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Preface

The United States Environmental Protection Agency (EPA) prepares the official U.S. Inventory of Greenhouse Gas
Emissions and Sinks to fulfill annual existing commitments under the Paris Agreement and the United Nations
Framework Convention on Climate Change (UNFCCC). National greenhouse gas (GHG) inventory reports are to be
submitted each year by April 15.

In an effort to engage the public and researchers across the country, the EPA has instituted an annual public
review and comment process for this document. The draft document was announced via Federal Register Notice
and published for a 30-day comment period on the EPA Greenhouse Gas Emissions and Removals web site from
February 14 through March 15, 2024, and comments received during the public review period are posted to the
docket EPA-HQ-OAR-2024-0004. Comments received after the closure of the public comment period will be
considered for the next edition of this annual report. Responses to comments are typically posted to EPA’s website
2-4 weeks following publication of the final report in April 2024.
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Executive Summary

An inventory that identifies and quantifies a country's anthropogenic? sources and sinks of greenhouse gas
emissions and removals is essential for addressing climate change. This Inventory adheres to both (1) a
comprehensive and detailed set of methodologies for estimating national sources and sinks of anthropogenic
greenhouse gases, and (2) a common and consistent format that enables Parties to the Paris Agreement and
United Nations Framework Convention on Climate Change (UNFCCC) to compare the relative contribution of
different greenhouse gases emissions and removals to climate change.

The United States is party to both the 1992 UNFCCC and the 2015 Paris Agreement. The Paris Agreement set a
global temperature goal — holding the increase in the global average temperature to well below 2°C above pre-
industrial levels and pursuing efforts to limit the increase to 1.5°C — that articulates with greater precision States’
views on what is necessary to meet the UNFCCC'’s objective of “stabiliz[ing] ... greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.2

The United States is committed to submitting a national inventory of anthropogenic emission sources and
removals by sinks of greenhouse gases by April 15 of each year. The United States has prepared this report, in
conjunction with Common Reporting Tables (CRTs) that accompany this report, consistent with its obligations
under those agreements.

This Executive Summary provides the latest information on U.S. anthropogenic greenhouse gas emission trends
from 1990 through 2022. The structure of this report is consistent with requirements under the Paris Agreement
and the UNFCCC on national greenhouse gas inventory reporting, as discussed in Box ES-1. Throughout this report,
emission and sink estimates are grouped into five reporting sectors (i.e., chapters): Energy, IPPU, Agriculture, Land
Use, Land-Use Change, and Forestry (LULUCF), and Waste. In describing trends (Chapter 2), emissions and sinks are
also summarized according to commonly used economic sector categories: residential, commercial, industry,
transportation, electric power, and agriculture. See Box 2-1 for more information on how economic sectors are
defined.

Box ES-1: Methodological Approach for Estimating and Reporting U.S. Emissions and

Removals, including Relationship to EPA’s Greenhouse Gas Reporting Program

Consistent with Article 13.7(a) of the Paris Agreement and Article 4.1(a) of the UNFCCC as well as relevant
decisions under those agreements, the emissions and removals presented in this report and this chapter are
organized by source and sink categories and calculated using internationally accepted methods in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines) and, where appropriate, its
supplements and refinements. Additionally, the calculated emissions and removals in a given year for the United
States are presented in a common manner in line with the reporting guidelines for the reporting of inventories

1 The term “anthropogenic,” in this context, refers to greenhouse gas emissions and removals that are a direct result of human
activities or are the result of natural processes that have been affected by human activities (IPCC 2006).

2 see Paris Agreement, Article 2.1(a); UNFCCC, Article 2.

Executive Summary ES-1



under the Paris Agreement and the UNFCCC. The Parties’ use of consistent methods to calculate emissions and
removals for their inventories helps to ensure that these reports are comparable. The presentation of emissions
and removals provided in this Inventory does not preclude alternative examinations (e.g., economic sectors).
Rather, this Inventory presents emissions and removals in a common format consistent with how Parties are to
report their national inventories under the Paris Agreement and the UNFCCC. The report itself, and this chapter,
follows this common format, and provides an explanation of the application of methods used to calculate
emissions and removals.

EPA also collects greenhouse gas emissions data from individual facilities and suppliers of certain fossil fuels and
industrial gases through its Greenhouse Gas Reporting Program (GHGRP), which is complementary to the U.S.
Inventory.3 The GHGRP applies to direct greenhouse gas emitters, fossil fuel suppliers, industrial greenhouse gas
suppliers, and facilities that inject carbon dioxide (CO2) underground for sequestration or other reasons and
requires reporting by over 8,000 sources or suppliers in 41 industrial categories.* Annual reporting is at the
facility level, except for certain suppliers of fossil fuels and industrial greenhouse gases. In general, the threshold
for reporting is 25,000 metric tons or more of CO2 Eq. per year. Facilities in most source categories subject to
GHGRP began reporting for the 2010 reporting year while additional types of industrial operations began
reporting for reporting year 2011.5 Methodologies used in EPA’s GHGRP are consistent with the 2006 IPCC
Guidelines. While the GHGRP does not provide full coverage of total annual U.S. greenhouse gas emissions and
removals (e.g., the GHGRP excludes emissions from the agricultural, land use, and forestry sectors), it is an
important input to the calculations of national-level emissions in this Inventory.

The GHGRP dataset provides not only annual emissions information, but also other annual information such as
activity data and emission factors that can improve and refine national emission estimates over time. GHGRP
data also allow EPA to disaggregate national inventory estimates in new ways that can highlight differences
across regions and subcategories of emissions, along with enhancing the application of QA/QC procedures and
assessment of uncertainties. See Annex 9 for more information on specific uses of GHGRP data in the Inventory
(e.g., use of Subpart W data in compiling estimates for natural gas systems).

ES.1 Background Information

Greenhouse gases absorb infrared radiation, trapping heat in the atmosphere and making the planet warmer. The
most important greenhouse gases directly emitted by human activities include carbon dioxide (CO2), methane
(CHa), nitrous oxide (N20), and several fluorine-containing halogenated substances (HFCs, PFCs, SFs and NFs).
Although CO2, CHa, and N20 occur naturally in the atmosphere, human activities have changed their atmospheric
concentrations. From the pre-industrial era (i.e., ending about 1750) to 2022, concentrations of these greenhouse
gases have increased globally by 49.5, 161.9, and 24.3 percent, respectively (IPCC 2013; NOAA/ESRL 2024a, 2024b,
2024c). This annual report estimates the total national greenhouse gas emissions and removals associated with
human activities across the United States.

3 On October 30, 2009, EPA promulgated a rule requiring annual reporting of greenhouse gas data from large greenhouse gas
emissions sources in the United States. Implementation of the rule, codified at 40 CFR Part 98, is referred to as EPA’s
Greenhouse Gas Reporting Program (GHGRP).

4 See http://www.epa.gov/ghgreporting and http://ghgdata.epa.gov/ghgp/main.do.

5 see https://ccdsupport.com/confluence/pages/viewpage.action?pageld=322699300.

ES-2 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2022


http://www.epa.gov/ghgreporting
http://ghgdata.epa.gov/ghgp/main.do
https://ccdsupport.com/confluence/pages/viewpage.action?pageId=322699300

Global Warming Potentials

The IPCC developed the global warming potential (GWP) concept to compare the ability of a greenhouse gas to
trap heat in the atmosphere relative to another gas. A GWP is a quantified measure of the relative globally
averaged radiative forcing impacts of emissions of a particular greenhouse gas over time. The GWP of a
greenhouse gas is defined as the ratio of the accumulated radiative forcing within a specific time horizon caused by
emitting 1 kilogram of the gas, relative to that of the reference gas CO2 (IPCC 2021); therefore, CO2-equivalent
emissions are provided in million metric tons of CO2 equivalent (MMT CO: Eq.) for non-CO> greenhouse gases.%7
All estimates are provided throughout the main report in both CO2 equivalents and unweighted units, while
estimates for all gases in this Executive Summary are presented in units of MMT CO2 Eqg. Emissions by gas in
unweighted mass kilotons are also provided in the Trends chapter and individual sector chapters of this report, and
in the CRTs that are included in the submission to the UNFCCC.

Recent decisions under the Paris Agreement8 and the UNFCCC? require Parties to use 100-year GWP values from
the IPCC Fifth Assessment Report (AR5) for calculating CO2-equivalents in their national reporting (IPCC 2013) by
the end of 2024. This reflects updated science and ensures that national greenhouse gas inventories reported by
all nations are comparable. This report reflects CO2-equivalent greenhouse gas emission totals using 100-year AR5
GWP values. A comparison of emission values with the IPCC Sixth Assessment Report (AR6) (IPCC 2021) values can
be found in Annex 6.1 of this report. The 100-year GWP values used in this report are listed below in Table ES-1.

Table ES-1: Global Warming Potentials (100-Year Time Horizon) Used in this Report

Gas GWP
CO, 1
CHg?2 28
N,O 265
HFCs up to 12,400
PFCs up to 11,100
SFs 23,500
NF3 16,100
Other Fluorinated Gases See Annex 6

2 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 for additional information.
Source: IPCC (2013).

6 Carbon comprises 12/44 of carbon dioxide by weight.
7 One million metric ton is equal to 1012 grams or one teragram.

8 See Annex to decision 18/CMA.1, available online at https://unfccc.int/sites/default/files/resource/CMA2018 03a02E.pdf.

9 See paragraphs 1 and 2 of the decision on common metrics adopted at the 27th UNFCCC Conference of Parties (COP27),
available online at https://unfccc.int/sites/default/files/resource/cp2022 10a01 E.pdf.
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ES.2 Recent Trends in U.S. Greenhouse Gas
Emissions and Sinks

In 2022, total gross U.S. greenhouse gas emissions were 6,343.2 million metric tons of carbon dioxide equivalent
(MMT CO2 Eq.).19Total gross U.S. emissions decreased by 3.0 percent from 1990 to 2022, down from a high of 15.2
percent above 1990 levels in 2007. Gross emissions increased from 2021 to 2022 by 0.2 percent (14.4 MMT CO2
Eq.). Net emissions (including sinks) were 5,489.0 MMT CO: Eq. in 2022. Overall, net emissions increased by 1.3
percent from 2021 to 2022 and decreased by 16.7 percent from 2005 levels as shown in Table ES-2. Between 2021
and 2022, the increase in total greenhouse gas emissions was driven largely by an increase in CO2 emissions from
fossil fuel combustion across most end-use sectors due in part to increased energy use from the continued
rebound of economic activity after the height of the COVID-19 pandemic. In 2022, CO2 emissions from fossil fuel
combustion increased by 1.0 percent relative to the previous year and were 1.1 percent below emissions in 1990.
Carbon dioxide emissions from natural gas use increased by 5.2 percent (84.8 MMT CO: Eq.) from 2021, while CO;
emissions from coal consumption decreased by 6.1 percent (58.6 MMT CO: Eq.) from 2021 to 2022. The increase in
natural gas consumption and associated emissions in 2022 is observed across all sectors except U.S. Territories,
while the coal decrease is due to reduced use in the electric power sector. Emissions from petroleum use also
increased by 0.9 percent (19.0 MMT CO: Eq.) from 2021 to 2022. Carbon sequestration from the Land Use, Land-
Use Change, and Forestry (LULUCF) sector offset 14.5 percent of total emissions in 2022.

Figure ES-1 and Figure ES-2 illustrate the overall trends in total U.S. emissions by gas and annual percent changes,
and Table ES-2 provides information on trends in gross U.S. greenhouse gas emissions and sinks for 1990 through
2022. Unless otherwise stated, all tables and figures provide total gross emissions and exclude the greenhouse gas
fluxes from the LULUCF sector. For more information about the LULUCF sector, see Section ES-3.

10 The gross emissions total presented in this report for the United States excludes emissions and removals from Land Use,
Land-Use Change, and Forestry (LULUCF). The net emissions total presented in this report for the United States includes
emissions and removals from LULUCF.
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Figure ES-1: U.S. Greenhouse Gas Emissions and Sinks by Gas
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Table ES-2: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (MMT CO; Eq.)

Percent

Change

Since

Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
CO; 51316 6,126.9) 5,362.2 5,2345 4,689.0 5,017.2 5,053.0 -1.5%
CH4 (excludes LULUCF sources)? 871.7 795.4 771.5 754.3 735.3 720.5 702.4 -19.4%
N,O (excludes LULUCF sources)? 408.2 419.2 439.5 416.4 391.2 398.2 389.7 -4.5%
HFCs 47.7 121.7 163.9 168.2 170.3 177.0 182.8 282.9%
PFCs 39.5 10.2 7.4 7.3 6.6 6.3 6.7 -83.1%
SFs 37.9 20.2 7.6 8.4 8.1 8.5 7.6 -80.0%
NF; 0.3 1.0 0.7 11 13 1.1 11 238.3%
Total Gross Emissions (Sources)? 6,536.9 7,494.6 | 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Emissions® 58.0 68.9 62.8 58.0 68.4 72.9 67.6 16.5%
CH,4 53.1 58.5 55.5 52.5 59.3 62.1 58.4 10.0%
\Ple} 4.8 10.3 7.3 5.5 9.1 10.7 9.1 88.3%
LULUCF Carbon Stock Change¢ (1034.7) (976.6) | (978.3) (921.6) (972.8) (983.4) (921.8) -10.9%
LULUCF Sector Net Totald (976.7) | (907.7) § (915.5) (863.6) (904.4)  (910.6) (854.2) -12.5%
Net Emissions (Sources and Sinks) 5,560.2 | 6,586.9| 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0 -1.3%

a Gross emissions totals do not include CH4 and N,O emissions from LULUCF. LULUCF CH4 and N,O emissions are included in
net emission totals.
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b LULUCF emissions subtotal of CH4 and N,O are reported separately from gross emissions totals. LULUCF emissions include
the CH4 and N,O 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.

¢LULUCEF carbon stock change is the net carbon 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.

d The LULUCF sector net total is the net sum of all LULUCF CH4 and N,O emissions to the atmosphere plus LULUCF net carbon
stock changes.

Notes: Total (gross) are emissions presented without LULUCF. Net emissions are presented with LULUCF. Totals may not sum

due to independent rounding. Parentheses indicate negative values or sequestration.

Figure ES-2: Annual Percent Change in Gross U.S. Greenhouse Gas Emissions and Sinks
Relative to the Previous Year
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Improvements and Recalculations Relative to the Previous
Inventory

Each year, some emission and removal estimates in the Inventory are recalculated and revised to incorporate
improved methods and/or data. The most common reason for recalculating U.S. greenhouse gas emission
estimates is to update recent historical data. Changes in historical data are generally the result of changes in data
supplied by other U.S. government agencies or organizations, as they continue to make refinements and
improvements. These improvements are implemented consistently across the previous Inventory’s time series, as
necessary, (i.e., 1990 to 2021) to ensure that the trend is accurate.

Collectively, all methodological changes and historical data updates made in the current Inventory resulted in an
annual average decrease of 114.8 MMT CO:2 Eq. (1.9 percent) for net emissions.
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Figure ES-3: Impacts of Recalculations on Net Emissions
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Below are categories with methodological and data-related recalculations resulting in an average change of
greater than 2.0 MMT CO:2 Eq. over the time series.

e Forest land remaining forest land: changes in forest carbon stocks (CO3)

e Land converted to grassland: changes in all ecosystem carbon stocks (CO2)

e Land converted to cropland: changes in all ecosystem carbon stocks (CO2)

e  Grassland remaining grassland: changes in all ecosystem carbon stocks (CO3)
e Non-energy use of fuels (COz)

e Land converted to settlements: changes in all ecosystem carbon stocks (CO2)
e  Fluorochemical production (HFCs)

e  Fossil fuel combustion (CO2)

e Cropland remaining cropland: changes in all ecosystem carbon stocks (CO2)
e  Agricultural Soil Management (N20)

e  Petroleum Systems (CHa)

e  Wetlands Remaining Wetlands: changes in soil carbon stocks in coastal wetlands (COz2)

In addition, the current Inventory includes new categories not included in the previous Inventory that improve
completeness of the national estimates: CO2 emissions from ceramics production and non-metallurgical magnesia
production within other process use of carbonates category, fluorinated gases from fluorochemical production
other than HCFC-22 within the fluorochemical production category, and managed forest land in Hawaii and several
U.S. Territories. This report also now includes SFs and PFCs from product uses.

In each Inventory, the results of all methodological changes and historical data updates and the inclusion of new
sources and sink estimates are summarized in the Recalculations and Improvements chapter (Chapter 9). For more
detailed descriptions of each recalculation including references for data, please see the respective source or sink
category description(s) within the relevant report chapter (the Energy chapter [Chapter 3], the Industrial Processes
and Product Use [IPPU] chapter [Chapter 4], the Agriculture chapter [Chapter 5], the Land Use, Land-Use Change,
and Forestry [LULUCF] chapter [Chapter 6], and the Waste chapter [Chapter 7]).
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Emissions and Sinks by Greenhouse Gas

Figure ES-4 illustrates the relative contribution of the greenhouse gases to total gross U.S. emissions in 2022,
weighted by GWP. The primary greenhouse gas emitted by human activities in the United States is CO»,
representing 79.7 percent of total greenhouse gas emissions. The largest source of CO2 and of overall greenhouse
gas emissions is fossil fuel combustion, primarily from transportation and power generation. Methane (CHa)
emissions account for 11.1 percent of emissions. The major sources of methane include enteric fermentation
associated with domestic livestock, natural gas systems, and decomposition of wastes in landfills. Agricultural soil
management, wastewater treatment, stationary sources of fuel combustion, and manure management are the
major sources of N20 emissions. Emissions of substitutes for ozone depleting substances are the primary
contributor to aggregate hydrofluorocarbon (HFC) emissions. Perfluorocarbon (PFC) emissions are primarily
attributable to electronics manufacturing, fluorochemical production, and primary aluminum production. Electrical
equipment systems account for most sulfur hexafluoride (SFs) emissions. The electronics industry and
fluorochemical production are the only sources of nitrogen trifluoride (NFs) emissions. U.S. greenhouse gas
emissions were partly offset by carbon (C) sequestration in forests, trees in urban areas, agricultural soils,
landfilled yard trimmings and food scraps, and coastal wetlands, which together offset 14.5 percent of gross total
emissions in 2022 (as reflected in Figure ES-1). The following sections describe each gas’s contribution to total U.S.
greenhouse gas emissions in more detail.

Figure ES-4: 2022 Total Gross U.S. Greenhouse Gas Emissions by Gas (Percentages based on
MMT CO; Eq.)

3.1%
HFCs, PFCs, SFs and NFs

Note: Emissions and removals from Land Use, Land-Use Change, and Forestry are excluded from the figure above.

Carbon Dioxide Emissions

The global carbon cycle is made up of large carbon flows and reservoirs. Billions of tons 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 CO2 have risen 49.5 percent
(IPCC 2013; NOAA/ESRL 2024a), principally due to the combustion of fossil fuels for energy. Globally, an estimated

11 The term “flux” is used to describe the exchange of CO; to and from the atmosphere, with net flux being either positive or
negative depending on the overall balance. Removal and long-term storage of CO, from the atmosphere is also referred to as
“carbon sequestration.”
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33,423 MMT of CO2 were added to the atmosphere through the combustion of fossil fuels in 2022, of which the
United States accounted for approximately 14.1 percent.?

Overall CO2 emissions have decreased by 1.5 percent since 1990 and increased by 0.7 percent since 2021,
consistent with trends in fuel combustion emissions. Within the United States, fossil fuel combustion accounted
for 93.0 percent of CO2 gross emissions in 2022. Nationally, the transportation sector was the largest emitter of
CO2in 2022 followed by electric power generation. There are 27 additional sources of CO2 emissions included in
the Inventory (see [Table 2-1 in Trends]). Although not illustrated in Table ES-4, changes in land use and forestry
practices can also lead to net CO2 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 ES-4.

Figure ES-5: 2022 Sources of CO2 Emissions
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Note: “Other Industrial Processes” includes emissions from aluminum production, carbide production and consumption,
carbon dioxide consumption, ferroalloy production, glass production, lead production, magnesium production, other
process uses of carbonates, phosphoric acid production, substitution of ozone depleting substances, soda ash production,
titanium dioxide production, urea consumption for non-agricultural purposes, and zinc production. “Other Energy” includes
emissions from abandoned oil and gas wells and coal mining.

Between 1990 and 2022, CO2 emissions from fossil fuel combustion decreased by 1.1 percent; emissions decreased
by 18.2 percent (1,044.7 MMT COz Eq.) from 2005 levels; and from 2021 to 2022, these emissions increased by 1.0
percent (45.1 MMT CO; Eq.).

Historically, changes in emissions from fossil fuel combustion have been the driving factor affecting U.S. emission
trends. Important drivers include changes in demand for energy and a general decline in the overall carbon
intensity of fuels combusted for energy in recent years by non-transport sectors of the economy. Between 2019
and 2021, changes in economic activity and travel due to the COVID-19 pandemic and the subsequent recovery
had significant impacts on energy use and fossil fuel combustion emissions.

The five major fuel-consuming economic sectors are transportation, electric power, industrial, residential, and
commercial and are described below. Carbon dioxide emissions are produced by the electric power sector as fossil
fuel is consumed to provide electricity to one of the other four economic sectors, or “end-use” sectors. In Figure

12 Global €O, emissions from fossil fuel combustion were taken from International Energy Agency Global energy-related CO,
emissions, 1990-2022 — Charts. Available at: https://www.iea.org/reports/co2-emissions-in-2022 (IEA 2022).
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ES-6, electric power emissions have been distributed to each end-use sector on the basis of each sector’s share of
aggregate electricity use (i.e., indirect fossil fuel combustion). Greenhouse gas emissions from the commercial and
residential and industry increase substantially when indirect emissions from electricity end-use are distributed,
due to the relatively large share of electricity use by buildings (e.g., heating, ventilation, and air conditioning;
lighting; and appliances) and use of electricity for powering industrial machinery.

Figure ES-6: 2022 End-Use Sector Emissions of CO; from Fossil Fuel Combustion
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Transportation End-Use Sector. Transportation activities accounted for 37.4 percent of U.S. CO2 emissions from
fossil fuel combustion in 2022, with the largest contributors being light-duty trucks (36.8 percent), followed by
medium- and heavy-duty trucks (23.0 percent) and passenger vehicles (20.6 percent). In terms of the overall trend
from 1990 to 2022, total transportation CO2 emissions increased due largely to increased demand for travel, which
was a result of a confluence of factors including population growth, economic growth, urban sprawl, and low fuel
prices during the beginning of this period. While an increased demand for travel has led to generally increasing CO»
emissions since 1990, improvements in average new vehicle fuel economy since 2005 have slowed the rate of
increase of CO2 emissions. In 2022, petroleum-based products supplied 94.3 percent of the energy consumed for
transportation, primarily from gasoline consumption in automobiles and other highway vehicles (51.9 percent).

Industrial End-Use Sector. Industrial CO2 emissions, resulting both directly from the combustion of fossil fuels13 and
indirectly from the generation of electricity that is used by industry, accounted for 26.3 percent of CO2 emissions
from fossil fuel combustion in 2022. Approximately 64.7 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 20.8 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 2021 to 2022, total energy use in the industrial sector increased by 1.8 percent
due to an increase in total industrial production and manufacturing output.

Residential and Commercial End-Use Sectors. The residential and commercial end-use sectors accounted for 19.1
and 16.6 percent, respectively, of CO2 emissions from fossil fuel combustion in 2022 including indirect emissions
from electricity. The residential and commercial sectors relied heavily on electricity for meeting energy demands,
with 62.9 and 66.9 percent, respectively, of their emissions attributable to electricity use for building -related
activities such as lighting, heating, cooling, and operating appliances. The remaining emissions were due to the
consumption of natural gas and petroleum for heating and cooking. Total direct and indirect emissions from the
residential sector have decreased by 3.4 percent since 1990, and total direct and indirect emissions from the
commercial sector have increased by 2.1 percent since 1990. From 2021 to 2022, an increase in heating degree

13 This does not include fossil fuels used as feedstocks and reductants, which are reported under IPPU emissions.
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days (7.9 percent) increased energy demand for heating in the residential and commercial sectors; also, a 4.3
percent increase in cooling degree days compared to 2021 increased demand for air conditioning in the residential
and commercial sectors. Combined, this resulted in a 2.5 percent increase in residential sector energy use. From
2021 to 2022, energy use in the commercial sector increased by 4.7 percent.

Electric Power. The United States relies on electricity to meet a significant portion of its energy demands.
Electricity generators used 30.5 percent of U.S. energy from fossil fuels and emitted 32.6 percent of the CO2 from
fossil fuel combustion in 2022. The type of energy source used to generate electricity, and the mix of electric
generation resources used to meet demand, are the main factors influencing emissions.1# Coal-fired electric
generation (in kilowatt-hours [kWh]) decreased from 54.1 percent of generation in 1990 to 20.3 percent in 2022.15
This corresponded with an increase in natural gas generation and non-fossil fuel renewable energy generation,
largely from wind and solar energy. Natural gas generation (in kWh) represented 10.7 percent of electric power
generation in 1990 and increased over the 33-year period to represent 38.8 percent of electric power generation
in 2022. Wind and solar generation (in kWh) represented 0.1 percent of electric power generation in 1990 and
increased over the 33-year period to represent 14.2 percent of electric power generation in 2022. Between 2021
and 2022, coal electricity generation decreased by 10.2 percent, natural gas generation increased by 4.0 percent,
and renewable energy generation increased by 7.6 percent.

Across the time series, changes in electricity generation and the carbon intensity of fuels used for electric power
have a significant impact on CO2 emissions. While CO2 emissions from fossil fuel combustion in the electric power
sector have decreased by 15.8 percent since 1990, the carbon intensity of the electric power sector, in terms of
CO: Eq. per QBtu input, decreased by 27.6 percent during that same timeframe. This decoupling of the level of
electric power generation and the resulting CO2 emissions is shown in Figure ES-7.

1% 1n line with the reporting requirements for inventories submitted under the UNFCCC, CO, emissions from biomass
combustion have been estimated separately from fossil fuel CO, emissions and are not included in the electricity sector totals
and trends discussed in this section. Net carbon fluxes from changes in biogenic carbon reservoirs are accounted for in the
estimates for Land Use, Land-Use Change, and Forestry.

15 values represent electricity net generation from the electric power sector. See Table 7.2b Electricity Net Generation: Electric
Power Sector of EIA (2024).
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Figure ES-7: Electric Power Generation and Emissions
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Other significant CO2 trends included the following:

Carbon dioxide emissions from natural gas and petroleum systems combined accounted for 1.2 percent of
COz emissions and 0.9 percent of total gross emissions in 2022. These emissions increased by 39.1 percent
(16.4 MMT CO2 Eq.) from 1990 to 2022. 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.

Carbon dioxide emissions from iron and steel production and metallurgical coke production accounted for
0.8 percent of CO2 and 0.6 percent of total gross emissions. Emissions decreased by 61.2 percent (64.1
MMT CO: Eq.) from 1990 through 2022. This decrease was primarily due to restructuring of the industry,
technological improvements, and increased scrap steel utilization.

Total carbon stock change (i.e., net CO2 removals) in the LULUCF sector decreased by 10.9 percent
between 1990 and 2022. This decrease was primarily due to a decrease in the rate of net carbon
accumulation in forest carbon stocks and cropland remaining cropland, as well as an increase in emissions
from land converted to settlements.

Methane Emissions

Methane (CHa) is significantly more effective than CO: at trapping heat in the atmosphere: by a factor of 28 over a
100-year time frame based on the IPCC Fifth Assessment Report estimate (IPCC 2013). Over the last 250 years, the
concentration of CHs in the atmosphere increased by 161.9 percent (IPCC 2013; NOAA/ESRL 2024b). Within the
United States, the main anthropogenic sources of CHas include enteric fermentation from domestic livestock,
natural gas systems, landfills, domestic livestock manure management, flooded land, coal mining, and petroleum
systems (see Figure ES-8).
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Figure ES-8: 2022 Sources of CH4 Emissions
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Note: “Other Energy” includes CH,4 emissions from abandoned oil and gas wells, abandoned underground coal mines,
incineration of waste, and mobile combustion. “Other Waste” includes CH,; emissions from anaerobic digestion at biogas
facilities and composting. “Other Industrial Processes” includes CH4 emissions from carbide production and consumption,
ferroalloy production, iron and steel production and metallurgical coke production, and petrochemical production. “Other
LULUCF” includes the CH4 reported for peatlands remaining peatlands, forest fires, drained organic soils, grassland fires,
coastal wetlands remaining coastal wetlands, and land converted to coastal wetlands.

Overall, CHs emissions in the United States in 2022, including LULUCF CH4 emissions, accounted for 760.8 MMT CO2
Eq., representing a decrease of 17.7 percent (164.0 MMT CO:z Eq.) since 1990 and 2.8 percent (21.8 MMT CO: Eq.)
since 2021. Significant trends for the largest sources of anthropogenic CH4 emissions include the following:

e  Enteric fermentation was the largest anthropogenic source of CH4 emissions in the United States in 2022,
accounting for 27.4 percent of total CHs emissions and 3.0 percent of total gross emissions. Emissions
have increased by 5.2 percent (9.5 MMT CO:z Eq.) since 1990. This increase in emissions from 1990 to
2022 generally follows the increasing trends in cattle populations.

e Natural gas systems were the second largest anthropogenic source category of CH4 emissions in the
United States in 2022, accounting for 24.6 percent of total CHs emissions and 2.7 percent of total gross
emissions. Emissions have decreased by 20.9 percent (45.7 MMT CO:z Eq.) 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 in 2022,
accounting for 17.1 percent of total CHs emissions and 1.9 percent of total gross emissions and
representing a decrease of 39.4 percent (78.0 MMT CO:z Eq.) since 1990, with small year-to-year increases.
This downward trend in emissions coincided with 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 MSW landfills over the time series.16

Nitrous Oxide Emissions

Nitrous oxide (N20) 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 CO2 emissions, N20 is 265 times more powerful than CO: at trapping heat in the
atmosphere over a 100-year time frame (IPCC 2013). Since 1750, the global atmospheric concentration of N2O has

16 carbon dioxide emissions from landfills are not included specifically in summing waste sector totals. Net carbon fluxes from
changes in biogenic carbon reservoirs and decay of disposed wood products are accounted for in the estimates for LULUCF.
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risen by 24.3 percent (IPCC 2013; NOAA/ESRL 2024c). The main anthropogenic activities producing N0 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 ES-9).

Figure ES-9: 2022 Sources of N2O Emissions
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Note: “Other Industrial Processes” includes N,O emissions from caprolactam, glyoxal, and glyoxylic acid production; the
electronics industry; and product uses. “Other Energy” includes N,O emissions from petroleum systems, natural gas systems,
and incineration of waste. 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.

Overall, N2O emissions in the United States in 2022, including LULUCF N20O emissions, accounted for 398.8 MMT
CO: Eq., representing a decrease of 3.4 percent (14.2 MMT COz Eq.) since 1990 and a decrease of 2.5 percent (10.1

MMT CO: Eq.) since 2021. Significant trends for the largest sources of anthropogenic N20 emissions include the
following:

e  Agricultural soils were the largest anthropogenic source of N20 emissions in 2022, accounting for 74.6
percent of N2O emissions and 4.6 percent of total gross greenhouse gas emissions in the United States.
These emissions increased by 0.7 percent (2.0 MMT CO: Eq.) from 1990 to 2022 but fluctuated during that
period due to annual variations in weather patterns, fertilizer use, and crop production.

e Stationary combustion was the second largest source of anthropogenic N2O emissions in 2022, accounting
for 6.3 percent of N20 emissions and 0.4 percent of total gross U.S. greenhouse gas emissions in 2022.
Stationary combustion emissions peaked in 2007 and steadily decreased until 2020. Emissions increased

in 2021 and 2022. Stationary combustion emissions have increased by 10.6 percent (2.4 MMT CO: Eq.)
since 1990.

e  Wastewater treatment, both domestic and industrial, was the third largest anthropogenic source of N2O
emissions in 2022, accounting for 5.6 percent of N2O emissions and 0.3 percent of total gross greenhouse
gas emissions in the United States in 2022. Emissions from wastewater treatment increased by 48.2
percent (7.1 MMT CO:2 Eq.) since 1990 as a result of growing U.S. population and protein consumption.
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HFC, PFC, SFe, and NF3; Emissions

Hydrofluorocarbons (HFCs) are synthetic chemicals that are used as alternatives to ozone depleting substances
(ODS), which are being phased out under the Montreal Protocol and Clean Air Act Amendments of 1990.
Hydrofluorocarbons do not deplete the stratospheric ozone layer and therefore have been used as alternatives
under the Montreal Protocol.

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 (SFs) is emitted from the manufacturing and
use of electrical equipment as well as the production of electronics and magnesium. NFs is emitted from
electronics production. HFCs are also emitted during production of HCFC-22 and electronics (see Figure ES-10).

HFCs, PFCs, SFs, and NFs are potent greenhouse gases. In addition to having very high GWPs, SFe, NF3, 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 (IPCC
2021).

Figure ES-10: 2022 Sources of HFCs, PFCs, SFs, and NF3; Emissions
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Some significant trends for the largest sources of U.S. HFC, PFC, SFe, and NF3 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 (89.9 percent) in 2022 and have
been consistently increasing, from small amounts since 1990. This increase over the time series was
largely the result of efforts to phase out CFCs and other ODS in the United States.

e  Sulfur hexafluoride emissions from electrical equipment decreased by 79.4 percent (19.6 MMT CO: Eq.)
from 1990 to 2022. There are two factors contributing to this decrease: (1) a sharp increase in the price of
SFs during the 1990s and (2) a growing awareness of the environmental impact of SFe emissions through
programs such as EPA’s SFs Emission Reduction Partnership for Electric Power Systems.

e HFC, PFC, SFs, and NF3 emissions from fluorochemical production decreased by 89.0 percent (63.2 MMT
CO2 Eq.) from 1990 to 2022 due to a reduction in the HFC-23 emission rate from HCFC-22 production (kg
HFC-23 emitted/kg HCFC-22 produced), the imposition of emissions controls at production facilities, and a
decrease in SFs production (due to the cessation of production at the major SFs production facility in
2010).

e  PFC emissions from aluminum production decreased by 96.1 percent (18.5 MMT CO: Eq.) from 1990 to
2022, due to both industry emission reduction efforts and lower domestic aluminum production.
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ES.3 Overview of Sector Emissions and Trends

Figure ES-11 and Table ES-3 aggregate emissions and sinks by the sectors defined by the UNFCCC and Paris
Agreement reporting guidelines and methodological framework in the IPCC guidelines to promote comparability
across countries. Over the 33-year period of 1990 to 2022, total emissions from the Energy and Waste sectors
decreased by 3.4 percent (181.2 MMT CO: Eq.) and 29.3 percent (69.1 MMT CO: Eq.) respectively. Emissions from
the Industrial Processes and Product Use and Agriculture sectors grew by 3.9 percent (14.4 MMT CO: Eq.), and 7.7
percent (42.2 MMT CO: Eq.), respectively. Over the same period, the overall net flux from LULUCF (i.e., the net
sum of all CHa and N20 emissions to the atmosphere plus LULUCF net carbon stock changes in units of MMT CO:
Eq.) decreased by 12.5 percent (122.5 MMT CO: Eq.) and resulted in a removal of 854.2 MMT CO: Eq. in 2022.

Figure ES-11: U.S. Greenhouse Gas Emissions and Sinks by UNFCCC/IPCC Sector
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Table ES-3: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by UNFCCC/IPCC

Sector (MMT CO; Eq.)
Percent Change
UNFCCC/IPCC Sector 1990 2000 2018 2019 2020 2021 2022 Since 1990
Energy 5,381.0{| 6,349.5 5,570.0 5,422.4 4,862.6 5,173.3 5,199.8 -3.4%
Industrial Processes and Product Use 368.8 371.3 367.2 371.9 367.9 381.6  383.2 3.9%
Agriculture 551.1 581.8 642.4 620.1 599.7 604.8 593.4 7.7%
Waste 235.9 192.0 173.2 175.8 171.7 169.2 166.9 -29.3%
Total Gross Emissions? (Sources) 6,536.9 | 7,494.6 || 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Sector Net Total® (976.7) | (907.6) § (915.5) (863.6) (904.4) (910.5) (854.2) -12.5%
Net Emissions (Sources and Sinks)c 5,560.2 ' 6,586.9 | 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0 -1.3%

a Total emissions without LULUCF.

b The LULUCF sector net total is the sum of all LULUCF CH, and N,O emissions to the atmosphere plus LULUCF net carbon stock

changes in units of MMT CO; Eq.
¢ Net emissions with LULUCF.
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.
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Energy

The Energy chapter contains emissions of all greenhouse gases resulting from stationary and mobile energy
activities including fuel combustion and fugitive fuel emissions, and the use of fossil fuels for non-energy purposes.
Energy-related activities, primarily fossil fuel combustion, accounted for the vast majority of U.S. CO2 emissions for
the period of 1990 through 2022. Energy-related activities are also responsible for CHa and N20 emissions (40.2
percent and 10.8 percent of total U.S. emissions of each gas, respectively).17 Overall, emission sources in the
Energy chapter account for a combined 82.0 percent of total gross U.S. greenhouse gas emissions in 2022.
Emissions from energy increased by 0.5 percent (26.5 MMT COz Eq.) since 2021, but they have decreased by 3.4
percent (181.2 MMT CO:2 Eq.) since 1990.

In 2022, 83.0 percent of the energy used in the United States (on a Btu basis) was produced through the
combustion of fossil fuels. The remaining 17.0 percent came from other energy sources, such as hydropower,
biomass, nuclear, wind, and solar energy (see Figure ES-12).

Figure ES-12: 2022 U.S. Energy Consumption by Energy Source (Percent)
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Industrial Processes and Product Use

The Industrial Processes and Product Use (IPPU) chapter contains greenhouse gas 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 CO», CH4, N20, 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., other
uses of carbonates, other uses of soda ash not associated with glass manufacturing, ceramics production, and non-
metallurgical magnesia production), nitric acid production, adipic acid production, urea consumption for non-
agricultural purposes, aluminum production, HCFC-22 production, other fluorochemical 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 CO2 from fossil fuel combustion which, in line with UNFCCC/IPCC sectoral definitions, is
included in the Energy sector.

17 The contribution of energy non-CO, emissions is based on gross totals and excludes LULUCF methane (CHa) and nitrous oxide
(N20) emissions. The contribution of energy-related CH4 and N>O including LULUCF non-CO; emissions is 37.1 percent and 9.8
percent respectively.
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This chapter also contains emissions resulting from the release of HFCs, PFCs, SFs, and NFs and other man-made
compounds used in industrial manufacturing processes and by end-consumers (e.g., residential and mobile air
conditioning). These industries include electronics manufacturing, electric power transmission and distribution,
and magnesium metal production and processing. In addition, N20 is used in and emitted by electronics industry
and anesthetic and aerosol applications, PFCs and SFs are emitted in other product use, and COz is consumed and
emitted through various end-use applications. In 2022, emissions resulting from use of the substitution of ODS
(e.g., chlorofluorocarbons [CFCs]) by end-consumers was the largest source of IPPU emissions and accounted for
46.5 percent of total IPPU emissions.

IPPU activities are responsible for 3.3, less than 0.5, and 4.1 percent of total U.S. CO2, CHs, and N20 emissions
respectively as well as for all U.S. emissions of fluorinated gases including HFCs, PFCs, SFs and NFs. Overall,
emission sources in the IPPU chapter accounted for 6.0 percent of U.S. greenhouse gas emissions in 2022. IPPU
emissions have increased by 0.4percent (1.6 MMT CO: Eq.) since 2021 and by 3.9 percent (14.4 MMT CO: Eq.)
since 1990, mostly due to increased use of ODS substitutes (e.g., HFCs).

Agriculture

The Agriculture chapter contains information on anthropogenic emissions from agricultural activities (except fuel
combustion, which is addressed in the Energy chapter, and some agricultural CO2, CHs, and N0 fluxes, which are
addressed in the Land Use, Land-Use Change, and Forestry chapter).

Several agricultural activities contribute directly to emissions of greenhouse gases including the following sources:
agricultural soil management, enteric fermentation in domestic livestock, livestock manure management, rice
cultivation, urea fertilization, liming, and field burning of agricultural residues.

In 2022, agricultural activities were responsible for 9.4 percent of total gross U.S. greenhouse gas emissions.
Agriculture sector emissions decreased by 11.4 MMT CO: Eq. (1.9 percent) since 2021 and have increased by 42.2
MMT COz2 Eq. (7.7 percent) since 1990, mostly from trends in enteric fermentation and manure management.
Methane, N20, and CO: are greenhouse gases emitted by agricultural activities. Methane emissions from enteric
fermentation and manure management represented 36.6 percent of total CH4 emissions from anthropogenic
activities in 2022. Agricultural soil management activities, such as application of synthetic and organic fertilizers,
deposition of livestock manure, and growing N-fixing plants, were the largest contributors to U.S. N20O emissions in
2022, accounting for 74.6 percent of total N.O 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 CO2
emissions from anthropogenic activities.

Land Use, Land-Use Change, and Forestry

The LULUCF chapter contains emissions and removals of CO2 and emissions of CHs4 and N.O 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.18 The share of managed land in the United States is approximately 95 percent of total land included in the
Inventory.19 More information on the definition of managed land used in the Inventory is provided in Chapter 6.

Overall, the Inventory results show that managed land is a net sink for CO: (C sequestration). The primary drivers
of fluxes on managed lands include forest management practices, tree planting in urban areas, the management of
agricultural soils, lands remaining and lands converted to reservoirs and other constructed waterbodies, landfilling

18 see http://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4 Volume4/V4 01 Chl Introduction.pdf.

19 The current land representation does not include land in U.S. Territories, but there are planned improvements to include
these regions in future Inventories. U.S. Territories represent approximately 0.1 percent of the total land base for the United
States. See Box 6-2 in Chapter 6 of this report.
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of yard trimmings and food scraps, and activities that cause changes in carbon stocks in coastal wetlands. 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 carbon from yard trimmings and food scraps in landfills.

The LULUCF sector in 2022 resulted in a net increase in carbon stocks (i.e., net CO, removals) of 921.8 CO; Eq.20
The removals of carbon offset 14.5 percent of total gross greenhouse gas emissions in 2022. Emissions of CHs and
N20 from LULUCF activities in 2022 represented 1.2 percent of net greenhouse gas emissions.2! Carbon dioxide
removals from carbon stock changes are presented in Table ES-4 along with CH4 and N2O emissions for LULUCF
source categories.

Between 1990 and 2022, total carbon sequestration in the LULUCF sector decreased by 10.9 percent, primarily due
to a decrease in the rate of net carbon accumulation in forests and in cropland remaining cropland, as well as an
increase in CO2 emissions from land converted to settlements. The overall net flux from LULUCF (i.e., net sum of all
CHas and N20 emissions to the atmosphere plus LULUCF net carbon stock changes in units of MMT CO: Eq.) resulted
in a removal of 854.2 MMT CO:; Eq. in 2022.

Flooded lands were the largest source of CHs4 emissions from the LULUCF sector and the fifth largest source overall
net CHs emissions in 2022. Forest fires were the second largest source of CHs emissions, followed by coastal
wetlands remaining coastal wetlands. Forest fires were the largest source of N2O emissions from the LULUCF
sector in 2022.

Table ES-4: U.S. Greenhouse Gas Emissions and Removals (Net Flux) from Land Use, Land-Use
Change, and Forestry (MMT CO; Eq.)

Land-Use Category 1990 2005 2018 2019 2020 2021 2022
Forest Land Remaining Forest Land? (968.8) || (860.1) | (863.4) (807.0) (846.3) (823.9) (771.7)
Land Converted to Forest Land® (100.2) (100.2) | (100.4) (100.3) (100.3) (100.3) (100.3)
Cropland Remaining Cropland (5.0) (31.6) (17.8) (19.4) (8.8) (32.0) (31.7)
Land Converted to Cropland® 45.4 34.5 31.9 314 29.3 34.9 35.1
Grassland Remaining Grasslandd 24.6 24.9 29.7 28.9 17.1 11.5 14.0
Land Converted to Grassland® 353 21.8 25.2 25.4 28.7 24,5 25.6
Wetlands Remaining Wetlands® 36.8 39.4 38.2 38.1 38.1 38.1 38.1
Land Converted to Wetlands® 7.2 1.8 0.7 0.7 0.7 0.7 0.7
Settlements Remaining Settlementsf (109.1) (115.2) | (131.0) (131.5) (131.8) (132.3) (132.3)
Land Converted to Settlements® 57.2 77.1 71.4 70.2 68.8 68.2 68.2
LULUCF Carbon Stock Changes (1,034.7) || (976.6) | (978.3) (921.6) (972.8) (983.4) (921.8)
LULUCF Emissions" 58.0 68.9 62.8 58.0 68.4 72.9 67.6

CHa 53.1 58.5 55.5 52.5 59.3 62.1 58.4

N,O 4.8 10.3 7.3 5.5 9.1 10.7 9.1
LULUCF Sector Net Total' (976.7) | (907.7) | (915.5) (863.6) (904.4) (910.6) (854.2)

3 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 CH; and N,O
emissions from drained organic soils on both forest land remaining forest land and land converted to forest land.

20 | YLUCF 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.

21 | YLUCF emissions include the CH, and N,O 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; and N,O emissions from forest soils and settlement soils.
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bIncludes 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.

e Estimates include CH4 emissions from flooded land remaining flooded land and land converted to flooded land.

f Estimates include N,O 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.

8 LULUCF carbon stock change includes any carbon stock gains and losses from all land use and land use conversion
categories.

h LULUCF emissions subtotal includes the CH4 and N,O 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. Emissions values are included in land-use category rows.

i The LULUCF sector net total is the net sum of all LULUCF CH,4 and N,0O emissions to the atmosphere plus LULUCF net
carbon stock changes in units of MMT CO; Eq.

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

Waste

The Waste chapter contains emissions from waste management activities (except the incineration of waste, which
is addressed in the Energy chapter). Landfills were the largest source of anthropogenic greenhouse gas emissions
from waste management activities, accounting for 71.8 percent of total greenhouse gas emissions from waste
management activities, and 17.1 percent of total U.S. CHs emissions.22 Additionally, wastewater treatment
accounted for 25.6 percent of total Waste sector greenhouse gas emissions, 3.0 percent of U.S. CHs emissions, and
5.6 percent of U.S. N20 emissions in 2022. Emissions of CHa and N20 from commercial composting are also
included in this chapter, accounting for 1.5 percent (2.6 MMT CO: Eq.) and 1.1 percent (1.8 MMT CO: Eq.) of
overall waste sector emissions, respectively. Anaerobic digestion at biogas facilities generated CH4 emissions,
accounting for less than 0.05 percent of emissions from the Waste sector. Overall, emission sources in the Waste
chapter accounted for 2.6 percent of total gross U.S. greenhouse gas emissions in 2022. Waste sector emissions
decreased by 1.4 percent (2.3 MMT CO2 Eq.) since 2021 and by 29.3 percent (69.1 MMT CO: Eq.) since 1990.

ES.4 Other Information

Emissions and Sinks by Economic Sector

In addition to the Paris Agreement and UNFCCC sectors and methods defined by the IPCC, this report also
characterizes emissions according to commonly used economic sector categories: residential, commercial,
industry, transportation, electric power, and agriculture.23 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 Land Use, Land-Use Change, and Forestry sector, see Section
ES.2 Recent Trends in U.S. Greenhouse Gas Emissions and Sinks.

22 | andfills also store carbon, due to incomplete degradation of organic materials such as harvest wood products, yard
trimmings, and food scraps, as described in the Land Use, Land-Use Change, and Forestry chapter of the Inventory report. Also,
the estimated total methane emissions used to estimate contribution excludes methane emissions from the LULUCF sector.

23 The agriculture economic sector includes emissions from fossil fuel combustion and electricity use within the agricultural
sector.
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Figure ES-13 shows the trend in emissions by economic sector from 1990 to 2022, and Table ES-5 summarizes
emissions from each of these economic sectors.

Figure ES-13: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors
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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 ES-5: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO: Eq.)

Percent

Change

Since

Economic Sectors 1990 2005 2018 2019 2020 2021 2022 1990
Transportation 1,5214§ 19659} 18716 18746 16253 11,8055 1,801.5 18.4%
Electric Power Industry 1,880.2f 2,457.4) 1,799.2 16508 1,482.2 1,584.4 1,577.5 -16.1%
Industry 1,723.3§ 1,587.3) 11,5419 15318 14359 1,4558 1,452.5 -15.7%
Agriculture 595.9 634.3 683.5 661.0 640.0 645.9 634.0 6.4%
Commercial 447.0 418.9 4535 462.6 436.9 443.7 463.7 3.7%
Residential 345.6 371.2 376.8 384.2 358.0 369.6 391.3 13.2%
U.S. Territories 234 59.7 26.3 25.1 234 23.9 22.7 -3.1%
Total Gross Emissions (Sources) 6,536.9 7,494.6 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Sector Net Total® (976.7) (907.7) (915.5) (863.6) (904.4) (910.6) (854.2) -12.5%
Net Emissions (Sources and Sinks) 5,560.2 | 6,586.9| 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0 -1.3%

3 The LULUCF sector net total is the net sum of all LULUCF CH4 and N,O emissions to the atmosphere plus LULUCF net carbon
stock changes.

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

Using this categorization, emissions from transportation activities accounted for the largest portion (28.4 percent)
of total gross U.S. greenhouse gas emissions in 2022. Electric power accounted for the second largest portion (24.9
percent) of U.S. greenhouse gas emissions in 2022, while emissions from industry accounted for the third largest
portion (22.9 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 23.8 percent of U.S. greenhouse gas 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 10.0 percent of U.S. emissions; unlike other economic sectors, agricultural sector
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emissions were dominated by N20 emissions from agricultural soil management and CH4 emissions from enteric
fermentation. An increasing amount of carbon is stored in agricultural soils each year, but this CO2 sequestration is
assigned to the LULUCF sector rather than the agriculture economic sector. The commercial and residential sectors
accounted for 7.3 percent and 6.2 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. 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.

Electricity is ultimately used in the economic sectors described above. Table ES-6 presents greenhouse gas
emissions from economic sectors with emissions related to electric power distributed into end-use categories (i.e.,
emissions from electric power generation 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 (EIA 2024).24 These source categories include CO;
from fossil fuel combustion and the use of limestone and dolomite for flue gas desulfurization, CO2 and N20 from
incineration of waste, CHs and N2O from stationary sources, and SFs from electrical equipment 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. greenhouse gas emissions (29.5 percent and 28.5 percent,
respectively) in 2022. The commercial and residential sectors contributed the next largest shares of total gross U.S.
greenhouse gas emissions in 2022 (15.8and 15.3 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). Figure ES-14 shows the trends in these
emissions by sector from 1990 to 2022.

Table ES-6: U.S. Greenhouse Gas Emissions with Electricity-Related Emissions Distributed by
Economic Sector (MMT CO: Eq.)

Percent

Change

Since

Economic Sectors 1990 2005 2018 2019 2020 2021 2022 1990
Industry 2,397.3 2,302.9) 2,017.1 1,974.8 1,823.5 1,877.8 1,872.9 -21.9%
Transportation 1,524.6 1,970.8 1,876.5 1,879.5 1,629.5 1,810.6  1,807.8 18.6%
Commercial 1,002.5 1,241.1 1,074.3 1,030.5 931.5 976.8  1,002.6 0.0%
Residential 958.0 1,247.7 1,035.9 984.0 919.5 958.0 973.5 1.6%
Agriculture 631.1 672.6 722.7 696.3 674.4 681.6 663.6 5.2%
U.S. Territories 23.4 59.7 26.3 25.1 23.4 23.9 22.7 -3.1%
Total Gross Emissions (Sources) 6,536.9 7,494.6 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Sector Net Total? (976.7) (907.7) (915.5) (863.6) (904.4) (910.6) (854.2) -12.5%
Net Emissions (Sources and Sinks) 5,560.2 6,586.9 5,837.3 5,726.6 5,0974 5,418.2 5,489.0 -1.3%

3 The LULUCF sector net total is the net sum of all LULUCF CH4 and N,O emissions to the atmosphere plus LULUCF net carbon
stock changes.

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.

24 y.S. Territories consumption data that are obtained from EIA are only available at the aggregate level and cannot be broken
out by end-use sector. The distribution of emissions to each end-use sector for the 50 states does not apply to Territories data.
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Figure ES-14: U.S. Greenhouse Gas Emissions with Electricity-Related Emissions Distributed to
Economic Sectors
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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.

Box ES-2: Trends in Various U.S. Greenhouse Gas Emissions-Related Data

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

Table ES-7 provides data on various statistics related to U.S. greenhouse gas emissions normalized to 1990 as a
baseline year. These values represent the relative change in each statistic since 1990. Greenhouse gas emissions
in the United States have declined at an average annual rate of 0.01 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, and overall gross domestic product (GDP), and national population (see Figure ES-15).
The direction of these trends started to change after 2005, when greenhouse gas emissions, total energy use,
and fossil fuel consumption began to peak. Greenhouse gas emissions in the United States have decreased at an
average annual rate of 0.9 percent since 2005. Since 2005, GDP and national population, generally, continued to
increase while energy has decreased slightly—noting 2020 was impacted by the COVID-19 pandemic.
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Table ES-7: Recent Trends in Various U.S. Data (Index 1990 = 100)

Avg. Annual Avg. Annual

Growth Rate Growth Rate
Variable 1990 2005f 2018 2019 2020 2021 2022 Since 199072 Since 20052
Greenhouse Gas Emissions? 100 115 103 101 92 97 97 -0.1% -0.9%
Energy Use® 100 119 118 117 107 113 115 0.5% -0.2%
GDPd 100 159 201 206 201 213 217 2.5% 1.9%
Population® 100 118 130 131 132 132 133 0.9% 0.7%

+ Absolute value does not exceed 0.05 percent.

a Average annual growth rate.
b Gross total GWP-weighted values.

¢Energy content-weighted values (EIA 2024).
dGDP in chained 2017 dollars (BEA 2024).

e U.S. Census Bureau (2024).

Figure ES-15: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Domestic

Real GDP
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Source: BEA (2024), U.S. Census Bureau (2024), and emission estimates in this report.

Key Categories

The 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2006) and 2019 Refinement to the 2006
IPCC Guidelines for National Greenhouse Gas Inventories (IPCC 2019) defines key categories as “inventory
categories which individually, or as a group of categories (for which a common method, emission factor and
activity data are applied) are prioritized within the national inventory system because their estimates have a
significant influence on a country’s total inventory of greenhouse gases in terms of the absolute level, the trend, or
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the level of uncertainty in emissions or removals.”25 A key category analysis identifies priority source or sink
categories for focusing efforts to improve overall Inventory quality. In addition, a qualitative review of key
categories and non-key categories can also help identify additional source and sink categories to consider for
improvement efforts, including reducing uncertainty.

Figure ES-16 presents the 2022 key categories identified by the Approach 1 level assessment, including the LULUCF
sector. A level assessment using Approach 1 identifies all source and sink categories that cumulatively account for
95 percent of total (i.e., gross) emissions in a given year when assessed in descending order of absolute magnitude.

For a complete list of key categories and more information regarding the overall key category analysis, including
approaches accounting for uncertainty and the influence of trends of individual source and sink categories, see the
Introduction chapter, Section 1.5, and Annex 1.

25 see Chapter 4 “Methodological Choice and Identification of Key Categories” in IPCC (2006) and IPCC (2019). See
http://www.ipcc-nggip.iges.or.jp/public/2006gl/voll.html and https://www.ipcc-
nggip.iges.or.jp/public/2019rf/pdf/1 Volumel/19R V1 Ch04 MethodChoice.pdf.
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Figure ES-16: 2022 Key Categories (Approach 1 including LULUCF)?
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Note: For a complete list of key categories and detailed discussion of the underlying key category analysis, see Annex 1. Bars
indicate key categories identified using Approach 1 level assessment including the LULUCF sector. The absolute values of net
CO; emissions from LULUCF are presented in this figure but reported separately from gross emissions totals. Refer to Table
ES-4 for a breakout of emissions and removals for LULUCF by source/sink category.

Quality Assurance and Quality Control (QA/QC)

The United States seeks continuous improvements to the quality, transparency, and usability of the Inventory of
U.S. Greenhouse Gas Emissions and Sinks. To assist in these efforts, the United States implemented a systematic
approach to QA/QC. The procedures followed for the Inventory have been formalized in accordance with the U.S.
Inventory QA/QC plan, and the UNFCCC reporting guidelines and 2006 IPCC Guidelines for National Greenhouse
Gas Inventories. The QA process includes expert and public reviews for the Inventory estimates and this report.
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Box ES-3: Use of Ambient Measurements Systems for Validation of Emission Inventories

In following Article 13.7(a) of the Paris Agreement and Article 4.1(a) of the UNFCCC, as well as relevant decisions
under those agreements to develop and submit national greenhouse gas emission inventories, the emissions
and sinks presented in this report are organized by source and sink categories and calculated using
internationally accepted methods in the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2006
IPCC Guidelines) and, where appropriate, its supplements and refinements.® Several recent studies have
estimated emissions at the national or regional level with estimated results that sometimes differ from EPA’s
estimate of emissions. EPA has engaged with researchers on how remote sensing, ambient measurement, and
inverse modeling techniques for estimating greenhouse gas emissions could assist in improving the
understanding of inventory estimates. In working with the research community to improve national greenhouse
gas inventories, EPA follows guidance from the IPCC on the use of measurements and modeling to validate
emission inventories.?’” An area of particular interest in EPA’s outreach efforts is how ambient measurement
data can be used to assess estimates or potentially be incorporated into the Inventory in a manner consistent
with this Inventory report’s transparency of its calculation methodologies, and the ability of inverse modeling
techniques to attribute emissions and removals from remote sensing to anthropogenic sources, as defined by
the IPCC for this report, versus natural sources and sinks.

The 2019 Refinement to the IPCC 2006 Guidelines for National Greenhouse Gas Inventories (IPCC 2019) Volume
1 General Guidance and Reporting, Chapter 6: Quality Assurance, Quality Control and Verification notes that
emission estimates derived from atmospheric concentration measurements can provide independent data sets
as a basis for comparison with inventory estimates. The 2019 Refinement provides guidance on conducting such
comparisons (as summarized in Table 6.2 of IPCC [2019] Volume 1, Chapter 6) and provides guidance on using
such comparisons to identify areas of improvement in national inventories (as summarized in Box 6.5 of IPCC
[2019] Volume 1, Chapter 6). Further, it identified fluorinated gases as particularly suitable for such comparisons
due their limited natural sources, their generally long atmospheric lifetimes, and well-understood loss
mechanisms, which makes it relatively more straightforward to model their emission fluxes from observed mass
quantities. Unlike emissions of CO2, CH4, and N20, emissions of fluorinated greenhouse gases are almost
exclusively anthropogenic, meaning that the fluorinated greenhouse gas emission sources included in this
Inventory account for the majority of the total U.S. emissions of these gases detectable in the atmosphere. This
evaluation approach is also useful for gases and sources with larger uncertainties in available bottom-up
inventory methods and data, such as emissions of CHa, which are primarily from uncertain biological (e.g.,
enteric fermentation) and fugitive (e.g., natural gas production) activities.

In this Inventory, EPA includes the results from current and previous comparisons between fluorinated gas
emissions inferred from atmospheric measurements and fluorinated gas emissions estimated based on bottom-
up measurements and modeling. These comparisons, performed for HFCs and SFe respectively, are described
under the QA/QC and Verification discussions in Chapter 4, Sections 4.25 Substitution of Ozone Depleting
Substances and 4.26 Electrical Equipment, in the IPPU chapter of this report.

Consistent with the 2019 Refinement, a key element to facilitate such comparisons is a spatially-explicit (or
gridded inventory as an input to inverse modeling. To improve the ability to compare methane emissions from
the national-level greenhouse gas inventory with observation-based estimates , a team of researchers from U.S.
EPA, SRON Netherlands Institute for Space Research, Harvard University, and Lawrence Berkely National
Laboratory and other coauthors developed a time series of anthropogenic methane emissions maps with 0.1° x
0.1° (10 km x 10 km) spatial resolution and monthly temporal resolution for the contiguous United States.28 The
gridded methane inventory is designed to be consistent with the U.S. EPA Inventory of U.S. Greenhouse Gas

26 See http://www.ipcc-nggip.iges.or.jp/public/index.html.

27 see http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1003 Uncertainty%20meeting_report.pdf.

28 gee https://www.epa.gov/ghgemissions/us-gridded-methane-emissions.
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Emissions and Sinks estimates, which presents national totals for different source types.?° The development of
this gridded inventory is consistent with the recommendations contained in two National Academies of Science
reports examining greenhouse gas emissions data (National Research Council 2010; National Academies of
Sciences, Engineering, and Medicine 2018).

Finally, in addition to the use of atmospheric concentration measurement data for comparison with Inventory
data, information from top-down studies is directly incorporated in the natural gas systems calculations to
quantify emissions from certain well blowout events.

Uncertainty Analysis of Emission and Sink Estimates

Uncertainty assessment is an essential element of a complete inventory of greenhouse gas emissions and removals
because it helps to inform and prioritize inventory improvements. Recognizing the benefit of conducting an
uncertainty analysis, the UNFCCC reporting guidelines follow the recommendations of the 2006 IPCC Guidelines for
National Greenhouse Gas Inventories (IPCC 2006), Volume 1, Chapter 3 and require that countries provide single
estimates of uncertainty for source and sink categories. In addition to quantitative uncertainty assessments, a
qualitative discussion of uncertainty is presented for each source and sink category identifying specific factors
affecting the uncertainty surrounding the estimates provided in accordance with UNFCCC reporting guidelines.
Some of the current estimates, such as those for CO2 emissions from energy-related combustion activities, are
considered to have low uncertainties. This is because the amount of CO2 emitted from energy-related combustion
activities is directly related to the amount of fuel consumed, the fraction of the fuel that is oxidized, and the
carbon content of the fuel, and for the United States, the uncertainties associated with estimating those factors
are relatively small. For some other categories of emissions and sinks, however, inherent variability or a lack of
data increases the uncertainty or systematic error associated with the estimates presented. Finally, an analysis is
conducted to assess uncertainties associated with the overall emissions, sinks, and trends estimates. The overall
uncertainty surrounding total net greenhouse gas emissions is estimated to be -6 to +6 percent in 1990 and -5 to
+6 percent in 2022. When the LULUCF sector is excluded from the analysis the uncertainty is estimated to be -3 to
+4 percent in 1990 and -2 to +4 percent in 2022.

29 see https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks.
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1. Introduction

This report presents an inventory of U.S. anthropogenic greenhouse gas emissions and sinks for the years 1990
through 2022 compiled by the United States government. A summary of source and sink category estimates is
provided in Table 2-1, Table 2-2, andTable 2-4 by gas and IPCC sector in the Trends in Greenhouse Gas Emissions
and Sinks chapter. The emission and sink estimates in these tables are presented throughout the main report in
both CO; equivalents (CO2 Eq.30 and unweighted units). This report also discusses the methods and data used to
calculate the emission and sink estimates.

The United States is party to both the 1992 UNFCCC and the 2015 Paris Agreement. The Paris Agreement set a
global temperature goal-holding the increase in the global average temperature to well below 2°C above pre-
industrial levels and pursuing efforts to limit the increase to 1.5°C—that articulates with greater precision States’
views on what is necessary to meet the UNFCCC'’s objective of “stabiliz[ing] ... greenhouse gas concentrations in
the atmosphere at a level that would prevent dangerous anthropogenic interference with the climate system.31

The United States is committed to submitting a national inventory of anthropogenic emissions sources and
removals by sinks of greenhouse gases by April 15 of each year. The United States has prepared this report, in
conjunction with Common Reporting Tables (CRTs) that accompany this report, consistent with its obligations
under those agreements.

In 1988, preceding the creation of the UNFCCC, the World Meteorological Organization (WMO) and the United
Nations Environment Programme (UNEP) jointly established the Intergovernmental Panel on Climate Change
(IPCC). The role of the IPCC is to assess on a comprehensive, objective, open and transparent basis the scientific,
technical and socio-economic information relevant to understanding the scientific basis of risk of human-induced
climate change, its potential impacts and options for adaptation and mitigation (IPCC 2021). The Paris Agreement
and the UNFCCC require use of methods from the 2006 IPCC Guidelines for National Greenhouse Gas Inventories
and encourages Parties to use 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
Inventories. The recently released 2019 Refinement clarify and elaborate on the existing guidance in the 2006 IPCC
Guidelines, along with providing updates to default values of emission factors and other parameters based on
updated science. This report applies both the 2013 Supplement and updated guidance in the 2019 Refinement to
improve accuracy and completeness of the Inventory. For more information on specific uses, see Section 1.4 of this
chapter on Methodology and Data Sources.

30 More information is provided in the Global Warming Potentials section of this chapter on the use of IPCC Fifth Assessment
Report (AR5) GWP values.

31 see Paris Agreement, Article 2.1(a); UNFCCC, Article 2.
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Box 1-1: Methodological Approach for Estimating and Reporting U.S. Emissions and

Removals, including Relationship to EPA’s Greenhouse Gas Reporting Program

Consistent with Article 13.7(a) of the Paris Agreement and Article 4.1(a) of the UNFCCC, as well as relevant
decisions under those agreements, the emissions and removals presented in this report and this chapter are
organized by source and sink categories and calculated using internationally accepted methods in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines) and, where appropriate, its
supplements and refinements. Additionally, the calculated emissions and removals in a given year for the
United States are presented in a common manner in line with the reporting guidelines for the reporting of
inventories under the Paris Agreement and the UNFCCC. The Parties’ use of consistent methods to calculate
emissions and removals for their inventories helps to ensure that these reports are comparable. The
presentation of emissions and removals provided in this Inventory does not preclude alternative examinations
(e.g., economic sectors). Rather, this Inventory presents emissions and removals in a common format consistent
with how Parties are to report their national inventories under the Paris Agreement and the UNFCCC. The
report itself, and this chapter, follows this common format, and provides an explanation of the application of
methods used to calculate emissions and removals.

EPA also collects greenhouse gas emissions data from individual facilities and suppliers of certain fossil fuels and
industrial gases through its Greenhouse Gas Reporting Program (GHGRP), which is complementary to the U.S.
Inventory.3? The GHGRP applies to direct greenhouse gas emitters, fossil fuel suppliers, industrial greenhouse
gas suppliers, and facilities that inject carbon dioxide (CO2) underground for sequestration or other reasons and
requires reporting by over 8,000 sources or suppliers in 41 industrial categories.33 Annual reporting is at the
facility level, except for certain suppliers of fossil fuels and industrial greenhouse gases. In general, the
threshold for reporting is 25,000 metric tons or more of CO2 Eq. per year. Facilities in most source

categories34 subject to GHGRP began reporting for the 2010 reporting year while additional types of industrial
operations began reporting for the 2011 reporting year. Methodologies used in EPA’s GHGRP are consistent
with the 2006 IPCC Guidelines. While the GHGRP does not provide full coverage of total annual U.S. greenhouse
gas emissions and removals (e.g., the GHGRP excludes emissions from the Agriculture and Land Use, Land-Use
Change, and Forestry sectors), it is an important input to the calculations of national-level emissions in this
Inventory.

Data presented in this Inventory report and EPA’s GHGRP are complementary. The GHGRP dataset continues to
be an important resource for the Inventory, providing not only annual emissions information, but also other
annual information such as activity data and emission factors that can improve and refine national emission
estimates and trends over time. Methodologies used in EPA’s GHGRP are consistent with the 2006 IPCC
Guidelines (e.g., higher tier methods). GHGRP data also allow EPA to disaggregate national inventory estimates
in new ways that can highlight differences across regions and sub-categories of emissions, along with enhancing
the application of QA/QC procedures and assessment of uncertainties. EPA uses annual GHGRP data in several
categories to improve the national estimates presented in this Inventory, consistent with IPCC methodological
guidance. See Annex 9 for more information on specific uses of GHGRP data in the Inventory (e.g., natural gas
systems).

1.1 Background Information

Science

For over the past 200 years, the burning of fossil fuels such as coal, oil, and natural gas, along with deforestation,
land-use changes, and other activities have caused the concentrations of heat-trapping "greenhouse gases" to
increase significantly in our atmosphere (IPCC 2021). These gases in the atmosphere absorb some of the energy
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being radiated from the surface of the Earth that would otherwise be lost to space, essentially acting like a blanket
that makes the Earth's surface warmer than it would be otherwise.

Greenhouse gases are necessary to life as we know it. Without greenhouse gases to create the natural heat-
trapping properties of the atmosphere, the planet's surface would be about 60 degrees Fahrenheit cooler than
present (USGCRP 2017). Carbon dioxide is also necessary for plant growth. With emissions from biological and
geological sources, there is a natural level of greenhouse gases that is maintained in the atmosphere. Human
emissions of greenhouse gases and subsequent changes in atmospheric concentrations alter the balance of energy
transfers between space and the earth system (IPCC 2021). A gauge of these changes is called radiative forcing,
which is a measure of a substance’s total net effect on the global energy balance for which a positive number
represents a warming effect, and a negative number represents a cooling effect (IPCC 2021). IPCC concluded in its
most recent scientific assessment report that it is “unequivocal that human influence has warmed the atmosphere,
ocean and land” (IPCC 2021).

As concentrations of greenhouse gases continue to increase from man-made sources, the Earth's temperature is
climbing above past levels. The Earth's average land and ocean surface temperature has increased by about 2.0
degrees Fahrenheit from the 1850 to 1900 period to the decade of 2011 to 2020 (IPCC 2021). The last four decades
have each been the warmest decade successively at the Earth’s surface since at least 1850 (IPCC 2021). Other
aspects of the climate are also changing, such as rainfall patterns, snow and ice cover, and sea level. If greenhouse
gas concentrations continue to increase, climate models predict that the average temperature at the Earth's
surface is likely to increase between 0.27 to 9.99 degrees Fahrenheit (0.15 to 5.55 degrees Celsius) relative to 1995
to 2014 levels by the end of this century, depending on the emissions scenario and the responsiveness of the
climate system (IPCC 2021).

For further information on greenhouse gases, radiative forcing, and implications for climate change, see the recent
scientific assessment reports from the IPCC,35 the U.S. Global Change Research Program (USGCRP),3° and the
National Academies of Sciences, Engineering, and Medicine (NAS).37

Greenhouse Gases

Although the Earth’s atmosphere consists mainly of oxygen and nitrogen, neither plays a significant role in
enhancing the greenhouse effect because both are essentially transparent to terrestrial radiation. The greenhouse
effect is primarily a function of the concentration of water vapor, carbon dioxide (CO2), methane (CHa), nitrous
oxide (N20), and other trace gases in the atmosphere that absorb the terrestrial radiation leaving the surface of
the Earth (IPCC 2021).

Naturally occurring greenhouse gases include water vapor, CO2, CHa, N20, and ozone (0s). Several classes of
halogenated substances that contain fluorine, chlorine, or bromine are also greenhouse gases, but they are, for the
most part, solely a product of industrial activities. Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons
(HCFCs) are halocarbons that contain chlorine, while halocarbons that contain bromine are referred to as
bromofluorocarbons (i.e., halons). As stratospheric ozone depleting substances, CFCs, HCFCs, and halons are
covered under the Montreal Protocol on Substances that Deplete the Ozone Layer. The UNFCCC defers to this
earlier international treaty. Consequently, Parties to the UNFCCC are not required to include these gases in

32 0 October 30, 2009, EPA promulgated a rule requiring annual reporting of greenhouse gas data from large greenhouse gas
emissions sources in the United States. Implementation of the rule, codified at 40 CFR Part 98, is referred to as EPA’s
Greenhouse Gas Reporting Program (GHGRP).

33 see http://www.epa.gov/ghgreporting and http://ghgdata.epa.gov/ghgp/main.do.

34 see https://www.ccdsupport.com/confluence/pages/viewpage.action?pageld=322699300

35 see https://www.ipcc.ch/report/ar6/wgl/.

36 See https://nca2018.globalchange.gov/.

37 See https://www.nationalacademies.org/topics/climate.
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national greenhouse gas inventories.38 Some other fluorine-containing halogenated substances—
hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SFs), and nitrogen trifluoride (NF3)—do
not deplete stratospheric ozone but are potent greenhouse gases. These latter substances are addressed by the
UNFCCC and accounted for in national greenhouse gas inventories.

There are also several other substances that influence the global radiation budget but are short-lived and
therefore not well-mixed, leading to spatially variable radiative forcing effects. These substances include carbon
monoxide (CO), nitrogen dioxide (NO), sulfur dioxide (SOz), and tropospheric (ground level) ozone (O3).
Tropospheric ozone is formed from chemical reactions in the atmosphere of precursor pollutants, which include
volatile organic compounds (VOCs), CHs, and nitrogen oxides (NOy), in the presence of ultraviolet light (sunlight).

Aerosols are extremely small particles or liquid droplets suspended in the Earth’s atmosphere that are often
composed of sulfur compounds, carbonaceous combustion products (e.g., black carbon), crustal materials (e.g.,
dust) and other human-induced pollutants. They can affect the absorptive characteristics of the atmosphere (e.g.,
scattering incoming sunlight away from the Earth’s surface, or, in the case of black carbon, absorbing sunlight) and
can play a role in affecting cloud formation and lifetime, as well as the radiative forcing of clouds and precipitation
patterns.

COz, CHas, and N20 are continuously emitted to and removed from the atmosphere by natural processes on Earth.
Anthropogenic activities (such as fossil fuel combustion, cement production, land-use, land-use change, and
forestry, agriculture, or waste management), however, can cause additional quantities of these and other
greenhouse gases to be emitted or sequestered, thereby changing their global average atmospheric
concentrations. Natural activities such as respiration by plants or animals and seasonal cycles of plant growth and
decay are examples of processes that only cycle carbon or nitrogen between the atmosphere and organic biomass.
Such processes, except when directly or indirectly perturbed out of equilibrium by anthropogenic activities,
generally do not alter average atmospheric greenhouse gas concentrations over decadal timeframes. Climatic
changes resulting from anthropogenic activities, however, could have positive or negative feedback effects on
these natural systems. Atmospheric concentrations of these gases, along with their rates of growth and
atmospheric lifetimes, are presented in Table 1-1.

Table 1-1: Global Atmospheric Concentration, Rate of Concentration Change, and
Atmospheric Lifetime of Selected Greenhouse Gases

Atmospheric Variable CO, CH,4 N,O SFg CF,4
Pre-industrial atmospheric

concentration 280 ppm 0.730 ppm 0.270 ppm 0.01 ppt 34.1 ppt
Atmospheric concentration 419 ppm? 1.912 ppmP 0.336 ppm¢ 11.02 pptd 85.5 ppte
Rate of concentration change 2.28 ppm/yrf 8.83 ppb/yrfe 1.01 ppb/yrf 0.32 ppt/yrf  0.81 ppt/yrf
Atmospheric lifetime (years) See footnote” 11.8 109 About 1,000 50,000

2 The atmospheric CO; concentration is the 2022 annual average at the Mauna Loa, Hl station (NOAA/ESRL 2024a). The global
atmospheric CO; concentration, computed using an average of sampling sites across the world, was 417 ppm in 2022.

b The values presented are global 2022 annual average mole fractions (NOAA/ESRL 2024b).

¢ The values presented are global 2022 annual average mole fractions (NOAA/ESRL 2024c).

dThe values presented are global 2022 annual average mole fractions (NOAA/ESRL 2024d).

€ The 2019 CF4 global mean atmospheric concentration is from the Advanced Global Atmospheric Gases Experiment (IPCC
2021).

fThe rate of concentration change for CO; is an average of the rates from 2007 through 2022 and has fluctuated between 1.5
to 3.0 ppm per year over this period (NOAA/ESRL 2024a). The rate of concentration change for CHs, N>O, and SFe, is the
average rate of change between 2007 and 2022 (NOAA/ESRL 2024b; NOAA/ESRL 2024c; NOAA/ESRL 2024d). The rate of
concentration change for CF, is the average rate of change between 2011 and 2019 (IPCC 2021).

8 The growth rate for atmospheric CH4 decreased from over 10 ppb/year in the 1980s to nearly zero in the early 2000s;
recently, the growth rate has been about 13.22 ppb/year (NOAA/ESRL 2024b).

38 Emissions estimates of CFCs, HCFCs, halons and other ozone-depleting substances are included in this document for
informational purposes.
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h For a given amount of CO; emitted, some fraction of the atmospheric increase in concentration is quickly absorbed by the
oceans and terrestrial vegetation, some fraction of the atmospheric increase will only slowly decrease over a number of
years, and a small portion of the increase will remain for many centuries or more.

i This table reports the “perturbation lifetime” for both CH4 and N,O, which takes into account the interactions between
emissions of the gas and its own atmospheric residence time.

i The lifetime for SF was revised from 3,200 years to about 1,000 years based on recent studies (IPCC 2021).

Source: Pre-industrial atmospheric concentrations and atmospheric lifetimes for CHs, and N,0, are from IPCC (2021), pre-
industrial atmospheric concentration for SF, is from Rigby (2010), and pre-industrial atmospheric concentration for CF4 is
from Meinhausen (2017).

A brief description of each greenhouse gas, its sources, and its role in the atmosphere is given below. The following
section then explains the concept of global warming potentials (GWPs), which are assigned to individual gases as a
measure of their relative average global radiative forcing effect.

Water Vapor (H20). Water vapor is the largest contributor to the natural greenhouse effect. Water vapor is
fundamentally different from other greenhouse gases in that it can condense and rain out when it reaches high
concentrations, and the total amount of water vapor in the atmosphere is in part a function of the Earth’s
temperature. While some human activities such as evaporation from irrigated crops or power plant cooling release
water vapor into the air, these activities have been determined to have a negligible effect on global climate (IPCC
2021). The lifetime of water vapor in the troposphere is on the order of 10 days. Water vapor can also contribute
to cloud formation, and clouds can have both warming and cooling effects by either trapping or reflecting heat.
Because of the relationship between water vapor levels and temperature, water vapor and clouds serve as a
feedback to climate change, such that for any given change in other greenhouse gas concentrations, the total
temperature change is greater than would happen in the absence of water vapor. Aircraft emissions can create
contrails, which may also develop into contrail-induced cirrus clouds, with complex regional and temporal net
radiative forcing effects that currently have a low level of scientific certainty (IPCC 2021).

Carbon Dioxide (CO2). In nature, carbon is cycled between various atmospheric, oceanic, land biotic, marine biotic,
and mineral reservoirs. The largest fluxes occur between the atmosphere and terrestrial biota, and between the
atmosphere and surface water of the oceans. In the atmosphere, carbon predominantly exists in its oxidized form
as CO2. Atmospheric CO2 is part of this global carbon cycle, and therefore its fate is a complex function of
geochemical and biological processes. Carbon dioxide concentrations in the atmosphere increased from
approximately 280 parts per million by volume (ppmv) in pre-industrial times to 419 ppmv in 2022, a 50 percent
increase (IPCC 2021; NOAA/ESRL 2024a).3% 40 The IPCC states that “Observed increases in well-mixed greenhouse
gas (GHG) concentrations since around 1750 are unequivocally caused by human activities” (IPCC 2021). The
predominant source of anthropogenic CO2 emissions is the combustion of fossil fuels. Forest clearing, other
biomass burning, and some non-energy production processes (e.g., cement production) also emit notable
quantities of COa2. In its Sixth Assessment Report, the IPCC determined that of the 2.0 degrees of observed
warming, the best estimate is that 1.9 degrees of that are due to human influence, with elevated CO:
concentrations being the most important contributor to that warming (IPCC 2021).

Methane (CH4). Methane is primarily produced through anaerobic decomposition of organic matter in biological
systems. Agricultural processes such as wetland rice cultivation, enteric fermentation in animals, and the
decomposition of animal wastes emit CHs, as does the decomposition of municipal solid wastes and treatment of
wastewater. Methane is also emitted during the production and distribution of natural gas and petroleum, and is
released as a byproduct of coal mining and incomplete fossil fuel combustion. Atmospheric concentrations of CHs
have increased by about 162 percent since 1750, from a pre-industrial value of about 730 ppb to 1,912 ppb in
20221 although the rate of increase decreased to near zero in the early 2000s, and has recently increased again to

39 The pre-industrial period is considered as the time preceding the year 1750 (IPCC 2021).

40 carbon dioxide concentrations during the last 1,000 years of the pre-industrial period (i.e., 750 to 1750), a time of relative
climate stability, fluctuated by about 10 ppmv around 280 ppmv (IPCC 2021).

41 This value is the global 2022 annual average mole fraction (NOAA/ESRL 2024b).
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about 8.83 ppb/year. The IPCC has estimated that about half of the current CHa flux to the atmosphere (and the
entirety of the increase in concentration) is anthropogenic, from human activities such as agriculture, fossil fuel
production and use, and waste disposal (IPCC 2021).

Methane is primarily removed from the atmosphere through a reaction with the hydroxyl radical (OH) and is
ultimately converted to CO2. Minor removal processes also include reaction with chlorine in the marine boundary
layer, a soil sink, and stratospheric reactions. Increasing emissions of CHs reduce the concentration of OH, creating
a feedback that increases the atmospheric lifetime of CHs (IPCC 2021). Methane’s reactions in the atmosphere also
lead to production of tropospheric ozone and stratospheric water vapor, both of which also contribute to climate
change. Tropospheric ozone also has negative effects on human health and plant productivity.

Nitrous Oxide (N20). Anthropogenic sources of N2O emissions include agricultural soils, especially production of
nitrogen-fixing crops and forages, the use of synthetic and manure fertilizers, and manure deposition by livestock;
fossil fuel combustion, especially from mobile combustion; adipic (nylon) and nitric acid production; wastewater
treatment and waste incineration; and biomass burning. The atmospheric concentration of N,O has increased by
24 percent since 1750, from a pre-industrial value of about 270 ppb to 336 ppb in 2022,4? a concentration that has
not been exceeded during at least the last 800 thousand years. Nitrous oxide is primarily removed from the
atmosphere by the photolytic action of sunlight in the stratosphere (IPCC 2021).

Ozone (0s). Ozone is present in both the upper stratosphere,*3 where it shields the Earth from harmful levels of
ultraviolet radiation, and at lower concentrations in the troposphere,#4 where it is the main component of
anthropogenic photochemical “smog.” During the last two decades, emissions of anthropogenic chlorine and
bromine-containing halocarbons, such as CFCs, have depleted stratospheric ozone concentrations. This loss of
ozone in the stratosphere has resulted in negative radiative forcing, representing an indirect effect of
anthropogenic emissions of chlorine and bromine compounds (IPCC 2021). The depletion of stratospheric ozone
and its radiative forcing remained relatively unchanged since 2000 for the last two decades and is starting to
decline; recovery is expected to occur shortly after the middle of the twenty-first century (WMO/UNEP 2018).

The past increase in tropospheric ozone, which is also a greenhouse gas, is estimated to provide the third largest
increase in direct radiative forcing since the pre-industrial era, behind CO2 and CHa. Tropospheric ozone is
produced from complex chemical reactions of volatile organic compounds and CH4 mixing with NOx in the presence
of sunlight. The tropospheric concentrations of ozone and these other pollutants are short-lived and, therefore,
spatially variable (IPCC 2021).

Halocarbons, Sulfur Hexafluoride (SFs), and Nitrogen Trifluoride (NF3). Halocarbons are, for the most part, man-
made chemicals that have direct radiative forcing effects and could also have an indirect effect. Halocarbons that
contain chlorine (CFCs, HCFCs, methyl chloroform, and carbon tetrachloride) and bromine (halons, methyl
bromide, and hydrobromofluorocarbons) result in stratospheric ozone depletion and are therefore controlled
under the Montreal Protocol on Substances that Deplete the Ozone Layer. Although most CFCs and HCFCs are
potent global warming gases, their net radiative forcing effect on the atmosphere is reduced because they cause
stratospheric ozone depletion, which itself is a greenhouse gas but which also shields the Earth from harmful levels
of ultraviolet radiation. Under the Montreal Protocol, the United States phased out the production and
importation of halons by 1994 and of CFCs by 1996. Under the Copenhagen Amendments to the Protocol, a cap

42 This value is the global 2022 annual average (NOAA/ESRL 2024c).

43 The stratosphere is the layer from the troposphere up to roughly 50 kilometers. In the lower regions the temperature is
nearly constant but in the upper layer the temperature increases rapidly because of sunlight absorption by the ozone layer. The
ozone-layer is the part of the stratosphere from 19 kilometers up to 48 kilometers where the concentration of ozone reaches
up to 10 parts per million.

44 The troposphere is the layer from the ground up to 11 kilometers near the poles and up to 16 kilometers in equatorial
regions (i.e., the lowest layer of the atmosphere where people live). It contains roughly 80 percent of the mass of all gases in
the atmosphere and is the site for most weather processes, including most of the water vapor and clouds.
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was placed on the production and importation of HCFCs by non-Article 5 countries, including the United States,*®
beginning in 1996, and then followed by intermediate requirements and a complete phase-out by the year 2030.
While ozone depleting gases covered under the Montreal Protocol and its Amendments are not covered by the
UNFCCC, they are reported in this Inventory under Annex 6.2 for informational purposes.

HFCs, PFCs, SFes, and NFs are not ozone depleting substances. The most common HFCs are, however, powerful
greenhouse gases. Hydrofluorocarbons are primarily used as replacements for ozone depleting substances but are
also emitted as a byproduct of the HCFC-22 (chlorodifluoromethane) manufacturing process. Other contributing
sources to HFC emissions include the electronics industry and magnesium production and processing. Currently,
these emissions have a small aggregate radiative forcing impact, but it was anticipated that without further
controls their contribution to overall radiative forcing would increase, the ERF (effective radiative forcing) of
halogenated gases increased by 3.5 percent between 2011 and 2019 primarily due to a decrease in atmospheric
mixing-ratios of CFCs and an increase in their replacements (IPCC 2021). On December 27, 2020, the American
Innovation and Manufacturing (AIM) Act was enacted by Congress and which gives EPA authority to phase down
HFC production and consumption (i.e., production plus import, minus export), through an allowance allocation
program, promulgate certain regulations for purposes of maximizing reclamation and minimizing releases of HFCs
and their substitutes from equipment, and facilitate the transition to next-generation technologies through sector-
based restrictions, which will lead to lower HFC emissions over time. On October 31, 2022, the United States also
ratified the Kigali Amendment to the Montreal Protocol, committing to continued phase down of HFCs.
Perfluorocarbons, SFs, and NF3 are predominantly emitted from various industrial processes including aluminum
smelting, semiconductor manufacturing, electric power transmission and distribution, and magnesium casting.
Currently, the radiative forcing impact of PFCs, SFs, and NFsz is also small, but they have a significant growth rate,
extremely long atmospheric lifetimes, and are strong absorbers of infrared radiation, and therefore have the
potential to influence climate far into the future (IPCC 2021).

Carbon Monoxide (CO). Carbon monoxide has an indirect radiative forcing effect by elevating concentrations of CHs
and tropospheric ozone through chemical reactions with other atmospheric constituents (e.g., the hydroxyl radical,
OH) that would otherwise assist in destroying CHa4 and tropospheric ozone. Carbon monoxide is created when
carbon-containing fuels are burned incompletely. Through natural processes in the atmosphere, it is eventually
oxidized to CO2. Carbon monoxide concentrations are both short-lived in the atmosphere and spatially variable.

Nitrogen Oxides (NOx). The primary climate change effects of nitrogen oxides (i.e., NO and NO.) are indirect.
Warming effects can occur due to reactions leading to the formation of ozone in the troposphere, but cooling
effects can occur due to the role of NOx as a precursor to nitrate particles (i.e., aerosols) and due to destruction of
stratospheric ozone when emitted from very high-altitude aircraft.#¢ Additionally, NOx emissions are also likely to
decrease CH, concentrations, thus having a negative radiative forcing effect (IPCC 2021). Nitrogen oxides are
created from lightning, soil microbial activity, biomass burning (both natural and anthropogenic fires) fuel
combustion, and, in the stratosphere, from the photo-degradation of N,O. Concentrations of NOyx are both
relatively short-lived in the atmosphere and spatially variable.

Non-methane Volatile Organic Compounds (NMVOCs). Non-methane volatile organic compounds include
substances such as propane, butane, and ethane. These compounds participate, along with NOy, in the formation
of tropospheric ozone and other photochemical oxidants. NMVOCs are emitted primarily from transportation and
industrial processes, as well as biomass burning and non-industrial consumption of organic solvents.
Concentrations of NMVOCs tend to be both short-lived in the atmosphere and spatially variable.

45 Article 5 of the Montreal Protocol covers several groups of countries, especially developing countries, with low consumption
rates of ozone depleting substances. Developing countries with per capita consumption of less than 0.3 kg of certain ozone
depleting substances (weighted by their ozone depleting potential) receive financial assistance and a grace period of ten
additional years in the phase-out of ozone depleting substances.

46 NO, emissions injected higher in the stratosphere, primarily from fuel combustion emissions from high altitude supersonic
aircraft, can lead to stratospheric ozone depletion.
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Aerosols. Aerosols are extremely small particles or liquid droplets found in the atmosphere that are either directly
emitted into or are created through chemical reactions in the Earth’s atmosphere. Aerosols or their chemical
precursors can be emitted by natural events such as dust storms, biogenic or volcanic activity, or by anthropogenic
processes such as transportation, coal combustion, cement manufacturing, waste incineration, or biomass burning.
Various categories of aerosols exist from both natural and anthropogenic sources, such as soil dust, sea salt,
biogenic aerosols, sulfates, nitrates, volcanic aerosols, industrial dust, and carbonaceous#’ aerosols (e.g., black
carbon, organic carbon). Aerosols can be removed from the atmosphere relatively rapidly by precipitation or
through more complex processes under dry conditions.

Aerosols affect radiative forcing differently than greenhouse gases. Their radiative effects occur through direct and
indirect mechanisms: directly by scattering and absorbing solar radiation (and to a lesser extent scattering,
absorption, and emission of terrestrial radiation); and indirectly by increasing cloud droplets and ice crystals that
modify the formation, precipitation efficiency, and radiative properties of clouds (IPCC 2021). Despite advances in
understanding of cloud-aerosol interactions, the contribution of aerosols to radiative forcing are difficult to
quantify because aerosols generally have short atmospheric lifetimes, and have number concentrations, size
distributions, and compositions that vary regionally, spatially, and temporally (IPCC 2021).

The net effect of aerosols on the Earth’s radiative forcing is believed to be negative (i.e., net cooling effect on the
climate). In fact, aerosols contributed a cooling influence of up to 1.4 degrees, offsetting a substantial portion of
greenhouse gas warming (IPCC 2021). Because aerosols remain in the atmosphere for only days to weeks, their
concentrations respond rapidly to changes in emissions.#8 Not all aerosols have a cooling effect. Current research
suggests that another constituent of aerosols, black carbon, has a positive radiative forcing by heating the Earth’s
atmosphere and causing surface warming when deposited on ice and snow (IPCC 2021). Black carbon also
influences cloud development, but the direction and magnitude of this forcing is an area of active research.

Global Warming Potentials

A GWP is a quantified measure of the relative globally averaged radiative forcing impacts of emissions of a
particular greenhouse gas over time (see Table 1-2). It is defined as the accumulated radiative forcing within a
specific time horizon caused by emitting 1 kilogram (kg) of the gas, relative to that of the reference gas CO; (IPCC
2021). Direct radiative effects occur when the gas itself absorbs radiation. Indirect radiative forcing occurs when
chemical transformations involving the original gas produce a gas or gases that are greenhouse gases, or when a
gas influences other radiatively important processes such as the atmospheric lifetimes of other gases. The
reference gas used is CO,, and therefore GWP-weighted emissions are measured in CO2 equivalent (CO2 Eq.).4° For
example, the relationship between a kg of emissions of a gas and a kg of CO; Eqg. emissions can be expressed as
follows and also adapted to other units (e.g. metric tons, etc.):

47 Carbonaceous aerosols are aerosols that are comprised mainly of carbon and hydrogen. Those carbonaceous aerosols with
more hydrogen are classified as “organic carbon”, and are generally reflective, while the aerosols that are nearly pure carbon
are classified as “black carbon” (also referred to as “soot”) and can absorb light (IPCC 2021).

48 Volcanic activity can inject significant quantities of aerosol producing sulfur dioxide and other sulfur compounds into the
stratosphere, which can result in a longer lasting negative forcing effect (i.e., a few years) (IPCC 2021).

49 Carbon comprises 12/44ths of carbon dioxide by weight.
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Equation 1-1: Calculating CO; Equivalent Emissions

kg CO, Eq. = (kg emission of gas) x (GWP)

where,
kg CO: Eq. = kilograms of CO, equivalent
kt = kilograms (equivalent to a thousand metric grams)
GWP = Global warming potential

GWHP values allow for a comparison of the impacts of emissions and reductions of different gases. According to the
IPCC, GWPs typically have an uncertainty of £40 percent.

All estimates are provided throughout the report in both MMT CO2 equivalents and unweighted units. Recent
decisions under the UNFCCC require Parties to use 100-year GWP values from the IPCC Fifth Assessment Report
(ARS5) for calculating CO2-equivalent emissions in their national reporting by the end of 2024.

...Decides that, until it adopts a further decision on the matter, the global warming potential values
used by Parties in their reporting under the Convention to calculate the carbon dioxide equivalence of
anthropogenic greenhouse gas emissions by sources and removals by sinks shall be based on the
effects of greenhouse gases over a 100-year time horizon as listed in table 8.A.1 in appendix 8.A to the
contribution of Working Group I to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change,> excluding the value for fossil methane.51

This reflects updated science and ensures that national greenhouse gas inventories reported by all nations are
comparable. In preparation for upcoming UNFCCC requirement,>2 this report reflects CO2-equivalent greenhouse
gas totals using 100-year AR5 GWP values. A comparison of emission values with the previously used 100-year
GWP values from IPCC Fourth Assessment Report (AR4) (IPCC 2007), and the IPCC Sixth Assessment Report (AR6)
(IPCC 2021) values can be found in Annex 6.1 of this report. The 100-year GWP values used in this report are listed
below in Table 1-2.

Greenhouse gases with relatively long atmospheric lifetimes (e.g., CO2, CH4, N20, HFCs, PFCs, SFs, NF3) tend to be
evenly distributed throughout the atmosphere, and consequently global average concentrations can be
determined. The short-lived gases such as water vapor, carbon monoxide, tropospheric ozone, ozone precursors
(e.g., NOx, and NMVOCs), and tropospheric aerosols (e.g., SO2 products and carbonaceous particles), however, vary
regionally, and consequently it is difficult to quantify their global radiative forcing impacts. Parties to the UNFCCC
have not agreed upon GWP values for these gases that are short-lived and spatially inhomogeneous in the
atmosphere.

Table 1-2: Global Warming Potentials and Atmospheric Lifetimes (Years) Used in this Report

Gas Atmospheric Lifetime GWP?
CO,; See footnoteb 1
CHg® 12.4 28
N,O 121 265

50 |ntergovernmental Panel on Climate Change. 2013. Climate Change 2013: The Physical Science Basis. Contribution of
Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change. TF Stocker, D Qin, G-K
Plattner, et al. (eds.). Cambridge and New York: Cambridge University Press. Available at http://www.ipcc.ch/report/ar5/wgl.

51 see paragraphs 1 and 2 of the decision on common metrics adopted at the 27th UNFCCC Conference of Parties (COP27),
available online at https://unfccc.int/sites/default/files/resource/cp2022 10a01 E.pdf.

52 See Annex to decision 18/CMA.1, available online at https://unfccc.int/sites/default/files/resource/CMA2018 03a02E.pdf
The Paris Agreement reporting guidelines also clarified use of the 100-year GWPs listed in table 8.A.1 in Annex 8.A of Chapter 8
of the Fifth Assessment Report (AR5) of the Intergovernmental Panel on Climate Change, excluding the value for fossil methane.
United Nations Framework Convention on Climate Change, see paragraph 25 of Decision 5/CMA.3 available online at
https://unfccc.int/sites/default/files/resource/CMA2021 L10a2E.pdf.
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HFC-23 222 12,400

HFC-32 5.2 677
HFC-41d 2.8 116
HFC-125 28.2 3,170
HFC-134a 13.4 1,300
HFC-143a 47.1 4,800
HFC-152a 1.5 138
HFC-227ea 38.9 3,350
HFC-236fa 242 8,060
CFy 50,000 6,630
CyFe 10,000 11,100
CsFg 2,600 8,900
c-C4Fg 3,200 9,540
SFg 3,200 23,500
NF3 500 16,100
Other Fluorinated Gases See Annex 6

2 100-year time horizon.

b For a given amount of CO, emitted, some fraction of the atmospheric
increase in concentration is quickly absorbed by the oceans and
terrestrial vegetation, some fraction of the atmospheric increase will
only slowly decrease over a number of years, and a small portion of the
increase will remain for many centuries or more.

¢ 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 the production of CO, is not included.
d See Table A-1 of 40 CFR Part 98

Source: IPCC (2013).

Box 1-2: The IPCC Sixth Assessment Report and Global Warming Potentials

In 2021, the IPCC published its Sixth Assessment Report (AR6), which updated its comprehensive scientific
assessment of climate change. Within the AR6 report, the GWP values of gases were revised relative to
previous IPCC assessment reports, e.g., the IPCC Fifth Assessment Report (AR5) (IPCC 2014). Although the
AR5 GWP values are used throughout this report, consistent with UNFCCC reporting requirements, it is
straight-forward to review the changes to the GWP values and their impact on estimates of the total GWP-
weighted emissions of the United States. In the ARG, the IPCC used more recent estimates of the
atmospheric lifetimes and radiative efficiencies of some gases and updated background concentrations. The
AR6 now includes climate-carbon feedback effects for non-COz gases, improving the consistency between
treatment of CO2 and non-CO: gases. Indirect effects of gases on other atmospheric constituents (such as the
effect of methane on ozone) have also been updated to match more recent science.

Table 1-3 presents the new GWP values, relative to those presented in the AR5, using the 100-year time
horizon common to Paris Agreement and UNFCCC reporting.>3 Updated reporting guidelines under the Paris
Agreement require the United States and other countries to shift to use of the IPCC Fifth Assessment Report
(ARS5) (IPCC 2013) 100-year GWP values (without feedbacks) for national inventory reporting.>4 All estimates
provided throughout this report are also presented in unweighted units. For informational purposes,
emission estimates that use 100-year GWPs from other recent IPCC Assessment Reports are presented in
detail in Annex 6.1 of this report.

53 See Decision 7/CP.27 included in https://unfccc.int/sites/default/files/resource/cp2022 10a01 E.pdf.

54 see https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-paris-agreement.
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Table 1-3: Comparison of 100-Year GWP values

100-Year GWP Values Comparisons to AR5

AR5 with AR5 with
Gas AR5? feedbacks® AR6¢ feedbacks® AR6¢
CO; 1 1 1 NC NC
CH,d 28 34 27 6 (1)
N,O 265 298 273 33 8
HFC-23 12,400 13,856 14,600 1,456 2,200
HFC-32 677 817 771 140 94
HFC-41 116 141 135 25 19
HFC-125 3,170 3,691 3,740 521 570
HFC-134a 1,300 1,549 1,530 249 230
HFC-143a 4,800 5,508 5,810 708 1,010
HFC-152a 138 167 164 29 26
HFC-227ea 3,350 3,860 3,600 510 250
HFC-236fa 8,060 8,998 8,690 938 630
CFa 6,630 7,349 7,380 719 750
CyFe 11,100 12,340 12,400 1,240 1,300
CsFs 8,900 9,878 9,290 978 390
c-CsFs 9,540 10,592 10,200 1,052 660
SFs 23,500 26,087 24,300 2,587 800
NF; 16,100 17,885 17,400 1,785 1,300
NC (No Change)

aThe GWP values in this column reflect values used in this report from AR5 excluding climate-carbon feedbacks and
the value for fossil methane.

b The GWP values in this column are from the AR5 report but include climate-carbon feedbacks for the non-CO,
gases in order to be consistent with the approach used in calculating the CO; lifetime.

¢ The GWP values in this column are from the AR6 report.

d The GWP of CH4 includes the direct effects and those indirect effects due to the production of tropospheric ozone
and stratospheric water vapor. Including the indirect effect due to the production of CO, resulting from methane
oxidation would lead to an increase in AR5 methane GWP values by 2 for fossil methane and is not shown in this
table.

Note: Parentheses indicate negative values.

Sources: IPCC (2021), IPCC (2013), IPCC (2007), IPCC (2001), IPCC (1996).

1.2 National Inventory Arrangements

The U.S. Environmental Protection Agency (EPA), in cooperation with other U.S. government agencies, prepares
the Inventory of U.S. Greenhouse Gas Emissions and Sinks. A wide range of agencies and individuals are involved in
supplying data to, planning methodological approaches and improvements, reviewing, or preparing portions of the
Inventory—including federal and state government authorities, research and academic institutions, industry
associations, and private consultants.

Within EPA, the Office of Atmospheric Protection (OAP) is the lead office responsible for the emission and removal
calculations provided in the Inventory, as well as the completion of the National Inventory Report including the
Common Reporting Tables (CRTs). EPA’s Office of Transportation and Air Quality (OTAQ) and Office of Research
and Development (ORD) are also involved in calculating emissions and removals for the Inventory. The U.S.
Department of State (DOS) serves as the overall national focal point to the Paris Agreement and the UNFCCC, and
EPA’s OAP serves as the National Inventory Focal Point for this report, including responding to technical questions
and comments on the U.S. Inventory. EPA staff coordinate the annual methodological choice, activity data
collection, emission and removal calculations, uncertainty assessment, QA/QC processes, and improvement
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planning at the individual source and sink category level. EPA’s inventory coordinator manages overall compilation
of the entire Inventory into the proper reporting format for submission under the Paris Agreement and the
UNFCCC and is responsible for the synthesis of information along with the consistent application of cross-cutting
IPCC good practice across the Inventory.

Several other government agencies contribute to the collection and analysis of the necessary underlying activity
data used in the Inventory calculations via formal (e.g., interagency agreements) and informal relationships, in
addition to the calculation of estimates integrated in the report (e.g., U.S. Department of Agriculture’s U.S. Forest
Service and Agricultural Service, National Oceanic and Atmospheric Administration, Federal Aviation
Administration, and Department of Defense). Other U.S. agencies provide official data for use in the Inventory. The
U.S. Department of Energy’s Energy Information Administration provides national fuel consumption data and the
U.S. Department of Defense provides data on military fuel consumption and use of bunker fuels. Other U.S.
agencies providing activity data for use in EPA’s emission calculations include: the U.S. Department of Agriculture,
National Oceanic and Atmospheric Administration, the U.S. Geological Survey, the Federal Highway
Administration, the Department of Transportation, the Bureau of Transportation Statistics, the Department of
Commerce, and the Federal Aviation Administration. Academic and research centers also provide activity data and
calculations to EPA, as well as individual companies participating in voluntary outreach efforts with EPA. EPA
engages with agencies regularly on data needs and improvements to ensure sufficient activity collection for annual
compilation of estimates. Finally, EPA as the National Inventory Focal Point, in coordination with the U.S.
Department of State, officially submits the Inventory under the Paris Agreement and the UNFCCC each April by the
reporting deadline.

Figure 1-1: National Inventory Arrangements and Process Diagram

United States Greenhouse Gas Inventory Institutional Arrangements

1. Data Collection

2. Emissions and
Removals Calculations L
. Compilation
and Uncertainty - .
(including overall

Assessment uncertainty, report and
reporting table compilation)

3. Inventory

U.S. Department
of State

Agriculture and
LULUCF Data Sources

U.S. Environmental

Protection Agency U.S. Environmental

Protection Agency
Inventory Compiler

U.S. Environmental
Protection Agency

Industrial Processes Other U.S.
and Product Use Data Government Agencies
Sources (USFS, NOAA,
DOD, FAA)

United Nations
Framework
Convention on

Climate Change
Waste Data Sources

QA/QC and Archiving
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Overview of Inventory Data Sources by Source and Sink Category

U.S. Energy Information
Administration

U.S. Department of Commerce

— Bureau of the Census

U.S. Department of Defense —

Defense Logistics Agency

U.S. Department of Homeland

Security

U.S. Department of
Transportation - Federal
Highway Administration
U.S. Department of
Transportation - Federal
Aviation Administration
U.S. Department of
Transportation & Bureau of
Transportation Statistics

U.S. Department of Labor —
Mine Safety and Health
Administration

U.S. Department of Energy and

its National Laboratories
EPA Acid Rain Program

EPA MOVES Model

Agriculture and LULUCF

USDA U.S. Forest Service Forest
Inventory and Analysis Program
(FIA)

USDA Natural Resource
Conservation Service (NRCS)

USDA National Agricultural
Statistics Service (NASS) and
Agricultural Research Service
(ARS)

EPA Office of Research and
Development (ORD)

U.S. Fish and Wildlife Service

U.S. Department of Agriculture
(USDA) Animal and Plant Health
Inspection Service (APHIS)
Association of American Plant
Food Control Officials (AAPFCO)

National Oceanic and
Atmospheric Administration
(NOAA)

EPA Office of Land and Emergency
Management (OLEM)

USDA Farm Service Agency

U.S. Geological Survey (USGS)

EPA Greenhouse Gas Reporting U.S. Department of the Interior

Program (GHGRP)

U.S. Department of Labor —
Mine Safety and Health
Administration

American Association of
Railroads

(DOI) - Bureau of Land
Management (BLM)

EPA Office of Land and Emergency
Management (OLEM)

Alaska Department of Natural
Resources

American Public Transportation U.S. Department of Commerce —

Association

U.S. Department of Interior -
Bureau of Ocean Energy
Management

Federal Energy Regulatory
Commission

Data from research studies,

trade publications, and industry

associations

Bureau of the Census

Data from research studies, trade
publications, and industry
associations

Note: This table is not an exhaustive list of all data sources.

IPPU

EPA Greenhouse Gas Reporting EPA Greenhouse Gas
Program (GHGRP) Reporting Program (GHGRP)

Waste

U.S. Geological Survey (USGS) EPA Office of Land and
National Minerals Information Emergency Management

Center (OLEM)
American Chemistry Council ~ EPA Clean Watershed Needs
(ACC) Survey (CWNS)

American Iron and Steel
Institute (AISI)

U.S. International Trade
Commission (USITC)

American Housing Survey

Data from research studies,
trade publications, and
industry associations
Air-Conditioning, Heating, and

Refrigeration Institute

Data from other U.S.
government agencies, research
studies, trade publications, and
industry association

UNEP Technology and
Economic Assessment Panel
(TEAP)
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1.3 Inventory Preparation Process

This section describes EPA’s approach to preparing the annual U.S. Inventory, which includes both the National
Inventory Document (NID) and Common Reporting Tables (CRTs). The inventory coordinator at EPA, with support
from the cross-cutting compilation staff, is responsible for coordinating aggregation of all emission and removal
estimates, conducting the overall uncertainty analysis of Inventory emissions and trends over time, and ensuring
consistency and quality throughout the NID and CRTs. Emission and removal calculations, including associated
uncertainty analysis for individual sources and/or sink categories are the responsibility of individual source and
sink category leads, who are most familiar with each category, underlying data, and the unique national
circumstances relevant to its emissions or removals profile. Using IPCC methodological decision trees and
suggested good practice guidance, the individual leads determine the most appropriate methodology and collect
the relevant activity data to use in the emission and removal calculations, based upon their expertise in the source
or sink category, as well as coordinating with researchers and expert consultants familiar with the sources and
sinks. Each year, the coordinator oversees a multi-stage process for collecting information from each individual
source and sink category lead to compile all information and data for the Inventory.

Methodology Development, Data Collection, and Emissions
and Sinks Estimation

Source and sink category leads at EPA coordinate the collection of input data (e.g., activity data and other
information) and, as necessary, evaluate or develop the estimation methodology for the individual source and/or
sink categories. Because EPA has been leading preparation of the Inventory for many years, for most source and
sink categories, the methodology for the previous year is applied to the new “current” year of the Inventory, and
inventory analysts collect any new data or update data that have changed from the previous year. If estimates for
a new source or sink category are being developed for the first time, or if the methodology is changing for an
existing category (e.g., the United States is implementing improvement efforts to apply a higher tiered approach
for that category), then the source and/or sink category lead will develop and implement the new or refined
methodology, gather the appropriate activity data and other information (e.g., emission factors or in some cases
direct emission measurements) for the entire time series, and conduct any further category-specific review with
involvement of relevant experts from industry, government, and universities (see Chapter 9 and Box ES-3 on EPA’s
approach to recalculations).

Once the methodology is in place and the data are collected, the individual source and sink category leads
calculate emission and removal estimates. The individual leads then update or create the relevant national
inventory document text and accompanying annexes for the Inventory. Source and sink category leads are also
responsible for completing the relevant sectoral background tables of the CRTs, conducting quality control (QC)
checks, preparing relevant category materials for QA, or expert reviews, category-level uncertainty assessments,
and reviewing data for publication in EPA’s GHG Data Explorer.>>

The treatment of confidential business information (CBI) in the Inventory is based on EPA internal guidelines, as
well as regulations®® applicable to the data used. EPA has specific procedures in place to safeguard CBI during the
inventory compilation process. When information derived from CBI data is used for development of inventory
calculations, EPA procedures ensure that these confidential data are sufficiently aggregated to protect
confidentiality while still providing useful information for analysis. For example, within the Energy and Industrial

55 See https://cfpub.epa.gov/ghgdata/inventoryexplorer/.

56 40 CFR Part 2, Subpart B titled “Confidentiality of Business Information” which is the regulation establishing rules governing
handling of data entitled to confidentiality treatment. See https://www.ecfr.gov/cgi-bin/text-
idx?SID=a764235c9eadf9afe05fe04c07a28939& mc=true&node=sp40.1.2.b&rgn=div6.
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Processes and Product Use (IPPU) sectors, EPA has used aggregated facility-level data from the Greenhouse Gas
Reporting Program (GHGRP) to develop, inform, and/or quality-assure U.S. emission estimates. In 2014, EPA’s
GHGRP, with industry engagement, compiled criteria that would be used for aggregating its confidential data to
shield the underlying CBI from public disclosure.>” In the Inventory, EPA is publishing only data values that meet
the GHGRP aggregation criteria.>8 Specific uses of aggregated facility-level data are described in the respective
methodological sections within those chapters. In addition, EPA uses historical data reported voluntarily to EPA via
various voluntary initiatives with U.S. industry (e.g., EPA Voluntary Aluminum Industrial Partnership (VAIP)) and
follows guidelines established under the voluntary programs for managing CBI.

Data Compilation and Archiving

The inventory coordinator at EPA with support from the data/document manager collects the source and sink
categories’ descriptive text and annexes, and also aggregates the emission and removal estimates into a summary
data file that links the individual source and sink category data files together. This summary data file contains all of
the essential data in one central location, in formats commonly used in the Inventory document. In addition to the
data from each source and sink category, other national trend and related data are also gathered in the summary
sheet for use in the Executive Summary, Introduction, and Trends chapters of the Inventory report (e.g., GDP,
population, energy use). Similarly, the recalculation analysis and key category analysis are completed in a separate
data file based on output from the summary data file. The uncertainty estimates for each source and sink category
are also aggregated into uncertainty summary data files that are used to conduct the overall Inventory uncertainty
analysis (see Section 1.7). A Microsoft SharePoint work site, maintained within EPA’s IT infrastructure by the
inventory coordinator, provides a platform for facilitating collaboration on the national inventory report
preparation during each compilation phase, but also the efficient storage and archiving of electronic document and
data files each annual cycle. Previous final published inventories are also maintained on a report archive page on
EPA’s Greenhouse Gas Emissions website.>?

National Inventory Document (NID) Preparation

The NID is compiled from the sections developed by each individual source or sink category lead. In addition, the
inventory coordinator prepares a brief overview of each chapter that summarizes the emissions and removals from
all sources and sinks discussed in the chapters. Also at this time, the Executive Summary, Introduction, Trends in
Greenhouse Gas Emissions and Removals, and Recalculations and Improvements chapters are drafted, to reflect
the trends and impact from improvements for the time series of the current Inventory. The analysis of trends
necessitates gathering supplemental data, including annual climate, economic activity and gross domestic product,
population, atmospheric conditions, and the annual use of electricity, energy, fossil and non-fossil fuels. Changes in
these data are used to explain the trends observed in greenhouse gas emissions in the United States. Furthermore,
specific factors that affect individual sectors are researched and discussed. Many of the factors that affect
emissions are included in the Inventory document as separate analyses or side discussions in boxes within the text.
Finally, the uncertainty analysis and key category analysis are compiled and updated in the report as part of final
analysis steps. Throughout the report text boxes are also created to provide additional documentation (e.g.,
definitions) and/or examine the data aggregated in different ways than in the remainder of the document, such as
a focus on transportation activities or emissions from electricity generation. The document is prepared to align
with the Paris Agreement and UNFCCC reporting guidelines for National Inventory Reports while also reflecting
national circumstances.

57 Federal Register Notice on “Greenhouse Gas Reporting Program: Publication of Aggregated Greenhouse Gas Data.” See pp.
79 and 110 of notice at https://www.gpo.gov/fdsys/pkg/FR-2014-06-09/pdf/2014-13425.pdf.

58 U.S. EPA Greenhouse Gas Reporting Program. Developments on Publication of Aggregated Greenhouse Gas Data, November
25, 2014. See http://www.epa.gov/ghgreporting/confidential-business-information-ghg-reporting.

59 see https://www.epa.gov/ghgemissions/us-greenhouse-gas-inventory-report-archive.

Introduction 1-15


https://www.gpo.gov/fdsys/pkg/FR-2014-06-09/pdf/2014-13425.pdf
http://www.epa.gov/ghgreporting/confidential-business-information-ghg-reporting
https://www.epa.gov/ghgemissions/us-greenhouse-gas-inventory-report-archive

Common Reporting Tables (CRTs) Compilation

The CRTs are compiled from individual time series input data sheets completed by each individual source or sink
category lead, which contain emissions and/or removals and activity data, estimates, methodological and
completeness notations and associated explanations. The inventory coordinator and cross-cutting compilation
staff import the U.S. category and subcategory background data into the UNFCCC’s Enhanced Transparency
Framework Reporting Tools to export CRTs, assuring consistency and completeness across all sectoral tables. The
summary reports for emissions and removals, methods, and emission factors used, the summary tables indicating
completeness of estimates (i.e., notation key NE/IE tables), the recalculation tables, and the emission and removal
trends tables are automatically compiled by the online reporting software and reviewed by the inventory
coordinator with support from the cross-cutting compilation staff. Internal automated quality checks within the
software, as well as checks by the cross-cutting and category leads, are completed for the entire time series of
CRTs before submission.

QA/QC and Uncertainty

Quiality assurance and quality control (QA/QC) and uncertainty analyses are guided by the QA/QC and inventory
coordinators, who help maintain the QA/QC plan and the overall uncertainty analysis procedures (see sections on
QA/QC and Uncertainty, below) in collaboration with the broader inventory compilation team. The QA/QC
coordinator works closely with the Inventory coordinator and source and sink category leads to ensure that a
consistent QA/QC plan is implemented across all inventory categories. Similarly, the inventory coordinator ensures
the uncertainty analysis is implemented consistently across all categories. The inventory QA/QC plan, outlined in
Section 1.6 and Annex 8, is consistent with the quality assurance procedures outlined by EPA and IPCC good
practices. The QA/QC and uncertainty findings also inform overall improvement planning, and specific
improvements are noted in the Planned Improvements sections of respective categories. QA processes are
outlined below.

Expert, Public, and UNFCCC/Paris Reviews

The compilation of the Inventory includes a two-stage review or QA process, in addition to international technical
expert review following submission of the report under the UNFCCC and Paris Agreement. EPA publishes responses
to comments received during both expert and public reviews with the publication of the final report on its
website.®? Responses to UNFCCC and Paris reviews are included in Annex 8 of this document.

During the first stage of review, i.e., the 30-day expert review period, a first draft of updated sectoral chapters are
sent to technical experts who are not directly involved in preparing estimates. The purpose of the expert review is
to provide an objective review of the methodological approaches and data sources used in the current Inventory,
especially for sources and sinks which have experienced any changes since the previous Inventory. Expert review
follows good practices from EPA’s Peer Review handbook, i.e., the review is organized by sector, and reviewers are
provided a guidance memo and charge questions to facilitate their review.61 Expert reviewers include other
federal agency staff, researchers, industry experts, and others who have technical knowledge of the data, industry,
and methods. EPA reviews and updates expert participation and outreach on an annual basis prior to each expert
review cycle. Experts are identified in various ways; for example, many reach out to EPA with technical feedback
and are added to the expert reviewer list. Reviewers are also identified through direct outreach by inventory staff
based on expertise. Currently, EPA’s expert list includes nearly 300 experts across all sectors. Once comments are
received, they are reviewed by the source or sink lead and addressed in several ways. For example, comments
suggesting methodological clarifications may be incorporated into methodological discussions prior to the next

60 See https://www.epa.gov/ghgemissions/draft-inventory-us-greenhouse-gas-emissions-and-sinks-1990-2022.

61 See https://www.epa.gov/osa/peer-review-handbook-4th-edition-2015.
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review phase, while comments citing new literature or data will be noted for review as part of planned
improvements.

Following expert review, a second draft of the document, including cross-cutting synthesis chapters, is released for
a 30-day public review through a notice in the U.S. Federal Register. The entire draft Inventory document is
published on the EPA website. The public review period is open to the entire U.S. public. Comments are submitted
and tracked using an online electronic docket that is accessible to the general public as well. Similar to expert
review, some comments received may require further discussion with commenters, other experts and/or
additional research. Specific Inventory improvements requiring further analysis as a result of comments are noted
in the relevant category’s Planned Improvement section.

As mentioned above, following completion and submission of the report under the UNFCCC and the Paris
Agreement, the report also undergoes review by an international team of independent experts for adherence to
UNFCCC/Paris reporting guidelines and consistency with IPCC methodological guidance.®? Feedback from all
review processes that contribute to improving inventory quality over time are described within each planned
improvement section and further in Annex 8. See also the Improvement Planning process discussed below.

Final Submittal and Publication under the Paris Agreement
and the UNFCCC

After the final revisions to incorporate any comments from the Expert Review and Public Review periods, EPA
prepares the final NIR, which includes the NID and the accompanying CRTs for electronic reporting. Prior to
submission, EPA’s Office of Atmospheric Protection briefs senior leadership on reporting findings and
improvements since the previous report, along with an overview of feedback from the expert and public review
processes.

EPA, as the National Inventory Focal Point, sends the official submission of the U.S. Inventory under the Paris
Agreement and the UNFCCC using the UN’s reporting software, coordinating with the U.S. Department of State,
the overall UNFCCC focal point. Concurrently, the report is also published on EPA’s website.?3 On EPA’s website,
users can also visualize and download the current time-series estimates from the GHG Inventory Data Explorer
Tool,%4 and also download more detailed data presented in tables within the report and report annex in CSV
format.

Improvement Planning

Each year, several emission and sink estimates in the Inventory of U.S. Greenhouse Gas Emissions and Sinks are
recalculated and revised, through the use of better methods and/or data with the goal of improving inventory
quality and reducing uncertainties, including the transparency, completeness, consistency, and overall usefulness
of the report. In this effort, the United States follows the 2006 IPCC Guidelines (IPCC 2006) and its 2019
Refinement, which state, “Both methodological changes and refinements over time are an essential part of
improving inventory quality. It is good practice to change or refine methods when available data have changed; the
previously used method is not consistent with the IPCC guidelines for that category; a category has become key;
the previously used method is insufficient to reflect mitigation activities in a transparent manner; the capacity for
inventory preparation has increased; improved inventory methods become available; and/or for correction of
errors.” The EPA’s OAP coordinates improvement planning across all sectors and also cross-cutting analyses based
on annual review and input from the technical teams leading compilation of each sector’s estimates, including

62 See https://unfccc.int/process-and-meetings/transparency-and-reporting/reporting-and-review-under-the-
convention/greenhouse-gas-inventories-annex-i-parties/review-process.

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

64 See https://cfpub.epa.gov/ghgdata/inventoryexplorer/.
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continuous improvements to the overall data and document compilation and QA/QC processes. Planned
improvements are identified through QA/QC processes (including completeness checks), the key category analysis,
and the uncertainty analysis. The inventory coordinator, with input from EPA source and sink category leads,
maintains a log of all planned improvements, by sector and cross-cutting, tracking the category significance,
specific category improvement, prioritization, anticipated time frame for implementation of each proposed
improvement, and status of progress in implementing improvement. Improvements for significant or key
categories are usually prioritized across all improvements unless effort would require disproportionate levels of
effort and resources relative to improvements for other key categories to address.

1.4 Methodology and Data Sources

Emissions and removals of greenhouse gases from various source and sink categories have been estimated using
methodologies that are consistent with the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (IPCC
2006) and its supplements and refinements. To a great extent, this report makes use of published official economic
and physical statistics for activity data, emission factors and other key parameters as inputs to the methods
applied. Depending on the category, activity data can include fuel consumption or deliveries, vehicle-miles
traveled, raw material processed, or commodity produced, etc. Emission factors are factors that relate quantities
of emissions to an activity. For more information on data sources see Section 1.2 above, Box 1-1 on use of GHGRP
data, and categories’ methodology sections for more information on other data sources. In addition to official
statistics, the report utilizes findings from academic studies, trade association surveys and statistical reports, along
with expert judgment, consistent with the 2006 IPCC Guidelines.

The methodologies provided in the 2006 IPCC Guidelines represent foundational methodologies for a variety of
source and sink categories, and many of these methodologies continue to be improved and refined as new
research and data become available. This report uses those IPCC methodologies when applicable, and supplements
them with refined guidance, other available country-specific methodologies and data where possible (e.g., EPA’s
GHGRP). For example, as noted earlier in this chapter, this report does apply recent supplements and refinements
to 2006 IPCC Guidelines in estimating emissions and removals from coal mining, wastewater treatment and
discharge, low voltage anode effects (LVAE) during aluminum production, drained organic soils, and management
of wetlands, including flooded lands. Choices made regarding the methodologies and data sources used are
provided in the Methodology and Time-Series Consistency discussion of each category within each sectoral chapter
of the report, applying higher tiered methods when feasible, especially for key categories consistent with
methodological decision trees. Where additional detail is helpful and necessary to explain methodologies and data
sources used to estimate emissions, complete documentation is provided in the annexes as indicated in the
methodology sections of those respective source categories (e.g., Annex 3.13 for forest land remaining forest land
and land converted to forest land). Methods used for key categories (discussed below) are summarized in Annex 1.

1.5 Key Categories

The 2006 IPCC Guidelines (IPCC 2006) and 2019 Refinement to the 2006 IPCC Guidelines (IPCC 2019) define key
categories as “inventory categories which individually, or as a group of categories (for which a common method,
emission factor and activity data are applied) are prioritized within the national inventory system because their
estimates have a significant influence on a country’s total inventory of greenhouse gases in terms of the absolute
level, the trend, or the level of uncertainty in emissions or removals. Whenever the term key category is used, it
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includes both source and sink categories.”®> A key category analysis identifies source or sink categories for
focusing efforts to improve overall Inventory quality, including additional review when feasible.

The 2006 IPCC Guidelines (IPCC 2006) and its 2019 Refinement (2019) define several approaches, both quantitative
and qualitative, to conduct a key category analysis and identify key categories both in terms of absolute level and
trend, along with consideration of uncertainty. This report employs all approaches to identify key categories for
the United States. The first approach, Approach 1, identifies significant or key categories without considering
uncertainty in its calculations. An Approach 1 level assessment identifies all source and sink categories that
cumulatively account for 95 percent of total level, i.e., total emissions (gross) in a given year when assessed in
descending order of absolute magnitude. The level analysis was performed twice, including and excluding sources
and sinks from the land use, land-use change, and forestry (LULUCF) sector categories. Similarly, an Approach 1
trend analysis can identify categories with trends that significantly influence overall trends by identifying all source
and sink categories that cumulatively account for 95 percent of the sum all the trend assessments (e.g., percent
change relative to national trend) when sorted in descending order of absolute magnitude.

The next method, Approach 2, was then implemented to identify any additional key categories not already
identified from the Approach 1 level and trend assessments by considering uncertainty. The Approach 2 analysis
differs from Approach 1 by incorporating each category’s uncertainty assessments in its calculations and was also
performed twice, including and excluding LULUCF categories. An Approach 2 level assessment identifies all sources
and sink categories that cumulatively account for 90 percent of the sum of all level assessments when sorted in
descending order of magnitude. Similarly, an Approach 2 trend analysis can identify categories whose trends
contribute significantly to overall trends weighing the relative trend difference with the category’s relative
uncertainty assessment for 2022.

For 2022, based on the key category analysis, excluding the LULUCF sector and uncertainty, 34 categories
accounted for 95 percent of emissions. Four categories account for 55 percent of emissions: CO2 from road
transport-related fuel combustion, CO2 from coal-fired electricity generation, CO2 from gas fired electricity
generation, and CO:z from gas-fired industrial processes. When considering uncertainties, additional categories
such as emissions from substitutes for ozone depleting substances in aerosols were also identified as a key
category. In the trend analysis, 32 categories were identified as key categories, and when considering
uncertainties, 7 additional categories were identified as key. The trend analysis shows that CO; emissions from
coal-fired electricity generation, in addition to CO2 from gas fired electricity generation, CO2 from road transport
related combustion, and HFC and PFC emissions from substitutes for ozone depleting substances in the
refrigeration and air conditioning sector are also significant with respect to trends over the time series.

When considering the contribution of the LULUCF sector to 2022 emissions and removals, 42 categories accounted
for 95 percent of emissions and sinks, with the most significant category from LULUCF being net CO2 emission from
forest land remaining forest land. When considering uncertainties and the contribution of the LULUCF sector,
additional categories such as net CO2 emissions from grassland remaining grassland were also identified as a key
category. In the trend analysis, 40 categories were identified as key, and when considering uncertainties, 2
additional categories were identified as key.

Finally, in addition to conducting Approach 1 and 2 level and trend assessments as described above, a qualitative
assessment of the source and sinks categories was conducted to capture any additional key categories that were
not identified using the previously described quantitative approaches. For this Inventory, no additional categories
were identified using qualitative criteria recommend by IPCC, but EPA continues to review its qualitative
assessment on an annual basis. Find more information on the key category analysis, including the approach to
disaggregation of inventory estimates, see Annex 1 to this report.

65 See Chapter 4 Volume 1, “Methodological Choice and Identification of Key Categories” in IPCC (2006) and IPCC (2019). See
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html.
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Table 1-4: Summary of Key Categories for the United States (1990 and 2022) by Sector

Approach 12 Approach 2 (includes uncertainty)? 2022
CRT Code and Source/Sink Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CO,
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
Energy
1.A.3.b Transportation: Road CO,; ® . ® . (O] . (O] . 1,438.1
1.A.1 Stationary Combustion
- Coal - Electricity CO, ® . ® . ® . ® . 851.5
Generation
1.A.1 Stationary Combustion
- Natural Gas - Electricity CO,; ® . ® . ® . . 659.3
Generation
1.A.2 Stationary Combustion
- Natural Gas - Industrial €0 ® * ® * ® * ® ‘ >10.4
1.A.4.b Stationary
Combustion - Natural Gas - CO, ® . ® . ® . ® 272.0
Residential
1.A.2. StatlonarY Combustion o, ® . ® . ® . ® . 247 6
- Oil - Industrial
1.A.4.a Stationary
Combustion - Natural Gas - CO, ® . ® . ® . . . 192.3
Commercial
1.A.3f.a.Transportat|on: o, . . 165.6
Aviation
1.A.5 Non-Energy Use of co, . 102.8
Fuels
1.g.t3h.erransportat|on. o, . . . 69.3
1.A.4.a Stationary
Combustion - Qil - CO,; ® . ® . 65.1
Commercial
1.A.4.b Stationary
Combustion - Qil - CO, ® . ® . 62.1
Residential
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Approach 12 Approach 2 (includes uncertainty)? 2022
CRT Code and Source/Sink Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CO;
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
1.A.2 Stati Combusti
ationary . ombustion co, ® . ® . ® . o . 43.0
- Coal - Industrial
1.A.3.d Transportation:
ansportatt co, ® ® 40.9
Domestic Navigation
1.B.2 Natural Gas Systems CO, ® ® 36.5
1.A3.cT tation:
: ¢ Transportation co, ® ® 325
Railways
1.B.2 Petroleum Systems CO, . o . . o . 22.0
1.A.1 Stationary Combustion
- Oil - Electricity CO, ® . ® . o o . 20.5
Generation
1.A.5 Stationary Combustion
o o 17.
- Oil - U.S. Territories €. 0
1.A5bT ion:
'5'b ransportation co, . . 48
Military
1.A.4.a Stationary
Combustion - Coal - CO, . . 14
Commercial
1.A.4.b Stationary
Combustion - Coal - CO, o NO
Residential
1.B.2 Natural Gas Systems CHg4 ® . ® . ® . ® . 173.1
1.B.1 Fugitive Emissi
ugitive .n.1|55|0ns CHa ® . ® . ® . ® . 43.6
from Coal Mining
1.B.2 Petroleum Systems CHg4 ® . ® . ® . ® 39.6
1.B.2 Abandoned Oil and
CH 8.5
Natural Gas Wells ¢ ® ®
1.A.4.b Stationary
Combustion - Residential CHa ® * ® * 4.3
1.A.1 Stationary Combustion
- Coal - Electricity N,O ® . 18.2
Generation
1.A.3.b Transportation: Road N,O o . o . 8.9
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Approach 12 Approach 2 (includes uncertainty)? 2022
CRT Code and Source/Sink Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CO;
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
1.A.1 Stationary Combustion
- Natural Gas - Electricity N,O o 3.4
Generation
Industrial Processes and Product Use
2.A.1 Cement Production CcO; . 41.9
2.C.1 Iron and Steel
Production & Metallurgical CO; . . ® . o . 40.7
Coke Production
2.B.8 Petr9chem|ca| co, ® . ® . 78.8
Production
2.B.3 Adipic Acid Production N,O o 3 2.1
2.F.1 Substitutes for Ozone
Depl'etmg’Substanccvas: HFCs, PFCs . . . . . . . . 1446
Refrigeration and Air
Conditioning
2.F.4 Substitutes for Ozone
Depleting Substances: HFCs, PFCs o 3 o o o . 17.0
Aerosols
2.F.2 Substitutes for Ozone
Depleting Substances: HFCs, PFCs o . 11.7
Foam Blowing Agents
2.B.9 Fluorochemical PFCs, HFCs,
. le) . le) . o) . [e) . 7.8
Production SFe, NF3
2.G Electrical Equipment PFCs, SFe o . o . 5.1
2.C.3 Aluminum Production PFCs . . 0.8
Agriculture
3.A.1 Enteric Fermentation: CHa ® . ® . ® . ® . 185.9
Cattle
3.B.1 Manure Management: CHa . . . . . . . 377
Cattle
3.B.4 Manure Management:
Other Livestock ¢ CHa ® ® * 27.0
3.C Rice Cultivation CHq4 ® o ® ® 18.9
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Approach 12 Approach 2 (includes uncertainty)? 2022
CRT Code and Source/Sink Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CO;
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
3.D.1 Direct Emissions from
Agricultural Soil N,O ® ® (O] (O] 262.5
Management
3.D.2 Indlrec_:t Em.|55|ons N,O ® ® ® . ® 78.3
from Applied Nitrogen
Waste
5.A Commercial Landfills CHy4 ® . ® . ® o ® 100.9
5.A Industrial Landfills CH,4 3 3 o o 18.9
5.D Domestic Wastewater CHa o 13.6
Treatment
5.D Domestic Wastewater N,O . . ® . ® 214
Treatment
Land Use, Land-Use Change, and Forestry
4.E.2 Net Emissions from
Land Converted to CO, ® . ® 68.2
Settlements
4.B.2 Net Emissions from
Land Converted to CO, ® . ® 35.1
Cropland
4.C.2 Net Emissions from
Land Converted to CO,; ® o ® 25.6
Grassland
4.C.1 Net Emissions from
Grassland Remaining CO; o . ® 13.4
Grassland
4.B.1 Net Removals from
Cropland Remaining CO, . . ® (31.7)
Cropland
4.A.2 Net Removals from
Land Converted to Forest CcO; ® ® (100.3)
Land
4.E.1 Net Removals from
Settlements Remaining CO,; ® . ® (134.8)
Settlements
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Approach 12 Approach 2 (includes uncertainty)? 2022

CRT Code and Source/Sink Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CO;
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)

4.A.1 Net Removals from
Forest Land Remaining CO, ® 3 ® . (787.0)
Forest Land

4.D.1 Flooded Lands

Remaining Flooded Lands CHs ® 44.2
Subtotal of Key Categories Without LULUCF® 6,169.7
Total Gross Emissions Without LULUCF 6,343.2
Percent of Gross Total Without LULUCF 97%
Subtotal of Key Categories With LULUCF¢ 5,285.4
Total Net Emissions With LULUCF 5,488.9
Percent of Net Total With LULUCF 96%

NO (Not Occurring)

aSymbols correspond to the year(s) in which a category is key: 1990 = 0; 2022 = ¢; 1990 and 2022 = @®.

b Subtotal includes key categories from Level Approach 1 Without LULUCF, Level Approach 2 Without LULUCF, Trend Approach 1 Without LULUCF, and Trend Approach 2
Without LULUCF.

¢ Subtotal includes key categories from Level Approach 1 With LULUCF, Level Approach 2 With LULUCF, Trend Approach 1 With LULUCF, and Trend Approach 2 With LULUCF.

Note: Parentheses indicate negative values (or sequestration).
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1.6 Quality Assurance and Quality Control

(QA/QC)

As part of efforts to achieve its stated goals for inventory quality, transparency, and credibility, the United States
has developed a quality assurance and quality control plan designed to check, document, and improve the quality
of its inventory over time. QA/QC activities on the Inventory are undertaken within the framework of the U.S.
Quality Assurance/Quality Control and Uncertainty Management Plan (QA/QC plan) for the U.S. Greenhouse Gas
Inventory: Procedures Manual for QA/QC and Uncertainty Analysis.

Key attributes of the QA/QC plan are summarized in Figure 1-2. These attributes include:

Procedures and Forms: detailed and specific systems that serve to standardize the process of
documenting and archiving QA/QC implementation and related information, as well as to guide the
implementation of QA/QC and the analysis of uncertainty

Implementation of Procedures: guidance on application of QA/QC procedures throughout the whole
Inventory development process from initial data collection, through preparation of the emission and
removal estimates, to publication of the Inventory, consistent with the 2006 IPCC Guidelines.

Quality Assurance (QA): process for implementing expert and public reviews for both the inventory
estimates and the Inventory report (which is the primary vehicle for disseminating the results of the
inventory development process). The expert technical review conducted by the UNFCCC supplements
these QA processes, consistent with the QA good practice and the 2006 IPCC Guidelines (IPCC 2006). See
Section 1.3 for more details on these QA processes.

Quality Control (QC): application of General (Tier 1) and Category-specific (Tier 2) quality controls and
checks, as recommended by 2006 IPCC Guidelines (IPCC 2006), along with consideration of secondary data
and category-specific checks (additional Tier 2 QC) in parallel and coordination with the uncertainty
assessment; the development of protocols and templates, which provides for more structured
communication and integration with the suppliers of secondary information

General (Tier 1) and Category-specific (Tier 2) Checks: quality controls and checks, as recommended by
IPCC Good Practice Guidance and 2006 IPCC Guidelines (IPCC 2006)

Record Keeping: provisions to track which procedures have been followed, the results of the QA/QC,
uncertainty analysis, and feedback mechanisms for corrective action based on the results of the
investigations which provide for continual data quality improvement and guided research efforts moving
forward.

Multi-Year Implementation: tracking the application of more involved QA/QC procedures which may take
more than one cycle to fully implement, especially for category-specific QC, prioritizing key categories in
conjunction with improvement planning (see Section 1.3).

Interaction and Coordination: promoting communication within the EPA, across federal agencies and
departments, state government programs, and research institutions and consulting firms involved in
supplying data or preparing estimates for the Inventory. The QA/QC Management Plan itself is intended to
be revised and reflect new information that becomes available as the program develops, methods are
improved, or additional supporting documents become necessary.
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Figure 1-2: Summary of Key QC Processes from U.S. QA/QC Plan

Data Data Calculating Cross-Cutting
Gathering * Documentation* Emissions - Coordination
¢ Obtain data in e Contact reports o Clearly label
electronic for non-electronic parameters, units,
format (if communications and conversion
possible) Provide cell factors

* Review data references for ¢ Review data
input/calculation primary data input/calculation
workbooks elements workbooks
o Avoid Obtain copies of integrity

hardwiring all data sources o Equations
o Use data List and location o Units
"i validation of any o Inputs and
= o Protect cells working/external outputs
<CE ¢ Develop data or e Develop
> automatic input/calculation automated
] checkers for: workbooks checkers for:
% o Outliers, Document o Inputranges
z negative assumptions o Calculations
- values, or Complete QA/QC o Emission
missing data checklists aggregation
o Variable types CRF and summary o Trend and IEF
match values tab links checks
o Time series
consistency

e Maintain
tracking tab for
status of
gathering efforts

* Check input data Check citations in ¢ Reproduce
for transcription data calculations
errors input/calculation ¢ Review time

¢ Inspect workbooks and series
automatic text for accuracy consistency
checkers and style e Review changes

% | * Identify data Check reference in
TT; input/calculation docket for new data/consistency
51 workbooks citations with IPCC
@) modifications Review methodology
Q that could documentation
8 provide for any data /
additional methodology
QA/QC checks changes
Complete QA/QC
checklists
CRF and summary
tab links

e Common starting
versions for each
inventory year
Utilize
unalterable
summary and
CRF tab for each
source data
input/calculation
workbook for
linking to a
master summary
workbook

Follow strict
version control
procedures

e Document
QA/QC

procedures
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Box 1-3: Examples of Verification Activities

Consistent with IPCC guidance for national greenhouse gas inventories, verification activities include
comparisons with emission or removal estimates prepared by other bodies and comparisons with estimates
derived from fully independent assessments, e.g., atmospheric concentration measurements. Verification
activities provide information to improve inventories and are part of the overall QA/QC system.

Use of Lower Tier Methods. The Paris Agreement/UNFCCC reporting guidelines require countries to complete a
"top-down" reference approach for estimating CO2 emissions from fossil fuel combustion in addition to their
“bottom-up” sectoral methodology for purposes of verification. This estimation method uses alternative
methodologies and different data sources than those contained in that section of the Energy chapter. The
reference approach estimates fossil fuel consumption by adjusting national aggregate fuel production data for
imports, exports, and stock changes rather than relying on end-user consumption surveys (see Annex 4 of this
report). The reference approach assumes that once carbon-based fuels are brought into a national economy,
they are either saved in some way (e.g., stored in products, kept in fuel stocks, or left unoxidized in ash) or
combusted, and therefore the carbon in them is oxidized and released into the atmosphere. Accounting for
actual consumption of fuels at the sectoral or sub-national level is not required.

Use of Ambient Measurements Systems for Validation of Emission Inventories. In following the Paris
Agreement and UNFCCC reporting requirements to develop and submit national greenhouse gas emission
inventories, the emissions and sinks presented in this report are organized by source and sink categories and
calculated using internationally accepted methods provided by the IPCC.%° Several recent studies have
estimated emissions at the national or regional level with estimated results that sometimes differ from EPA’s
estimate of emissions. EPA has engaged with researchers on how remote sensing, ambient measurement, and
inverse modeling techniques for estimating greenhouse gas emissions could assist in improving the
understanding of inventory estimates. In working with the research community to improve national greenhouse
gas inventories, EPA follows guidance from the IPCC on the use of measurements and modeling to validate
emission inventories.®” An area of particular interest in EPA’s outreach efforts is how ambient measurement
data can be used to assess estimates or potentially be incorporated into the Inventory in a manner consistent
with this Inventory report’s transparency of its calculation methodologies, and the ability of inverse modeling to
attribute emissions and removals from remote sensing to anthropogenic sources, as defined by the IPCC for this
report, versus natural sources and sinks.

The 2019 Refinement to the IPCC 2006 Guidelines for National Greenhouse Gas Inventories (IPCC 2019) Volume
1 General Guidance and Reporting, Chapter 6: Quality Assurance, Quality Control and Verification notes that
emission estimates derived from atmospheric concentration measurements can provide independent data sets
as a basis for comparison with inventory estimates. The 2019 Refinement provides guidance on conducting such
comparisons (as summarized in Table 6.2 of IPCC [2019] Volume 1, Chapter 6) and provides guidance on using
such comparisons to identify areas of improvement in national inventories (as summarized in Box 6.5 of IPCC
[2019] Volume 1, Chapter 6). Further, it identified fluorinated gases as particularly suitable for such comparisons
due their limited natural sources, their generally long atmospheric lifetimes, and well-understood loss
mechanisms, which makes it relatively more straightforward to model their emission fluxes from observed mass
quantities. Unlike emissions of CO2, CH4, and N20, emissions of fluorinated greenhouse gases are almost
exclusively anthropogenic, meaning that the fluorinated greenhouse gas emission sources included in this
Inventory account for the majority of the total U.S. emissions of these gases detectable in the atmosphere. This
evaluation approach is also useful for gases and sources with larger uncertainties in available bottom-up
inventory methods and data, such as emissions of CHa, which are primarily from uncertain biological (e.g.,
enteric fermentation) and fugitive (e.g., natural gas production) activities.

In this Inventory, EPA includes the results from current and previous comparisons between fluorinated gas

66 see http://www.ipcc-nggip.iges.or.jp/public/index.html.

67 See http://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1003 Uncertainty%20meeting_report.pdf.
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emissions inferred from atmospheric measurements and fluorinated gas emissions estimated based on bottom-
up measurements and modeling. These comparisons, performed for HFCs and SFe respectively, are described
under the QA/QC and Verification discussions in Chapter 4, Sections 4.25 Substitution of Ozone Depleting
Substances and 4.26 Electrical Equipment in the IPPU chapter of this report.

Consistent with the 2019 Refinement, a key element to facilitate such comparisons is a spatially-explicit (or
gridded) emissions inventory as an input to inverse modeling. To improve the ability to compare methane
emissions from the national-level greenhouse gas inventory with observation-based emission estimates, a team
of researchers from U.S. EPA, SRON Netherlands Institute for Space Research, Harvard University, and Lawrence
Berkely National Laboratory developed a time series of annual anthropogenic methane emissions maps with
0.1° x 0.1° (~10km x 10km) spatial resolution and monthly temporal resolution for the contiguous United
States.%® The gridded methane inventory is designed to be consistent with the U.S. EPA Inventory of U.S.
Greenhouse Gas Emissions and Sinks estimates, which presents national totals for different source types.®® The
development of this gridded inventory is consistent with the recommendations contained in two National
Academies of Science reports examining greenhouse gas emissions data (National Research Council 2010;
National Academies of Sciences, Engineering, and Medicine 2018).

Finally, in addition to use of atmospheric concentration measurement data for comparison with Inventory data,
information from top-down studies is directly incorporated in the Natural Gas Systems calculations to quantify
emissions from certain well blowout events.

In addition, based on the national QA/QC plan for the Inventory, some sector, subsector and category-specific
QA/QC and verification checks have been applied. These checks follow the procedures outlined in the national
QA/QC plan, tailoring the procedures to the specific documentation and data files associated with individual
sources. For each greenhouse gas emissions source or sink category included in this Inventory, a minimum of
general or Tier 1 QC analysis has been undertaken. Where QC activities for a particular category go beyond the
minimum general checks and include category-specific checks (Tier 2) or include verification, further explanation is
provided within the respective source or sink category text. Similarly, responses or updates based on comments
from the expert, public and the international technical expert reviews (e.g., UNFCCC) are also addressed within the
respective source or sink category sections in each sectoral chapter and Annex 8.

The quality control activities described in the U.S. QA/QC plan occur throughout the inventory process; QA/QC is
not separate from, but is an integral part of, preparing the Inventory. Quality control—in the form of both good
practices (such as documentation procedures) and checks on whether good practices and procedures are being
followed—is applied at every stage of inventory development and document preparation. In addition, quality
assurance occurs during the expert review and the public review, in addition to the UNFCCC expert technical
review. While all phases significantly contribute to improving inventory quality, the public review phase is also
essential for promoting the openness of the inventory development process and the transparency of the inventory
methods and underlying input data sources.

The QA/QC plan guides the process of ensuring inventory quality by describing data and methodology checks,
developing processes governing peer review and public comments, and developing guidance on conducting an
analysis of the uncertainty surrounding the emission and removal estimates. The QA/QC procedures also include
feedback loops and provide for corrective actions that are designed to improve the inventory estimates over time.

68 See https://www.epa.gov/ghgemissions/us-gridded-methane-emissions.

69 See https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks.
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1.7 Uncertainty Analysis

Emissions and removals calculated for the U.S. Inventory reflect best estimates for greenhouse gas source and sink
categories in the United States and are continuously revised and improved as new information becomes available.
Uncertainty assessment is an essential element of a complete and transparent emissions inventory because it
helps inform and prioritize Inventory improvements. For the U.S. Inventory, uncertainty analyses are conducted for
each source and sink category as well as for the uncertainties associated with the overall emission (current and
base year) and trends estimates. These analyses reflect the quantitative uncertainty in the emission (and removal)
estimates associated with uncertainties in their input parameters (e.g., activity data and EFs) and serve to evaluate
the relative contribution of individual input parameter uncertainties to the overall Inventory, its trends, and each
source and sink category.

The overall level and trend uncertainty estimates for total U.S. greenhouse gas emissions was developed using the
IPCC Approach 2 uncertainty estimation methodology (assuming a Normal distribution for Approach 1 estimates),
which employs a Monte Carlo stochastic simulation technique. The IPCC provides good practice guidance on two
approaches—Approach 1 and Approach 2—to estimating uncertainty for both individual and combined source
categories. Approach 2 quantifies uncertainties based on a distribution of emissions (or removals), built-up from
repeated calculations of emission estimation models and the underlying input parameters, randomly selected
according to their known distributions. Approach 2 methodology is applied to each individual source and sink
category wherever data and resources are permitted and is also used to quantify the uncertainty in the overall
Inventory and its Trends. Source and sink chapters in this report provide additional details on the uncertainty
analysis conducted for each source and sink category. See Annex 7 of this report for further details on the U.S.
process for estimating uncertainty associated with the overall emission (base and current year) and trends
estimates. Consistent with IPCC (IPCC 2006), the United States has ongoing efforts to continue to improve the
overall Inventory uncertainty estimates presented in this report.

The United States has also implemented many improvements over the last several years to reduce uncertainties
across the source and sink categories and improve Inventory estimates. These improvements largely result from
new data sources that provide more accurate data and/or increased data coverage, as well as methodological
improvements. Following IPCC good practice, additional efforts to reduce Inventory uncertainties can occur
through efforts to incorporate excluded emission and sink categories (see Annex 5), improve estimation methods,
and collect more detailed, measured, and representative data. Individual category chapters and Annex 7 both
describe current ongoing and planned Inventory and uncertainty analysis improvements. Consistent with IPCC
(2006), the United States has ongoing efforts to continue to improve the category-specific uncertainty estimates
presented in this report, largely prioritized by considering improvements categories identified as significant by the
Key Category Analysis.

Estimates of quantitative uncertainty for the total U.S. greenhouse gas emissions in 1990 (base year) and 2022 are
shown below in Table 1-5 and Table 1-6, respectively. The overall uncertainty surrounding the Total Net Emissions
is estimated to be -6 to +6 percent in 1990 and -5 to +6 percent in 2022. When the LULUCF sector is excluded from
the analysis the uncertainty is estimated to be -3 to +4 percent in 1990 and -2 to +4 percent in 2022.
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Table 1-5: Estimated Overall Inventory Quantitative Uncertainty for 1990 (MMT CO; Eq. and

Percent)
1990
Emission Uncertainty Range Relative to Greenhouse Gas Standard
Estimate Estimate? Meant Deviation®
Gas (MMT CO,
Eq.) (MMT CO; Eq.) (%) (MMT €O, Eq.)
Lower Upper Lower Upper
Bound® Bound® Bound Bound
CO; 5,131.6 5,008.2 5,348.2 -2% 4% 5,098.2 88.0
CH,d 871.7 731.3 948.4 -16% 9% 701.5 56.3
N,Od 408.2 349.7 513.0 -14% 26% 434.8 41.6
PFC, HFC, SFs, and NFsd 125.5 108.6 152.9 -13% 22% 207.3 11.6
Total Gross Emissions 6,536.9 6,354.3 6,792.8 -3% 4% 6,441.8 113.3
LULUCF Emissions® 57.9 55.2 61.9 -5% 7% 68.7 1.7
LULUCF Carbon Stock Change
Fluxf (1,034.7) (1,296.1) (845.3) 25% -18% (957.3) 116.7
LULUCF Sector Net Totals (976.7) (1,237.7) (787.8) 27% -19% (888.6) 116.7
;:(:)m'“m"s (Sources and 5560.2 52470  5882.2 -6% 6%  5553.3 161.4

3 The lower and upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower bound
corresponding to 2.5t percentile and the upper bound corresponding to 97.5t percentile.
b Mean value indicates the arithmetic average of the simulated emission estimates; standard deviation indicates the extent of

deviation of the simulated values from the mean.

¢ The lower and upper bound emission estimates for the sub-source categories do not sum to total emissions because the low

and high estimates for total emissions were calculated separately through simulations.

d The overall uncertainty estimates did not take into account the uncertainty in the GWP values for CHs, N>O and high GWP

gases used in the Inventory emission calculations for 1990.

€ LULUCF emissions include the CH4 and N,0 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, land converted to flooded land, and flooded land remaining flooded land; and N,O emissions from forest soils and

settlement soils.

fLULUCF 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. Since the resulting flux is negative the signs of the resulting lower and upper bounds are

reversed.

8 The LULUCF sector net total is the net sum of all CH4 and N,O emissions to the atmosphere plus net carbon stock changes.
Notes: Total emissions (excluding emissions for which uncertainty was not quantified) are presented without LULUCF. Net
emissions are presented with LULUCF. Totals may not sum due to independent rounding. Parentheses indicate net

sequestration.

Table 1-6: Estimated Overall Inventory Quantitative Uncertainty for 2022 (MMT CO; Eq. and

Percent)
2022 Emission Uncertainty Range Relative to Greenhouse Standard
Estimate Gas Estimate? Mean® Deviation®
Gas (MMT CO,Eq.)  (MMT CO; Eq.) (%) (MMT €O, Eq.)

Lower Upper Lower Upper

Bound®  Boundc Bound Bound
Co, 5,053.0 4,9373 5,257.7 -2% 4%  5,095.2 81.9
CH,d 702.4 604.3 803.1 -14% 14% 703.8 52.0
N,0Od 389.7 324.6 490.2 -17% 26% 399.5 42.3
PFC, HFC, SFs, and NF3¢ 198.1 182.8 217.5 -8% 10% 199.5 9.0
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Total Gross Emissions 6,343.2 16,1903 6,604.8 -2% 4% 6,397.9 106.3

LULUCF Emissions® 67.5 64.3 73.2 -5% 8% 68.6 2.3
LULUCF Carbon Stock Change Fluxf (921.8) (1,158.6) (748.7) 26% -19%  (957.5) 105.3
LULUCF Sector Net Totals (854.3) (1,090.3) (680.5) 28% -20% (888.8) 105.3
Net Emissions (Sources and Sinks) 5,488.9 5,216.2 5,801.9 -5% 6% 5,509.0 150.6

2 The lower and upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower bound
corresponding to 2.5t percentile and the upper bound corresponding to 97.5t percentile.

b Mean value indicates the arithmetic average of the simulated emission estimates; standard deviation indicates the extent of
deviation of the simulated values from the mean.

¢ The lower and upper bound emission estimates for the sub-source categories do not sum to total emissions because the low
and high estimates for total emissions were calculated separately through simulations.

d The overall uncertainty estimates did not take into account the uncertainty in the GWP values for CH4, N,O and high GWP
gases used in the Inventory emission calculations for 2022.

¢ LULUCF emissions include the CH4 and N,O 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, land converted to flooded land, and flooded land remaining flooded land; and N,O emissions from forest soils and
settlement soils.

f 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. Since the resulting flux is negative the signs of the resulting lower and upper bounds are
reversed.

8 The LULUCF sector net total is the net sum of all CH4 and N,O emissions to the atmosphere plus net carbon stock changes.

Notes: Total emissions (excluding emissions for which uncertainty was not quantified) are presented without LULUCF. Net
emissions are presented with LULUCF. Totals may not sum due to independent rounding. Parentheses indicate net
sequestration.

The uncertainty for 2022 is similar to the uncertainty for 1990, though slightly lower. There have been some
improvements in significant categories which do not necessarily reduce uncertainties as also acknowledged in the
IPCC 2006 IPCC GL, p. 3.13 (e.g., improvements to estimates for Agricultural Soil Management over time,
implications of methodological choice). For example, the 95 percent uncertainty bounds for nitrous oxide emissions
from Agricultural Soil Management were increased from —25 percent to 29 percent in 1990 to —30 percent to 72 percent
in 2022. Methodological and data quality improvements were also made for HFCs, PFCs, SFs and NF3 this year but
the uncertainties for these sources also slightly increased, better representing the limitations of existing emissions
estimates. The methods and data for fossil fuel combustion categories, the most significant source, has not
changed significantly and neither have uncertainties. It is also worth noting that some of the improvements to shift
to use of GHGRP have been in less significant categories within the inventory (e.g., for IPPU). So, the overall
uncertainty for latest year reflects these offsetting effects and trends within the uncertainty assessment.

In addition to the estimates of uncertainty associated with the current and base year estimates, Table 1-7 presents
the estimates of inventory trend uncertainty. The 2006 IPCC Guidelines defines trend as the difference in emissions
between the base year (i.e., 1990) and the current year (i.e., 2022) Inventory estimates. However, for purposes of
understanding the concept of trend uncertainty, the trend is defined in this Inventory as the percentage change in
the gross emissions (or net emissions) estimated for the current year, relative to the gross emission (or net
emissions) estimated for the base year. The uncertainty associated with this trend is referred to as trend
uncertainty and is reported as between -8 and 8 percent at the 95 percent confidence level between 1990 and
2022. This indicates a range of approximately -8 percent below and 8 percent above the trend estimate of -1.3
percent. See Annex 7 for trend uncertainty estimates for individual source and sink categories by gas.
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Table 1-7: Quantitative Assessment of Trend Uncertainty (MMT CO; Eq. and Percent)

Base Year 2022 Emissions
Gas Emissions®  Emissions Trend Trend Range®
(MMT CO; Eq.) (%) (%)

Lower Upper

Bound Bound
CO; 5,131.6 5,053.0 2% -6% 3%
CHgq 871.7 702.4 -19% -32% 2%
N,O 408.2 389.7 -5% -30% 51%
HFCs, PFCs, SFg, and NF3 125.5 198.1 58% 32% 95%
Total Gross Emissions© 6,536.9 6,343.2 -3% -7% 3%
LULUCF Emissionsd 57.9 67.5 17% 6% 30%
LULUCF Carbon Stock Change Fluxe (1,034.7) (921.8) -11% -35% 21%
LULUCF Sector Net Totalf (976.7) (854.3) -13% -37% 21%
Net Emissions (Sources and Sinks)© 5,560.2 5,488.9 -1.3% -8% 8%

aBase Year is 1990 for all sources.

bThe trend range represents a 95 percent confidence interval for the emission trend, with the lower bound corresponding to
2.5% percentile value and the upper bound corresponding to 97.5t percentile value.

¢ Totals exclude emissions for which uncertainty was not quantified.

d LULUCF emissions include the CH4 and N,O 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,
land converted to flooded land, and flooded land remaining flooded land; and N,O emissions from forest soils and settlement
soils.

¢ 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.

fThe LULUCF sector net total is the net sum of all CH4 and N,O emissions to the atmosphere plus net carbon stock changes.
Notes: Totals may not sum due to independent rounding. Parentheses indicate net sequestration. Total emissions (excluding
emissions for which uncertainty was not quantified) are presented without LULUCF. Net emissions are presented with LULUCF.

1.8 Completeness

This report, along with its accompanying CRTs, serves as a thorough assessment of the anthropogenic sources and
sinks of greenhouse gas emissions for the United States for the time series 1990 through 2022. This report is
intended to be comprehensive and includes the vast majority of emissions and removals identified as
anthropogenic, consistent with IPCC methods and the Paris Agreement and UNFCCC reporting guidelines. In
general, sources or sink categories not accounted for in this Inventory are excluded because they are not occurring
in the United States and its territories, or because data are unavailable to develop an estimate and/or the
categories were determined to be insignificant’? in terms of overall national emissions per the Paris Agreement
and UNFCCC reporting guidelines.

The United States is continually working to improve upon the understanding of such sources and sinks currently
not included and seeking to find the data required to estimate related emissions and removals, focusing on
categories that are anticipated to be significant. See Chapter 9 on Improvements and Recalculations for more

70 see paragraph 32 in the Annex to Decision18/CMA.1 of the Paris Agreement reporting guidelines on national inventories
that state “...emissions from a category should only be considered insignificant if the likely level of emissions is below 0.05 per
cent of the national total GHG emissions, excluding LULUCF, or 500 kilotonnes of carbon dioxide equivalent (kt CO; eq),
whichever is lower. The total national aggregate of estimated emissions for all gases from categories considered insignificant
shall remain below 0.1 per cent of the national total GHG emissions, excluding LULUCF. Parties should use approximated
activity data and default IPCC emission factors to derive a likely level of emissions for the respective category.”
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information on completeness and improvements implemented this cycle. As such improvements are implemented,
new emission and removal estimates are quantified and included in the Inventory, improving completeness of
national estimates. For a list of sources and sink categories not included and more information on significance of
these categories, see Annex 5 and the respective category sections in each sectoral chapter of this report.

1.9 Organization of Report

In accordance with the Paris Agreement and UNFCCC reporting guidelines, this Inventory is grouped into five
sector-specific chapters consistent with the Paris Agreement Common Reporting Tables (CRT),”! listed below in
Table 1-8. In addition, the U.S. Inventory submission includes chapters on Trends in Greenhouse Gas Emissions,
Other information, and Recalculations and Improvements to be considered consistent with the suggested outline
or national inventory documents submitted under the Paris Agreement and UNFCCC.

Table 1-8: CRT/IPCC Sector Descriptions

Chapter (CRT and Activities Included
UNFCCC/IPCC Sector)
Energy Emissions of all greenhouse gases resulting from stationary and mobile energy

activities including fuel combustion and fugitive fuel emissions, and non-energy
use of fossil fuels.

Industrial Processes and Emissions resulting from industrial processes and product use of greenhouse
Product Use gases.
Agriculture Emissions from agricultural activities except fuel combustion, which is
addressed under Energy.
Land Use, Land-Use Emissions and removals of CO,, and emissions of CHs, and N,O from land use,
Change, and Forestry land-use change, and forestry.
Waste Emissions from waste management activities.

Within each chapter, emissions are identified by the anthropogenic activity that is the source or sink of the
greenhouse gas emissions being estimated (e.g., coal mining). Overall, the following organizational structure is
consistently applied throughout this report:

Chapter/CRT/IPCC Sector: Overview of emissions and trends for each CRT/IPCC defined sector.

CRT Source or Sink Category: Description of category pathway and emission/removal trends based on IPCC
methodologies, consistent with the Paris Agreement and UNFCCC reporting guidelines.

Methodology and Time-Series Consistency: Description of analytical methods (e.g., from 2006 IPCC Guidelines, or
country-specific methods) employed to produce emission estimates and identification of data references, primarily
for activity data and emission factors, and a discussion of time-series consistency.

Uncertainty: A discussion and quantification of the uncertainty in emission estimates.

QA/QC and Verification: A discussion on steps taken to QA/QC and verify the emission estimates, consistent with
the U.S. QA/QC plan, and any key QC findings.

Recalculations Discussion: A discussion of any data or methodological changes that necessitate a recalculation of
previous years’ emission estimates, and the impact of the recalculation on the emission estimates, if applicable.

Planned Improvements: A discussion on any category-specific planned improvements, if applicable.

71 see paragraph 50 in the Annex to Decision 18/CMA.1
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Special attention is given to CO, from fossil fuel combustion relative to other sources because of its share of
emissions and its dominant influence on emission trends. For example, each energy consuming end-use sector
(i.e., residential, commercial, industrial, and transportation), as well as the electricity generation sector, is
described individually. Additional information for certain source categories and other topics is also provided in
several Annexes listed in Table 1-9.

Table 1-9: List of Annexes

ANNEX 1 Key Category Analysis
ANNEX 2 Methodology and Data for Estimating CO, Emissions from Fossil Fuel Combustion

2.1. Methodology for Estimating Emissions of CO, from Fossil Fuel Combustion

2.2. Methodology for Estimating the Carbon Content of Fossil Fuels

2.3. Methodology for Estimating Carbon Emitted from Non-Energy Uses of Fossil Fuels

ANNEX 3 Methodological Descriptions for Additional Source or Sink Categories

3.1. Methodology for Estimating Emissions of CH4, N2O, and Indirect Greenhouse Gases from Stationary
Combustion

3.2. Methodology for Estimating Emissions of CH4, N,0, and Indirect Greenhouse Gases from Mobile

Combustion and Methodology for and Supplemental Information on Transportation-Related Greenhouse
Gas Emissions

3.3. Methodology for Estimating Emissions from Commercial Aircraft Jet Fuel Consumption

3.4, Methodology for Estimating CH4 Emissions from Coal Mining

3.5. Methodology for Estimating CH4 and CO, Emissions from Petroleum Systems

3.6. Methodology for Estimating CH4 Emissions from Natural Gas Systems

3.7. Methodology for Estimating CO, and N,O Emissions from Incineration of Waste

3.8. Methodology for Estimating Emissions from International Bunker Fuels used by the U.S. Military

3.9. Methodology for Estimating HFC and PFC Emissions from Substitution of Ozone Depleting Substances
3.10. Methodology for Estimating CH4 Emissions from Enteric Fermentation

3.11. Methodology for Estimating CH4 and N,O Emissions from Manure Management

3.12. Methodology for Estimating N,O Emissions, CH4 Emissions and Soil Organic C Stock Changes from
Agricultural Lands (Cropland and Grassland)

3.13. Methodology for Estimating Net Carbon Stock Changes in Forest Land Remaining Forest Land and Land
Converted to Forest Land

3.14. Methodology for Estimating CH4 Emissions from Landfills

ANNEX 4 IPCC Reference Approach for Estimating CO, Emissions from Fossil Fuel Combustion

ANNEX 5 Assessment of the Sources and Sinks of Greenhouse Gas Emissions Not Included

ANNEX 6 Additional Information

6.1. Global Warming Potential Values

6.2. Ozone Depleting Substance Emissions

6.3. Greenhouse Gas Precursors: Mapping of NEI categories to the Inventory
6.4. Constants, Units, and Conversions

6.5. Chemical Formulas

ANNEX 7 Uncertainty

7.1. Overview

7.2. Methodology and Results

7.3. Reducing Uncertainty

7.4. Planned Improvements

7.5. Additional Information on Uncertainty Analyses by Source
ANNEX 8 QA/QC Procedures

8.1. Background

8.2. Purpose

8.3. Assessment Factors

8.4. Responses During the Review Process

ANNEX 9 Use of Greenhouse Gas Reporting Program (GHGRP) in Inventory
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2. Trends in Greenhouse Gas Emissions
and Removals

2.1 Overview of U.S. Greenhouse Gas
Emissions and Sinks Trends

In 2022, total gross U.S. greenhouse gas emissions were 6,343.2 million metric tons of carbon dioxide equivalent
(MMT CO2 Eq.).1 Total gross U.S. emissions decreased by 3.0 percent from 1990 to 2022, down from a high of 15.2
percent above 1990 levels in 2007. Gross emissions increased from 2021 to 2022 by 0.2 percent (14.4 MMT COz
Eqg.). Net emissions (i.e., including sinks) were 5,489.0 MMT COz Eq. in 2022. Overall, net emissions increased by
1.3 percent from 2021 to 2022 and decreased by 16.7 percent from 2005 levels, as shown in Table 2-1. Between
2021 and 2022, the increase in total greenhouse gas emissions was driven largely by an increase in CO2 emissions
from fossil fuel combustion across most end-use sectors due in part to increased energy use from the continued
rebound of economic activity after the height of the COVID-19 pandemic. The CO; emissions from fossil fuel
combustion increased by 1.0 percent from 2021 to 2022, including a 5.0 percent increase in residential sector
emissions, 8.9 percent increase in commercial sector emissions, 0.1 percent decrease in transportation sector
emissions, 2.6 percent increase in industrial emissions, and 0.6 percent decrease in electric power sector
emissions. Carbon sequestration in the Land Use, Land-Use Change, and Forestry (LULUCF) sector offset 14.5
percent of total emissions in 2022.

Figure 2-1 and Figure 2-2 illustrate the overall trend in total U.S. emissions and sinks since 1990, by gas and by
annual percentage changes relative to the previous year.

1 The gross emissions total presented in this report for the United States excludes emissions and sinks from removals from
LULUCF. The net emissions total presented in this report for the United States includes emissions and sinks from removals from
LULUCF.
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Figure 2-1: U.S. Greenhouse Gas Emissions and Sinks by Gas
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3 The term “flux” is used to describe the exchange of CO; to and from the atmosphere, with net flux being either positive or
negative depending on the overall balance. Removal and long-term storage of CO, from the atmosphere is also referred to as
“carbon sequestration.”

Figure 2-2: Annual Percentage Change in Gross U.S. Greenhouse Gas Emissions Relative to
the Previous Year
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Emissions and Sinks by Gas

Figure 2-3 illustrates the relative contribution of each gas to total gross U.S. greenhouse gas emissions in 2022, in
CO:z equivalents (i.e., weighted by global warming potential). The primary greenhouse gas emitted by human
activities in the United States is CO2, representing 79.7 percent of total greenhouse gas emissions. The largest
source of CO2—and of overall greenhouse gas emissions—is fossil fuel combustion, primarily from transportation
and power generation. Methane (CH4) emissions account for 11.1 percent of emissions. The major sources of
methane include enteric fermentation associated with domestic livestock, natural gas systems, and decomposition
of waste in landfills. Agricultural soil management, wastewater treatment, stationary sources of fuel combustion,
and manure management are the major sources of N20O emissions. Ozone depleting substance (ODS) substitute
emissions were the primary contributor to aggregate hydrofluorocarbon (HFC) emissions. Perfluorocarbon (PFC)
emissions were attributable primarily to fluorochemical production and electronics manufacturing. Electrical
equipment accounted for most sulfur hexafluoride (SFs) emissions. Nitrogen trifluoride (NF3) emissions were
approximately evenly split between electronics manufacturing and fluorochemical production.

Figure 2-3: 2022 Gross Total U.S. Greenhouse Gas Emissions by Gas (Percentages based on
MMT CO: Eq.)

3.1%
HFCs, PFCs, SFs and NF3

Note: Emissions and removals from LULUCF are excluded from the figure above.

From 1990 to 2022, total emissions of CO2decreased by 1.5 percent (78.6 MMT CO: Eq.), total emissions of
methane (CHs) decreased by 19.4 percent (169.3 MMT CO: Eq.), and total emissions of nitrous oxide (N20)
decreased by 4.5 percent (18.4 MMT CO2Eq.). During the same period, emissions of fluorinated gases including
HFCs, PFCs, SFe, and NFs rose by 57.9 percent (72.7 MMT COz Eq.). Rapidly growing emissions of HFCs drove this
trend, overwhelming decreases in emissions of PFCs and SFe. Despite being emitted in smaller quantities relative to
the other principal greenhouse gases, emissions of HFCs, PFCs, SFs, and NFs are significant because many of them
have extremely high global warming potentials (GWPs), and, in the cases of PFCs, SFs, and NFs, very long
atmospheric lifetimes. U.S. greenhouse gas emissions were partly offset by carbon sequestration in managed
forests, trees in urban areas, agricultural soils, landfilled yard trimmings, and coastal wetlands. These were
estimated to offset 14.5 percent (921.8 MMT CO: Eq.) of total gross emissions in 2022.

Table 2-1 provides information on trends in emissions and sinks from all U.S. anthropogenic sources and sinks in
weighted units of MMT COz2 Eq., while unweighted gas emissions and sinks in kilotons (kt) are provided in Table
2-2.
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Table 2-1: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Gas (MMT CO: Eq.)

Gas/Source 1990 2005 2018 2019 2020 2021 2022
CO; 5,131.6 6,126.9 5,362.2 5,234.5 4,689.0 5,017.2 5,053.0
Fossil Fuel Combustion 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Transportation 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3
Electric Power Sector 1,820.0 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7
Industrial 876.5 847.6 810.5 809.8 762.0 780.5 801.1
Residential 338.6 358.9 338.9 342.9 314.8 318.0 334.1
Commercial 228.3 227.1 246.3 251.7 229.3 237.5 258.7
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6
Non-Energy Use of Fuels 99.1 125.0 118.4 106.5 97.8 111.6 102.8
Cement Production 335 46.2 39.0 40.9 40.7 41.3 41.9
Iron and Steel Production &

Metallurgical Coke Production 104.7 70.1 42.9 43.1 37.7 41.9 40.7
Natural Gas Systems 32.4 26.3 32.8 38.5 36.7 35.8 36.5
Petrochemical Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8
Petroleum Systems 9.6 10.2 34.8 455 28.9 24.1 22.0
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6
Incineration of Waste 12.9 133 133 12.9 12.9 12.5 12.4
Lime Production 11.7 14.6 13.1 12.1 11.3 11.9 12.2
Other Process Uses of Carbonates 7.1 8.5 7.9 9.0 9.0 8.6 10.4
Urea Consumption for Non-Agricultural

Purposes 3.8 3.7 6.1 6.2 5.8 6.6 7.1
Urea Fertilization 2.4 3.5 4.9 5.0 5.1 5.2 53
Carbon Dioxide Consumption 1.5 1.4 4.1 4.9 5.0 5.0 5.0
Liming 4.7 4.4 2.2 2.2 2.9 2.4 3.3
Coal Mining 4.6 4.2 3.1 3.0 2.2 2.5 2.5
Glass Production 2.3 2.4 2.0 1.9 1.9 2.0 2.0
Soda Ash Production 14 1.7 1.7 1.8 1.5 1.7 1.7
Titanium Dioxide Production 1.2 1.8 1.5 13 1.3 1.5 1.5
Aluminum Production 6.8 4.1 1.5 1.9 1.7 15 14
Ferroalloy Production 2.2 14 2.1 1.6 14 1.6 1.3
Zinc Production 0.6 1.0 1.0 1.0 1.0 1.0 0.9
Phosphoric Acid Production 1.5 1.3 0.9 0.9 0.9 0.9 0.8
Lead Production 0.5 0.6 0.5 0.5 0.5 0.4 0.4
Carbide Production and Consumption 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Abandoned Oil and Gas Wells + + + + + + +
Substitution of Ozone Depleting

Substances + + + + + + +
Magnesium Production and Processing 0.1 + + + + + +
Biomass and Biodiesel Consumption® 237.9 245.4 336.0 333.1 295.7 303.0 305.4
International Bunker Fuelsb 103.6 113.3 124.3 113.6 69.6 80.2 98.2

CHgt 871.7 795.4 771.5 754.3 735.3 720.5 702.4
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6
Natural Gas Systems 218.8 210.1 190.3 188.7 180.3 174.6 173.1
Landfills 197.8 147.7 126.3 128.7 124.1 122.0 119.8
Manure Management 39.1 55.0 67.7 66.7 66.9 66.4 64.7
Coal Mining 108.1 71.5 59.1 53.0 46.2 44.7 43.6
Petroleum Systems 49.4 48.2 59.0 52.2 53.3 48.6 39.6
Wastewater Treatment 22.7 22.7 21.4 21.1 21.0 20.7 20.8
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9
Stationary Combustion 9.7 8.8 9.6 9.8 8.0 8.0 8.6
Abandoned Oil and Gas Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5
Abandoned Underground Coal Mines 8.1 7.4 6.9 6.6 6.5 6.3 6.3
Mobile Combustion 7.2 4.3 2.8 2.9 2.5 2.6 2.6
Composting 0.4 2.1 2.5 2.5 2.6 2.6 2.6
Field Burning of Agricultural Residues 0.5 0.6 0.6 0.7 0.6 0.6 0.6
Anaerobic Digestion at Biogas Facilities + + + + + + +
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Carbide Production and Consumption + + + + + + +
Ferroalloy Production + + + + + + +
Iron and Steel Production &

Metallurgical Coke Production + + + + + + +
Petrochemical Production + + + + + + +
Incineration of Waste + + + + + + +
International Bunker Fuels® 0.2 0.1 0.1 0.1 0.1 0.1 0.1

N,O¢ 408.2 419.2 439.5 416.4 391.2 398.2 389.7
Agricultural Soil Management 288.8 294.1 3334 315.6 292.1 298.0 290.8
Stationary Combustion 22.3 30.5 25.1 22.2 20.5 22.0 24.7
Wastewater Treatment 14.8 18.1 21.2 21.6 22.3 22.1 21.9
Manure Management 13.4 15.2 16.6 16.8 16.9 17.1 17.0
Mobile Combustion 38.4 37.0 17.7 19.1 16.1 16.8 16.7
Nitric Acid Production 10.8 10.1 8.5 8.9 8.3 7.9 8.6
N,O from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Adipic Acid Production 13.5 6.3 9.3 4.7 7.4 6.6 2.1
Composting 0.3 1.5 1.8 1.8 1.8 1.8 1.8
Caprolactam, Glyoxal, and Glyoxylic

Acid Production 1.5 1.9 1.3 1.2 1.1 1.2 1.3
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3
Electronics Industry + 0.1 0.2 0.2 0.3 0.3 0.3
Field Burning of Agricultural Residues 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Natural Gas Systems + + + + + + 0.2
Petroleum Systems + + + + + + +
International Bunker Fuels® 0.8 0.9 1.0 0.9 0.5 0.6 0.8

HFCs 47.7 121.7 163.9 168.2 170.3 177.0 182.8
Substitution of Ozone Depleting

Substances 0.3 99.5 157.9 162.1 166.2 172.6 178.1
Fluorochemical Production 47.3 22.1 5.7 5.7 3.8 4.0 4.3
Electronics Industry 0.2 0.2 0.3 0.3 0.3 0.4 0.3
Magnesium Production and Processing 0.0 0.0 0.1 0.1 0.1 + +

PFCs 39.5 10.2 7.4 7.3 6.6 6.3 6.7
Fluorochemical Production 17.5 4.0 2.9 3.0 2.5 2.6 3.0
Electronics Industry 2.5 3.0 2.9 2.6 2.5 2.6 2.7
Aluminum Production 19.3 3.1 1.4 1.4 1.4 0.9 0.8
SFs and PFCs from Other Product Use 0.1 0.1 0.2 0.2 0.2 0.1 0.2
Substitution of Ozone Depleting

Substances 0.0 + + + + + +
Electrical Equipment 0.0 i 0.0 + + + +
SF, 37.9 20.2 7.6 8.4 8.1 8.5 7.6
Electrical Equipment 24.7 11.8 5.0 6.1 5.9 6.0 5.1
Magnesium Production and Processing 5.6 3.0 11 0.9 0.9 1.2 1.1
Electronics Industry 0.5 0.8 0.8 0.8 0.8 0.9 0.8
SFs and PFCs from Other Product Use 1.3 1.3 0.8 0.6 0.5 0.4 0.6
Fluorochemical Production 5.8 3.3 + + + + +
NF, 0.3 1.0 0.7 1.1 1.3 1.1 1.1
Electronics Industry + 0.4 0.5 0.5 0.6 0.6 0.6
Fluorochemical Production 0.3 0.6 0.1 0.6 0.7 0.5 0.5
Total Gross Emissions (Sources) 6,536.9 7,494.6 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2
LULUCF Emissions¢© 58.0 68.9 62.8 58.0 68.4 72.9 67.6
CH, 53.1 58.5 55.5 52.5 59.3 62.1 58.4
N2O 4.8 10.3 7.3 5.5 9.1 10.7 9.1
LULUCF Carbon Stock Change® (1,034.7) (976.6) (978.3) (921.6) (972.8) (983.4) (921.8)
LULUCF Sector Net Totalf (976.7) (907.7) (915.5) (863.6) (904.4) (910.6) (854.2)

Net Emissions (Sources and Sinks) 5,560.2 6,586.9 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0

+ Does not exceed 0.05 MMT CO; Eq.
NO (Not Occurring)
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a Emissions from biomass and biofuel consumption are not included specifically in Energy sector totals. Net carbon fluxes from
changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

bEmissions from international bunker fuels are not included in totals.

¢ LULUCF emissions of CH4 and N>O are reported separately from gross emissions totals. LULUCF emissions include the CH4
and N,O 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
2-8 for a breakout of emissions and removals for LULUCF by gas and source category.

dSmall amounts of PFC emissions from this source are included under HFCs due to confidential business information.

e LULUCF carbon stock change is the net carbon 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 2-8 for a breakout of emissions and removals for LULUCF by gas and source
category.

fThe LULUCF sector net total is the net sum of all LULUCF CH4 and N,O emissions to the atmosphere plus LULUCF net carbon
stock changes.

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

Table 2-2: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Gas (kt)

Gas/Source 1990 2005 2018 2019 2020 2021 2022
CO; 5,131,650 |6,126,864 | 5,362,191 5,234,488 4,688,969 5,017,202 5,053,019
Fossil Fuel Combustion 4,752,232 |{5,744,134 § 4,988,198 4,852,631 4,341,710 4,654,265 4,699,403
Transportation 1,468,944 11,858,552 §| 1,813,135 1,816,636 1,572,820 1,753,546 1,751,286
Electric Power Sector 1,819,951 § 2,400,057 §| 1,753,432 1,606,721 1,439,566 1,540,933 1,531,680
Industrial 876,468 847,640 810,472 809,807 761,986 780,453 801,064
Residential 338,568 || 358,898 338,940 342,905 314,795 318,034 334,065
Commercial 228,293 227,130 246,297 251,749 229,264 237,528 258,733
U.S. Territories 20,010 51,857 25,923 24,813 23,279 23,772 22,575
Non-Energy Use of Fuels 99,104 124,988 118,382 106,474 97,757 111,624 102,808
Cement Production 33,484 46,194 38,971 40,896 40,688 41,312 41,884
Iron and Steel Production &
Metallurgical Coke
Production 104,740 70,082 42,863 43,095 37,724 41,873 40,672
Natural Gas Systems 32,427 26,312 32,768 38,525 36,719 35,780 36,470
Petrochemical Production 20,075 26,882 27,200 28,483 27,926 30,656 28,788
Petroleum Systems 9,585 10,210 34,777 45,498 28,937 24,140 21,967
Ammonia Production 14,404 10,234 12,669 12,401 13,006 12,192 12,610
Incineration of Waste 12,900 13,254 13,339 12,948 12,921 12,476 12,357
Lime Production 11,700 14,552 13,106 12,112 11,299 11,870 12,208
Other Process Uses of

Carbonates 7,103 8,472 7,938 8,973 9,012 8,583 10,384
Urea Consumption for Non-

Agricultural Purposes 3,784 3,653 6,113 6,150 5,805 6,600 7,053
Urea Fertilization 2,417 3,504 4,936 5,034 5,132 5,229 5,327
Carbon Dioxide Consumption 1,472 1,375 4,130 4,870 4,970 4,990 5,000
Liming 4,690 4,351 2,240 2,203 2,887 2,387 3,268
Coal Mining 4,606 4,169 3,139 2,992 2,197 2,455 2,474
Glass Production 2,263 2,402 1,989 1,940 1,858 1,969 1,956
Soda Ash Production 1,431 1,655 1,714 1,792 1,461 1,714 1,704
Titanium Dioxide Production 1,195 1,755 1,541 1,340 1,340 1,474 1,474
Aluminum Production 6,831 4,142 1,455 1,880 1,748 1,541 1,446
Ferroalloy Production 2,152 1,392 2,063 1,598 1,377 1,567 1,327
Zinc Production 632 1,030 999 1,026 977 1,007 947
Phosphoric Acid Production 1,529 1,342 937 909 901 874 840
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Gas/Source 1990 2005 2018 2019 2020 2021 2022
Lead Production 516 553 527 531 450 439 428
Carbide Production and

Consumption 243 213 184 175 154 172 210
Abandoned Oil and Gas Wells 7 7 8 8 8 8 8
Substitution of Ozone

Depleting Substances + 1 3 3 4 4 4
Magnesium Production and

Processing 129 4 2 2 3 3 3
Biomass and Biodiesel

Consumption?® 237,946 | 245,421 335,971 333,057 295,695 303,014 305,417
International Bunker Fuels® 103,634 || 113,328 124,279 113,632 69,638 80,180 98,241

CH,® 31,131 28,408 27,553 26,941 26,262 25,731 25,084
Enteric Fermentation 6,539 6,722 7,028 7,045 7,010 7,017 6,878
Natural Gas Systems 7,813 7,505 6,795 6,741 6,439 6,235 6,183
Landfills 7,063 5,275 4,512 4,595 4,431 4,359 4,277
Manure Management 1,398 1,964 2,418 2,382 2,390 2,373 2,312
Coal Mining 3,860 2,552 2,110 1,892 1,648 1,595 1,558
Petroleum Systems 1,765 1,723 2,108 1,865 1,904 1,737 1,415
Wastewater Treatment 811 809 763 755 748 738 743
Rice Cultivation 677 735 711 558 664 653 674
Stationary Combustion 345 313 344 351 285 286 307
Abandoned Oil and Gas Wells 279 294 301 302 303 306 303
Abandoned Underground Coal

Mines 288 264 247 237 232 224 225
Mobile Combustion 258 154 101 102 91 92 93
Composting 15 75 90 91 92 92 92
Field Burning of Agricultural

Residues 19 23 22 23 22 22 22
Anaerobic Digestion at Biogas

Facilities + + + 1 + + +
Carbide Production and

Consumption 1 + +
Ferroalloy Production 1 + 1
Iron and Steel Production &

Metallurgical Coke

Production 1 1 + + + + +
Petrochemical Production + + + + + + +
Incineration of Waste + + + + + + +
International Bunker Fuels? 7 5 4 4 3 3 3

N,O¢ 1,540 1,582 1,658 1,571 1,476 1,503 1,471
Agricultural Soil Management 1,090 1,110 1,258 1,191 1,102 1,124 1,097
Stationary Combustion 84 115 95 84 78 83 93
Wastewater Treatment 56 68 80 81 84 83 83
Manure Management 50 57 63 63 64 65 64
Mobile Combustion 145 140 67 72 61 63 63
Nitric Acid Production 41 38 32 34 31 30 33
N,O from Product Uses 14 14 14 14 14 14 14
Adipic Acid Production 51 24 35 18 28 25 8
Composting 1 6 7 7 7 7 7
Caprolactam, Glyoxal, and

Glyoxylic Acid Production 6 7 5 5 4 5
Incineration of Waste 2 1 1 1 1 1 1
Electronics Industry + + 1 1 1 1 1
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Gas/Source 1990 2005 2018 2019 2020 2021 2022
Field Burning of Agricultural

Residues 1 1 1 1 1 1 1
Natural Gas Systems + + + + + + 1
Petroleum Systems + + + + + + +
International Bunker Fuels? 3 3 4 3 2 2 3

HFCs M M M M M M M
Substitution of Ozone

Depleting Substances M M M M M M M
Fluorochemical Production M M M M M M M
Electronics Industry M M M M M M M
Magnesium Production and

Processing 0 0 + + + + +

PFCs M M M M M M M
Fluorochemical Production M M M M M M M
Electronics Industry M M M M M M M
Aluminum Production M M M M M M M

SF¢ and PFCs from Other
Product Use 101 83 178 173 167 138 172
Substitution of Ozone

Depleting Substances + + + + + + +
Electrical Equipment + + 0 + + + +
SFs 2 1 + + + + +
Electrical Equipment 1 1 + + + + +
Magnesium Production and
Processing +
Electronics Industry +
SFs and PFCs from Other
Product Use + + + + + + +
Fluorochemical Production + + + + + + +
NFS + + + + + + +
Electronics Industry + + + + + + +
Fluorochemical Production + + + + + + +

+ Does not exceed 0.5 kt.

M (Mixture of multiple gases)

NO (Not Occurring)

a Emissions from biomass and biofuel consumption are not included specifically in Energy sector totals. Net carbon fluxes
from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

bEmissions from international bunker fuels are not included in totals.

¢LULUCF emissions of LULUCF CH4 and N,O are reported separately from gross emissions totals. Refer to Table 2-8 for a
breakout of emissions and removals for LULUCF by gas and source category.

4 Small amounts of PFC emissions from this source are included under HFCs due to confidential business information.

Notes: Totals by gas may not sum due to independent rounding. Parentheses indicate negative values or sequestration.

Emissions and Sinks by UNFCCC/IPCC Sector

Emissions and removals of all gases can be summed from each source and sink category into a set of five sectors
defined by the Paris Agreement and UNFCCC reporting guidelines and methodological framework provided by the
Intergovernmental Panel on Climate Change (IPCC). Figure 2-4 and Table 2-3 illustrate that over the 33-year period
of 1990 to 2022, total emissions from the Energy and Waste sectors decreased by 3.4 percent (181.2 MMT CO: Eq.)
and 29.3 percent (69.1 MMT CO: Eq.), respectively. Emissions from Industrial Processes and Product Use and
Agriculture grew by 3.9 percent (14.4 MMT CO:z Eq.) and 7.7 percent (42.2 MMT CO: Eq.), respectively. Over the
same period, total carbon sequestration in the LULUCF sector decreased by 12.5 percent (122.5 MMT CO), and
emissions from the LULUCF sector increased by 16.5 percent (9.6 MMT CO: Eq.).
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Figure 2-4: U.S. Greenhouse Gas Emissions and Sinks by IPCC Sector
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Table 2-3: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by UNFCCC/IPCC
Sector/Category (MMT CO: Eq.)
UNFCCC/IPCC Sector/Category 1990 2005 2018 2019 2020 2021 2022
Energy 5,381.0 6,349.5 5,570.0 5,422.4 4,862.6 5,173.3 5,199.8
Fossil Fuel Combustion 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Natural Gas Systems 251.2 236.5 223.0 227.3 217.0 210.4 209.7
Non-Energy Use of Fuels 99.1 125.0 118.4 106.5 97.8 111.6 102.8
Petroleum Systems 59.0 58.5 93.8 97.8 82.3 72.8 61.6
Coal Mining 112.7 75.6 62.2 56.0 48.3 47.1 46.1
Stationary Combustion? 32.0 39.3 34.7 32.0 28.5 30.1 33.3
Mobile Combustion 45.6 41.3 20.5 21.9 18.7 19.4 19.3
Incineration of Waste 13.3 13.6 13.7 13.3 133 12.8 12.7
Abandoned QOil and Gas Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5
Abandoned Underground Coal Mines 8.1 7.4 6.9 6.6 6.5 6.3 6.3
Biomass and Biodiesel Consumption® 237.9 245.4 336.0 333.1 295.7 303.0 305.4
International Bunker Fuels® 104.6 114.3 125.3 114.6 70.3 80.9 99.1
Industrial Processes and Product Use 368.8 3713 367.2 3719 367.9 381.6 383.2
Substitution of Ozone Depleting

Substances 0.3 99.5 157.9 162.1 166.2 172.7 178.1
Cement Production 335 46.2 39.0 40.9 40.7 41.3 41.9
Iron and Steel Production &

Metallurgical Coke Production 104.8 70.1 429 43.1 37.7 41.9 40.7
Petrochemical Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6
Lime Production 11.7 14.6 13.1 12.1 11.3 11.9 12.2
Other Process Uses of Carbonates 7.1 8.5 7.9 9.0 9.0 8.6 10.4
Nitric Acid Production 10.8 10.1 8.5 8.9 8.3 7.9 8.6
Fluorochemical Production 70.9 30.0 8.7 9.3 6.9 7.1 7.8
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Urea Consumption for Non-Agricultural
Purposes 3.8 3.7 6.1 6.2 5.8 6.6 7.1
Electrical Equipment 24.7 119 5.0 6.1 5.9 6.0 5.1
Carbon Dioxide Consumption 15 1.4 4.1 4.9 5.0 5.0 5.0
Electronics Industry 33 45 4.8 4.5 45 4.8 4.7
N,O from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Aluminum Production 26.1 7.2 2.9 33 3.2 2.5 2.2
Adipic Acid Production 13.5 6.3 9.3 4.7 7.4 6.6 2.1
Glass Production 2.3 2.4 2.0 1.9 1.9 2.0 2.0
Soda Ash Production 1.4 1.7 1.7 1.8 1.5 1.7 1.7
Titanium Dioxide Production 1.2 1.8 1.5 1.3 13 1.5 1.5
Ferroalloy Production 2.2 1.4 2.1 1.6 1.4 1.6 1.3
Caprolactam, Glyoxal, and Glyoxylic
Acid Production 1.5 1.9 1.3 1.2 1.1 1.2 1.3
Magnesium Production and Processing 5.7 3.0 1.1 1.0 0.9 1.2 1.2
Zinc Production 0.6 1.0 1.0 1.0 1.0 1.0 0.9
Phosphoric Acid Production 15 1.3 0.9 0.9 0.9 0.9 0.8
SFe and PFCs from Other Product Use 1.4 15 0.9 0.8 0.7 0.5 0.8
Lead Production 0.5 0.6 0.5 0.5 0.5 0.4 0.4
Carbide Production and Consumption 0.3 0.2 0.2 0.2 0.2 0.2 0.2
Agriculture 551.1 581.8 642.4 620.1 599.7 604.8 593.4
Agricultural Soil Management 288.8 294.1 333.4 315.6 292.1 298.0 290.8
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6
Manure Management 52.5 70.2 84.3 83.5 83.8 83.6 81.7
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9
Urea Fertilization 2.4 3.5 4.9 5.0 5.1 5.2 53
Liming 4.7 4.4 2.2 2.2 2.9 2.4 3.3
Field Burning of Agricultural Residues 0.7 0.8 0.8 0.9 0.8 0.8 0.8
Waste 235.9 192.0 173.2 175.8 171.7 169.2 166.9
Landfills 197.8 147.7 126.3 128.7 124.1 122.0 119.8
Wastewater Treatment 37.5 40.7 42.5 42.7 43.2 42.7 42.7
Composting 0.7 3.6 4.3 4.3 4.4 4.4 4.4
Anaerobic Digestion at Biogas Facilities + + + + + + +
Total Gross Emissions® (Sources) 6,536.9 7,494.6 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2
LULUCF Sector Net Totale (976.7) | (907.7)| (915.5) (863.6)  (904.4)  (910.6)  (854.2)
Forest Land (1,069.0) (960.2) (963.8) (907.3) (946.6) (924.2) (872.0)
Cropland 40.4 2.9 14.2 12.0 20.5 2.9 34
Grassland 59.8 46.7 54.9 54.3 45.8 36.0 39.6
Wetlands 44.0 41.2 38.9 38.9 38.8 38.8 38.8
Settlements (51.9) (38.1) (59.7) (61.4) (63.0) (64.1) (64.1)
Net Emission (Sources and Sinks)f 5,560.2 6,586.9 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0

+ Does not exceed 0.05 MMT CO; Eq.

3 Includes CH4 and N,O emissions from fuel combustion.

bEmissions from biomass and biofuel 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.

d Total emissions without LULUCF.

€ LULUCF emissions of CH4 and N,O are reported separately from gross emissions totals. LULUCF emissions include the CH,
and N0 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 2-8 for a breakout of emissions and removals for LULUCF by gas and source category.

f Net emissions with LULUCF.

Notes: Total (gross) emissions are presented without LULUCF. Net emissions are presented with LULUCF. Totals may not sum

due to independent rounding. Parentheses indicate negative values or sequestration.
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Energy

Emissions from energy-related activities come from two main categories: 1) direct emissions associated with fuel
use (i.e., fossil fuel combustion, non-energy use of fossil fuels and waste combustion), and 2) fugitive emissions

mainly from coal, natural gas, and oil production. Energy emissions also include some categories that are not
added to Energy sector totals but are instead presented as memo items, including international bunker fuels and
biomass emissions. Energy-related activities, primarily fossil fuel combustion, accounted for the vast majority of
U.S. CO2 emissions from 1990 through 2022. Fossil fuel combustion is the largest source of energy-related
emissions, with CO2 being the primary gas emitted (see Figure 2-5). Due to their relative importance, fossil fuel
combustion-related CO2 emissions are considered in detail in the Energy chapter (see Chapter 3).

In 2022, 83.0 percent of the energy used in the United States on a Btu basis was produced through the combustion
of fossil fuels. The remaining 17.0 percent came from other energy sources such as hydropower, biomass, nuclear,
wind, and solar energy. A discussion of specific trends related to CO2 and other greenhouse gas emissions from
energy use is presented here with more detail in the Energy chapter. Energy-related activities are also responsible
for CHa and N20O emissions (40.2 percent and 10.8 percent of gross total U.S. emissions of each gas, respectively).?
Table 2-4 presents greenhouse gas emissions from the Energy chapter by source and gas.

Figure 2-5: Trends in Energy Sector Greenhouse Gas Sources
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2 The contribution of energy non-CO; emissions is based on gross totals so excludes LULUCF methane (CH4) and nitrous oxide
(N20) emissions. The contribution of energy-related CH4 and N>O including LULUCF non-CO; emissions, is 37.1 percent and 9.8
percent, respectively.
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Table 2-4: Emissions from Energy by Gas (MMT CO; Eq.)3

Percent
Change
Since
Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
CO,; 4,910.9 5,923.1 5,190.6 5,059.1 4,520.2 4,840.7 4,875.5 -0.7%
Fossil Fuel Combustion 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4 -1.1%
Transportation 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3 19.2%
Electricity Generation 1,820.0 | 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7 -15.8%
Industrial 876.5 847.6 810.5 809.8 762.0 780.5 801.1 -8.6%
Residential 338.6 358.9 338.9 342.9 314.8 318.0 334.1 -1.3%
Commercial 228.3 227.1 246.3 251.7 229.3 237.5 258.7 13.3%
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6 12.8%
Non-Energy Use of Fuels 99.1 125.0 118.4 106.5 97.8 111.6 102.8 3.7%
Natural Gas Systems 32.4 26.3 32.8 38.5 36.7 35.8 36.5 12.5%
Petroleum Systems 9.6 10.2 34.8 455 28.9 24.1 22.0 129.2%
Incineration of Waste 12.9 13.3 13.3 12.9 12.9 12.5 12.4 -4.2%
Coal Mining 4.6 4.2 3.1 3.0 2.2 2.5 2.5 -46.3%
Abandoned Oil and Gas Wells + + + + + + + 13.0%
Biomass-Wood? 215.2 206.9 220.0 217.7 190.6 192.5 195.3 -9.2%
International Bunker Fuels® 103.6 113.3 124.3 113.6 69.6 80.2 98.2 -5.2%
Biofuels-Ethanol® 4.2 22.9 81.9 82.6 71.8 79.1 79.6 1783.2%
Biofuels-Biodiesel® 0.0 0.9 17.9 17.1 17.7 16.1 15.6 100.0%
Biomass-MSW@ 18.5 14.7 16.1 15.7 15.6 15.3 14.9 -19.8%
CH, 409.0 358.5 336.2 321.7 305.3 293.3 282.4 -31.0%
Natural Gas Systems 218.8 210.1 190.3 188.7 180.3 174.6 173.1 -20.9%
Coal Mining 108.1 71.5 59.1 53.0 46.2 44.7 43.6 -59.6%
Petroleum Systems 49.4 48.2 59.0 52.2 53.3 48.6 39.6 -19.8%
Stationary Combustion 9.7 8.8 9.6 9.8 8.0 8.0 8.6 -10.8%
Abandoned Qil and Gas Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5 8.8%
Abandoned Underground 8.1 7.4 6.9 6.6 6.5 6.3 6.3 -21.8%
Coal Mines
Mobile Combustion 7.2 4.3 2.8 2.9 2.5 2.6 2.6 -63.8%
Incineration of Waste + + + + + + + -17.9%
International Bunker Fuels® 0.2 0.1 0.1 0.1 0.1 0.1 0.1 -51.8%
N.O 61.2 67.9 43.2 41.6 37.1 39.2 41.9 -31.5%
Stationary Combustion 22.3 30.5 25.1 22.2 20.5 22.0 24.7 10.6%
Mobile Combustion 38.4 37.0 17.7 19.1 16.1 16.8 16.7 -56.5%
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3 -17.9%
Natural Gas Systems + + + + + + 0.2 3,204.7%
Petroleum Systems + + + + + + + 282.0%
International Bunker Fuels® 0.8 0.9 1.0 0.9 0.5 0.6 0.8 1.4%
Total 5,381.0 6,349.5 5,570.0 5,422.4 4,862.6 5,173.3 5,199.8 -3.4%

+ Does not exceed 0.05 MMT CO; Eq.

3 Emissions from biomass and biofuel consumption are not included specifically in Energy sector totals. Net carbon fluxes
from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

b Emissions from international bunker fuels are not included in totals. These values are presented for informational purposes
only, in line with the 2006 IPCC Guidelines, the Paris Agreement and the UNFCCC reporting obligations.

Note: Totals may not sum due to independent rounding.

3 The full time series data is available in Common Reporting Tables (CRTs) included in the U.S. Paris Agreement and UNFCCC
submission and in CSV format available at https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-
sinks.
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Fossil Fuel Combustion CO2 Emissions

As the largest contributor to U.S. greenhouse gas emissions, CO> from fossil fuel combustion has accounted for
approximately 74.6 percent of CO2-equivalent total gross emissions on average across the time series. Within the
United States, fossil fuel combustion accounted for 93.0 percent of CO2 emissions in 2022. Emissions from this
source category include CO: associated with the combustion of fossil fuels (coal, natural gas, and petroleum) for
energy use. Fossil fuel combustion CO2 emissions decreased by 1.1 percent (52.8 MMT CO: Eq.) from 1990 to 2022
and were responsible for most of the decrease in national emissions during this period. Similarly, CO2 emissions
from fossil fuel combustion have decreased by 18.2 percent (1,044.7 MMT CO:z Eq.) since 2005. From 2021 to
2022, these emissions increased by 1.0 percent (45.1 MMT CO2 Eq.).

Historically, changes in emissions from fossil fuel combustion have been the main factor influencing U.S. emission
trends. Changes in CO2 emissions from fossil fuel combustion since 1990 are affected by many long-term and
short-term factors, including population and economic growth, energy price fluctuations and market trends,
technological changes, carbon intensity of energy fuel choices, and seasonal temperatures. On an annual basis, the
overall consumption and mix of fossil fuels in the United States fluctuates 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. For example, coal consumption for electric power is influenced by factors such as the
relative price of coal and alternative sources, the ability to switch fuels, and longer-term trends in coal markets.
Fossil fuel combustion CO2 emissions also depend on the type of fuel consumed or energy used and its carbon
intensity. Producing a unit of heat or electricity using natural gas instead of coal, for example, reduces CO»
emissions because of the lower carbon content of natural gas (see Table 3-12 in Chapter 3 for more detail on
electricity generation by source and see Table A-19 in Annex 2.1 for more detail on the carbon content coefficient
of different fossil fuels).

Overall CO2 emissions from electric power generation decreased by 36.2 percent from 2005 to 2022 (see Figure
2-7), reflecting the continued shift in the share of electric power generation from coal to natural gas and
renewables since 2005. Carbon dioxide emissions from coal combustion for electric power generation gradually
increased between 1990 and 2007, then began to decrease at a faster rate from 2008 to 2022. Carbon dioxide
emissions from natural gas combustion for electric power generation remained relatively constant, with a slight
increase between 1990 and 2009, then began to consistently increase between 2010 and 2022.

Petroleum use is another major driver of CO2 emissions from fossil fuel combustion, particularly in the
transportation sector, which has represented the largest source of CO2 emissions from fossil fuel combustion since
2017. Emissions from petroleum consumption for transportation (including bunker fuels) decreased by 0.1 percent
from 2021 to 2022. Fuel economy of light-duty vehicles is an important factor in transportation sector CO2
emissions trends. The decline in new light-duty vehicle fuel economy between 1990 and 2004 reflected the
increasing market share of light-duty trucks, which grew from about 29.6 percent of new vehicle sales in 1990 to
48.0 percent in 2004. Starting in 2005, average new vehicle fuel economy began to increase while light-duty VMT
grew only modestly for much of the period and has slowed the rate of increase of CO2 emissions.

Trends in CO2 emissions from fossil fuel combustion by end-use sector are presented in Table 2-5 and Figure 2-6
based on the underlying U.S. energy consumer data collected by the U.S. Energy Information Administration (EIA).
Figure 2-7 further describes trends in direct and indirect CO2 emissions from fossil fuel combustion by end-use
sector. Estimates of CO2 emissions from fossil fuel combustion are calculated from these EIA “end-use sectors”
based on total fuel consumption and appropriate fuel properties described below.4

e Transportation. EIA’s fuel consumption data for the transportation sector consists of all vehicles whose
primary purpose is transporting people and/or goods from one physical location to another.

e FElectric Power. EIA’s fuel consumption data for the electric power sector are composed of electricity-only
and combined-heat-and-power (CHP) plants within the North American Industry Classification System
(NAICS) 22 category whose primary business is to sell electricity, or electricity and heat, to the public.

4 Additional analysis and refinement of the EIA data is further explained in the Energy chapter of this report.
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(Non-utility power producers are included in this sector as long as they meet the electric power sector
definition.)

e Industry. EIA statistics for the industrial sector include fossil fuel consumption that occurs in the fields of
manufacturing, agriculture, mining, and construction. EIA’s fuel consumption data for the industrial sector
consist of all facilities and equipment used for producing, processing, or assembling goods. (EIA includes
generators that produce electricity and/or useful thermal output primarily to support on-site industrial
activities in this sector.)

e Residential. EIA’s fuel consumption data for the residential sector consist of living quarters for private
households.

e Commercial. EIA’s fuel consumption data for the commercial sector consist of service-providing facilities
and equipment from private and public organizations and businesses. (EIA includes generators that
produce electricity and/or useful thermal output primarily to support the activities at commercial
establishments in this sector.)

Table 2-5: CO, Emissions from Fossil Fuel Combustion by End-Use Sector (MMT CO: Eq.)

End-Use Sector 1990 2005 2018 2019 2020 2021 2022
Transportation 1,472.0 1,863.3 1,817.9 1,821.4 1,576.9 1,758.6 1,757.4
Combustion 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3
Electricity 3.0 4.7 4.8 4.8 4.1 5.0 6.1
Industrial 1,562.9 1,584.0 1,311.8 1,275.3 1,171.8 1,225.6 1,238.0
Combustion 876.5 847.6 810.5 809.8 762.0 780.5 801.1
Electricity 686.4 736.3 501.3 465.5 409.8 445.1 437.0
Residential 931.3 1,214.9 981.2 926.7 860.1 890.3 899.4
Combustion 338.6 358.9 338.9 3429 314.8 318.0 334.1
Electricity 592.7 856.0 642.3 583.7 545.3 572.2 565.3
Commercial 766.0 1,030.1 851.3 804.4 709.6 756.1 782.0
Combustion 228.3 227.1 246.3 251.7 229.3 237.5 258.7
Electricity 537.7 803.0 605.0 552.7 480.3 518.5 523.3
U.S. Territories? 20.0 51.9 25.9 24.8 23.3 23.8 22.6
Total 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Electric Power 1,820.0 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7

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

Notes: Combustion-related emissions from electric power are allocated based on aggregate national electricity use by each
end-use sector. Totals may not sum due to independent rounding.
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Figure 2-6: Trends in CO2 Emissions from Fossil Fuel Combustion by End-Use Sector and Fuel
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Note: Fossil fuel combustion for electric power also includes emissions of less than 0.5 MMT CO; Eq. from geothermal-based
generation. Although not technically a fossil fuel, geothermal energy-related CO, emissions are included for reporting
purposes. The source of CO; is non-condensable gases in subterranean heated water.
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Figure 2-7: Trends in End-Use Sector Emissions of CO, from Fossil Fuel Combustion
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Electric power was the second largest end-use emitter of COz in 2022 (surpassed by transportation in 2017);
electric power generators used 30.5 percent of U.S. energy from fossil fuels and emitted 32.6 percent of the CO;
from fossil fuel combustion in 2022. CO2 emissions from the fossil fuel combustion in the electric power sector
decreased by 0.6 percent between 2021 and 2022 due to changes in the mix of electric generation resources.
Between 2021 and 2022 overall electricity generation increased by 3 percent, coal electricity generation decreased
by 10.2 percent, natural gas generation increased by 4.0 percent, and renewable energy generation increased by
7.6 percent. Changes in electricity demand and the carbon intensity of fuels used for electric power generation
have a significant impact on CO2 emissions. Carbon dioxide emissions from fossil fuel combustion from the electric
power sector have decreased by 15.8 percent since 1990, and the carbon intensity of the electric power sector, in
terms of CO: Eq. per QBtu input, has decreased by 27.6 percent during that same timeframe. This decoupling of
electric power generation and the resulting CO2 emissions is shown below in Figure 2-8.
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Figure 2-8: Electric Power Generation (Billion kWh) and Emissions (MMT CO: Eq.)
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Electric power CO2 emissions can also be allocated to the end-use sectors that use electricity, as presented in Table
2-5. With electricity CO2 emissions allocated to end-use sectors, the transportation end-use sector represents the
largest source of fossil fuel combustion emissions accounting for 1,757.4 MMT CO: Eq. in 2022 or 37.4 percent of
total CO2 emissions from fossil fuel combustion, a 0.1 percent decrease since 2021. The industrial end-use sector
accounted for 26.3 percent of CO2 emissions from fossil fuel combustion when including allocated electricity
emissions, an increase of 1.0 percent since 2021. From 2021 to 2022, total energy use in the industrial sector
increased by 1.8 percent due to an increase in total industrial production and manufacturing output. The
residential and commercial end-use sectors accounted for 19.1 and 16.6 percent, respectively, of CO2 emissions
from fossil fuel combustion when including allocated electricity emissions. Both of these end-use sectors were
heavily reliant on electricity for meeting building-related energy needs, with electricity use for lighting, heating, air
conditioning, and operating appliances contributing 62.9 and 66.9 percent of emissions from the residential and
commercial end-use sectors, respectively. From 2021 to 2022, an increase in heating degree days (7.9 percent)
increased energy demand for heating in the residential and commercial sectors; also, a 4.3 percent increase in
cooling degree days compared to 2021 increased demand for air conditioning in the residential and commercial
sectors. As a result, CO2 emissions from the residential and commercial end-use sectors when including allocated
electricity emissions increased by 1.0 and 3.4 percent since 2021, respectively.

Electric Power Generation (billion kWh)

o
Ul

o

Other Energy Sector Trends

Energy sector emissions increased by 0.5 percent since 2021 and decreased by 3.4 percent since 1990. Other
notable trends in emissions from energy source categories (Figure 2-6 and Figure 2-7) over the 33-year period from
1990 through 2022 included the following:
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e  Emissions (CHs, CO2, and N20) from oil and gas systems decreased by 13.0 percent (38.8 MMT CO: Eq.)
since 1990 and decreased by 4.2 percent (11.8 MMT COz Eq.) from 2021 to 2022. Natural gas systems CHa
emissions have decreased by 20.9 percent (45.7 MMT COz Eq.) since 1990, due to a decrease in emissions
from the distribution, transmission and storage, processing, and exploration segments. The decrease in
distribution emissions is due mainly to reduced emissions from pipeline and distribution station leaks, and
the decrease in transmission and storage emissions is due mainly to reduced compressor station
emissions (including emissions from compressors and leaks). Over the same time period (i.e., since 1990),
methane emissions from the natural gas production segment increased due to increased gathering and
boosting emissions. Between 2021 and 2022, methane emissions from natural gas systems decreased 0.8
percent, due to a decrease in emissions from production segment pneumatic controllers. Petroleum
systems CHs emissions decreased by 19.8 percent (9.8 MMT CO:z Eq.) since 1990 and 18.5 percent
between 2021 and 2022. This decrease is due primarily to decreases in emissions from offshore platforms,
tanks, and pneumatic controllers. Carbon dioxide emissions from natural gas and petroleum systems
increased by 39.1 percent (16.4 MMT CO2) from 1990 to 2022 and decreased by 2.5 percent between
2021 and 2022. This increase since 1990 is due primarily to increases in the production segment, where
emissions from associated gas flaring, tanks, and miscellaneous production flaring have increased over
time. The decrease in emissions between 2021 and 2022 and is also due primarily to the production
segment, where flaring emissions decreased for associated gas and tanks.

e Methane emissions from coal mining decreased by 59.6 percent (64.4 MMT CO: Eq.) from 1990 through
2022 and by 2.3 percent between 2021 and 2022 primarily due to a decrease in the number of active
mines and annual coal production over the 1990 to 2022 time period. Between 2021 and 2022, the
number of mines and coal production increased.

e Nitrous oxide emissions from mobile combustion decreased by 56.5 percent (21.7 MMT CO: Eq.) from
1990 through 2022 and by 0.7 percent (0.1 MMT CO:2 Eq.) between 2021 and 2022, primarily as a result of
national vehicle criteria pollutant emissions standards and emission control technologies for on-road
vehicles.

e Nitrous oxide emissions from stationary combustion were the third largest source of anthropogenic N2O
emissions in 2022, accounting for 6.3 percent of N20 emissions and 0.4 percent of total gross U.S.
greenhouse gas emissions in 2022. Stationary combustion emissions peaked in 2007 and have steadily
decreased since then.

e Carbon dioxide emissions from non-energy uses of fossil fuels increased by 3.7 percent (3.7 MMT CO: Eq.)
from 1990 through 2022 but decreased by 7.9 percent (8.8 MMT CO; Eq.) between 2021 and 2022.
Emissions from non-energy uses of fossil fuels were 102.8 MMT CO: Eq. in 2022, which constituted 2.0
percent of total national CO2 emissions, approximately the same proportion as in 1990.

e Carbon dioxide emissions from incineration of waste decreased slightly by 4.2 percent (0.5 MMT CO: Eq.)
from 1990 through 2022, as the volume of scrap tires and other fossil carbon-containing materials in
waste decreased. Emissions decreased 0.9 percent (0.1 MMT CO2 Eq.) between 2021 and 2022, consistent
with trends across the time series.

Industrial Processes and Product Use

Greenhouse gases can be generated and emitted by industry in two different ways. First, they are generated and
emitted as the byproducts of many non-energy-related industrial activities. For example, industrial processes can
chemically or physically transform raw materials, which often release waste gases such as CO2, CHs, N20, and
fluorinated gases (e.g., HFC-23). In the case of byproduct emissions, the emissions are generated by an industrial
process itself, and are not directly a result of energy consumed during the process.

Second, industrial manufacturing processes and use by end-consumers also release HFCs, PFCs, SFs, and NFzand
other man-made compounds. In addition to the use of HFCs and some PFCs as substitutes for ozone depleting
substances (ODS), fluorinated compounds such as HFCs, PFCs, SFs, NFs, and others are also emitted through use by
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a number of other industrial sources in the United States. These industries include the electronics industry,
electrical equipment, and magnesium metal production and processing. In addition, N2O is used in and emitted by
the electronics industry and anesthetic and aerosol applications, PFCs and SFe are emitted from other product use,
and CO2 is consumed and emitted through various end-use applications.

Emission sources in the Industrial Processes and Product Use (IPPU) chapter accounted for 6.0 percent of U.S.
greenhouse gas emissions in 2022. Emissions from the IPPU sector increased by 3.9 percent from 1990 to 2022.
The use of HFCs as substitutes for ODS is the largest source of emissions in this sector, contributing 46.5 percent of
IPPU emissions in 2022 and driving growth since 1990. From 2021 to 2022, total emissions from IPPU increased 0.4
percent between 2021 and 2022. Despite the sectoral increase in emissions, emissions from adipic acid production
decreased by almost 70 percent, emissions from ferroalloy production decreased by over 10 percent, and
emissions from aluminum production, petrochemical production and zinc production decreased by between 5 and
10 percent. Figure 2-9 presents greenhouse gas emissions from IPPU by source category.

Figure 2-9: Trends in Industrial Processes and Product Use Sector Greenhouse Gas Sources
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Table 2-6: Emissions from Industrial Processes and Product Use (MMT CO: Eq.)

Percent

Change

1990 2005 2018 2019 2020 2021 2022  Since 1990

CO; 213.7 195.9 164.4 168.2 160.7 168.8 168.9 -20.9%

Cement Production 33.5 46.2 39.0 40.9 40.7 41.3 41.9 25.1%
Iron and Steel Production &

Metallurgical Coke Production 104.7 70.1 42.9 43.1 37.7 419 40.7 -61.2%
Iron and Steel Production 99.1 66.2 41.6 40.1 35.4 38.6 37.7 -62.0%
Metallurgical Coke Production 5.6 3.9 1.3 3.0 2.3 3.2 3.0 -47.3%

Petrochemical Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8 43.4%
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6 -12.5%
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Lime Production 11.7
Other Process Uses of

Carbonates 7.1
Urea Consumption for Non-

Agricultural Purposes 3.8
Carbon Dioxide Consumption 1.5
Glass Production 2.3
Soda Ash Production 1.4
Titanium Dioxide Production 1.2
Aluminum Production 6.8
Ferroalloy Production 2.2
Zinc Production 0.6
Phosphoric Acid Production 1.5
Lead Production 0.5
Carbide Production and

Consumption 0.2
Substitution of Ozone Depleting

Substances? +
Magnesium Production and

Processing 0.1

CH4 0.1
Carbide Production and
Consumption +

Ferroalloy Production
Iron and Steel Production &

Metallurgical Coke Production +
Petrochemical Production +
N.O 29.6
Nitric Acid Production 10.8
N,O from Product Uses 3.8
Adipic Acid Production 13.5
Caprolactam, Glyoxal, and
Glyoxylic Acid Production 1.5
Electronics Industry +
HFCs 47.7
Substitution of Ozone Depleting
Substances? 0.3
Fluorochemical Production 47.3
Electronics Industry 0.2
Magnesium Production and
Processing NO
PFCs 39.5
Fluorochemical Production 17.5
Electronics Industry 2.5
Aluminum Production 19.3
SFs and PFCs from Other Product
Use 0.1
Substitution of Ozone Depleting
Substances? NO
Electrical Equipment +
SFe 37.9
Electrical Equipment 24.7
Magnesium Production and
Processing 5.6
Electronics Industry 0.5
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SFs and PFCs from Other Product
Use 13 1.3 0.8 0.6 0.5 0.4 0.6 -53.0%
Fluorochemical Production 5.8 33 + + + + + -100.0%
NF3 0.3 1.0 0.7 1.1 1.3 1.1 1.1 238.3%
Electronics Industry + 0.4 0.5 0.5 0.6 0.6 0.6 1313.8%
Fluorochemical Production 0.3 0.6 0.1 0.6 0.7 0.5 0.5 72.7%
Total 368.8 371.3 367.2 371.9 367.9 381.6 383.2 3.9%

+ Does not exceed 0.05 MMT CO; Eq.

NO (Not Occurring)

a Small amounts of PFC emissions from this source are included under HFCs due to confidential business information.
Note: Totals may not sum due to independent rounding.

IPPU sector emissions increased 0.4 percent since 2021 and 3.9 percent since 1990. Some significant trends in U.S.
emissions from IPPU source categories over the 33-year period from 1990 through 2022 included the following:

e HFC and PFC emissions resulting from the substitution of ODS (e.g., chlorofluorocarbons [CFCs]) increased
from small amounts in 1990 to 178.1 MMT CO:z Eq. in 2022 (an increase of 70,357 percent).

e Combined CO2 and CH4 emissions from iron and steel production and metallurgical coke production
decreased by 2.9 percent from 2021 to 2022 to 40.7 MMT COz Eq. and declined overall by 61.2 percent
(64.1 MMT CO2 Eq.) from 1990 through 2022, due to restructuring of the industry. The trend in the United
States has been a shift toward fewer integrated steel mills and more electric arc furnaces (EAFs). EAFs use
scrap steel as their main input and generally have lower on-site emissions.

e Carbon dioxide emissions from petrochemical production increased by 43.4 percent between 1990 and
2022, from 20.1 MMT CO:2 Eq. to 28.8 MMT CO: Eq. The increase in emissions is largely driven by the
production of ethylene more than doubling over that period.

e Carbon dioxide emissions from ammonia production have decreased by 12.5 percent (1.8 MMT CO: Eq.)
since 1990. Ammonia production relies on natural gas as both a feedstock and a fuel, and as such, market
fluctuations and volatility in natural gas prices affect the production of ammonia from year to year.
Emissions from ammonia production have increased since 2016, due to the addition of new ammonia
production facilities and new production units at existing facilities. Agricultural demands continue to drive
demand for nitrogen fertilizers and the need for new ammonia production capacity.

e Carbon dioxide emissions from cement production increased by 25.1 percent (8.4 MMT CO; Eq.) from
1990 through 2022. Emissions rose from 1990 through 2006 and then fell until 2009, due to a decrease in
demand for construction materials during the economic recession. Since 2010, CO2 emissions from
cement production have risen by 33.2 percent.

e HFC, PFC, SFs, and NF3 emissions from fluorochemical production decreased by 89.0 percent (63.2 MMT
CO2 Eq.) from 1990 to 2022 due to a reduction in the HFC-23 emission rate from HCFC-22 production (kg
HFC-23 emitted/kg HCFC-22 produced), the imposition of emissions controls at production facilities, and a
decrease in SFs production due to the cessation of production at the major SFs production facility in 2010.

e  PFC emissions from aluminum production decreased by 96.1 percent (18.5 MMT CO: Eq.) from 1990 to
2022, due to both industry emission reduction efforts and lower domestic aluminum production.

e SFg emissions from electrical equipment decreased by 79.4 percent (19.6 MMT CO; Eq.) from 1990 to
2022 due to a sharp increase in the price of SFe during the 1990s and industry emission reduction efforts.

Agriculture

Agricultural activities contribute directly to emissions of greenhouse gases through a variety of processes,
including the following source categories: enteric fermentation in domestic livestock, livestock manure
management, rice cultivation, agricultural soil management, liming, urea fertilization, and field burning of
agricultural residues. Methane and N20 are the primary greenhouse gases emitted by agricultural activities, with
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small amounts of CO; also emitted.> Carbon stock changes from agricultural soils are included in the LULUCF
sector.

In 2022, agricultural activities were responsible for emissions of 593.4 MMT CO: Eq., or 9.4 percent of total U.S.
greenhouse gas emissions. Agricultural soil management activities, such as the application of synthetic and organic
fertilizers, deposition of livestock manure, and growing N-fixing plants, were the largest contributors to
agricultural-related emissions (49.0 percent) and were the largest source of U.S. N2O emissions in 2022, accounting
for 74.6 percent. Methane emissions from enteric fermentation and manure management represented 27.4
percent and 9.2 percent of total CHs4 emissions from anthropogenic activities, respectively, in 2022. Carbon dioxide
emissions from the application of crushed limestone and dolomite (i.e., soil liming) and urea fertilization
represented 0.2 percent of total CO2 emissions from anthropogenic activities. Figure 2-10 and Table 2-7 illustrate
agricultural greenhouse gas emissions by source and gas.

Figure 2-10: Trends in Agriculture Sector Greenhouse Gas Sources
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5 The contribution of agriculture non-CO, emissions is based on gross totals and excludes LULUCF methane (CHa) and nitrous
oxide (N,0) emissions. The contribution of agriculture CH4 and N,O including LULUCF non-CO; emissions, is 40.5 percent and
48.3 percent, respectively.
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Table 2-7: Emissions from Agriculture (MMT CO; Eq.)

Percent
Change
Since
Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
Cco; 7.1 7.9 7.2 7.2 8.0 7.6 8.6 21.0%
Urea Fertilization 2.4 3.5 4.9 5.0 5.1 5.2 53 120.4%
Liming 4.7 4.4 2.2 2.2 2.9 2.4 33 -30.3%
CH4 241.7 264.4 285.0 280.2 282.4 281.8 276.8 14.5%
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6 5.2%
Manure Management 39.1 55.0 67.7 66.7 66.9 66.4 64.7 65.3%
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9 -0.4%
Field Burning of Agricultural
Residues 0.5 0.6 0.6 0.7 0.6 0.6 0.6 14.4%
N.O 302.3 309.5 350.2 332.6 309.2 315.3 308.0 1.9%
Agricultural Soil Management 288.8 294.1 3334 315.6 292.1 298.0 290.8 0.7%
Manure Management 13.4 15.2 16.6 16.8 16.9 17.1 17.0 27.2%
Field Burning of Agricultural
Residues 0.2 0.2 0.2 0.2 0.2 0.2 02  155%
Total 551.1 581.8 642.4 620.1 599.7 604.8 593.4 7.7%

Note: Totals may not sum due to independent rounding.

Agriculture sector emissions decreased by 1.9 percent since 2021 and increased by 7.7 percent since 1990. Some
significant trends in U.S. emissions from Agriculture source categories (Figure 2-10) over the 33-year time series
from 1990 through 2022 included the following:

Agricultural soils are the largest anthropogenic source of agriculture-related emissions and of N.O
emissions in the United States, accounting for 74.6 percent of N2O emissions and 4.6 percent of total
emissions in the United States in 2022. Annual N20 emissions from agricultural soils fluctuated between
1990 and 2022, and overall emissions were 0.7 percent (2.0 MMT CO: Eq.) higher in 2022 than in 1990.
Year-to-year fluctuations are largely a reflection of annual variation in weather patterns, synthetic
fertilizer use, and crop production.

Enteric fermentation is the largest anthropogenic source of CHa emissions in the United States. In 2022,
enteric fermentation CHs emissions were 27.4 percent of total CHs emissions, which represents an
increase of 5.2 percent (9.5 MMT CO: Eq.) since 1990. This increase in emissions from enteric
fermentation from 1990 to 2022 generally follows the increasing trends in cattle populations. For
example, from 1990 to 1995, emissions increased and then generally decreased from 1996 to 2004,
mainly due to fluctuations in beef cattle populations and increased digestibility of feed for feedlot cattle.
Emissions increased from 2005 to 2007, as both dairy and beef populations increased. Research indicates
that the feed digestibility of dairy cow diets decreased during this period. Emissions decreased again from
2008 to 2014 as beef cattle populations again decreased. Emissions increased from 2014 to 2022,
consistent with an increase in beef cattle population over those same years. CHs emissions from enteric
fermentation decreased by 2.0 percent (3.9 MMT CO: Eq.) from 2021 to 2022, however, largely driven by
a decrease in beef cattle populations.

Manure management is the fourth largest anthropogenic source of CH4 and N20O emissions in the United
States and accounted for 13.8 percent of Agriculture sector emissions in 2022. Emissions from manure
management increased by 55.6 percent between 1990 and 2022. This includes an increase of 65.3 percent
(25.6 MMT CO: Eq.) for CHs and an increase of 27.2 percent (3.6 MMT CO: Eq.) for N2O. The majority of
the increase observed in CHs emissions resulted from swine and dairy cattle manure, where emissions
increased by 37.2 and 108.7 percent, respectively, from 1990 to 2022. From 2021 to 2022, CHs emissions
from manure management decreased by 2.6 percent, mainly due to minor shifts in the animal populations
and the resultant effects on manure management system allocations.
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e Liming and urea fertilization are the only sources of CO2 emissions reported in the Agriculture sector. All
other CO2 emissions and removals (e.g., carbon stock changes from the management of croplands) are
included in the LULUCF sector. Liming emissions increased by 36.9 percent relative to 2021 and decreased
by 30.3 percent (1.4 MMT CO: Eq.) relative to 1990, while urea fertilization emissions increased by 1.9
percent relative to 2021 and 120.4 percent (2.9 MMT CO: Eq.) relative to 1990.

Land Use, Land-Use Change, and Forestry

When humans alter the terrestrial biosphere through land use, changes in land use, and land management
practices, they also influence the carbon stock fluxes on these lands and cause emissions of CHs and N20. Overall,
managed land is a net sink for CO2 (carbon sequestration) in the United States. The primary driver of fluxes on
managed lands is from management of forest lands, but also includes trees in settlements (i.e., urban areas),
afforestation, conversion of forest lands to settlements and croplands, the management of croplands and
grasslands, flooded lands, and the landfilling of yard trimmings and food scraps. The main drivers for net forest
sequestration include net forest growth, increasing forest area, and a net accumulation of carbon stocks in
harvested wood pools. The net sequestration in settlements remaining settlements is driven primarily by carbon
stock gains in urban forests (i.e., settlement trees) through net tree growth and increased urban area, as well as

long-term accumulation of carbon in landfills from additions of yard trimmings and food scraps.

The LULUCF sector in 2022 resulted in a net increase in carbon stocks (i.e., net CO2 removals) of 921.8 MMT CO;
Eq. (Table 2-8).° This represents an offset of 14.5 percent of total (i.e., gross) greenhouse gas emissions in 2022.
Emissions of CHs and N20 from LULUCF activities in 2022 were 67.6 MMT CO: Eq. and represented 1.2 percent of
net greenhouse gas emissions.” Between 1990 and 2022, total net carbon sequestration in the LULUCF sector
decreased by 10.9 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 CO2 emissions from land converted to settlements.

Flooded land remaining flooded land was the largest source of CHs emissions from LULUCF and the fifth largest
source overall of net CHa emissions in 2022, totaling 44.2 MMT CO2 Eq. (1,579 kt of CH4). Forest fires were the
second largest source of CHs emissions from LULUCF in 2022, totaling 9.1 MMT CO:2 Eq. (327 kt of CHa). Forest fires
were the largest source of N20 emissions from LULUCF in 2022, totaling 5.7 MMT COz Eq. (22 kt of N20). Figure
2-11 and Table 2-8 illustrate LULUCF emissions and removals by land-use category and gas.

6 LULUCF carbon stock change is the net carbon 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.

7 LULUCF emissions include the CH,4 and N,O emissions reported for peatlands remaining peatlands, forest fires, drained
organic soils, grassland fires, and coastal wetlands remaining coastal wetlands; CH4 emissions from flooded land remaining
flooded land, land converted to flooded land, and land converted to coastal wetlands; and N,O emissions from forest soils and
settlement soils.
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Figure 2-11: Trends in Emissions and Removals (Net CO; Flux) from Land Use, Land-Use
Change, and Forestry
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Table 2-8: U.S. Greenhouse Gas Emissions and Removals (Net Flux) from Land Use, Land-Use
Change, and Forestry (MMT CO; Eq.)

Percent
Change
Since
Land-Use Category 1990 2005 2018 2019 2020 2021 2022 1990
Forest Land Remaining Forest Land (968.8) || (860.1) | (863.4) (807.0) (846.3) (823.9) (771.7) -20.3%
Changes in Forest Carbon Stocks? (974.8) | (876.0) § (873.5) (813.2) (862.0) (844.2) (787.0) -19.3%
Non-CO; Emissions from Forest
FiresP 5.8 154 9.7 5.7 15.3 19.9 14.8 153.9%
N,O Emissions from Forest Soils® 0.1 0.4 0.4 0.4 0.4 0.4 0.4 455.1%
Non-CO; Emissions from Drained
Organic Soilsd 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0%
Land Converted to Forest Land (100.2) f| (100.2) | (100.4) (100.3) (100.3) (100.3) (100.3) 0.1%
Changes in Forest Carbon Stocks® (100.2) § (100.2) § (100.4) (100.3) (100.3) (100.3) (100.3) 0.1%
Cropland Remaining Cropland (5.0) f (31.6) (17.8) (19.4) (8.8) (32.0) (31.7) 529.0%
Changes in Mineral and Organic Soil
Carbon Stocks (5.008 (31.6) (17.8) (19.4) (8.8) (32.0) (31.7) 529.0%
Land Converted to Cropland 45.4 34.5 31.9 314 29.3 34.9 35.1 -22.7%
Changes in all Ecosystem Carbon
Stocksf 45.4 345 31.9 314 29.3 349 35.1 -22.7%
Grassland Remaining Grassland 24.6 24.9 29.7 28.9 17.1 115 14.0 -43.1%
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Changes in Mineral and Organic Soil

Carbon Stocks 24.4 24.1 28.6 28.5 16.1 10.6 13.4 -45.2%
Non-CO, Emissions from Grassland
Firess 0.2 0.8 1.1 0.3 1.1 0.9 0.6 184.1%
Land Converted to Grassland 35.3 21.8 25.2 25.4 28.7 24.5 25.6 -27.3%
Changes in all Ecosystem Carbon
Stocksf 35.3 21.8 25.2 25.4 28.7 24.5 25.6 -27.3%
Wetlands Remaining Wetlands 36.8 39.4 38.2 38.1 38.1 38.1 38.1 3.6%
Changes in Organic Soil Carbon
Stocks in Peatlands 1.1 1.1 0.7 0.6 0.6 0.5 0.6 -45.7%
Non-CO, Emissions from Peatlands
Remaining Peatlands + + + + + + + -47.0%
Changes in Biomass, DOM, and Soil
Carbon Stocks in Coastal Wetlands (10.8) F (10.1) (11.2) (11.1) (11.1) (11.1) (11.1) 2.8%
CH4 Emissions from Coastal
Wetlands Remaining Coastal
Wetlands 4.2 4.2 4.3 4.3 4.3 4.3 4.3 3.4%
N,O Emissions from Coastal
Wetlands Remaining Coastal
Wetlands 0.1 0.2 0.1 0.1 0.1 0.1 0.1 14.9%
CH4 Emissions from Flooded Land
Remaining Flooded Land 42.3 44.0 44.2 44.2 44.2 44.2 44.2 4.7%
Land Converted to Wetlands 7.2 1.8 0.7 0.7 0.7 0.7 0.7 -90.3%
Changes in Biomass, DOM, and Soil
Carbon Stocks in Land Converted
to Coastal Wetlands 0.5 0.5 (+) (+) (+) (+) (+) -97.0%
CH4 Emissions from Land Converted
to Coastal Wetlands 0.3 0.3 0.2 0.2 0.2 0.2 0.2 -38.9%
Changes in Land Converted to
Flooded Land 3.6 0.6 0.3 0.3 0.3 0.3 0.3 -91.7%
CH4 Emissions from Land Converted
to Flooded Land 2.9 0.4 0.2 0.2 0.2 0.2 0.2 -92.6%
Settlements Remaining Settlements (109.1) | (115.2) | (131.0) (131.5) (131.8) (132.3) (132.3) 21.2%
Changes in Organic Soil Carbon
Stocks 9.9 10.1 14.4 14.6 15.1 15.4 15.4 56.0%
Changes in Settlement Tree Carbon
Stocks (96.6) | (117.0)| (134.4) (135.6) (136.7) (137.8) (138.5)  43.4%
N,O Emissions from Settlement
Soilsh 2.1 3.1 2.4 2.5 2.5 2.5 2.5 22.8%
Changes in Yard Trimming and Food
Scrap Carbon Stocks in Landfills (24.5)F (11.4) (13.4) (13.1) (12.8) (12.5) (11.8) -52.0%
Land Converted to Settlements 57.2 77.1 71.4 70.2 68.8 68.2 68.2 19.1%
Changes in all Ecosystem Carbon
Stocksf 57.2 77.1 71.4 70.2 68.8 68.2 68.2 19.1%
LULUCF Carbon Stock Change' (1,034.7) || (976.6) | (978.3) (921.6) (972.8) (983.4) (921.8) -10.9%
LULUCF Emissions! 58.0 68.9 62.8 58.0 68.4 729 67.6 16.5%
CH,4 53.1 58.5 55.5 52.5 59.3 62.1 58.4 10.0%
N,O 4.8 10.3 7.3 5.5 9.1 10.7 9.1 88.3%
LULUCF Sector Net Total¥ (976.7) || (907.7) | (915.5) (863.6) (904.4) (910.6) (854.2) -12.5%

+ Absolute value does not exceed 0.05 MMT CO; Eq.

a Includes the net changes to carbon stocks stored in all forest ecosystem pools (estimates include carbon stock changes from
drained organic soils from both forest land remaining forest land and land converted to forest land) and harvested wood

products.

b Estimates include emissions from fires on both forest land remaining forest land and land converted to forest land.

¢ Estimates include emissions from N fertilizer additions on both forest land remaining forest land and land converted to

forest land.
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d Estimates include CH4 and N>O emissions from drained organic soils on both forest land remaining forest land and land
converted to forest land. Carbon stock changes from drained organic soils are included with the forest land remaining forest
land forest ecosystem pools.

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

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

8 Estimates include CH4 and N,O emissions from fires on both grassland remaining grassland and land converted to grassland.

h Estimates include N,O 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.

" LULUCF carbon stock change includes any carbon stock gains and losses from all land use and land-use conversion
categories.

I LULUCF emissions subtotal includes the CH4 and N,O emissions reported for peatlands remaining peatlands, forest fires,
drained organic soils, grassland fires, and coastal wetlands remaining coastal wetlands; CH4 emissions from flooded land
remaining flooded land, and land converted to flooded land, and land converted to coastal wetlands; and N,O emissions
from forest soils and settlement soils. Emissions values are included in land-use category rows.

kThe LULUCF sector net total is the net sum of all LULUCF CH4 and N,O emissions to the atmosphere plus LULUCF net carbon
stock changes in units of MMT CO; Eq.

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

Overall CHs and N20 emissions from LULUCF decreased by 7.3 percent from 2021 and increased by 16.5 percent
since 1990 while total net sequestration decreased by 10.9 percent since 1990 and 6.3 percent from 2021. Other
trends from 1990 to 2022 in emissions from LULUCF categories (Figure 2-11) over the 33-year period included the
following:

e Annual carbon sequestration by forest land (i.e., annual carbon stock accumulation in the five ecosystem
carbon pools and harvested wood products for forest land remaining forest land and land converted to
forest land) has decreased by 17.5 percent since 1990. This is primarily due to decreased carbon stock
gains in land converted to forest land and the harvested wood products pools within forest land
remaining forest land.

e Annual carbon sequestration from settlements remaining settlements (which includes organic soils,
settlement trees, and landfilled yard trimmings and food scraps) has increased by 21.2 percent over the
period from 1990 to 2022. This is primarily due to an increase in urbanized land area in the United States
with trees growing on it.

e Annual emissions from land converted to settlements increased by 19.1 percent from 1990 to 2022 due
primarily to carbon stock losses from forest land converted to settlements and mineral soils carbon stocks
from grassland converted to settlements.

Waste

Waste management and treatment activities are sources of CHs and N20 emissions (see Figure 2-12 and Table 2-9).
Overall, emission sources accounted for in the Waste chapter generated 166.9 MMT CO: Eq., or 2.6 percent of total
U.S. greenhouse gas emissions in 2022. In 2022, landfills were the largest source of waste emissions, accounting
for 71.8 percent of waste-related emissions. Landfills are also the third-largest source of U.S. anthropogenic CHs
emissions, generating 119.8 MMT COz Eq. and accounting for 17.1 percent of total U.S. CHa emissions in 2022.8
Additionally, wastewater treatment generated emissions of 42.7 MMT CO: Eq. and accounted for 25.6 percent of
waste emissions, 3.0 percent of U.S. CH4 emissions, and 5.6 percent of U.S. N2O emissions in 2022. Emissions of
CH4 and N20 from composting are also accounted for in this chapter, generating emissions of 2.6 MMT CO: Eq. and
1.8 MMT CO:2 Eq., accounting for 1.5 and 1.1 percent of Waste sector emissions, respectively. Anaerobic digestion

8 Landfills also store carbon, due to incomplete degradation of organic materials such as wood products and yard trimmings, as
described in the Land Use, Land-Use Change, and Forestry chapter.

Trends 2-27



at biogas facilities generated CHa4 emissions of less than 0.05 MMT CO:2 Eq., accounting for less than 0.05 percent of

emissions from the Waste sector.

Figure 2-12: Trends in Waste Sector Greenhouse Gas Sources
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Table 2-9: Emissions from Waste (MMT CO: Eq.)
Percent
Change
Since
Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
CH, 220.9 172.4 150.2 152.4 147.6 145.3 143.2  (35.2%)
Landfills 197.8 147.7 126.3 128.7 124.1 122.0 119.8 (39.4%)
Wastewater Treatment 22.7 22.7 21.4 211 21.0 20.7 20.8 (8.4%)
Composting 0.4 2.1 2.5 2.5 2.6 2.6 2.6 504.8%

Anaerobic Digestion at

Biogas Facilities + + + + + + + 1,109.3%
N,O 15.1 19.5 23.0 23.4 24.1 23.9 23.7 57.4%
Wastewater Treatment 14.8 18.1 21.2 21.6 22.3 22.1 21.9 48.2%
Composting 0.3 1.5 1.8 1.8 1.8 1.8 1.8 504.8%
Total 235.9 192.0 173.2 175.8 171.7 169.2 166.9 (29.3%)

+ Does not exceed 0.05 MMT CO; Eq.

Note: Totals may not sum due to independent rounding.

Waste sector emissions decreased by 1.4 percent since 2021 and 29.3 percent since 1990. Some notable trends in
U.S. emissions from Waste source categories (Figure 2-12) over the 33-year period from 1990 through 2022

included the following:

e Net CHs emissions from landfills decreased by 78.0 MMT CO; Eq. (39.4 percent), with small increases
occurring in interim years. This downward trend in emissions coincided with increased landfill gas
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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.

e CHzand N20 emissions from wastewater treatment decreased by 8.4 percent (1.9 MMT CO2 Eq.) and
increased by 48.2 percent (7.1 MMT CO: Eq.), respectively. Methane emissions from domestic wastewater
treatment have decreased since 1999 due to decreasing percentages of wastewater being treated in
anaerobic systems, including reduced use of on-site septic systems and central anaerobic treatment
systems. N20 emissions from wastewater treatment processes gradually increased across the time series
as a result of increasing U.S. population and protein consumption.

e Combined CHs and N20 emissions from composting have increased by 504.8 percent (3.7 MMT CO: Eq.)
since 1990. The growth in composting since the 1990s is attributable to primarily four factors: (1) the
enactment of legislation by state and local governments that discouraged the disposal of yard trimmings
and food waste in landfills; (2) an increase in yard trimming collection and yard trimming drop-off sites
provided by local solid waste management districts; (3) an increased awareness of the environmental
benefits of composting; and (4) loans or grant programs to establish or expand composting infrastructure.

2.2 Emissions and Sinks by Economic
Sector

In addition to the Paris Agreement and UNFCCC reporting sectors and methods defined by the IPCC, this report
also characterizes gross 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. See Box 2-1 for more information on how economic sectors are defined. For more information on
trends in the LULUCF sector, see Section 2.1.

Using this categorization, transportation activities accounted for the largest portion (28.4 percent) of total U.S.
greenhouse gas emissions in 2022. Emissions from electric power accounted for the second largest portion (24.9
percent), while emissions from industry accounted for the third-largest portion (22.9 percent) of total U.S.
greenhouse gas emissions in 2022. 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 efficiency improvements.

The remaining 23.8 percent of U.S. greenhouse gas 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 10.0 percent of emissions; unlike other economic sectors, agricultural sector emissions
were dominated by N2O emissions from agricultural soil management and CH4 emissions from enteric
fermentation, rather than CO2 from fossil fuel combustion. An increasing amount of carbon is stored in agricultural
soils each year, but this carbon sequestration is assigned to the LULUCF sector rather than the agriculture
economic sector. The commercial and residential sectors accounted for roughly 7.3 percent and 6.2 percent of
greenhouse gas 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. Carbon dioxide was also
emitted and sequestered (in the form of carbon) 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. Table 2-10 presents a detailed breakdown of emissions from each of these
economic sectors by source category, as they are defined in this report. Figure 2-13 shows the trend in emissions
by sector from 1990 to 2022.
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Figure 2-13: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors
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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 2-10: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO: Eq. and
Percent of Total in 2022)

Percent of
Total
Sector/Source 1990 2005 2018 2019 2020 2021 2022 Emissions?
Transportation 1,521.4 1,965.9 1,871.6 1,874.6 1,625.3 1,805.5 1,801.5 28.4%
CO; from Fossil Fuel
Combustion 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3 27.6%
Substitution of Ozone
Depleting Substances + 63.1 35.5 34.0 32.5 31.2 29.6 0.5%
Mobile Combustion® 40.6 34.1 13.7 15.1 12.2 12.7 12.2 0.2%
Non-Energy Use of Fuels 11.8 10.2 9.2 8.8 7.8 8.0 8.4 0.1%
Electric Power Industry 1,880.2 2,457.4 1,799.2 1,650.8 1,482.2 1,584.4 1,577.5 24.9%
CO; from Fossil Fuel
Combustion 1,820.0 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7 24.1%
Stationary Combustion® 18.7 27.7 23.1 20.2 18.9 20.4 22.9 0.4%
Incineration of Waste 133 13.6 13.7 13.3 133 12.8 12.7 0.2%
Other Process Uses of
Carbonates 3.6 4.2 4.0 4.5 4.5 4.3 5.2 0.1%
Electrical Equipment 24.7 11.9 5.0 6.1 5.9 6.0 5.1 0.1%
Industry 1,723.3 1,587.3 1,541.9 1,531.8 1,435.9 1,455.8 1,452.5 22.9%
CO; from Fossil Fuel
Combustion 833.1 796.8 770.7 770.1 722.9 740.7 761.8 12.0%
Natural Gas Systems 251.2 236.5 223.0 227.3 217.0 210.4 209.7 3.3%
Non-Energy Use of Fuels 83.9 107.2 108.9 97.4 89.9 103.5 94.3 1.5%
Petroleum Systems 59.0 58.5 93.8 97.8 82.3 72.8 61.6 1.0%
Coal Mining 112.7 75.6 62.2 56.0 48.3 47.1 46.1 0.7%
Cement Production 33.5 46.2 39.0 40.9 40.7 41.3 41.9 0.7%
Iron and Steel
Production 104.8 70.1 42.9 43.1 37.7 41.9 40.7 0.6%
Substitution of Ozone
Depleting Substances + 8.0 31.9 33.1 33.9 32.2 33.4 0.5%

2-30 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2022



Petrochemical

Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8 0.5%
Landfills (Industrial) 12.2 16.1 18.7 18.8 18.9 18.9 18.9 0.3%
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6 0.2%
Lime Production 11.7 14.6 13.1 121 11.3 11.9 12.2 0.2%
Nitric Acid Production 10.8 10.1 8.5 8.9 8.3 7.9 8.6 0.1%
Abandoned Oil and Gas

Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5 0.1%
Fluorochemical

Production 70.9 30.0 8.7 9.3 6.9 7.1 7.8 +%
Wastewater Treatment 6.6 7.1 7.5 7.6 7.6 7.6 7.7 +%
Urea Consumption for

Non-Agricultural

Purposes 3.8 3.7 6.1 6.2 5.8 6.6 7.1 +%
Abandoned

Underground Coal

Mines 8.1 7.4 6.9 6.6 6.5 6.3 6.3 +%
Mobile Combustion® 3.6 5.6 5.5 5.6 5.3 5.5 5.9 +%
Other Process Uses of

Carbonates 3.6 4.2 4.0 4.5 4.5 4.3 5.2 +%
Carbon Dioxide

Consumption 1.5 1.4 4.1 4.9 5.0 5.0 5.0 +%
Electronics Industry 3.3 4.5 4.8 4.5 4.5 4.8 4.7 +%
N2O from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8 +%
Stationary Combustion 4.8 4.5 3.9 3.8 3.6 3.6 3.5 +%
Aluminum Production 26.1 7.2 2.9 33 3.2 2.5 2.2 +%
Adipic Acid Production 13.5 6.3 9.3 4.7 7.4 6.6 2.1 +%
Glass Production 2.3 2.4 2.0 1.9 1.9 2.0 2.0 +%
Soda Ash Production 1.4 1.7 1.7 1.8 1.5 1.7 1.7 +%
Titanium Dioxide

Production 1.2 1.8 1.5 1.3 1.3 1.5 1.5 +%
Ferroalloy Production 2.2 14 2.1 1.6 14 1.6 1.3 +%
Caprolactam, Glyoxal,

and Glyoxylic Acid

Production 1.5 1.9 13 1.2 1.1 1.2 1.3 +%
Magnesium Production

and Processing 5.7 3.0 11 1.0 0.9 1.2 1.2 +%
Zinc Production 0.6 1.0 1.0 1.0 1.0 1.0 0.9 +%
Phosphoric Acid

Production 1.5 1.3 0.9 0.9 0.9 0.9 0.8 +%
SFe and PFCs from Other

Product Use 14 1.5 0.9 0.8 0.7 0.5 0.8 +%
Lead Production 0.5 0.6 0.5 0.5 0.5 0.4 0.4 +%
Carbide Production and

Consumption 0.3 0.2 0.2 0.2 0.2 0.2 0.2 +%
Agriculture 595.9 634.3 683.5 661.0 640.0 645.9 634.0 10.0%
N,O from Agricultural

Soil Management 288.8 294.1 333.4 315.6 292.1 298.0 290.8 4.6%
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6 3.0%
Manure Management 52.5 70.2 84.3 83.5 83.8 83.6 81.7 1.3%
CO; from Fossil Fuel

Combustion 434 50.8 39.8 39.7 39.1 39.8 39.3 0.6%
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9 0.3%
Urea Fertilization 2.4 35 4.9 5.0 5.1 5.2 53 0.1%
Liming 4.7 4.4 2.2 2.2 2.9 2.4 33 0.1%
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Mobile Combustion® 1.4 1.6 1.2 1.2 1.2 1.2 1.2 +%
Field Burning of
Agricultural Residues 0.7 0.8 0.8 0.9 0.8 0.8 0.8 +%
Stationary Combustion® 0.1 + 0.1 0.1 0.1 0.1 0.1 +%
Commercial 447.0 418.9 453.5 462.6 436.9 443.7 463.7 7.3%
CO; from Fossil Fuel
Combustion 228.3 227.1 246.3 251.7 229.3 237.5 258.7 4.1%
Landfills (Municipal) 185.5 131.6 107.7 109.9 105.2 103.1 100.9 1.6%
Substitution of Ozone
Depleting Substances + 21.4 58.5 59.8 60.8 61.9 62.9 1.0%
Wastewater Treatment 30.9 33.6 35.0 35.1 35.6 35.1 35.0 0.6%
Composting 0.7 3.6 4.3 43 4.4 4.4 4.4 0.1%
Stationary Combustion® 1.5 1.5 1.7 1.7 1.6 1.6 1.7 0.0%
Anaerobic Digestion at
Biogas Facilities + + + + + + + +%
Residential 345.6 371.2 376.8 384.2 358.0 369.6 391.3 6.2%
CO; from Fossil Fuel
Combustion 338.6 358.9 338.9 3429 314.8 318.0 334.1 5.3%
Substitution of Ozone
Depleting Substances 0.2 7.0 31.9 35.1 39.0 47.3 52.2 0.8%
Stationary Combustion® 6.8 5.3 6.0 6.2 4.2 4.2 5.0 0.1%
U.S. Territories 23.4 59.7 26.3 25.1 234 23.9 22.7 0.4%
CO; from Fossil Fuel
Combustion 20.0 51.9 25.9 24.8 233 23.8 22.6 0.4%
Non-Energy Use of Fuels 3.4 7.6 0.2 0.2 0.1 0.1 0.1 +%
Stationary Combustion® 0.1 0.2 0.1 0.1 0.1 0.1 0.1 +%
Total Gross Emissions
(Sources) 6,536.9 7,494.6 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 100.0%
LULUCF Sector Net Totalc (976.7) (907.7) (915.5) (863.6) (904.4) (910.6) (854.2) (13.5%)
Net Emissions (Sources
and Sinks) 5,560.2 6,586.9 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0 86.5%

+ Does not exceed 0.05 MMT CO; Eq. or 0.05 percent.

aPercent of total (gross) emissions excluding emissions from LULUCF for 2022.

b Includes CH4 and N,O emissions from fuel combustion.

¢ The LULUCF sector net total is the net sum of all LULUCF CH, and N»O emissions to the atmosphere plus LULUCF net carbon
stock changes.

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

Box 2-1: Methodology for Aggregating Emissions by Economic Sector

In presenting the economic sectors in the annual Inventory of U.S. Greenhouse Gas Emissions and Sinks, the
Inventory expands upon the standard sectors common for reporting under the Paris Agreement and the
UNFCCC. Discussing greenhouse gas emissions relevant to U.S.-specific economic sectors improves
communication of the report’s findings.

The electric power economic sector includes CO2, CHs and N20 emissions from the combustion of fossil fuels that
are included in the EIA electric power sector. Carbon dioxide, CHs, and N20 emissions from waste incineration
are included in the electric power economic sector, as the majority of MSW is combusted in plants that produce
electricity. The electric power economic sector also includes SFe from electrical equipment, and a portion of CO2
from other process uses of carbonates (from pollution control equipment installed in electric power plants).

The transportation economic sector includes CO2 emissions from the combustion of fossil fuels that are included
in the EIA transportation fuel-consuming sector. (Additional analyses and refinement of the EIA data are further
explained in the Energy chapter of this report.) Emissions of CHs and N20 from mobile combustion are also
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apportioned to the transportation economic sector based on the EIA transportation fuel-consuming sector.
Emissions of ODS substitutes are apportioned to the transportation economic sector based on emissions from
refrigerated transport and motor vehicle air-conditioning systems. Finally, CO2 emissions from non-energy uses
of fossil fuels identified as lubricants for transportation vehicles are included in the transportation economic
sector.

The industry economic sector includes CO2 emissions from the combustion of fossil fuels that are included in the
EIA industrial fuel-consuming sector, minus the agricultural use of fuel explained below. The CHs and N20O
emissions from stationary and mobile combustion are also apportioned to the industry economic sector based
on the EIA industrial fuel-consuming sector, minus emissions apportioned to the agriculture economic sector.
Emissions of ODS substitutes are apportioned based on their specific end-uses within the source category, with
most emissions falling within the industry economic sector. Finally, CHs emissions from industrial landfills and
CHz and N20 from industrial wastewater treatment are included in the industry economic sector.

Additionally, all process-related emissions from sources with methods considered within the IPCC IPPU sector
are apportioned to the industry economic sector. This includes the process-related emissions (i.e., emissions
from the actual process to make the material, not from fuels to power the plant) from activities such as cement
production, iron and steel production and metallurgical coke production, and ammonia production.
Additionally, fugitive emissions from energy production sources, such as natural gas systems, coal mining, and
petroleum systems are included in the industry economic sector. A portion of CO> from other process uses of
carbonates (from pollution control equipment installed in large industrial facilities) is also included in the
industry economic sector. Finally, all remaining CO2 emissions from non-energy uses of fossil fuels are assumed
to be industrial in nature (besides the lubricants for transportation vehicles specified above) and are attributed
to the industry economic sector.

The agriculture economic sector includes CO2 emissions from the combustion of fossil fuels that are based on
supplementary sources of agriculture fuel use data, because EIA includes agriculture equipment in the industrial
fuel-consuming sector. Agriculture fuel use estimates are obtained from U.S. Department of Agriculture survey
data, in combination with EIA Fuel Oil and Kerosene Sales (FOKS) data (EIA 1991 through 2022). Agricultural
operations are based on annual energy expense data from the Agricultural Resource Management Survey
(ARMS) conducted by the National Agricultural Statistics Service (NASS) of the USDA. NASS collects information
on farm production expenditures including expenditures on diesel fuel, gasoline, LP gas, natural gas, and
electricity use on the farm with the annual ARMS. A USDA publication (USDA/NASS 2023) shows national totals,
as well as selected States and ARMS production regions. These supplementary data are subtracted from the
industrial fuel use reported by EIA to obtain agriculture fuel use. Carbon dioxide emissions from fossil fuel
combustion, and CH4 and N20 emissions from stationary and mobile combustion, are then apportioned to the
agriculture economic sector based on agricultural fuel use.

The other IPCC Agriculture emission source categories apportioned to the agriculture economic sector include
N20 emissions from agricultural soils, CH4 from enteric fermentation, CHs and N20 from manure management,
CHa from rice cultivation, CO2 emissions from liming and urea application, and CHs and N20 from field burning of
agricultural residues.

The residential economic sector includes CO2 emissions from the combustion of fossil fuels that are included in
the EIA residential fuel-consuming sector. Stationary combustion emissions of CHs and N2O are also based on
the EIA residential fuel-consuming sector. Emissions of ODS substitutes are apportioned to the residential
economic sector based on emissions from residential air-conditioning systems. N.O emissions from the
application of fertilizers to developed land (termed “settlements” by the IPCC) are also included in the
residential economic sector.

The commercial economic sector includes CO2 emissions from the combustion of fossil fuels that are included in
the EIA commercial fuel-consuming sector. Emissions of CHs and N20O from mobile combustion are also
apportioned to the commercial economic sector based on the EIA commercial fuel-consuming sector. Emissions
of ODS substitutes are apportioned to the commercial economic sector based on emissions from commercial
refrigeration/air-conditioning systems. Public works sources, including direct CHz from municipal landfills, CHa
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from anaerobic digestion at biogas facilities, CHs and N20 from domestic wastewater treatment, and
composting, are also included in the commercial economic sector.

Emissions with Electricity Distributed to Economic Sectors

It is also useful to view greenhouse gas emissions from economic sectors with emissions related to electric power
distributed into end-use categories (i.e., emissions from the electric power sector are allocated to the economic
end-use sectors in which the electricity is used). For example, greenhouse gas emissions from some economic
sectors, i.e., commercial and residential and industry, increase substantially when indirect emissions from
electricity end-use are included, due to the relatively large share of electricity use by buildings (75 percent of the
electricity generated in the United States for heating, ventilation, and air conditioning; lighting; and appliances,
etc.)? and use of electricity for powering industrial machinery.

The generation, transmission, and distribution of electricity directly accounted for 24.9 percent of total U.S.
greenhouse gas emissions in 2022. Electric power-related emissions decreased by 16.1 percent since 1990 mainly
due to fuel switching in the electric power sector. From 2021 to 2022, electric power-related emissions decreased
by 0.4 percent. Between 2021 and 2022, the consumption of natural gas and petroleum for electric power
generation increased by 7.6 percent and 18.9 percent, respectively, while the consumption of coal decreased by
6.4 percent. Electric power-related emissions are still lower than pre-pandemic 2019 levels. Table 2-11 provides a
detailed summary of emissions from electric power-related activities.

From 2021 to 2022, electricity sales to the residential end-use sector increased by 2.6 percent. Electricity sales to
the commercial end-use and industrial sectors increased by 4.7 percent and 2.0 percent, respectively. Overall,
from 2021 to 2022, the amount of electricity retail sales (in kWh) increased by 3.2 percent.

Table 2-11: Electric Power-Related Greenhouse Gas Emissions (MMT CO: Eq.)

Gas/Fuel Type or Source 1990 2005 2018 2019 2020 2021 2022
CO,; 1,836.4 2,417.5 1,770.7 1,624.2 1,457.0 1,557.7 1,549.2
Fossil Fuel Combustion 1,820.0 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7
Coal 1,546.5 1,982.8 1,152.9 973.5 788.2 910.1 851.5
Natural Gas 175.4 318.9 577.9 616.6 634.8 612.8 659.3
Petroleum 97.5 98.0 22.2 16.2 16.2 17.7 20.5
Geothermal 0.5 0.5 0.4 0.4 0.4 0.4 0.4
Incineration of Waste 12.9 13.3 133 12.9 12.9 12.5 12.4
Other Process Uses of Carbonates 3.6 4.2 4.0 4.5 4.5 4.3 5.2
CH, 0.5 1.0 1.4 1.4 1.4 1.4 1.3
Stationary Sources? 0.5 1.0 1.4 1.4 1.4 1.4 13
Incineration of Waste + + + + + + +
N,O 18.6 27.1 22.1 19.1 17.9 19.4 21.9
Stationary Sources? 18.2 26.7 21.7 18.8 17.5 19.0 21.6
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3
SF¢ 24.7 11.8 5.0 6.1 5.9 6.0 5.1
Electrical Equipment 24.7 11.8 5.0 6.1 5.9 6.0 5.1
CF4 + + + + + + +
Electrical Equipment + + + + + + +
Total 1,880.2 2,457.4 1,799.2 1,650.8 1,482.2 1,584.4 1,577.5

+ Does not exceed 0.05 MMT CO; Eqg.

9 See https://www.nrel.gov/news/features/2023/nrel-researcher-reveal-how-buildings-across-the-united-states-do-and-could-
use-energy.html#:~:text=Buildings%20are%20responsible%20for%2040,buildings%20stock%20is%20also%20essential.
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aIncludes only stationary combustion emissions related to the generation of electricity.
Note: Totals may not sum due to independent rounding.

To distribute electricity emissions among economic end-use sectors, emissions from the source categories
assigned to the electric power sector were allocated to the residential, commercial, industry, transportation, and
agriculture economic sectors according to each economic sector’s share of retail sales of electricity (EIA 2020;
USDA/NASS 2023). These source categories include CO2 from fossil fuel combustion, CHs and N.O from stationary
combustion, incineration of waste, other process uses of carbonates, and SFs from electrical equipment. Note that
only 50 percent of the emissions from other process uses of carbonates were associated with electric power and
distributed as described; the remaining emissions from other process uses of carbonates were attributed to the
industry economic end-use sector.10

When emissions from electricity use are distributed among these economic end-use sectors, 2022 emissions from
industrial activities account for the largest share of total U.S. greenhouse gas emissions (29.5 percent), followed
closely by emissions from transportation (28.5 percent). Emissions from the commercial and residential sectors
also increase substantially when emissions from electricity are included (15.8 and 15.3 percent, respectively). In all
economic end-use sectors except agriculture, CO2 accounts for more than 78 percent of greenhouse gas emissions,
primarily from the combustion of fossil fuels. Table 2-12 presents a detailed breakdown of emissions from each of
these economic sectors, with emissions from electric power distributed to them. Figure 2-14 shows the trend in
these emissions by sector from 1990 to 2022.

Figure 2-14: U.S. Greenhouse Gas Emissions with Electricity-Related Emissions Distributed to
Economic Sectors
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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 2-12: U.S. Greenhouse Gas Emissions by Economic Sector and Gas with Electricity-
Related Emissions Distributed (MMT CO: Eq.) and Percent of Total in 2022

Emissions by Gas 1990 I 2005 I 2018 2019 2020 2021 2022  Percent?
Industry 2,397.3 2,302.9 2,017.1 1,974.8 1,823.5 1,877.8 1,872.9 29.5%
Direct Emissions 1,723.3 1,587.3 1,541.9 1,531.8 1,435.9 1,455.8 1,452.5 22.9%

10 Emissions were not distributed to U.S. Territories, since the electric power sector only includes emissions related to the
generation of electricity in the 50 states and the District of Columbia.
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CO; 1,173.8 1,136.4 1,110.7 1,118.3 1,036.9 1,071.1 1,080.8 17.0%
CHq4 413.3 371.2 352.2 337.7 3233 311.3 299.8 4.7%
N,O 35.7 29.8 30.3 26.0 27.6 26.8 23.6 0.4%
HFCs, PFCs, SFg and NF3 100.6 49.8 48.6 49.8 48.1 46.5 48.3 0.8%
Electricity-Related 674.0 715.6 475.3 443.0 387.6 422.0 420.3 6.6%
CO, 658.3 704.0 467.7 435.9 381.0 414.9 412.8 6.5%
CHq4 0.2 0.3 0.4 0.4 0.4 0.4 0.3 +%
N,O 6.7 7.9 5.8 5.1 4.7 5.2 5.8 0.1%
SFe 8.8 3.5 1.3 1.6 1.5 1.6 14 +%
Transportation 1,524.6 1,970.8 1,876.5 1,879.5 1,629.5 1,810.6 1,807.8 28.5%
Direct Emissions 1,521.4 1,965.9 1,871.6 1,874.6 1,625.3 1,805.5 1,801.5 28.4%
CO, 1,480.8 1,868.7 1,822.3 1,825.5 1,580.6 1,761.6 1,759.7 27.7%
CHq4 6.4 3.1 1.7 1.7 1.4 1.5 1.5 +%
N,O 34.3 31.0 12.1 13.4 10.7 11.2 10.7 0.2%
HFCsb + 63.1 35.5 34.0 32.5 31.2 29.6 0.5%
Electricity-Related 3.1 4.8 4.9 4.9 4.2 5.2 6.3 0.1%
CO, 3.1 4.8 4.8 49 4.1 5.1 6.2 0.1%
CHgq + + + + + + + +%
N,O + 0.1 0.1 0.1 0.1 0.1 0.1 +%
SFe + + + + + + + +%
Residential 958.0 1,247.7 1,035.9 984.0 919.5 958.0 973.5 15.3%
Direct Emissions 345.6 371.2 376.8 384.2 358.0 369.6 391.3 6.2%
CO, 338.6 358.9 338.9 342.9 314.8 318.0 334.1 5.3%
CH4 5.9 4.5 5.1 5.3 3.6 3.6 4.3 0.1%
N,O 0.9 0.8 0.8 0.8 0.6 0.6 0.7 +%
SFe 0.2 7.0 31.9 35.1 39.0 47.3 52.2 0.8%
Electricity-Related 612.4 876.5 659.1 599.7 561.5 588.4 582.2 9.2%
CO, 598.1 862.2 648.6 590.1 551.9 578.5 571.8 9.0%
CH4 0.2 0.3 0.5 0.5 0.5 0.5 0.5 +%
N,O 6.1 9.7 8.1 6.9 6.8 7.2 8.1 0.1%
SFe 8.0 4.2 1.8 2.2 2.2 2.2 1.9 +%
Commercial 1,002.5 1,241.1 1,074.3 1,030.5 931.5 976.8 1,002.6 15.8%
Direct Emissions 447.0 418.9 453.5 462.6 436.9 443.7 463.7 7.3%
CO, 228.3 227.1 246.3 251.7 229.3 237.5 258.7 4.1%
CH4 203.6 150.9 125.9 127.8 122.9 120.5 118.5 1.9%
N,O 15.1 19.4 22.8 23.2 23.9 23.7 23.6 0.4%
HFCs + 214 58.5 59.8 60.8 61.9 62.9 1.0%
Electricity-Related 555.5 822.2 620.8 567.8 494.6 533.2 539.0 8.5%
CO, 542.6 808.9 611.0 558.7 486.2 524.2 529.3 8.3%
CH4 0.1 0.3 0.5 0.5 0.5 0.5 0.4 +%
N,O 5.5 9.1 7.6 6.6 6.0 6.5 7.5 0.1%
SFe 7.3 4.0 1.7 2.1 2.0 2.0 1.7 +%
Agriculture 631.1 672.6 722.7 696.3 674.4 681.6 663.6 10.5%
Direct Emissions 595.9 634.3 683.5 661.0 640.0 645.9 634.0 10.0%
CO, 50.5 58.7 47.0 46.9 47.1 47.4 47.9 0.8%
CH4 241.9 264.6 285.2 280.4 282.6 282.0 277.0 4.4%
N,O 303.5 311.0 351.3 333.7 310.3 316.4 309.1 4.9%
Electricity-Related 35.2 38.3 39.2 35.2 34.4 35.7 29.7 0.5%
CO, 34.3 37.7 38.6 34.7 33.8 35.1 29.2 0.5%
CHq4 + + + + + + + +%
N,O 0.3 0.4 0.5 0.4 0.4 0.4 0.4 +%
SFe 0.5 0.2 0.1 0.1 0.1 0.1 0.1 +%
U.S. Territories 23.4 59.7 26.3 25.1 23.4 23.9 22.7 0.4%
Total Gross Emissions
(Sources) 6,536.9 7,494.6 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 100.0%
LULUCF Sector Net Total® (976.7) (907.7) (915.5) (863.6) (904.4) (910.6) (854.2) (13.5%)
Net Emissions (Sources
and Sinks) 5,560.2 6,586.9 5,837.3 5,726.6 5,097.4 5,418.2 5,489.0 86.5%
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+ Does not exceed 0.05 MMT CO; Eq. or 0.05 percent.

aPercent of total (gross) emissions excluding emissions from LULUCF for the year 2022.

b Includes primarily HFC-134a.

¢ The LULUCF sector net total is the net sum of all LULUCF CH, and N>O emissions to the atmosphere plus LULUCF net carbon

stock changes.

Notes: Total gross emissions are presented without LULUCF. Net emissions are presented with LULUCF. Emissions from
electric power are allocated based on aggregate electricity use in each end-use sector. Totals may not sum due to
independent rounding.

Industry

The industry economic sector includes CO2 emissions from fossil fuel combustion from all manufacturing facilities,
in aggregate, and with the distribution of electricity-related emissions (e.g., powering industrial machinery),
accounted for 29.5 percent of U.S. greenhouse gas emissions in 2022. This end-use sector also includes emissions
that are produced as a byproduct of the non-energy-related industrial process activities. The variety of activities
producing these non-energy-related emissions includes CHs emissions from petroleum and natural gas systems,
fugitive CHs4 and CO2 emissions from coal mining, byproduct CO2 emissions from cement production, and HFC, PFC,
SFs, and NF3 byproduct emissions from the electronics industry, to name a few.

Since 1990, industry sector emissions have declined by 21.9 percent. The decline has occurred both in direct
emissions and indirect emissions associated with electricity use. Structural changes within the U.S. economy that
led to shifts in industrial output away from energy-intensive manufacturing products to less energy-intensive
products (e.g., shifts from producing steel to computer equipment) have had a significant effect on industrial
emissions.

Transportation

When electricity-related emissions are distributed to economic end-use sectors, transportation activities
accounted for 28.5 percent of U.S. greenhouse gas emissions in 2022. The largest sources of transportation
greenhouse gas emissions in 2022 were light-duty trucks, which include sport utility vehicles, pickup trucks, and
minivans (36.5 percent); medium- and heavy-duty trucks (22.9 percent); passenger cars (20.4 percent); commercial
aircraft (7.2 percent); pipelines (3.8 percent); ships and boats (2.8 percent); other aircraft (2.0 percent), and rail
(2.0 percent). These figures include direct CO2, CHa, and N20 emissions from fossil fuel combustion used in
transportation, indirect emissions from electricity use, and emissions from non-energy use (i.e., lubricants) used in
transportation, as well as HFC emissions from mobile air conditioners and refrigerated transport allocated to these
vehicle types.

From 1990 to 2022, total transportation emissions from fossil fuel combustion increased by 19.4 percent due, in
large part, to increased demand for travel. From 2021 to 2022, emissions decreased by 0.1 percent. Vehicle miles
traveled (VMT) by light-duty motor vehicles (passenger cars and light-duty trucks) increased by 46.7 percent from
1990 to 2022 as a result of a confluence of factors including population growth, economic growth, urban sprawl,
and periods of low fuel prices. The primary driver of transportation-related emissions was CO2 from fossil fuel
combustion, which increased by 19.4 percent from 1990 to 2022 when including electricity. This rise in CO2
emissions, combined with an increase in HFCs from close to zero emissions in 1990 to 29.6 MMT CO: Eq. in 2022,
led to an increase in overall greenhouse gas emissions from transportation activities of 18.6 percent.

The decline in new light-duty vehicle fuel economy between 1990 and 2004 reflected the increasing market share
of light-duty trucks, which grew from approximately 29.6 percent of new vehicle sales in 1990 to 48.0 percent in
2004. Starting in 2005, average new vehicle fuel economy began to increase while light-duty VMT grew only
modestly between 2005 and 2013. Light-duty VMT grew by less than one percent or declined each year between
2005 and 2013, then grew at a faster rate until 2016 (2.6 percent from 2014 to 2015, and 2.5 percent from 2015 to
2016). Since 2016, the rate of light-duty VMT growth has slowed to one percent or less each year. Average new
vehicle fuel economy has increased almost every year since 2005, while light-duty truck market share decreased to
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33.0 percent in 2009 and has since varied from year to year between 35.6 and 63.1 percent. Light-duty truck
market share was about 63.1 percent of new vehicles in model year 2022 (EPA 2023b).

Table 2-13 provides a detailed summary of greenhouse gas emissions from transportation-related activities with
electricity-related emissions included in the totals. Historically, the majority of electricity use in the transportation
sector was for rail transport. However, more recently there has been increased electricity use in on-road electric
and plug-in hybrid vehicles. Despite this increase, almost all of the energy used for transportation was supplied by
petroleum-based products, with more than half being related to gasoline consumption in automobiles and other
highway vehicles. Other fuel uses, especially diesel fuel for freight trucks and jet fuel for aircraft, accounted for the
remainder. Indirect emissions from electricity are less than 1 percent of direct emissions in the transportation
sector. For a more detailed breakout of emissions by fuel type by vehicle see Table A-93 in Annex 3.

Figure 2-15: Trends in Transportation-Related Greenhouse Gas Emissions
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Table 2-13: Transportation-Related Greenhouse Gas Emissions (MMT CO; Eq.)
Gas/Vehicle Type 1990 2005 2018 2019 2020 2021 2022
Passenger Cars 648.4 564.4 398.7 395.5 341.7 374.2 369.5
CO, 622.2 521.1 386.5 384.2 3319 365.0 361.0
CH4 3.8 1.2 0.3 0.3 0.3 0.3 0.2
N,O 22.5 13.3 2.5 2.6 2.0 1.9 1.7
HFCs 0.0 28.8 9.4 8.4 7.6 7.0 6.6
Light-Duty Trucks 302.4 659.3 720.6 711.7 615.3 671.7 660.2
CO, 292.1 614.0 699.0 690.1 596.2 654.0 644.5
CH4 1.5 1.0 0.6 0.6 0.5 0.5 0.5
N,O 8.7 14.0 4.6 5.6 4.4 4.2 3.8
HFCs 0.0 30.2 16.4 15.4 14.2 13.0 11.4
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Medium- and Heavy-Duty Trucks 234.5 391.0 406.5 409.3 386.7 417.0 413.1
CO, 233.1 386.2 397.9 400.3 377.8 407.7 403.6
CH4 0.5 0.2 0.1 0.1 0.1 0.1 0.1
N,O 1.0 1.5 2.8 3.0 2.7 3.0 3.1
HFCs 0.0 3.2 5.6 5.8 6.1 6.3 6.3

Buses 13.3 17.8 24.9 25.3 24.0 26.1 26.3
CO, 13.2 17.5 24.3 24.7 23.4 25.6 25.7
CH4 + + + + + + +
N,O 0.1 0.1 0.2 0.2 0.2 0.2 0.2
HFCs 0.0 0.2 0.4 0.4 0.4 0.4 0.4

Motorcycles 34 5.0 7.4 7.5 6.7 7.5 7.6
CO, 3.4 49 7.3 7.4 6.6 7.4 7.4
CHq4 + + + + + + +
N,O + + 0.1 0.1 0.1 0.1 0.1

Commercial Aircraft? 110.8 133.8 130.7 137.8 92.0 120.0 130.8
CO, 109.9 132.7 129.6 136.7 91.3 119.0 129.7
CH4 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N,O 0.9 1.1 11 1.1 0.7 1.0 1.1

Other Aircraft? 78.0 59.5 44.6 45.6 31.0 35.5 37.0
CO, 77.3 59.0 44.2 45.2 30.7 35.1 36.7
CH4 0.1 0.1 + + + + +
N20 0.6 0.5 0.4 0.4 0.2 0.3 0.3

Ships and Boats® 47.0 45.5 41.1 40.0 32.2 50.7 49.9
CO, 46.3 443 36.9 35.5 27.5 45.4 44.4
CH4 0.4 0.5 0.5 0.4 0.4 0.5 0.5
N,O 0.2 0.2 0.2 0.2 0.1 0.3 0.3
HFCs 0.0 0.5 3.6 3.9 4.2 4.5 4.8

Rail 39.0 51.4 42,5 39.7 34.2 35.5 35.6
CO, 38.5 50.8 41.9 39.1 33.7 34.9 35.0
CH4 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N,O 0.3 0.4 0.3 0.3 0.3 0.3 0.3
HFCs 0.0 0.1 0.1 0.1 0.1 0.1 0.1
Other Emissions from Electric

Powerd 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Pipelines® 36.0 32.8 50.3 58.3 58.0 64.4 69.3
CO, 36.0 32.8 50.3 58.3 58.0 64.4 69.3

Lubricants 11.8 10.2 9.2 8.8 7.8 8.0 8.4
CO, 11.8 10.2 9.2 8.8 7.8 8.0 8.4

Total Transportation 1,524.6 1,970.8 1,876.5 1,879.5 1,629.5 1,810.6 1,807.8

International Bunker Fuelsf 54.7 44.6 32.4 26.2 22.7 22.7 25.3

Ethanol CO9 4.1 21.6 78.6 78.7 68.1 75.4 75.0

Biodiesel CO9 0.0 0.9 17.9 17.1 17.7 16.1 15.6

+ Does not exceed 0.05 MMT CO; Eq.

a Consists of emissions from jet fuel consumed by domestic operations of commercial aircraft (no bunkers).
b Consists of emissions from jet fuel and aviation gasoline consumption by general aviation and military aircraft.
¢ Fluctuations in emission estimates are associated with fluctuations in reported fuel consumption and may reflect issues with

data sources.

d Other emissions from electric power are a result of waste incineration (as the majority of MSW is combusted in “trash-to-
steam” electric power plants), electrical equipment, and a portion of other process uses of carbonates (from pollution

control equipment installed in electric power plants).

€ CO; estimates reflect natural gas used to power pipelines, but not electricity. While the operation of pipelines produces CH,4
and N,O, these emissions are not directly attributed to pipelines in the Inventory.
f Emissions from International Bunker Fuels include emissions from both civilian and military activities; these emissions are

not included in the transportation totals.
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g Ethanol and biodiesel CO, estimates are presented for informational purposes only. See Section 3.11 and the estimates in
LULUCF (see Chapter 6), in line with IPCC methodological guidance and reporting obligations under the Paris Agreement and
the UNFCCC, for more information on ethanol and biodiesel.

Notes: Passenger cars and light-duty trucks include vehicles typically used for personal travel and less than 8,500 Ibs;
medium- and heavy-duty trucks include vehicles larger than 8,500 Ibs. HFC emissions primarily reflect HFC-134a. Totals may
not sum due to independent rounding.

Residential

The residential end-use sector, including electricity-related emissions, accounted for 15.3 percent of U.S.
greenhouse gas emissions in 2022. This sector is heavily reliant on electricity for meeting energy needs, with
electricity use for building-related activities like lighting, heating, air conditioning, and operating appliances. The
remaining emissions were largely due to the direct consumption of natural gas and petroleum products, primarily
for heating and cooking needs. Emissions from the residential sector have generally been increasing since 1990,
and annual variations are often correlated with short-term fluctuations in energy use caused by weather
conditions, rather than prevailing economic conditions. In the long term, the residential sector is also affected by
population growth, migration trends toward warmer areas, and changes in housing and building attributes (e.g.,
larger sizes and improved insulation). A shift toward energy-efficient products and more stringent energy
efficiency standards for household equipment has also contributed to recent trends in energy demand in
households.

Commercial

The commercial end-use sector, including electricity-related emissions, accounted for 15.8 percent of U.S.
greenhouse gas emissions in 2022. Like the residential sector it is heavily reliant on electricity for meeting energy
needs, with electricity use for building-related activities like lighting, heating, air conditioning, and operating
appliances. The remaining emissions were largely due to the direct consumption of natural gas and petroleum
products, primarily for heating and cooking needs. Energy-related emissions from the commercial sector have
generally been increasing since 1990, and annual variations are often correlated with short-term fluctuations in
energy use caused by weather conditions, rather than prevailing economic conditions. Decreases in energy-related
emissions in the commercial sector in recent years can be largely attributed to an overall reduction in energy use
driven by a reduction in heating degree days and increases in energy efficiency.

Municipal landfills and wastewater treatment are included in the commercial sector, with landfill emissions
decreasing since 1990 and wastewater treatment emissions increasing slightly.

Agriculture

The agriculture end-use sector accounted for 10.5 percent of U.S. greenhouse gas emissions in 2022 when
electricity-related emissions are distributed, and includes a variety of processes, including enteric fermentation in
domestic livestock, livestock manure management, and agricultural soil management. In 2022, agricultural soil
management was the largest source of N20O emissions, and enteric fermentation was the largest source of CHs
emissions in the United States. This sector also includes small amounts of CO2 emissions from fossil fuel
combustion by motorized farm equipment such as tractors. Indirect emissions from electricity use in agricultural
activities (e.g., powering buildings and equipment) are about 5 percent of direct emissions.

Box 2-2: Trends in Various U.S. Greenhouse Gas Emissions-Related Data

Total (gross) greenhouse gas emissions can be compared to other economic and social indices to highlight
changes over time. These comparisons include: (1) aggregate energy use, because energy-related activities are
the largest sources of emissions; (2) energy use per capita as a measure of efficiency; (3) emissions per unit of
total gross domestic product as a measure of national economic activity; and (4) emissions per capita.
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Table 2-14 provides data on various statistics related to U.S. greenhouse gas emissions normalized to 1990 as a
baseline year. These values represent the relative change in each statistic since 1990. Greenhouse gas emissions
in the United States have decreased at an average annual rate of 0.1 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,
overall gross domestic product (GDP) and national population (see Table 2-14 and Figure 2-16). The direction of
these trends started to change after 2005, when greenhouse gas emissions, total energy use and associated
fossil fuel consumption began to peak. Greenhouse gas emissions in the United States have decreased at an
average annual rate of 0.9 percent since 2005. Since 2005, GDP, and national population, generally continued to
increase, and energy use has decreased slightly, noting 2020 was impacted by the COVID-19 pandemic.

Table 2-14: Recent Trends in Various U.S. Data (Index 1990 = 100)

Avg. Annual Avg. Annual

Change Change

Variable 1990 2005 2018 2019 2020 2021 2022 Since 1990 Since 20052
Greenhouse Gas

Emissions? 100 115 103 101 92 97 97 -0.1% -0.9%

Energy Use¢ 100 119 118 117 107 113 115 0.5% -0.2%

GDpPd 100 159 201 206 201 213 217 2.5% 1.9%

Population® 100 118 130 131 132 132 133 0.9% 0.7%

a Average annual growth rate.

b Gross total GWP-weighted values.

¢ Energy-content-weighted values (EIA 2024).
d GDP in chained 2017 dollars (BEA 2024).

e U.S. Census Bureau (2024).

Figure 2-16: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Domestic
Product
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Source: BEA (2024), U.S. Census Bureau (2024), and gross emission estimates in this report.

Trends 2-41



2.3 Precursor Greenhouse Gas Emissions
(CO, NO,, NMVOCs, and SO,)

The reporting requirements of the Paris Agreement and the UNFCCC! request that information be provided on
emissions of compounds that are precursors to greenhouse gases, which include carbon monoxide (CO), nitrogen
oxides (NOx), non-methane volatile organic compounds (NMVOCs), and sulfur dioxide (SO2). 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 nitrogen oxides (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 (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 the United States, SO: is primarily emitted from coal combustion for electric power generation and the
metals industry.

As noted above and summarized in Chapter 6 of IPCC (2021), these compounds can have important indirect effects
on Earth’s radiative balance. For example, reactions between NMVOCs and NOx in the presence of sunlight lead to
formation of tropospheric ozone, a greenhouse gas. Concentrations of NMVOCs, NOx, and CO can also impact the
abundance and lifetime of primary greenhouse gases. This largely occurs by altering the atmospheric
concentrations of the hydroxyl radical (OH), which is the main sink for atmospheric CHa. For example, NOx
emissions can lead to increases in Oz concentrations and subsequent OH production, which will increase the
amount of OH molecules that are available to destroy CHa. In contrast, NMVOCs and CO can both react directly
with OH, leading to lower OH concentrations, a longer atmospheric lifetime of CHs4, and a decrease in CO2
production (i.e., CO+OH-> COz). Changes in atmospheric CHs can also feedback on background concentrations of
tropospheric Os. 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.

Since 1970, the United States has published triennial estimates of emissions of CO, NOx, NMVOCs, and SO (EPA
2023a), which are regulated under the Clean Air Act. Emissions of each of these precursor greenhouse gases has
decreased significantly since 1990 as a result of implementation of Clean Air Act programs, as well as technological
improvements.12 Precursor emission estimates for this report for 1990 through 2022 were obtained from data
published on EPA’s National Emissions Inventory (NEI) Air Pollutants Emissions Trends Data website (EPA 2023a).
For Table 2-15, NEl-reported emissions of CO, NOy, SOz, and NMVOCs are recategorized from NEI Emissions
Inventory System (EIS) source categories to those more closely aligned with reporting sectors and categories under
the Paris Agreement and the UNFCCC, based on the crosswalk detailed in Annex 6.3. Table 2-15 shows that fuel
combustion accounts for the majority of emissions of these precursors. 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. Precursor emissions from Agriculture and LULUCF categories are
estimated separately and therefore are not taken from EPA (2023a).

11 see paragraph 51 of Annex to 18/CMA.1 available online at:

https://unfccc.int/sites/default/files/resource/CMA2018 03a02E.pdf.

12 More information is available online at: https://www.epa.gov/clean-air-act-overview/progress-cleaning-air-and-improving-
peoples-health and https://gispub.epa.gov/neireport/2017/.
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Table 2-15: Emissions of NOx, CO, NMVOCs, and SO (kt)

Gas/Activity 1990 2005 2018 2019 2020 2021 2022
NO 22,896 19,754 8,064 7,639 6,879 6,996 6,589
Energy 21,966 18,863 7,384 7,048 6,235 6,308 5,964
IPPU 774 672 461 440 393 403 389
Agriculture 16 18 17 18 17 18 19
LULUCF 56 149 130 61 158 190 142
Waste 84 51 73 73 76 76 75
co 133,549 76,691 38,656 36,234 38,911 41,677 38,853
Energy 124,713 64,455 30,760 30,349 28,427 28,845 28,173
IPPU 4,099 1,701 1,022 1,011 855 902 897
Agriculture 407 480 433 468 446 480 501
LULUCF 3,301 8,877 5,259 3,224 7,841 10,107 7,939
Waste 1,028 1,178 1,182 1,182 1,342 1,343 1,343
NMVOCs 20,918 12,708 8,987 8,804 9,040 9,454 9,325
Energy 13,067 8,694 5,506 5,444 5,306 5,568 5,442
IPPU 6,982 3,668 3,119 2,996 3,366 3,508 3,505
Agriculture + 194 206 208 196 206 206
LULUCF NA NA NA NA NA NA NA
Waste 870 152 156 157 173 172 172
SO, 20,924 13,108 2,001 1,676 1,471 1,621 1,522
Energy 19,400 12,312 1,643 1,344 1,173 1,315 1,229
IPPU 1,488 776 335 309 266 274 261
Agriculture + 0 0 0 + + +
LULUCF NA NA NA NA NA NA NA
Waste 36 20 23 23 33 32 31

+ Does not exceed 0.5 kt.
NA (Not Available)

Note: Totals by gas may not sum due to independent rounding.
Source: (EPA 2023a) except for estimates from forest fires, grassland fires, and field burning of agricultural residues. Emission
categories from EPA (2023a) are aggregated into sectors and categories reported under the Paris Agreement and the
UNFCCC as shown in Table ES-3.
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3. Energy

Energy-related activities were the primary sources of U.S. anthropogenic greenhouse gas emissions, accounting for
82.0 percent of total gross greenhouse gas emissions on a carbon dioxide (CO2) equivalent basis in 2022.1 This
included 96.5, 40.2, and 10.8 percent of the nation’s CO2, methane (CHa), and nitrous oxide (N20) emissions,
respectively.? Energy-related CO2 emissions alone constituted 76.9 percent of total gross U.S. greenhouse gas
emissions from all sources on a COz-equivalent basis, while the non-CO2 emissions from energy-related activities
represented a much smaller portion of total gross national emissions (5.1 percent collectively).

Emissions from fossil fuel combustion contribute the vast majority of energy-related emissions, with CO2 being the
primary gas emitted (see Figure 3-1 and Figure 3-2). Globally, approximately 33,500 million metric tons (MMT) of
CO:2 were added to the atmosphere through the combustion of fossil fuels in 2022, of which the United States
accounted for approximately 14 percent.3 Due to their relative importance over time (see Figure 3-2), fossil fuel
combustion-related CO2 emissions are considered in more detail than other energy-related emissions in this report
(see Figure 3-3).

Fossil fuel combustion also emits CH4 and N20. Stationary combustion of fossil fuels was the second largest source
of N20 emissions in the United States and mobile fossil fuel combustion was the fifth largest source. Energy-related
activities other than fuel combustion, such as the production, transmission, storage, and distribution of fossil fuels,
also emit greenhouse gases. These emissions consist primarily of fugitive CH4 emissions from natural gas systems,
coal mining, and petroleum systems.

1 Estimates are presented in units of million metric tons of carbon dioxide equivalent (MMT CO; Eq.), which weight each gas by
its global warming potential, or GWP, value. See section on global warming potentials in the Executive Summary.

2 The contribution of energy non-CO; emissions is based on gross totals so excludes LULUCF methane (CH4) and nitrous oxide
(N20) emissions. The contribution of energy-related methane (CH,) and (N;0) including LULUCF non-CO; emissions, is 37.1
percent and 9.8 percent respectively.

3 Global CO, emissions from fossil fuel combustion were taken from International Energy Agency Global energy-related CO;
emissions, 2022. Available at: https://www.iea.org/reports/co2-emissions-in-2022 (IEA 2022).
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Figure 3-1: 2022 Energy Sector Greenhouse Gas Sources
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Figure 3-2: Trends in Energy Sector Greenhouse Gas Sources
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Figure 3-3: 2022 U.S. Fossil Carbon Flows (MMT CO:; Eq.)
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Table 3-1 summarizes emissions from the Energy sector in units of MMT CO:2 Eq., while unweighted gas emissions
in kilotons (kt) are provided in Table 3-2. Overall, emissions due to energy-related activities were 5,199.8 MMT CO:
Eq. in 2022,% a decrease of 3.4 percent since 1990 and an increase of 0.5 percent since 2021. The increase in
emissions in 2021 and 2022 was due to continued rebounding activity levels after the coronavirus (COVID-19)
pandemic reduced overall demand for fossil fuels across all sectors in 2020. Longer term trends are driven by a
number of factors including a shift from coal to natural gas and renewables in the electric power sector.

Table 3-1: CO,, CHs, and N2O Emissions from Energy (MMT CO: Eq.)

Gas/Source 1990 2005 2018 2019 2020 2021 2022
CO; 4,910.9 5,923.1 5,190.6 5,059.1 4,520.2 4,840.7 4,875.5
Fossil Fuel Combustion 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Transportation 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3
Electricity Generation 1,820.0 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7
Industrial 876.5 847.6 810.5 809.8 762.0 780.5 801.1
Residential 338.6 358.9 338.9 342.9 314.8 318.0 334.1
Commercial 228.3 227.1 246.3 251.7 229.3 237.5 258.7
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6
Non-Energy Use of Fuels 99.1 125.0 118.4 106.5 97.8 111.6 102.8
Natural Gas Systems 32.4 26.3 32.8 38.5 36.7 35.8 36.5
Petroleum Systems 9.6 10.2 34.8 45.5 28.9 24.1 22.0
Incineration of Waste 12.9 13.3 13.3 12.9 12.9 12.5 12.4
Coal Mining 4.6 4.2 3.1 3.0 2.2 2.5 2.5
Abandoned Oil and Gas Wells + + + + + + +
Biomass-Wood® 215.2 206.9 220.0 217.7 190.6 192.5 195.3
International Bunker Fuelst 103.6 113.3 124.3 113.6 69.6 80.2 98.2
Biofuels-Ethanol® 4.2 22.9 81.9 82.6 71.8 79.1 79.6

4 Following the current reporting requirements under the UNFCCC, this Inventory report presents CO, equivalent values based
on the IPCC Fifth Assessment Report (AR5) GWP values. See Chapter 1, Introduction for more information.
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Gas/Source 1990 2005 2018 2019 2020 2021 2022
Biofuels-Biodiesel® 0.0 0.9 17.9 17.1 17.7 16.1 15.6
Biomass-MSWe 18.5 14.7 16.1 15.7 15.6 15.3 14.9

CH, 409.0 358.5 336.2 321.7 305.3 293.3 282.4
Natural Gas Systems 218.8 210.1 190.3 188.7 180.3 174.6 173.1
Coal Mining 108.1 71.5 59.1 53.0 46.2 44.7 43.6
Petroleum Systems 49.4 48.2 59.0 52.2 53.3 48.6 39.6
Stationary Combustion 9.7 8.8 9.6 9.8 8.0 8.0 8.6
Abandoned Oil and Gas Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5
Abandoned Underground Coal 8.1 7.4 6.9 6.6 6.5 6.3 6.3

Mines
Mobile Combustion 7.2 43 2.8 2.9 2.5 2.6 2.6
Incineration of Waste + + + + + + +
International Bunker Fuels? 0.2 0.1 0.1 0.1 0.1 0.1 0.1

N,O 61.2 67.9 43.2 41.6 371 39.2 41.9
Stationary Combustion 22.3 30.5 25.1 22.2 20.5 22.0 24.7
Mobile Combustion 38.4 37.0 17.7 19.1 16.1 16.8 16.7
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3
Natural Gas Systems + + + + + + 0.2
Petroleum Systems + + + + + + +
International Bunker Fuels® 0.8 0.9 1.0 0.9 0.5 0.6 0.8

Total 5,381.0 6,349.5 5,570.0 5,422.4 4,862.6 5,173.3 5,199.8

+ Does not exceed 0.05 MMT CO; Eq.

a Emissions from biomass and biofuel 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.

b Emissions from international bunker fuels are not included in totals. These values are presented for informational
purposes only, in line with the 2006 IPCC Guidelines and Paris Agreement and UNFCCC reporting obligations.

Note: Totals may not sum due to independent rounding.

Table 3-2: CO,, CHs, and N2O Emissions from Energy (kt)

Gas/Source 1990 2005 2018 2019 2020 2021 2022
CO; 4,910,861 | 5,923,075 || 5,190,611 5,059,075 4,520,249 4,840,748 4,875,487
Fossil Fuel Combustion 4,752,232 || 5,744,134 || 4,988,198 4,852,631 4,341,710 4,654,265 4,699,403
Non-Energy Use of Fuels 99,104 124,988 118,382 106,474 97,757 111,624 102,808
Natural Gas Systems 32,427 26,312 32,768 38,525 36,719 35,780 36,470
Petroleum Systems 9,585 10,210 34,777 45,498 28,937 24,140 21,967
Incineration of Waste 12,900 13,254 13,339 12,948 12,921 12,476 12,357
Coal Mining 4,606 4,169 3,139 2,992 2,197 2,455 2,474
Abandoned Oil and Gas Wells 7 7 8 8 8 8 8
Biomass-Wood? 215,186 206,901 220,003 217,690 190,554 192,509 195,338
International Bunker Fuelst 103,634 113,328 124,279 113,632 69,638 80,180 98,241
Biofuels-Ethanol® 4,227 22,943 81,917 82,578 71,848 79,064 79,593
Biofuels-Biodiesel® 0 856 17,936 17,080 17,678 16,112 15,622
Biomass-MSW@ 18,534 14,722 16,115 15,709 15,614 15,329 14,864
CH, 14,607 12,804 12,007 11,490 10,903 10,476 10,084
Natural Gas Systems 7,813 7,505 6,795 6,741 6,439 6,235 6,183
Coal Mining 3,860 2,552 2,110 1,892 1,648 1,595 1,558
Petroleum Systems 1,765 1,723 2,108 1,865 1,904 1,737 1,415
Stationary Combustion 345 313 344 351 285 286 307
Abandoned Oil and Gas Wells 279 294 301 302 303 306 303
Abandoned Underground 288 264 247 237 232 224 225
Coal Mines
Mobile Combustion 258 154 101 102 91 92 93
Incineration of Waste & & & T F F T
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Gas/Source 1990 2005 2018 2019 2020 2021 2022

International Bunker Fuels? 7 5 4 4 3 3 3
N,O 231 256 163 157 140 148 158
Stationary Combustion 84 115 95 84 78 83 93
Mobile Combustion 145 140 67 72 61 63 63
Incineration of Waste 2 1 1 1 1 1 1
Natural Gas Systems + + + + + + 0.6
Petroleum Systems + + + + + + +
International Bunker Fuels® 3 3 4 3 2 2 3

+ Does not exceed 0.5 kt.

a Emissions from biomass and biofuel 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.

bEmissions from international bunker fuels are not included in totals. These values are presented for informational
purposes only, in line with the 2006 IPCC Guidelines and UNFCCC reporting obligations.

Note: Totals by gas may not sum due to independent rounding.

Emissions estimates reported in the Energy chapter from fossil fuel combustion and fugitive sources include those
from all 50 states, including Hawaii and Alaska, and the District of Columbia. Emissions are also included from U.S.
Territories to the extent they are known to occur (e.g., coal mining does not occur in U.S. Territories). For some
sources there is a lack of detailed information on U.S. Territories including some non-COz emissions from biomass
combustion. As part of continuous improvement efforts, EPA reviews this on an ongoing basis to ensure emission
sources are included across all geographic areas including U.S. Territories if they are occurring. See Annex 5 for
more information on EPA’s assessment of the sources not included in this Inventory.

Each year, some emission and sink estimates in the Inventory are recalculated and revised with improved methods
and/or data. In general, recalculations are made to the U.S. greenhouse gas emission estimates either to
incorporate new methodologies or, most commonly, to update recent historical data. These improvements are
implemented consistently across the previous Inventory’s time series (i.e., 1990 to 2021) to ensure that the trend
is accurate. Key updates in this year’s Inventory include, updated methodologies for completion and workover
emissions estimates and transmission compressor station activity from both natural gas systems and petroleum
systems, a shift of all product supplied of natural gasoline and unfinished oils to crude oil transfers for the time
series and changes to the non-energy use of fossil fuel methodology (e.g., updates to some of the data and
updated methodology for the amount of NEU HGLs). The impact of these recalculations averaged a decrease of 0.2
MMT CO:2 Eqg. (less than 0.1 percent) per year across the time series. For more information on specific
methodological updates, please see the Recalculations Discussion section for each category in this chapter.

Box 3-1: Methodological Approach for Estimating and Reporting U.S. Emissions and

Removals, including Relationship to EPA’s Greenhouse Gas Reporting Program

Consistent with Article 13.7(a) of the Paris Agreement and Article 4.1(a) of the UNFCCC as well as relevant
decisions under those agreements, the emissions and removals presented in this report and this chapter are
organized by source and sink categories and calculated using internationally accepted methods in the 2006 IPCC
Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines). Additionally, the calculated
emissions and removals in a given year for the United States are presented in a common format in line with the
reporting guidelines for the reporting of inventories under the Paris Agreement and the UNFCCC. The Parties’
use of consistent methods to calculate emissions and removals for their inventories helps to ensure that these
reports are comparable. The presentation of emissions and removals provided in the Energy chapter do not
preclude alternative examinations (e.g., economic sectors). Rather, this chapter presents emissions and
removals in a common format consistent with how Parties are to report their national inventories under the
Paris Agreement and the UNFCCC. The report itself, and this chapter, follows this common format, and provides
an explanation of the application of methods used to calculate emissions and removals from energy-related
activities.

Energy Data from EPA’s Greenhouse Gas Reporting Program
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EPA’s Greenhouse Gas Reporting Program (GHGRP)> dataset and the data presented in this Inventory are
complementary. The Inventory was used to guide the development of the GHGRP, particularly in terms of scope
and coverage of both sources and gases. The GHGRP dataset continues to be an important resource for the
Inventory, providing not only annual emissions information, but also other annual information, such as activity
data and emission factors that can improve and refine national emission estimates and trends over time. GHGRP
data also allow EPA to disaggregate national inventory estimates in new ways that can highlight differences
across regions and sub-categories of emissions, along with enhancing application of QA/QC procedures and
assessment of uncertainties.

EPA uses annual GHGRP data in a number of Energy sector categories to improve the national estimates
presented in this Inventory consistent with IPCC guidelines (see Box 3-3 of this chapter, and Sections 3.3
Incineration of Waste, 3.4 Coal Mining, 3.6 Petroleum Systems, and 3.7 Natural Gas Systems).® Methodologies
used in EPA’s GHGRP are consistent with IPCC guidelines, including higher tier methods. Under EPA’s GHGRP,
facilities collect detailed information specific to their operations according to detailed measurement standards.
It should be noted that the definitions and provisions for reporting fuel types in EPA’s GHGRP may differ from
those used in the Inventory in meeting the Paris Agreement and UNFCCC reporting guidelines. In line with the
Paris Agreement and UNFCCC reporting guidelines, the Inventory report is a comprehensive accounting of all
emissions from fuel types identified in the IPCC guidelines and provides a separate reporting of emissions from
biomass.

In addition to using GHGRP data to estimate emissions (Sections 3.3 Incineration of Waste, 3.4 Coal Mining, 3.6
Petroleum Systems, and 3.7 Natural Gas Systems), EPA also uses the GHGRP fuel consumption activity data in
the Energy sector to disaggregate industrial end-use sector emissions in the category of CO2 emissions from
fossil fuel combustion, for use in reporting emissions in Common Reporting Tables (CRTs) (see Box 3-3). The
industrial end-use sector activity data collected for the Inventory (EIA 2024) represent aggregated data for the
industrial end-use sector. EPA’s GHGRP collects industrial fuel consumption activity data by individual categories
within the industrial end-use sector. Therefore, GHGRP data are used to provide a more detailed breakout of
total emissions in the industrial end-use sector within that source category.

As indicated in the respective Planned Improvements sections for source categories in this chapter, EPA
continues to examine the uses of facility-level GHGRP data to improve the national estimates presented in this
Inventory. See Annex 9 for more information on use of EPA’s GHGRP in the Inventory.

3.1 Fossil Fuel Combustion (CRT Source
Category 1A)

Emissions from the combustion of fossil fuels for energy include the greenhouse gases CO2, CHs, and N20. Given
that CO2 is the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total
emissions, CO2 emissions from fossil fuel combustion are discussed at the beginning of this section. An overview of
CHa and N20 emissions from the combustion of fuels in stationary sources is then presented, followed by fossil fuel

5 On October 30, 2009, the U.S. Environmental Protection Agency (EPA) published a rule requiring annual reporting of
greenhouse gas data from large greenhouse gas emission sources in the United States. Implementation of the rule, codified at
40 CFR Part 98, is referred to as EPA’s Greenhouse Gas Reporting Program (GHGRP).

6 See http://www.ipcc-nggip.iges.or.jp/public/tb/TFl Technical Bulletin 1.pdf.
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combustion emissions for all three gases by sector: electric power, industrial, residential, commercial, U.S.
Territories, and transportation.

Methodologies for estimating CO2 emissions from fossil fuel combustion differ from the estimation of CHs and N20
emissions from stationary combustion and mobile combustion. Thus, three separate descriptions of
methodologies, uncertainties, recalculations, and planned improvements are provided at the end of this section.
Total CO2, CH4, and N20 emissions from fossil fuel combustion are presented in Table 3-3 and Table 3-4.

Table 3-3: CO,, CHs, and N>O Emissions from Fossil Fuel Combustion (MMT CO: Eq.)

Gas 1990 2005 2018 2019 2020 2021 2022
CO; 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
CHg 16.9 131 125 12.7 10.5 10.6 11.2
N20 60.8 67.6 42.8 41.2 36.7 38.9 414
Total 4,829.9 5,824.8 5,043.4 4,906.6 4,388.9 4,703.7 4,752.0

Note: Totals may not sum due to independent rounding.

Table 3-4: CO;, CHs, and N20 Emissions from Fossil Fuel Combustion (kt)

Gas 1990 I 2005 2018 2019 2020 2021 2022
CO; 4,752,232 || 5,744,134 || 4,988,198 4,852,631 4,341,710 4,654,265 4,699,403
CHy 602 467 445 453 376 379 401
N20 229 255 161 156 138 147 156

CO: from Fossil Fuel Combustion

Carbon dioxide is the primary gas emitted from fossil fuel combustion and represen