Strategy.pdf.
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Figure 5-3: The Inflation Reduction Act and Bipartisan Infrastructure
Law, in Combination with Past Actions, Are Projected to Drive 2030
Economy-Wide GHG Emissions to 40% Below 2005 Levels
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POWER

The new and extended tax incentives in IRA will drive near-term power-sector pollution
reductions by accelerating the growth of clean electricity generation, including wind and
solar power. Various transmission programs and authorities, as well as a new tax incentive
for energy storage, will help ensure that these new resources are reliably delivered to
customers. Meanwhile, a new production tax credit in IRA and the Civil Nuclear Credit

394 U.S. Department of Energy (DOE) Office of Policy (2022). The Inflation Reduction Act Drives
Significant Emissions Reductions and Positions America to Reach Our Climate Goals, p.2.
https://www.energy.gov/sites/default/files/2022-
08/8.18%20InflationReductionAct_Factsheet_Final.pdf
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program established by BIL will support the maintenance of the country's existing nuclear
power fleet, ensuring that America does not lose these important clean power resources.

The combined effects of IRA and BIL will also drive technology innovation, enabling longer-
term reductions in power-sector emissions. Enhanced funding for loans, research and
development, and demonstration will support innovation and new deployments for a range
of technologies, including nuclear, carbon capture and storage (CCS), long-duration energy
storage, clean hydrogen, direct air capture, geothermal, and more. Long-term extensions of
existing tax incentives and new and augmented tax incentives that collectively cover each of
these technologies will help ensure strong commercial interest and provide a basis for
potential large-scale deployment.

INDUSTRY

Programs that support direct emissions abatement at industrial facilities and within
manufacturing and recycling processes, incentives for clean fuels, and procurement
measures for low-carbon materials all work together to drive industrial-sector emissions
reductions. IRA's $5.8 billion Advanced Industrial Facilities Deployment Program plays a
significant role, providing financial assistance for facilities to use advanced industrial
technologies, such as electrification, low-carbon fuels, carbon capture, and other advanced-
manufacturing processes. This will drive emissions reductions in key, emission-intensive
industrial sectors, such as iron and steel, cement, and chemicals. IRA also leverages the
purchasing power of the Federal government to support demand for low-carbon
construction materials through procurement provisions and supports standardizing
Environmental Product Declarations to make it easier for the federal government as well as
other climate-conscious buyers to select and purchase cleaner materials. The hydrogen
production tax credit will leverage the hydrogen hub and demonstration investments from
BIL to drive hydrogen production and subsequent use in subsectors, such as ammonia,
petroleum refining, biofuels, heavy-duty transportation, and steel. Similarly, the extension
and enhancement of the tax credit for industrial applications of CCS will leverage BIL
investments in CCS demonstrations and CO; transportation infrastructure to abate
emissions in ethanol, cement, and refining.

BUILDINGS

IRA provides a landmark expansion of new and existing incentives for building efficiency and
electrification. Residential incentives include new rebates for home retrofits and expansion
of energy efficiency tax credits for existing and new homes. Many of these programs are
targeted in whole or in part to low-moderate income households, such as funding for HUD-
assisted affordable housing. IRA also significantly expands tax credits for commercial
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buildings. Direct funding to building owners is complemented by funding for state agencies,
such as funding to assist with state and local building-code adoption and compliance.

Reductions also come from a variety of BIL programs, including $3.5 billion in Weatherization
Assistance Program funding and support for the Energy Efficiency and Conservation Block
Grant Program, State Energy Program, Capitalization for Efficiency Revolving Loan Funds,
and Efficiency and Renewable Energy Grants for public schools. IRA and BIL build on existing
programs from DOE, EPA, and the Department of Housing and Urban Development. These
include DOE's Appliance and Equipment Standards and EPA's ENERGY STAR Program that
pushes efficiency beyond these requirements.

Many of these provisions support the electrification of buildings with efficient equipment
that takes advantage of low-carbon electricity, such as electric heat pumps for heating, air
conditioning, and hot water - building on efforts already moving forward on the state level.
Other investments in building shell improvements - efficient windows, doors, and insulation
materials - will generate further emissions reductions. These investments in our nation’s
buildings, which can operate for 100 years or longer, will ensure lower emissions, lower
costs, and improved safety and comfort for decades beyond 2030.

TRANSPORTATION

Tax credits for clean cars, trucks, vans, SUVs, commercial vehicles, and heavy-duty vehicles
will help drivers and fleets adopt advanced technologies that lower operating costs and
reduce emissions. IRA's Clean Vehicle Credit will support the transition to a clean
transportation future, reducing GHG emissions and local air pollution while accelerating the
expansion of American supply chains for critical minerals and battery production. Together
with BIL investments of $7 billion to strengthen the American battery supply chain, IRA
establishes a production tax credit to manufacture battery modules and creates programs
to support advanced vehicle technologies and revitalize automotive manufacturing facilities.
Moreover, IRA will help more Americans access clean transportation through tax credits for
lower-income drivers who purchase previously owned, clean vehicles.

Expanding upon the states’ efforts to deploy a national network of charging infrastructure,
largely funded by $7.5 billion in the BIL, an alternative refueling tax credit will help install
charging equipment in low-to-moderate-income and rural communities. In addition, funding
for electric federal fleet vehicles such as U.S. Postal Service trucks will help reduce pollution
from mail deliveries and other activities. To further decarbonize all modes of transportation,
IRA creates tax credits to facilitate the use of clean fuels including biodiesel, renewable diesel,
advanced biofuel, and sustainable aviation fuel. It also provides incentives to deploy
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alternative-fuel infrastructure and advanced aviation technology, and to reduce diesel
emissions from freight and ports.

These investments build on efforts by the Department of Transportation and the
Environmental Protection Agency to update fuel economy and tailpipe emissions standards
for vehicles, which will work in concert with these new investments to drive toward meeting
the President’s goal of 50 percent zero emissions vehicles sold in 2030.

AGRICULTURE AND FORESTRY

Combined with BIL and other investments already underway, IRA makes a significant
investment in part through the U.S. Department of Agriculture that will support agricultural
producers, rural communities and their infrastructure needs, while responding and adapting
to the climate crisis. Recognizing the critical role American agriculture and forestry play in
the addressing the climate crisis, IRA will invest $21 billion in climate-smart activities pursued
by farmers, ranchers, and forest landowners to reduce GHG pollution, increase carbon
storage in soils and trees, and make their operations more productive. IRA will also invest $5
billion to protect communities from the risks of extreme wildfires, conserve forests with
significant carbon sequestration benefits, and cool communities vulnerable to the threats of
extreme heat. These investments will give farmers, ranchers, forest landowners and rural
communities the resources and tools they need to prepare for and adapt to a changing
climate, saving lives, property, and livelihoods.

REDUCTIONS BEYOND BIL AND IRA

BIL and IRA combined would get the U.S. a significant way toward achieving our NDC
emissions reduction target, with the remainder coming from continued executive branch,
state, local, Tribal, territorial, and private sector actions. The 2021 Long-Term Strategy (LTS)
of the United States illustrates multiple pathways to a net-zero economy no later than 2050.
The LTS pathways involve five key transformations: decarbonizing electricity, electrify end-
uses and switch to other clean fuels, cut energy waste, reduce methane and other non-CO;
emissions, and scale up CO; removal. The Bipartisan Infrastructure Law and Inflation
Reduction Act represent important federal leadership towards these transformations. The
LTS further describes that sustained, coordinated action will be required spanning four
strategic pillars: federal leadership, innovation, non-federal leadership, and all-of-society
action. The incentives and other enabling provisions in BIL and IRA will enable further
ambition in all of these pillars.

The LTS analysis offers insights into what the overall emissions profile for the United States
could look like between now and 2050. The eventual U.S. pathway to net-zero emissions will
depend on the evolution of technologies, the specifics of policy and regulatory packages, and
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factors such as economic growth, sociodemographic shifts, and market prices for
commodities and fuels across the next three decades.

TOTAL EFFECT OF POLICIES AND MEASURES

This section provides an estimate of the total effect of policies and measures using a top-
down approach. The approach used is to compare current projections under the 2021 Policy
Baseline to “with measures” projections under past National Communications and Biennial
Reports. In particular, current projections are compared against the 2014 National
Communication because that is the furthest-back projection which included GHG projections
for 2030, making it useful to observe changes in projected emissions for 2020, 2025, and
2030.

CHANGES IN GROSS EMISSION PROJECTIONS BETWEEN THE 2014
AND 2021 NATIONAL COMMUNICATIONS

Projections of gross GHG emissions in the 2021 Policy Baseline scenario presented in this
report are significantly lower than the emission projection presented in the 2014 National
Communication. These differences result from a combination of changes in policies, cost of
technologies, and economic growth. While responses to the COVID-19 pandemic have led to
large changes in activities and emissions in the short run, these are occurring within the
context of overall shifts towards a less GHG emissions-intensive economy. This can be
observed, for example, by the fact that 2019 GHG emissions, before the start of the
pandemic, were lower than had been previously projected. The current 2021 Policy Baseline
projection and the corresponding projections from previous reports are displayed in Table
5-3 and Figure 5-4 for comparison. Adjustments have been made to previous Climate Action
Report (CAR) projections to reflect IPCC Fourth Assessment Report (AR4) GWPs.
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Table 5-3: Comparison of Total Gross GHG Emissions under the 2021
Policy Baseline Projections to Previous U.S. Climate Action Reports and
Biennial Reports

2005 2010 2015 2020 2025 2030 2035

2022NC | 7,435 7,007 6,689 5,981 6,127 6,049 5941

2021NC | 7423 6,991 6,671 6,103 6,191 6,194 6,192

2016 BR | 7,350 6,899 6,772 6,641 6,580 6,392 -

2014 NC | 7,283 6,908 6,732 6,921 7,074 7,160 -

2010NC | 7,257 7,237 7,407 7,604 - - -

2006 NC | 7,246 7648 8,043 8,433 - - -

Notes:

e Historical and projected years vary between reports. For the 2022 National
Communication the base year is 2020, for the 2021 National Communication it
was 2019; for the 2016 BR it was 2013; for the 2014 National Communication it
was 2011; for the 2010 CAR it was 2007; for the 2006 National Communication it
was 2004.

e Previous National Communication projections have been adjusted for
comparability and may vary from tables published in those reports. Where Fourth
Assessment Report (AR4) GWP values were not used, CO2-equivalent projections
have been adjusted to reflect AR4 GWPs. LULUCF emissions sources that were
previously reported as part of gross emissions are now excluded from gross
emissions.

e Historical estimates can vary between National Communication and BR
reports because as part of the process of revising inventory methodologies and
data sources there are often historical timeseries recalculations.
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Figure 5-4: Comparison of 2021 “With Measures” Baseline to Previous
“With Measures” Projections
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Source: 2006, 2010, 2014 National Communications of the United States to the
UNFCCC (NatCom); 2016 Biennial Report of the United States to the UNFCCC (BR).
“2020 Policy” is from the 2021 NatCom/BR. For “2021 Policy,” see Annex #4
describing the methodology for this chapter, including a description of the sources of
information.
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Figure 5-5: Comparison of Energy-Related CO; Projections from Annual
Energy Outlook 2022 (AEO2022) Reference Case to Previous AEO

Projections
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Source: U.S. EIA Annual Energy Outlook 2014,2015 2016, 2020, 2021, 2022. See Annex
#4 describing the methodology for this chapter, including a description of the sources
of information.

TOPDOWN ESTIMATE OF THE EFFECTS OF NEW POLICIES AND
MEASURES

An analysis was conducted to disaggregate changes in emission projections due to
macroeconomic factors from changes resulting from policies and measures and technology
improvements. The analysis decomposes emissions into factors representing population,
per capita GDP, energy intensity, and carbon intensity of energy, referred to as a Kaya
analysis. Between the 2014 and 2022 National Communications, projections of population,
GDP, energy use, and emissions all changed. By changing individual factors, the Kaya analysis
can be used to associate proportions of the total change in emissions with each factor in the
decomposition equation. By removing the portion of emission change due to population and
GDP changes, the remaining emissions change associated with energy and emissions
intensity is assumed to relate to new policies and measures, technological change, and
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energy market conditions over the time period when the two sets of projections were
prepared.

Figure 5-6: Normalized Kaya Identity Factors Used for Assessing the
Effects of New Policies and Measures
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Source: See Annex #4 describing the methodology for this chapter, including a
description of the sources of information.

KAYA ANALYSIS RESULTS:

e Within the macroeconomic drivers, population has consistently trended lower than
had been projected in the 2014 National Communication. In 2020, the Coronavirus
pandemic resulted in a gap between current projections of GDP/capita and the 2014
estimates. However, through 2030, GDP projections match those from 2014, which at
lower population levels mean higher GDP per capita.

e The result of lower population and higher GDP/capita than had been projected in the
2014 National Communication balances out. Without improvements in energy or
emissions intensity, we should expect similar energy use and emissions projections
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in the 2021 Policy Baseline as in the 2012 policy baseline presented in the 2014
National Communication.

¢ While energy-intensity and emissions-intensity were both projected to decline over
time in the 2012 Policy Baseline, the Kaya decomposition shows how those factors
are now expected to evolve independently of macroeconomic drivers. Energy-
intensity is somewhat higher than had been projected in 2014, while emissions-
intensity is significantly lower.

e Very little of the change in gross emissions projections between the 2014 National
Communication and 2022 National Communication for the years 2020, 2025, and
2030 are attributable to changes in macroeconomic expectations, most or all of the
change, particularly in 2025 and 2030, is associated with the Kaya decomposition
factors for energy-intensity and emissions-intensity. This indicates a total effect of
policies and measures and technological change of about 1000 MMTCOze in 2025 and
1000 MMTCO:ze in 2030.

Table 5-4: Estimates of the Total Effect of New Policies and Measures
and Technology Change

Changes Between 2014 NC and 2022 NC 2020 2025 2030
Gross Emissions (MMT COze) -940 -949 -1112

Percent of change associated with energy- and
emissions-intensity factors

70 percent 100 percent 100 percent

Emissions change associated with energy- and
emissions-intensity factors (MMT CO2e)

Notes:

600 1000 1000

ADue to uncertainty and sensitivity of Kaya analysis results, percent associations and MMT are
presented with 1 significant figure.

B The approach used here to attribute relative share of emissions changes to different Kaya
decomposition factors can lead to the conclusion that factors are responsible for more than
100 percent of changes. This happens here because current projected real GDP for 2025 and
2030 is higher than projected GDP was in the 2014 NC, so comparing projected emissions with
normalized GDP projections would indicate an even larger emissions change than a simple
comparison of projected emissions would.

While indicative, the Kaya decomposition is somewhat sensitive to methodological choices
and adjustments. For example, to ensure comparability, it was necessary to convert the
emissions projections from 2014 to AR4 GWP values, and to convert the GDP projections
from 2014 to more recent year constant dollar values. Even after these conversions there
were discrepancies in the historical series resulting from recalculations and methodological
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adjustments in the intervening years which limit comparability. Relative to the results of a
similar analysis conducted in 2021, the current projected GDP is higher, which has led to a
larger portion of emissions changes being attributed to energy- and emissions-intensity
factors than in the 2021 National Communication analysis. Annex 4, Table A4-1 provides a

summary of key factors underlying the current estimates for 2030 in comparison to previous
projections.
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ADAPTATION

INTRODUCTION

Human activities have dramatically altered the world’s climate, oceans, land, ice cover, and
ecosystems, resulting in impacts on human health, agriculture, infrastructure, natural
resources, and other sectors of the economy. In the United States, climate change has
already resulted in more frequent heat waves, extreme precipitation, larger wildfires, and
water scarcity. The last few years have seen record-breaking, climate-related weather
extremes and continued decline in Arctic Sea ice. These are serious challenges that directly
affect individuals, communities, and jobs across the nation and all over the world, and these
trends are expected to continue in the future. The United States has scaled up actions that
enhance the resilience of communities, infrastructure, and natural resources to the impacts
of climate change domestically.?* (The United States also supports partners around the
world in building resilience to climate change; relevant information on these programs is
reported in Chapter 7.)

The United States, with its geographic and economic diversity, is exposed to many different
types of climate impacts, including droughts and wildfires, inland and coastal flooding,
extreme heat, loss of permafrost and sea ice, ecosystem and biodiversity loss, and more.
Chapter 2 outlines some of the changes in temperature and precipitation already
experienced in the United States. Such climate impacts are expected to increasingly disrupt
and damage critical infrastructure and property, labor productivity, and the vitality of rural
and urban communities. The rising number of billion-dollar weather and climate disasters,
shown in Figure 2-5 (2021 disasters) is one indication of the scale and costs of disasters
affecting the United States.

Vulnerabilities are spread widely, but unevenly, across the United States. Disadvantaged
communities are often at greater risk to harm from climate impacts. Future climate change
is expected to further disrupt many areas of life, exacerbating existing challenges to
prosperity posed by aging and deteriorating infrastructure, stressed ecosystems, and
economic inequality. Thus, impacts will not be distributed equally. People who are already
vulnerable, including lower-income and other historically marginalized communities, are

39 The White House. https://www.whitehouse.gov/briefing-room/statements-
releases/2022/08/01/fact-sheet-10-ways-the-biden-harris-administration-is-making-america-
resilient-to-climate-change/
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often at greater risk to harm from climate impacts and have lower capacity to prepare for
and cope with extreme weather and climate-related events and are expected to experience
greater impacts.

Regional economies and industries that depend on natural resources and favorable climate
conditions, such as agriculture, forestry, outdoor recreation, tourism, and fisheries, are
especially vulnerable to the growing impacts of climate change. Rising temperatures are
projected to reduce the efficiency of power generation while increasing energy demands,
resulting in higher electricity costs and energy burden for disadvantaged communities.
Climate change also poses occupational threats to worker's health and safety. Without
significant, rapid, and sustained reductions in global greenhouse gas (GHG) emissions,
projected warming is expected to cause substantial net damage to the U.S. economy. In the
2020 report “Managing Climate Risk in the U.S. Financial System”, the U.S. Commodity
Futures Trading Commission found that climate change is already impacting nearly every
facet of the economy and poses a major risk to the stability of the U.S. financial system.%
The Congressional Budget Office projects that climate change will, on net, reduce average
annual real Gross Domestic Product (GDP) growth by 0.03 percentage points from 2020 to
2050, relative to growth that would occur under the climatic conditions that prevailed at the
end of the 20th century.*” The growth differential accumulates to a 1.0 percent reduction in
the projected level of real GDP in 2050.

Climate change increasingly threatens the livelihoods, economies, health, and cultural
identities of all people, but the impacts are especially acute on Native Americans as
interconnected social, physical, and ecological systems are disrupted. Many Tribes rely on,
but face institutional barriers to, self-determined management of water, land, other natural
resources, and infrastructure that will be impacted increasingly by changes in climate. These
institutional barriers include limited access to traditional territory and resources, which
severely limits their adaptive capacities.

New observations and research have increased our understanding of past, current, and
future climate change. An assessment of climate trends, impacts, and risks was published in
the two volumes of the Fourth National Climate Assessment (NCA4), developed under the
direction of the U.S. Global Change Research Program. The first volume, the Climate Science

3% U.S. Commodity Futures Trading Commission, https://www.cftc.gov/sites/default/files/2020-09/9-
9-20%20Report%200f%20the%20Subcommittee%200n%20Climate-Related%20Market%20Risk%20-
%20Managing%20Climate%20Risk%20in%20the%20U.S.%20Financial%20System%20for%20posting.
pdf

397°U.S. Congressional Budget Office, https://www.cbo.gov/system/files/2020-09/56505-Climate-
Change.pdf
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Special Report, published in 2017, provides a detailed analysis of how climate change is
affecting the physical earth system. The second volume, published in 2018, focuses on the
human, societal, and environmental elements of climate change and variability for 10 regions
and 18 national topics, with particular attention paid to current and projected risks_and
impacts under different mitigation pathways and implications for risk reduction. Key findings
of NCA4 are summarized in the Expected Impacts of Climate Change section below.

Actions to adapt to these present and future impacts of climate change are being taken at
every scale of government and in every region. Adaptation actions across the nation have
been supported by the U.S. federal government through many mechanisms and agencies,
and also by state and local governments.

This chapter outlines, discusses, and provides examples of the following key topics:

e Expected Impacts of Climate Change: Physical changes to the U.S. climate, driven by
human activity

e Vulnerability Assessment: Climate risks to human activities in different regions and
economic sectors of the U.S.

e Adaptation Actions: U.S. Government programs to support climate adaptation within
the United States

EXPECTED IMPACTS OF CLIMATE CHANGE

The climate of the United States is strongly connected to the changing global climate. Global
averaged surface air temperature has increased by about 1.0°C since the beginning of the
20th century, bringing us the warmest period in the history of modern civilization, and this
trend is expected to continue. These warmer temperatures will bring changes in
precipitation, a rise in sea levels, and more extreme weather events globally, including within
the United States.

As described in Chapter 2, annual average temperature over the United States has risen, and
observations are consistent with rapid warming since 1979. There have been marked
changes in temperature extremes, with a decrease in the frequency of cold waves and an
increase in the frequency of heat waves. Temperatures are projected to continue to rise. In
the contiguous U.S., the period 2021-2050 is projected to be about 1.4°C warmer than the
period 1976-2005 even in a future with substantial reductions in carbon emissions. Extreme
temperatures are projected to increase even more than average temperatures, with less
intense cold waves and more intense heat waves.
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Figure 6-1: Projected Changes in U.S. Annual Average Temperatures
Mid-21st Century
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Annual average temperatures across the United States are projected to increase over this
century, with greater changes at higher latitudes as compared to lower latitudes, and under
a higher scenario (Representative Concentration Pathway (RCP)8.5; right) than under a lower
one (RCP4.5; left). Figure 6-1 shows projected differences in annual average temperatures

3% Vose, R.S., D.R. Easterling, K.E. Kunkel, A.N. LeGrande, and M.F. Wehner, 2017: Temperature
changes in the United States. In: Climate Science Special Report: Fourth National Climate Assessment,
Volume | [Wuebbles, D.J., D.W. Fahey, K.A. Hibbard, D.J. Dokken, B.C. Stewart, and T.K. Maycock
(eds.)]. U.S. Global Change Research Program, Washington, DC, USA, pp. 185-206,

doi: 10.7930/JO0N29V45.U.S. Global Change Research Program,
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for mid-century (2036-2065; top) and end of century (2071-2100; bottom) relative to the near
present (1986-2015).3%

Precipitation patterns have changed, with some areas receiving more precipitation, some
less, and warmer temperatures leading to a higher proportion of precipitation falling as rain
than snow as compared to the past. Heavy precipitation events in most parts of the United
States have increased in both intensity and frequency. Figure 2-4 in Chapter 2 illustrates
these observed changes. Heavy precipitation events are projected to continue to increase
over the 21st century with important regional and seasonal differences. The largest increases
are expected to occur in the northeastern U.S.

The average sea level across the globe has risen at an alarming rate, with about 2.8 inches
(7 cm) of rise occurring just since 1993. Sea level along the U.S. coastline is projected to rise,
on average, 10 - 12 inches (0.25 - 0.30 meters) in the next 30 years (2020 - 2050), which will
be as much as the rise measured over the last 100 years (1920 - 2020). Sea level rise will vary
regionally along U.S. coasts because of changes in both land and ocean height. Sea level rise
will create a profound shift in coastal flooding over the next 30 years by causing tide and
storm surge heights to increase and reach further inland. By 2050, “moderate” (typically
damaging) flooding is expected to occur, on average, more than 10 times as often as it does
today and can be intensified by local factors. Current and future emissions matter. About 2
feet (0.6 meters) of sea level rise along the U.S. coastline is increasingly likely between 2020
and 2100 because of emissions to date. Failing to curb future emissions could cause an
additional 1.5 - 5 feet (0.5 - 1.5 meters) of rise for a total of 3.5 - 7 feet (1.1 - 2.1 meters) by

the end of this century.*®

Recent droughts and heat waves have reached record intensity in some regions of the United
States. Higher temperatures are driving increased evapotranspiration, reducing soil
moisture. Further decreases in soil moisture are likely as the climate warms. This, along with
the reduction in snowpack in the western U.S., means that chronic, long-duration
hydrological drought is increasingly likely. This combination of factors has led to the increase
in large forest fires in the western U.S. and Alaska, and forest fires are projected to further
increase, with profound changes to certain ecosystems. "’

399bid.

400y.S. National Oceanic and Atmospheric Administration,
https://oceanservice.noaa.gov/hazards/sealevelrise/noaa-nostechrpt01-global-regional-SLR-
scenarios-US.pdf

401 U.S. Department of Agriculture, https://doi.org/10.2737/WO-GTR-93b
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VULNERABILITY ASSESSMENT

Climate change creates new risks and exacerbates existing vulnerabilities in communities
across the United States, presenting growing challenges to human health and safety, quality
of life, and the rate of economic growth. In a 2017 report, the U.S. Government Accountability
Office reviewed two modeling frameworks focused on the U.S. with internally consistent
climate and socioeconomic scenarios to analyze a broad range of sectoral impacts, finding
that fiscal risks to the federal government could be large and that effects could be unevenly
distributed across sectors and regions (GAO, 2017). **This section of the report describes
identified vulnerabilities and summarizes some of the actions taken to address these
vulnerabilities.

EPA's Climate Impacts and Risk Analysis project quantifies potential physical and economic
damages of climate change to a large number of sectors in the U.S.,** “*“Projected impacts
and damages across sectors reveal highly complex patterns, with each region of the country
projected to experience a unique mix of physical and economic effects, with some regions
experiencing compounding impacts (i.e., high vulnerability across multiple impact sectors,
such as poor air quality and extreme temperature mortality). Recent additions to the project
focus on the implications of climate change on ozone and fine particulates, health effects

402 U.S. Government Accountability Office. 2017. Information on Potential Economic Effects
Could Help Guide Federal Efforts to Reduce Fiscal Exposure. GAO-17-720

403 Martinich, J., and A. Crimmins (2019). Climate damages and adaptation potential across diverse
sectors of the United States. Nature Climate Change, 9, 397-404.

404 U.S. Environmental Protection Agency, 2017: Multi-model Framework for Quantitative Sectoral
Impacts Analysis: A Technical Report for the Fourth National Climate Assessment. EPA 430-R-17-001.
U.S. Environmental Protection Agency (EPA), Washington, DC
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from climate-driven wildfire emissions, extreme temperature effects on outdoor labor,
Valley Fever incidence, and the effects of high-tide flooding on traffic delays.*%>,40¢ 407 408 409

NCA4 found that impacts in many sectors fall disproportionately on those communities that
are least able to anticipate, cope with, and recover from adverse impacts. For instance, it
concluded that populations experiencing greater health risks include children, older adults,
low-income communities, and some communities of color. To investigate these potential
disparities, the U.S. Environmental Protection Agency (EPA) released a report Climate Change
and Social Vulnerability in the United States: A Focus on Six Impacts quantifying the degree
to which four socially vulnerable populations— defined based on income, educational
attainment, race and ethnicity, and age—may be more exposed to the highest impacts of
climate change.*'°

WATER RESOURCES AND INFRASTRUCTURE

Water systems in the United States face considerable risk, even without anticipated future
climate changes. Across the nation, much of the critical water and wastewater infrastructure
is nearing the end of its useful life. Limited surface water storage, as well as a limited ability
to make use of long-term drought forecasts and to trade water across uses and basins, has

led to a significant depletion of aquifers in many regions in the country.*"

A central challenge to water planning and management is learning to plan for plausible
future climate conditions that are wider in range than those experienced in the 20th century.

495 Fann, N., C. Nolte, M. Sarofim, J. Martinich, and N. Nisokolas (2021). Associations between
simulated future changes in climate, air quality, and human health. JAMA Network Open,
doi:10.1001/jamanetworkopen.2020.32064.

406 Neumann, J.E., M. Amend, S. Anenberg, P.L. Kinney, M. Sarofim, J. Martinich, J. Lukens, J.W. Xu, and
H. Roman (2021). Estimating PM2.5-related premature mortality and morbidity associated with
future wildfire emissions in the western US. Environmental Research Letters, 16.

407 Neidell, M., ). Graff Zivin, M. Sheahan, . Willwerth, C. Fant, M. Sarofim, and J. Martinich (2021).
Temperature and work: Time allocated to work under varying climate and labor market contexts.
PLOSONE, 16(8), 1-14.

408 Gorris, M.E., J.E. Neumann, P.L. Kinney, M. Sheahan, and M.C. Sarofim (2020). Economic valuation
of Coccidioidomycosis (Valley Fever) projections in the United States in response to climate change.
Weather, Climate, and Society, 13, 107-123, doi:10.1175/WCAS-D-20-0026.1.

409 Fant, C., J. Jacobs, P. Chinowsky, W. Sweet, N. Weiss, J. E. Sias, J. Martinich, and J. Neumann (2021).
Mere Nuisance or Growing Threat? The Physical and Economic Impact of High Tide Flooding on US
Road Networks. Journal of Infrastructure Systems Volume 27 Issue 4 - December 2021.

410 U.S. Environmental Protection Agency, www.epa.gov/cira/social-vulnerability-report

411 Reyes et al.,, 2019
https://www.sciencedirect.com/science/article/pii/S037837741931368X?via%3Dihub
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Doing so requires approaches that evaluate plans over many possible futures instead of just
one, incorporate real-time monitoring and forecast products to better manage extremes
when they occur, and update policies and engineering principles based on an understanding
and projection of climate-related changes.

To this end, federal agencies are establishing a long-term research and monitoring program
to improve the understanding of the hydroclimatological changes in the major river basins
of the Western United States. The program will include methodological evaluation and
probabilistic modeling of future changes in the volumes of water naturally available and
natural water cycle in the different regions of the West, taking into consideration the impacts
of rising temperatures, changes to snowpack, hydrologic extremes, changes in the timing
and quantity of runoff, and identify sources of uncertainty in the hydroclimatological
outlook. The program will also include an assessment of associated impacts on ecosystems,
aquatic biology, and food production.

While this represents a break from historical practice, recent examples of adaptation
responses undertaken by large water management agencies, including major metropolitan
water utilities and the U.S. Army Corps of Engineers, are promising. New York City, for
example, altered existing operational guidelines to implement adaptive reservoir operations
based on current hydrologic conditions to better meet new concerns for ecological flow
requirements in addition to water supply goals.*'?> Tampa Bay Water employed 1,000
scenarios of future demand and future supply to evaluate their preparedness for future
conditions.*”® In another example, the International Joint Commission adopted a new
operating plan for Upper Great Lakes water levels; the plan is based on the ability to provide
acceptable performance, as defined by stakeholders, over thousands of possible future
climates.*”* The plan includes forecast-based operations and a funded adaptive
management process linking observatories and information systems to water-release
decisions to address unanticipated change.*'> The U.S. Army Corps of Engineers is exploring

412 Kolesar, P., and J. Serio, 2011: Breaking the deadlock: Improving water-release policies on the
Delaware River through operations research. Interfaces, 41 (1), 18-34. doi:10.1287/inte.1100.0536.
413 Asefa, T., A. Adams, and N. Wanakule, 2015: A level-of-service concept for planning future water
supply projects under probabilistic demand and supply framework. JAWRA Journal of the American
Water Resources Association, 51 (5), 1272-1285. doi:10.1111/1752-1688.12309

414 Brown, C., W. Werick, W. Leger, and D. Fay, 2011: A decision-analytic approach to managing
climate risks: Application to the Upper Great Lakes. JAWRA Journal of the American Water Resources
Association, 47 (3), 524-534. doi:10.1111/j.1752-1688.2011.00552.x.

415 1UGLSB, 2012: Lake Superior Regulation: Addressing Uncertainty in Upper Great Lakes Water
Levels. Final Report to the International Joint Commission. March 2012. International Upper Great
Lakes Study Board, Ottawa, ON, 236 pp.
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robustness to a wide range of trends and expected regret as metrics for evaluating flood
management strategies,*'® including the increased incorporation of natural infrastructure.*!’

ENERGY INFRASTRUCTURE

The United States’ economic security is dependent on an affordable and reliable supply of
energy. Every sector of the economy depends on energy, from manufacturing to agriculture,
banking, healthcare, telecommunications, and transportation. Increasingly, climate change
and extreme weather events are affecting the energy system, threatening more frequent
and longer-lasting power outages and fuel shortages. Such events can have cascading
impacts on other critical sectors, potentially affecting the nation’s economic and national
security.

Hurricane Harvey, which struck Houston, Texas, in August 2017, provides a clear example of
how impacts from extreme weather events can cascade through tightly connected natural,
built, and social systems exposed to severe climate-related stressors. Harvey knocked out
power to 300,000 customers in Texas,*'®with cascading effects on critical infrastructure
facilities such as hospitals, water and wastewater treatment plants, and refineries. Eleven
percent of U.S. refining capacity and a quarter of oil production from the U.S. Gulf of Mexico
were shut down. Actual and anticipated gasoline shortages caused price spikes regionally
and nationally. The energy sector is undergoing substantial policy, market, and technology-
driven changes that are projected to affect this type of vulnerability.

The impacts of extreme weather and climate change on energy systems will differ across the
United States. Low-lying energy facilities and systems located along inland waters or near
the coasts are at increasing risk of flooding from more intense precipitation, rising sea levels,
and more intense hurricanes. Increases in the severity and frequency of extreme
precipitation are projected to affect inland energy infrastructure in every region. Rising
temperatures and extreme heat events are projected to reduce the generation capacity of
thermoelectric power plants and decrease the efficiency of the transmission grid. Rising
temperatures are projected to also drive greater use of air conditioning and increase

416 Spence, C. M., and C. M. Brown, 2016: Nonstationary decision model for flood risk decision
scaling. Water Resources Research, 52 (11), 8650-8667. doi:10.1002/2016WR018981

417 Poff, N. L., C. M. Brown, T. E. Grantham, J. H. Matthews, M. A. Palmer, C. M. Spence, R. L. Wilby, M.
Haasnoot, G. F. Mendoza, K. C. Dominique, and A. Baeza, 2016: Sustainable water management
under future uncertainty with eco-engineering decision scaling. Nature Climate Change, 6, 25-34.
doi:10.1038/nclimate2765

418 ERCOT, 2017: ERCOT Responds to Hurricane Harvey [web page]. Electric Reliability Council of
Texas (ERCOT), http://www.ercot.com/help/harvey
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electricity demand, likely resulting in increases in electricity costs and energy burden for
disadvantaged communities. The increase in annual electricity demand across the country
for cooling is offset only marginally by the relatively small decline in electricity demand for
heating. Extreme cold events, including ice and snow events, can damage power lines and
impact fuel supplies. Severe drought, along with changes in evaporation, reductions in
mountain snowpack, and shifting mountain snowmelt timing, is projected to reduce
hydropower production and threaten oil and gas drilling and refining, as well as
thermoelectric power plants that rely on surface water for cooling. Drier conditions are
projected to increase the risk of wildfires and damage to energy production and generation
assets and the power grid.

COASTAL ECONOMIES

Rising water temperatures, ocean acidification, retreating Arctic Sea ice, sea level rise,
hightide flooding, coastal erosion, higher storm surge, and heavier precipitation events
threaten our oceans and coasts. These effects are projected to continue, putting ocean and
marine species at risk, decreasing the productivity of certain fisheries, and threatening
communities that rely on marine ecosystems for livelihoods and recreation, with particular
impacts on fishing communities in Hawai‘i and the U.S.-Affiliated Pacific Islands, the U.S.
Caribbean, and the Gulf of Mexico.

Lasting damage to coastal property and infrastructure driven by sea level rise and storm
surge is expected to lead to financial losses for individuals, businesses, and communities,
with the Atlantic and Gulf Coasts facing above-average risks. Impacts on coastal energy and
transportation infrastructure driven by sea level rise and storm surge have the potential for
cascading costs and disruptions across the country. Nationally, a sea level rise of 1 meter
could expose dozens of power plants that are currently out of reach to the risks of a 100-
year flood (a flood having a 1 percent chance of occurring in a given year). This would put an
additional cumulative total of 25 gigawatts (GW) of operating or proposed power capacities
at risk.*" In Florida and Delaware, sea level rise of 1 meter would double the number of
vulnerable plants (putting an additional 11 GW and 0.8 GW at risk in the two states,
respectively); in Texas, vulnerable capacity would more than triple (with an additional 2.8 GW
at risk).

Even if significant emissions reductions occur, many of the effects from sea level rise over
this century—and particularly through mid-century—are already locked in due to past
emissions, and many communities are already dealing with the consequences. Actions to

419 U.S. Global Change Research Program, doi: 10.7930/JON29V45.
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adapt to more frequent, widespread, and severe coastal flooding, such as shoreline
protection and conservation of coastal ecosystems, would decrease direct losses and
cascading impacts on other sectors and parts of the country. More than half of the damages
to coastal property are estimated to be avoidable through well-timed adaptation measures.
Substantial and sustained reductions in global GHG emissions would also significantly
reduce projected risks to fisheries and communities that rely on them.

AGRICULTURE

Climate change presents numerous challenges to sustaining and enhancing crop
productivity, livestock health, and the economic vitality of rural communities. While some
regions (such as the Northern Great Plains) may see conditions conducive to expanded or
alternative crop productivity over the next few decades, overall, yields from major U.S. crops
are expected to decline as a consequence of i