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LULUCF Emissions " 59.1 71.8 63.2 82.6 81.0 68.6 60.6 2.6%

CH. 54.4 60.9 56.1 69.0 67.8 59.6 54.7 0.5%

N,O 4.7 10.9 7.0 13.7 13.1 9.0 59  26.7%
LULUCF Carbon Stock Change®  (1,096.9) | (1,040.7) (982.6) (1,034.2) (1,043.8) (973.9) (1,000.5)  -8.8%
LULUCF Sector Net Total ¢ (1,037.9)] (968.9)] (919.4) (951.6) (962.9) (905.3) (939.9)  -9.4%

Net Emissions (Sources and
Sinks) 5,500.4/| 6,536.4| 5,678.0 5,054.2 5,371.0 5,438.7 5,257.4 -4.4%

@ Gross emissions totals do not include CH4 and N2O emissions from Land Use, Land-Use Change, and Forestry (LULUCF).
LULUCF CHa4 and N0 emissions are included in net emission totals.

® LULUCF emissions subtotal of CHs and N2O are reported separately from gross emissions totals. LULUCF emissions include
the CH4 and N2O emissions reported for peatlands remaining peatlands, forest fires, drained organic soils, grassland fires, and
coastal wetlands remaining coastal wetlands; CH4 emissions from land converted to coastal wetlands, flooded land remaining
flooded land, and land converted to flooded land; and N2O 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.

4 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 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 Net and 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 of the 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
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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 2022) to ensure that
the trend is accurate.

Collectively, all methodological changes and historical data updates made in the current Inventory
resulted in lower estimates of annual net emissions by an average of 56.0 MMT CO. Eq. (0.9 percent).

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
annual change of greater than 2.0 MMT CO; Eq. over the time series, in descending order.

e Forest land remaining forest land: changes in forest carbon stocks (CO5,)

e Land converted to settlements: changes in all ecosystem carbon stocks (CO5,)
e Substitution of ozone depleting substances (HFCs)

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

e Land converted to forest land: changes in forest carbon stocks (CO,)

In addition, the current Inventory includes the following new categories that were not a part of the
previous Inventory that improve the completeness of the national estimates: CO; transport, injection
and storage; and perennial woody biomass carbon stock changes and biomass carbon stock changes
from croplands and lands converted to and from croplands (e.g., croplands converted to grasslands,
grasslands converted to croplands). This Inventory also now includes additional gases (NF; and HFCs)
within the SFs and PFCs from other product use category.

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 of this
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Figure ES-7: Electric Power Generation and Emissions
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¢ CO, emissions from natural gas and petroleum systems combined accounted for 1.2percent of
CO; emissions and 1.0 percent of total gross emissions in 2023. These emissions increased by
44.7 percent (18.8 MMT CO; Eq.) from 1990 to 2023. This increase is due primarily to increases
in the production segment, where flaring emissions from associated gas flaring, tanks, and
miscellaneous production flaring have increased over time.

e CO,emissions from iron, steel production and metallurgical coke production accounted for 0.9
percent of CO, and 0.7 percent of total gross emissions. Emissions decreased by 55.9 percent
(58.5 MMT CO; Eq.) from 1990 through 2023. This decrease was primarily due to restructuring of
the industry, technological improvements, and increased scrap steel utilization.

e Total carbon stock change (i.e., net CO, removals) in the LULUCF sector decreased by 8.8
percent between 1990 and 2023. This decrease was primarily due to a decrease in the rate of
net carbon accumulation in forest carbon stocks as well as an increase in emissions from land
converted to settlements. Disturbances on managed lands, particularly wildfire, are among the
major influences that affect the annual net carbon flux by altering the amount of carbon stored
in forest ecosystems.

Methane Emissions

CH, 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). Within the
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Figure ES-10: 2023 Sources of Hydrofluorocarbon, Perfluorocarbon, Sulfur
Hexafluoride, and Nitrogen Trifluoride Emissions
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Some significant trends for the largest sources of U.S. HFC, PFC, SFs, and NF; emissions include the
following.

HFC and PFC emissions resulting from their use as substitutes for ODS (e.g.,
chlorofluorocarbons [CFCs]) are the largest share of fluorinated emissions (92.1 percent) in
2023 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.

SFs emissions from electrical equipment decreased by 79.4 percent (19.6 MMT CO, Eq.) from
1990 to 2023. There are two factors contributing to this decrease: (1) a sharp increase in the
price of SFe 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.

HFC, PFC, SFe, and NF; emissions from fluorochemical production decreased by 93.4 percent
(66.4 MMT CO, Eq.) from 1990 to 2023 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 SF¢ production (due to the cessation of
production at the major SFs production facility in 2010).

PFC emissions from aluminum production decreased by 97.6 percent (18.8 MMT CO; Eq.) from
1990 to 2023, due to both industry emission reduction efforts and lower domestic aluminum
production.

HFC, PFC, SFe, and NF; emissions from use in electronics increased 27.2 percent (0.9 MMT CO.
Eq.) from 1990 to 2023. Industrial growth, increasing chip complexity, and the adoption of
emissions reductions technologies contributed to the fluctuation in electronics industry
emissions.
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Figure ES-12: 2023 U.S. Energy Consumption by Energy Source (Percent)
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Industrial Processes and Product Use

Chapter 4, Industrial Processes and Product Use, 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,, CHy,,
N.O, 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 CO, from fossil fuel combustion which,
in line with sectoral definitions for national inventory reporting, is included in the Energy sector.

Chapter 4 also contains emissions resulting from the release of HFCs, PFCs, SFs and NF; and other
human-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,
N2O is used in and emitted by electronics industry and anesthetic and aerosol applications, PFCs and
SFs are emitted in other product use, and CO; is consumed and emitted through various end-use
applications. In 2023, emissions resulting from the use of ODS substitutes (e.g., HFCs,
chlorofluorocarbons [CFCs]) by end-consumers was the largest source of IPPU emissions and
accounted for 49.0 percent of total IPPU emissions.

Of total U.S. CO,, CH4, and N,O emissions, IPPU activities are responsible for 3.4, less than 0.5, and 3.8
percent respectively, as well as for all U.S. emissions of fluorinated gases including HFCs, PFCs, SFs and
NFs. Overall, emission sources from the IPPU sector accounted for 6.2 percent of U.S. greenhouse gas
emissions in 2023. Between 1990 and 2023, IPPU emissions increased by 4.6 percent (16.8 MMT CO;
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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 2005 2019 2020 2021 2022 2023 Since1990°  Since 2005
Greenhouse Gas Emissions ® 100 115 101 92 97 97 95 -0.1% -1.0%
Energy Use © 100 119 117 107 113 115 113 0.4% -0.2%
GDP¢ 100 159 206 202 214 219 225 2.5% 2.0%
Population © 100 118 131 132 132 133 135 0.9% 0.8%

+ Absolute value does not exceed 0.05 percent.
@ Average annual growth rate.

® Total gross GWP-weighted values.

¢ Energy content-weighted values (EIA 2025).

4 GDP in chained 2017 dollars (BEA 2024).

¢ U.S. Census Bureau (2025).

Figure ES-15: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross
Domestic Product (GDP)
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Source: BEA (2024), U.S. Census Bureau (2025), and net emissions in this report.

Key Categories

Key categories are “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” (IPCC 2006; IPCC 2019). 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.
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Table 1-1: Global Atmospheric Concentration, Rate of Concentration Change, and
Atmospheric Lifetime of Selected Greenhouse Gases

Atmospheric Variable CO: CH. N:0 SFs CF,
Pre-industrial atmospheric

concentration 280 ppm 0.730 ppm 0.270 ppm 0.01 ppt 34.1 ppt
Atmospheric concentration 421.08 ppm?P 1.922 ppm® 0.337 ppm¢ 11.40 ppt® 85.5 pptf
Rate of concentration change 2.35 ppm/yré 8.82 ppb/yren 1.02 ppb/yre 0.33 ppt/yre 0.81 ppt/yrf
Atmospheric lifetime (years) See footnote' 11.8} 109! About 1,000¢ 50,000

o

The atmospheric COz concentration is the 2023 annual average at the Mauna Loa, HI station. Due to the eruption of the Mauna
Loa Volcano, measurements from Mauna Loa Observatory were suspended as of Nov. 29, 2022, and resumed in July 2023.
Observations starting from December 2022 to July 4, 2023, are from a site at the Mauna Kea Observatories, approximately 21
miles north of the Mauna Loa Observatory (NOAA/ESRL 2025a).

The global atmospheric CO2 concentration, computed using an average of sampling sites across the world, was 419.33 parts
per million (ppm) in 2023.

The values presented are global 2023 annual average mole fractions (NOAA/ESRL 2025b).

The values presented are global 2023 annual average mole fractions (NOAA/ESRL 2025c).

The values presented are global 2023 annual average mole fractions expressed as parts per trillion (ppt) (NOAA/ESRL 2025d).
The 2019 CF4 global mean atmospheric concentration is from the Advanced Global Atmospheric Gases Experiment (IPCC
2021).

The rate of concentration change for CO: is an average of the rates from 2008 through 2023 and has fluctuated between 1.54 to
3.36 ppm per year over this period (NOAA/ESRL 2025a). The rate of concentration change for CHa4, N2O, and SFs, is the average
rate of change between 2008 and 2024 (NOAA/ESRL 2025b; NOAA/ESRL 2025c; NOAA/ESRL 2025d). The rate of concentration
change for CF. is the average rate of change between 2011 and 2019 (IPCC 2021).

The growth rate for atmospheric CHs decreased from over 10 ppb/year in the 1980s to nearly zero in the early 2000s; recently,
the growth rate has been about 8.39 ppb/year (NOAA/ESRL 2025b).

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.

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.

The lifetime for SFs was revised from 3,200 years to about 1,000 years based on recent studies (IPCC 2021).
Sources: Pre-industrial atmospheric concentrations and atmospheric lifetimes for CO2, CHs and N2O are from IPCC (2021), pre-
industrial atmospheric concentration for SFs is from Rigby (2010), and pre-industrial atmospheric concentration for CF4is from
Meinshausen (2017).

o

o

a

o

o

B

~

A brief description of each greenhouse gas, its sources, and its role in the atmosphere follows.

o Water Vapor (H.0): 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. The relationship between warming and water
vapor concentrations causes a positive (or amplifying) feedback loop (i.e., temperature
increases cause greater atmospheric water vapor concentration which leads to further
increases in temperatures). 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).
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Table 1-3: Comparison of 100-Year GWP values

100-Year GWP Values Change Relative to AR5

Gas AR5? ARG6" AR6"
CO2 1 1 NC
CH¢ 28 27 (1
N20 265 273 8
HFC-23 12,400 14,600 2,200
HFC-32 677 771 94
HFC-41 116 135 19
HFC-125 3,170 3,740 570
HFC-134a 1,300 1,530 230
HFC-143a 4,800 5,810 1,010
HFC-152a 138 164 26
HFC-227ea 3,350 3,600 250
HFC-236fa 8,060 8,690 630
CF4 6,630 7,380 750
C2Fs 11,100 12,400 1,300
CsFs 8,900 9,290 390
c-CqFs 9,540 10,200 660
SFs 23,500 24,300 800
NF3 16,100 17,400 1,300

NC (No Change)

2The GWP values in this column reflect values used in this report from AR5 excluding climate-carbon feedbacks and the value
for fossil methane.

® The GWP values in this column are from the ARG report.

¢The GWP of CH. 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).

1.3 National Inventory Arrangements

The U.S. Environmental Protection Agency (EPA), in cooperation with other U.S. government
agencies, prepares and publishes 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 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. EPA’s OAP serves as the national inventory focal point for this report,
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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 planning at the
individual source and sink category level. EPA’s inventory coordinator leads overall compilation and
publication of the entire Inventory 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 underlying
activity data used in the Inventory calculations and to the calculation of estimates integrated in the
report. These agencies include the U.S. Department of Agriculture (USDA), National Oceanic and
Atmospheric Administration (NOAA), the U.S. Geological Survey (USGS), the Federal Highway
Administration (FHWA), the Department of Transportation (DOT), the Bureau of Transportation
Statistics (BTS), the Department of Commerce (DOC), and the Federal Aviation Administration
(FAA). Academic and research centers also provide activity data and calculations to EPA, as well as
individual companies participating in voluntary outreach efforts with EPA. Other U.S. agencies also
provide official data for use in the Inventory such as the U.S. Department of Energy’s and the U.S.
Department of Defense. For more information on the source data provided by U.S. government
agencies and external groups, see the Methodology and Data Sources section of this chapter. EPA
engages with agencies regularly on data needs and improvements to ensure sufficient activity
collection for annual compilation of estimates.

1.4 Inventory Preparation Process

This section describes EPA’s approach to preparing the annual U.S. Inventory, which includes both
this report and associated tables (e.g., Common Reporting Tables or “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 this report and associated tables. 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
calculations, based upon their expertise, as well as coordinate with researchers and expert
consultants familiar with the sources and sinks. Each year, the coordinator oversees the multi-
stage process for collecting information from each category lead to compile all information and
data for the Inventory.

1-12 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2023



















Figure 1-1: Key Data Institutions and Data Sources by Sector

Energy

U.S. Energy Information
Administration

U.S. Department of
Commerce — Bureau of the
Census

U.S. Department of Defense —

Defense Logistics Agency

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)

U.S. Department of Homeland EPA Office of Research and

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

EPA Greenhouse Gas
Reporting Program (GHGRP)

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

American Association of
Railroads

American Public
Transportation Association

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

Federal Energy Regulatory
Commission

Data from research studies,
trade publications, and
industry associations

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)
U.S. Department of the
Interior (DOI) - Bureau of Land
Management (BLM)

EPA Office of Land and
Emergency Management
(OLEM)

Alaska Department of Natural
Resources

U.S. Department of
Commerce - Bureau of the
Census

Data from research studies,
trade publications, and
industry associations

IPPU

EPA Greenhouse Gas
Reporting Program (GHGRP)

U.S. Geological Survey (USGS)
National Minerals Information
Center

American Chemistry Council
(ACC)

American Iron and Steel
Institute (AISI)

U.S. International Trade
Commission (USITC)

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)

Waste

EPA Greenhouse Gas
Reporting Program (GHGRP)

EPA Office of Land and
Emergency Management
(OLEM)

EPA Clean Watershed Needs
Survey (CWNS)

American Housing Survey

Data from research studies,
trade publications, and
industry associations

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

Key categories are “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. The term key category includes both source and sink categories” (IPCC
2006; IPCC 2019). 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 2079 Refinement (IPCC 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.

1. Approach 1: Identifies significant or key categories without considering uncertainty in its
calculations. The 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. 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).

2. Approach 2: Incorporation of each category’s uncertainty assessments in its calculations
can be used to identify any additional key categories not already identified from the
Approach 1 level and trend assessments by considering uncertainty. 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 2023.

The level and trend analyses were performed twice, including, and excluding sources and sinks
from the land use, land-use change, and forestry (LULUCF) sector categories. For 2023, based on
the key category analysis, excluding the LULUCF sector, 33 categories accounted for 95 percent of
emissions (Table 1-4). Four categories account for 54 percent of emissions: CO, from road
transport-related fuel combustion, CO, from gas-fired electricity generation, CO, from coal fired
electricity generation, and CO, 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, 30 categories
were identified as key categories, and when considering uncertainties, 6 additional categories were
identified as key. The trend analysis shows that CO, emissions from coal-fired electricity
generation, CO, from road transport related combustion, and HFC and PFC emissions from
substitutes for ozone depleting substances in the refrigeration and air conditioning sector, and N,O
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from domestic wastewater treatment are also significant with respect to trends over the time
series.

When considering the contribution of the LULUCF sector, 41 categories accounted for 95 percent of
emissions and sinks, with the most significant category from LULUCF being net CO, emission from
forest land remaining forest land, forest carbon pools excluding harvested wood products. In the
trend analysis, 38 categories were identified as key, and when considering uncertainties, 4
additional categories were identified as key.

Finally, in addition to approaches described, a qualitative assessment of the source and sinks
categories was also considered 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.
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Table 1-4: Summary of Key Categories for the United States (1990 and 2023) by Sector

Approach 1 Approach 2 2023
Level Trend Level Trend Level Trend Level Trend Emissions
Greenhouse | Without  Without With With Without  Without With With (MMT CO;

Source/Sink Category Code Gas LULUCF LULUCF LULUCF LULUCF | LULUCF LULUCF LULUCF LULUCF Eq.)
Energy
1.A.3.b Transportation: Road CO; ® . O] 0 @ 0 ® . 1,455.3
1.A.1 Stationary Combustion - Gas -
Electricity Generation CO: ® ® ® ® 704.5
1.A.1 Stationary Combustion - Coal -
Electricity Generation CO- ® * ® ° ® * ® * 694.6
1.A.2 Stationary Combustion - Gas -
Industrial ’ CO: ® . ® . ® . ® . 514.8
1.A.4.b Stationary Combustion - Gas -
Residential CO- ® * ® ° ® ® 247.5
1.A.2 Stationary Combustion - Qil - Industrial CO; ® * O] ° ® * O] i 241.3
1.A.4.a Stationary Combustion - Gas -
Commercial CO: ® . ® s ® . ® 182.8
1.A.3.a Transportation: Aviation CO: ® ® O] ® 179.7
1.A.5 Non-Energy Use of Fuels CO; ® ® O] © ® . 107.1
1.A.3.e Transportation: Other CO: ® . O] . . 71.3
1.A.4.a Stationary Combustion - Oil -
Commercial CO: ® * O ° 60.2
1.A.4.b Stationary Combustion - Qil -
Residential CO- ® * ® ° * 59.6
1.B.2 Natural Gas Systems CO: ® O] O] 37.7
1.A.2 Stationary Combustion - Coal -
Industrial CO- ® ¢ ® * @ . O . 36.5
1.A.3.d Transportation: Domestic Navigation CO: ® ® 34.6
1.A.3.c Transportation: Railways CO: ® ® 30.9
1.B.2 Petroleum Systems CO: * ° * * ° O O 23.3
1.A._5 S’Fatlonary Combustion - Oil - U.S. CO, o o 17.9
Territories
1.A1 Stgnonary Cqmbustlon - Oil - CO, o . o . o . . 14.7
Electricity Generation
1.A.5.b Transportation: Military CO2 ° ® 4.6
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Approach 1 Approach 2 2023
Level Trend Level Trend Level Trend Level Trend Emissions
Greenhouse | Without  Without With With Without  Without With With (MMT CO;
Source/Sink Category Code Gas LULUCF LULUCF LULUCF LULUCF | LULUCF LULUCF LULUCF LULUCF Eq.)
1.A.4.a Stationary Combustion - Coal -
. CO2 . . 1.1
Commercial
1.A._4.b S.tatlonary Combustion - Coal - CO, R 0.0
Residential
1.B.2 Natural Gas Systems CHq ® * ® ¢ ® ¢ ® ¢ 1624
1.B.1 Fugitive Emissions from Coal Mining CHa ® ° ® * ® * ® * 45.4
1.B.2 Petroleum Systems CHq ® ° ® ¢ ® ¢ ® 38.0
1.B.2 Abandoned Oil and Gas Wells CHa ® ® 8.5
1.A.4.b Stationary Combustion - Residential CHa ® ° ® ° 4.5
1.A.1 Stationary Combustion - Coal -
Electricity Generation N:0 ® 121
1.A.3.b Transportation: Road N20 * o ° o ° ° 8.3
1.A.2 Stationary Combustion - Industrial N20 o 1.9
Industrial Processes and Product use
2.C.1 Iron and Steel Production &
Metallurgical Coke Production CO: ® ® ® © 46.2
2.A.1 Cement Production CO: ® ® 40.6
2.B.8 Petrochemical Production CO: ® ° ® * 30.5
2.B.3 Adipic Acid Production N20 ° ° 1.2
2.F.1 Emissions from Substitutes for Ozone
Depleting Substances: Refrigeration and Air HFCs, PFCs o o . . . . . . 154.7
conditioning
2.F4 Emissions from Substitutes for Ozone HFCs, PFCs . . . . . . 17.4
Depleting Substances: Aerosols
2.F.2 Emissions from Substitutes f(?r Ozone HFCs, PFCs . . 12.1
Depleting Substances: Foam Blowing Agents
2.G Electrical Equipment PFCs, SFe ©) o O 3 . . 5.1
PFCs, HFCs, . . . .
SFe, NFs O O O O 4.7
2.B.9 Fluorochemical Production
2.C.3 Aluminum Production PFCs O c 0 0.5
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Approach 1 Approach 2 2023
Level Trend Level Trend Level Trend Level Trend Emissions
Greenhouse | Without  Without With With Without  Without With With (MMT CO:

Source/Sink Category Code Gas LULUCF LULUCF LULUCF LULUCF | LULUCF LULUCF LULUCF LULUCF Eq.)
Agriculture
3.A.1 Enteric Fermentation: Cattle CHa ® ® ® ® 180.4
3.B.1 Manure Management: Cattle CHa . . . . . . . . 37.6
3.B.2 Manure Management: Swine CHa C 0 24.3
3.C Rice Cultivation CHq ® ® ® 18.7
3.D.1 Direct Agricultural Soil Management CHq ® ® ® ® 266.8
3.D.2 Indirect Applied Nitrogen N20 ® ® ® ® 29.6
Waste
5.A MSW Landfills CHa ® . ® . ® . ® . 100.6
5.A Industrial Landfills CHa . . . 18.9
5.D Domestic Wastewater Treatment CHa ® 14.0
5.D Domestic Wastewater Treatment N20 ° ° @ * ® O 20.3
Land Use, Land Use Change, and Forestry
4.E.2 Net Land Converted to Settlements CO2 ® C ® 0 79.8
4.B.2 Net Land Converted to Cropland CO: ® i ® . 35.6
4.C.1 Net Grassland Remaining Grassland CO: ® ® © 22.0
4.C.2 Net Land Converted to Grassland CO2 ® ° O] i 20.9
e o o - |
4.B.1 Net Cropland Remaining Cropland CO. ° ® i i -30.5
i;?].;:l;l_le\:;liorest Land Remaining Forest CO, ® . ® . 09
4.A.2 Net Land Converted to Forest Land CO2 ® ® -103.8
B NovSetlamencoomainng | <O ° - © - | -me
ﬁ;.(]:l;l:g;:;r(e:s;(l;slr;d Remaining Forest CO, ® . ® . 7891
ﬁ;?].C]SFlooded Lands Remaining Flooded CHa ® o
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Approach 1 Approach 2 2023
Level Trend Level Trend Level Trend Level Trend Emissions
Greenhouse | Without  Without With With Without  Without With With (MMT CO;
Source/Sink Category Code Gas LULUCF LULUCF LULUCF LULUCF | LULUCF LULUCF LULUCF LULUCF Eq.)
Subtotal Without LULUCF 6,025.4
Total Emissions Without LULUCF 6,197.3
Percent of Total Without LULUCF 97%
Subtotal With LULUCF 5,033.9
Total Emissions With LULUCF 5,257.4
Percent of Total With LULUCF 96%

NO (Not Occurring)

2Symbols correspond to the year(s) in which a category is key: 1990 = O; 2023 = ». When both years are key, the open dot and filled dot are combined, for example, 1990 and 2023

-@.

® 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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Table 1-5: Estimated Overall Inventory Quantitative Uncertainty for 1990 (MMT CO., Eq.

and Percent)

1990 Emission Uncertainty Range Relative to Standard
Estimate Greenhouse Gas Estimate® Mean® Deviation®
(MMT CO: Eq.) (%)
Lower Upper | Lower Upper

Gas (MMT CO:Eq.) | Bound® Bound® | Bound Bound (MMT CO: Eq.)
CO: 5,131.8| 5,024.0 5,365.2 -2% 5% 4,972.0 88.0
CH,¢ 873.1 767.4 914.6 -12% 5% 680.0 37.5
N.O¢ 407.8 348.7 509.8 -15% 25% 428.6 40.7
PFC, HFC, SFs, and NFz¢ 125.6 103.3 149.1 -18% 19% 220.7 12.2
Total Gross Emissions 6,538.3| 6,384.5 6,787.1 -2% 4% 6,301.2 104.8
LULUCF Emissions® 59.1 55.9 63.3 -6% 7% 61.1 2.0
LULUCF Carbon Stock Change Flux' (1,096.9) | (1,386.3) (949.2) 26% -13%| (1,061.5) 111.7
LULUCF Sector Net Total® (1,037.9) | (1,326.8) (889.2) 28 -14%| (1,000.4) 111.7
Net Emissions (Sources and Sinks) 5,500.4| 5,177.2 5,779.7 -6% 5% | (5,300.8) 154.6

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

® 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.

9The overall uncertainty estimates did not take into account the uncertainty in the GWP values for CHa, N2O and high GWP gases
used in the Inventory emission calculations for 1990.

¢ LULUCF emissions include the CH4 and N2O emissions reported for peatlands remaining peatlands, forest fires, drained organic
soils, grassland fires, and coastal wetlands remaining coastal wetlands; CHs emissions from land converted to coastal
wetlands, land converted to flooded land, and flooded land remaining flooded land; and N2O 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.

€The LULUCF sector net total is the net sum of all CH, and N2O 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.
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Table 1-6: Estimated Overall Inventory Quantitative Uncertainty for 2023 (MMT CO., Eq.
and Percent)

2023 Emission Uncertainty Range Relative to Standard
Estimate Greenhouse Gas Estimate?® Mean® Deviation®
(MMT CO: Eq.) (%)
Lower Upper | Lower Upper

Gas (MMT CO:Eq.) | Bound® Bound® | Bound Bound (MMT CO: Eq.)
CO: 4,918.4| 4,818.4 5,128.7 -2% 4% 4,969.4 80.5
CH,¢ 686.7 638.6 762.4 -7% 11% 700.4 31.8
N.O¢ 387.0 328.8 493.6 -15% 28% 404.2 42.3
PFC, HFC, SFs, and NFz¢ 205.3 183.0 217.6 -11% 6% 199.7 8.9
Total Gross Emissions 6,197.3| 6,088.8 6,466.6 -2% 4% 6,273.6 96.7
LULUCF Emissions® 60.6 57.5 65.0 -5% 7% 61.1 2.0
LULUCF Carbon Stock Change Flux' (1,000.5) | (1,257.8) (862.8) 26% -14% | (1,061.9) 101.6
LULUCF Sector Net Total® (939.9)| (1,196.5) (801.5) 27% -15% | (1,000.8) 101.6
Net Emissions (Sources and Sinks) 5,257.4| 5,002.9 5,549.1 -5% 6% 5,272.9 140.5

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

® 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.

9The overall uncertainty estimates did not take into account the uncertainty in the GWP values for CHa, N2O and high GWP gases
used in the Inventory emission calculations for 2023.

¢ LULUCF emissions include the CHs and N2O emissions reported for peatlands remaining peatlands, forest fires, drained organic
soils, grassland fires, and coastal wetlands remaining coastal wetlands; CHs emissions from land converted to coastal
wetlands, land converted to flooded land, and flooded land remaining flooded land; and N2O 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.

€ The LULUCF sector net total is the net sum of all CHs and N2O 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 2023 is similar to the uncertainty for 1990, though slightly lower. There have
been some improvements in significant categories which do not necessarily reduce uncertainties.
For example, use of higher tier methods may reveal a “more realistic acknowledgement of the
limitations of existing knowledge” of uncertainty, including reflecting additional complexity of a
system compared to a lower tier method (IPCC 2006). Methodological and data quality
improvements were also made for HFCs, PFCs, SFs and NF; this year but the uncertainties for these
sources also slightly increased. Use of extrapolation techniques to ensure time series consistency,
such as for direct N.O emissions from agricultural soil management, may also result in higher
uncertainties in the current year relative to the base year of the time series. Note, 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
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emitted by human activities in the United States is CO,, representing 79.4 percent of total gross
greenhouse gas emissions. The largest source of CO,—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. N.O
accounts for an additional 6.2 percent of emissions. Agricultural soil management, wastewater
treatment, stationary sources of fuel combustion, and manure management are the major sources of
N.O 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, electronics manufacturing, and primary aluminum production.
Electrical equipment accounted for most sulfur hexafluoride (SFs) emissions. The electronics industry
and fluorochemical production are the only sources of NF; emissions.

Figure 2-3: 2023 Gross Total U.S. Greenhouse Gas Emissions by Gas (Percentages
based on MMT CO; Eq.)

3.3%
HFCs, PFCs, SFe and NFs

6.2%
N20

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

From 1990 to 2023, total gross emissions of CO, decreased by 4.2 percent (213.4 MMT CO; Eq.), total
gross emissions of methane (CH,) decreased by 21.4 percent (186.5 MMT CO; Eq.), and total gross
emissions of nitrous oxide (N.O) decreased by 5.1 percent (20.9 MMT CO; Eq.). During the same period,
emissions of fluorinated gases including HFCs, PFCs, SFs, and NF; rose by 63.5 percent (79.7 MMT CO,
Eq.). Rapidly growing emissions of HFCs drove this trend, overwhelming decreases in emissions of PFCs
and SFe. Emissions of HFCs, PFCs, SFg, and NF; are emitted in smaller quantities but are significant
because many of them have extremely high global warming potentials (GWPs), and, in the cases of
PFCs, SFs, and NF3, 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
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Gas/Source 1990 2005 2019 2020 2021 2022 2023
Carbide Production and

Consumption 0.2 0.2 0.2 0.2 0.2 0.2 0.2
CO:2 Transport, Injection, and

Geological Storage 0.0 0.0 + + 0.1 0.1 0.1
Abandoned Oil and Gas Wells + + + + +
Substitution of Ozone Depleting

Substances + + + + + + +
Magnesium Production and

Processing 0.1 + + + + + +
Biomass and Biodiesel

Consumption® 237.9 245.4 332.0 294.7 302.0 304.4 300.5
International Bunker Fuels® 103.6 113.3 113.6 69.6 80.2 98.2 96.2
CH,° 873.1 797.1 752.6 730.9 715.6 696.8 686.7
Enteric Fermentation 183.1 188.2 197.3 196.3 196.5 192.6 187.1
Natural Gas Systems 219.6 210.7 189.0 180.1 174.6 172.8 162.4
Landfills 197.8 147.7 128.2 122.6 120.7 118.7 119.5
Manure Management 39.1 55.0 66.7 66.9 66.4 64.7 65.1
Coal Mining 108.1 71.5 53.0 46.2 44.7 43.6 45.4
Petroleum Systems 50.0 48.4 50.8 50.6 45.1 36.3 38.0
Wastewater Treatment 22.7 22.7 21.1 21.0 20.7 20.9 21.1
Rice Cultivation 18.9 20.6 15.6 18.6 18.5 18.0 18.7
Stationary Combustion 9.7 8.8 9.8 7.9 7.9 8.7 8.8
Abandoned Oil and Gas Wells 7.8 8.2 8.5 8.5 8.6 8.5 8.5
Abandoned Underground Coal

Mines 8.1 7.4 6.6 6.5 6.2 6.1 6.1
Composting 0.4 2.1 2.5 2.6 2.6 2.6 2.6
Mobile Combustion 7.2 5.2 2.8 2.5 2.6 2.6 2.5
Field Burning of Agricultural

Residues 0.5 0.6 0.7 0.6 0.6 0.6 0.6
Anaerobic Digestion at Biogas

Facilities + + + + + + +
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-0° 407.8 424.8 416.4 391.4 398.4 387.5 387.0
Agricultural Soil Management 289.1 294.7 316.4 293.0 298.9 291.8 296.3
Wastewater Treatment 14.8 18.1 21.1 21.8 21.3 211 20.8
Stationary Combustion 22.3 30.5 22.1 20.5 22.0 22.6 19.6
Manure Management 13.4 15.2 16.8 16.9 171 17.0 16.8
Mobile Combustion 37.8 42.0 18.7 16.0 16.8 16.6 16.2
Nitric Acid Production 10.8 10.1 8.9 8.3 7.9 8.6 8.3
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Gas/Source 1990 2005 2019 2020 2021 2022 2023
N20 from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8
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 1.2 1.1 1.2 1.3 1.3
Adipic Acid Production 13.5 6.3 4.7 7.4 6.6 2.1 1.2
Incineration of Waste 0.4 0.3 0.4 0.3 0.4 0.3 0.3
Electronics Industry + 0.1 0.2 0.3 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
Petroleum Systems + + + + + + +
Natural Gas Systems + + + + + + +
International Bunker Fuels® 0.8 0.9 0.9 0.5 0.6 0.8 0.8
HFCs 47.8 125.0 175.8 177.8 184.3 189.5 191.0
Substitution of Ozone Depleting

Substances® 0.3 102.7 169.7 173.7 179.9 184.8 189.0
Fluorochemical Production 47.3 22.2 5.8 3.8 4.0 4.3 1.7
Electronics Industry 0.2 0.2 0.3 0.3 0.4 0.3 0.3
Magnesium Production and

Processing 0.0 0.0 0.1 0.1 + + +
Other Product Manufacture and

Use 0.0 0.0 0.0 il 0.0 0.0 0.0
PFCs 39.7 10.3 7.3 6.6 6.3 6.5 5.8
Fluorochemical Production 17.7 4.1 3.0 2.5 2.6 2.8 2.7
Electronics Industry 2.5 3.0 2.7 2.6 2.7 2.8 2.4
Aluminum Production 19.3 3.1 1.4 1.4 0.9 0.8 0.5
Other Product Manufacture and

Use 0.1 0.1 0.1 0.1 0.1 0.1 0.2
Substitution of Ozone Depleting

Substances 0.0 + + + + + +
Electrical Equipment + + + + + + 0.0
SF, 37.9 20.2 8.3 7.7 8.0 7.2 7.7
Electrical Equipment 24.6 11.8 6.0 5.5 5.5 4.9 5.1
Magnesium Production and

Processing 5.6 3.0 0.9 0.9 1.2 1.1 1.1
Other Product Manufacture and

Use 1.3 1.3 0.6 0.5 0.4 0.5 0.8
Electronics Industry 0.5 0.8 0.8 0.8 0.9 0.8 0.7
Fluorochemical Production 5.8 3.3 + + + + +
NF, 0.2 1.0 1.1 1.3 1.1 1.1 0.8
Electronics Industry + 0.4 0.5 0.6 0.6 0.6 0.5
Fluorochemical Production 0.1 0.6 0.6 0.7 0.5 0.5 0.3
Other Product Manufacture and

Use + + + + + + 0.0
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Gas/Source 1990 2005 2019 2020 2021 2022 2023
Urea Consumption for Non-

Agricultural Purposes 3,784 3,653 6,234 5,905 6,724 5,464 5,424
Liming 4,690 4,365 2,203 2,887 2,387 3,194 5,280
Urea Fertilization 2,417 3,504 4,950 5,031 5,105 5,193 5,258
Coal Mining 4,606 4,169 2,992 2,197 2,455 2,474 2,404
Non-EOR Carbon Dioxide Utilization 1,472 1,375 2,415 2,842 2,889 2,812 2,150
Glass Production 2,263 2,402 1,940 1,858 1,969 1,956 1,774
Soda Ash Production 1,431 1,655 1,792 1,461 1,714 1,704 1,723
Ferroalloy Production 2,152 1,392 1,598 1,377 1,426 1,327 1,245
Aluminum Production 6,831 4,142 1,880 1,748 1,541 1,446 1,237
Titanium Dioxide Production 1,195 1,755 1,340 1,340 1,541 1,541 1,233
Zinc Production 632 1,030 1,026 977 1,007 947 920
Phosphoric Acid Production 1,529 1,342 909 901 874 804 850
Lead Production 516 553 518 491 473 455 450
Carbide Production and

Consumption 243 213 175 154 172 210 183
CO:2 Transport, Injection, and

Geological Storage 0 0 18 39 65 53 98
Abandoned Oil and Gas Wells 7 7 8 8 8 8 8
Substitution of Ozone Depleting

Substances + 1 3 4 4 4 4
Magnesium Production and

Processing 129 4 2 3 3 3 2
Biomass and Biodiesel

Consumption?® 237,946 245,421f 332,018 294,657 301,976 304,397 300,518
International Bunker Fuels® 103,634)| 113,328 113,632 69,638 80,180 98,241 96,160
CH4® 31,183 28,468 26,877 26,102 25,558 24,884 24,524
Enteric Fermentation 6,539 6,722 7,045 7,010 7,017 6,878 6,683
Natural Gas Systems 7,842 7,525 6,751 6,431 6,236 6,173 5,802
Landfills 7,063 5,275 4,578 4,379 4,310 4,238 4,266
Manure Management 1,398 1,964 2,382 2,390 2,373 2,312 2,326
Coal Mining 3,860 2,552 1,892 1,648 1,595 1,558 1,623
Petroleum Systems 1,787 1,730 1,813 1,807 1,611 1,295 1,358
Wastewater Treatment 811 809 755 748 738 747 755
Rice Cultivation 677 735 558 664 661 642 667
Stationary Combustion 345 313 349 282 284 312 313
Abandoned Oil and Gas Wells 279 294 302 303 306 303 303
Abandoned Underground Coal

Mines 288 264 237 232 221 218 219
Composting 15 75 91 92 92 92 93
Mobile Combustion 258 187 101 90 91 92 91
Field Burning of Agricultural

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

Facilities + + 1 1 1 1 1
Carbide Production and

Consumption 1 + + + + + S
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Gas/Source 1990 2005 2019 2020 2021 2022 2023

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

Metallurgical Coke Production 1 1 + + + + +
Petrochemical Production + + + + + + +
Incineration of Waste il il il il & & +
International Bunker Fuels® 7 5 4 3 3 3 3
N20° 1,539 1,603 1,571 1,477 1,503 1,462 1,460
Agricultural Soil Management 1,091 1,112 1,194 1,106 1,128 1,101 1,118
Wastewater Treatment 56 68 80 82 80 80 79
Stationary Combustion 84 115 84 77 83 85 74
Manure Management 50 57 63 64 65 64 63
Mobile Combustion 143 158 71 60 64 63 61
Nitric Acid Production 41 38 34 31 30 33 32
N20 from Product Uses 14 14 14 14 14 14 14
Composting 1 6 7 7 7 7 7
Caprolactam, Glyoxal, and Glyoxylic

Acid Production 6 7 5 4 5 5 5
Adipic Acid Production 51 24 18 28 25 8 4
Incineration of Waste 2 1 1 1 1 1 1
Electronics Industry + + 1 1 1 1 1
Field Burning of Agricultural

Residues 1 1 1 1 1

Petroleum Systems + + + + + + +
Natural Gas Systems + + + +

International Bunker Fuels® 3 3 3 2 2 3 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
Magnesium Production and

Processing 0 0 + + + + +
Other Product Manufacture and Use 0 0 0 + 0 0 0
PFCs M M M M M M M
Electronics Industry M M M M M M M
Fluorochemical Production M M M M M M M
Aluminum Production M M M M M M M
SFs and PFCs from Other Product

Use M M M M M M M
Substitution of Ozone Depleting

Substances i i i i & & +
Electrical Equipment + + + + + + 0
SF, 1 1 + + + + +
Electrical Equipment 1 1 + + + + +
Magnesium Production and

Processing + + + + + + +
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Figure 2-4: U.S. Greenhouse Gas Emissions and Removals by Inventory Sector
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Table 2-3: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Inventory
Sector/Category (MMT CO, Eq.)

Inventory Sector/Category 1990 2005 2019 2020 2021 2022 2023
Energy 5,381.9/| 6,356.2/5,420.9 4,860.2 5,170.1 5,196.2 5,050.4
Fossil Fuel Combustion 4,752.2) 5,744.104,852.6 4,342.3 4,654.6 4,702.8 4,559.4
Natural Gas Systems 252.1 237.0| 227.7 216.9 210.4 209.3 200.1
Non-Energy Use of Fuels 99.1 125.0ff 106.5 979 111.7 101.7 107.1
Petroleum Systems 59.6 58.7 96.2 79.5 69.2 58.4 61.3
Coal Mining 112.7 75.6 56.0 48.3 471 46.1 47.8
Stationary Combustion 32.0 39.3 31.9 28.4 30.0 31.3 28.3
Mobile Combustion 45.0 47.2 21.5 18.5 19.4 19.2 18.8
Incineration of Waste 13.3 13.6 13.3 13.3 12.8 12.8 12.8
Abandoned Oil and Gas Wells 7.8 8.2 8.5 8.5 8.6 8.5 8.5
Abandoned Underground Coal Mines 8.1 7.4 6.6 6.5 6.2 6.1 6.1
CO: Transport, Injection, and Geological Storage 0 0 + + 0.1 0.1 0.1
Biomass and Biodiesel Consumption® 237.9 245.4ff 332.0 294.7 302.0 304.4 300.5
International Bunker Fuels® 104.6 114.3)y 114.6 70.3 80.9 99.1 97.0
Industrial Processes and Product Use 368.9 374.7| 380.8 375.3 390.9 389.6 385.7
Substitution of Ozone Depleting Substances 0.3 102.7f 169.7 173.7 1799 1849 189.0
Iron and Steel Production & Metallurgical Coke

Production 104.8 70.1 46.8 40.7 47.2 45.2 46.2
Cement Production 33.5 46.2 40.9 40.7 41.3 41.9 40.6
Petrochemical Production 20.1 26.9 28.5 27.9 30.7 28.8 30.5
Ammonia Production 14.4 10.2 12.4 12.3 11.5 11.9 12.2
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Inventory Sector/Category 1990 2005 2019 2020 2021 2022 2023
Lime Production 11.7 14.6 121 11.3 11.9 12.2 11.5
Nitric Acid Production 10.8 10.1 8.9 8.3 7.9 8.6 8.3
Other Process Uses of Carbonates 71 8.5 9.0 9.0 8.6 10.4 7.2
Urea Consumption for Non-Agricultural Purposes 3.8 3.7 6.2 5.9 6.7 5.5 5.4
Electrical Equipment 24.6 11.8 6.0 5.5 5.5 4.9 5.1
Fluorochemical Production 71.0 30.0 9.3 7.0 7.1 7.6 4.7
Electronics Industry 3.3 4.5 4.5 4.5 4.9 4.8 4.2
N20 from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Non-EOR Carbon Dioxide Utilization 1.5 1.4 24 2.8 29 2.8 2.1
Glass Production 2.3 24 1.9 1.9 2.0 2.0 1.8
Soda Ash Production 1.4 1.7 1.8 1.5 1.7 1.7 1.7
Aluminum Production 26.1 7.2 3.3 3.2 2.5 2.2 1.7
Caprolactam, Glyoxal, and Glyoxylic Acid

Production 1.5 1.9 1.2 1.1 1.2 1.3 1.3
Ferroalloy Production 2.2 1.4 1.6 1.4 1.4 1.3 1.3
Titanium Dioxide Production 1.2 1.8 1.3 1.3 1.5 1.5 1.2
Adipic Acid Production 13.5 6.3 4.7 7.4 6.6 2.1 1.2
Magnesium Production and Processing 5.7 3.0 1.0 0.9 1.2 1.1 1.1
Other Product Manufacture and Use 1.5 1.5 0.8 0.7 0.5 0.6 1.0
Zinc Production 0.6 1.0 1.0 1.0 1.0 0.9 0.9
Phosphoric Acid Production 1.5 1.3 0.9 0.9 0.9 0.8 0.9
Lead Production 0.5 0.6 0.5 0.5 0.5 0.5 0.5
Carbide Production and Consumption 0.3 0.2 0.2 0.2 0.2 0.2 0.2
Agriculture 551.5 582.5/| 620.8 600.4 605.8 593.3 595.4
Agricultural Soil Management 289.1 294.7) 316.4 293.0 298.9 291.8 296.3
Enteric Fermentation 183.1 188.2) 197.3 196.3 196.5 192.6 187.1
Manure Management 52.5 70.2 83.5 83.8 83.6 81.7 81.9
Rice Cultivation 18.9 20.6 15.6 18.6 18.5 18.0 18.7
Liming 4.7 4.4 2.2 2.9 2.4 3.2 5.3
Urea Fertilization 24 3.5 4.9 5.0 5.1 5.2 5.3
Field Burning of Agricultural Residues 0.7 0.8 0.9 0.8 0.8 0.8 0.8
Waste 235.9 192.0f 174.8 169.7 167.0 165.1 165.8
Landfills 197.8 147.7) 128.2 122.6 120.7 118.7 119.5
Wastewater Treatment 37.5 40.7 42.3 42.7 41.9 42.0 41.9
Composting 0.7 3.6 4.3 4.4 4.4 4.4 4.4
Anaerobic Digestion at Biogas Facilities + + + + + i +
Total Gross Emissions® (Sources) 6,538.3|| 7,505.3(/6,597.4 6,005.7 6,333.8 6,344.1 6,197.3
LULUCF Sector Net Total (1,037.9)]| (968.9)} (919.4) (951.6) (962.9) (905.3) (939.9)
Forest land (1,152.9)§(1,036.3)f (971.3) (1,001.9) (984.9) (931.5) (977.1)
Cropland 49.6 4.4 121 20.5 3.0 3.5 5.0
Grassland 59.8 46.4 49.4 40.9 31.1 34.6 43.6
Wetlands 45.3 42.8 40.4 40.4 40.3 40.4 40.4
Settlements (39.5) (26.2)F (50.0) (51.4) (52.4) (52.3) (51.9)
Net Emissions (Sources and Sinks) 5,500.4/| 6,536.4{/5,678.0 5,054.2 5,371.0 5,438.7 5,257.4

+ Does not exceed 0.05 MMT CO: Eq.
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Percent

Change

Since

Gas/Source 1990 2005 2019 2020 2021 2022 2023 1990
Abandoned Underground Coal Mines 8.1 7.4 6.6 6.5 6.2 6.1 6.1 -24%
Mobile Combustion 7.2 5.2 2.8 25 2.6 2.6 2.5 -65%
Incineration of Waste & il il il il il + -19%
International Bunker Fuels® 0.2 0.1 0.1 0.1 0.1 0.1 0.1 -55%
N20 60.53 72.87 41.26 36.91 39.25 39.55 36.17 -40%
Stationary Combustion 22.3 30.5 22.1 20.5 22.0 22.6 19.6 -12%
Mobile Combustion 37.8 42.0 18.7 16.0 16.8 16.6 16.2 -57%
Incineration of Waste 0.4 0.3 0.4 0.3 0.4 0.3 0.3 -19%
Natural Gas Systems + + + + + + T 57%
Petroleum Systems + + + + + + + 73%
International Bunker Fuels® 0.8 0.9 0.9 0.5 0.6 0.8 0.8 0%
Total 5,381.9/ 6,356.2]| 5,420.9 4,860.2 5,170.1 5,196.2 5,050.4 -6%

+ Does not exceed 0.05 MMT CO; Eq.

2 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.

®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 the national inventory reporting guidelines.

Note: Totals may not sum due to independent rounding.

Fossil Fuel Combustion CO; Emissions

As the largest contributor to U.S. greenhouse gas emissions, CO, from fossil fuel combustion has
accounted for approximately 73.6 percent of CO,-equivalent total gross emissions on average across
the time series. Within the United States, fossil fuel combustion accounted for 92.7 percent of CO,
emissions in 2023. 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 CO; emissions
decreased by 4.1 percent (192.9 MMT CO; Eq.) from 1990 to 2023 and were responsible for most of the
decrease in national emissions during this period. Similarly, CO, emissions from fossil fuel combustion
have decreased by 20.6 percent (1,184.8 MMT CO; Eq.) since 2005. From 2022 to 2023, these emissions
decreased by 3.0 percent (143.4 MMT CO; Eq.).

Historically, changes in emissions from fossil fuel combustion have been the main factor influencing
U.S. emission trends. Changes in CO, 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 CO, 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

Trends in Greenhouse Gas Emissions and Removals 2-15







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

Eq.)

End-Use Sector 1990 2005 2019 2020 2021 2022 2023
Transportation 1,472.0 1,863.3 1,820.9 1,576.4 1,757.5 1,758.0 1,781.5
Combustion 1,468.9 1,858.6 1,816.6 1,573.0 1,753.5 1,753.6 1,776.5
Electricity 3.0 4.7 4.2 3.5 4.0 4.5 5.0
Industrial 1,562.9 1,584.0 1,275.3 1,173.1 1,225.7 1,236.9 1,197.1
Combustion 876.5 847.6 809.8 763.4 780.5 799.7 792.6
Electricity 686.4 736.3 465.5 409.7 445.2 437.2 404.5
Residential 931.3 1,214.9 927.1 860.7 891.1 901.6 815.6
Combustion 338.6 358.9 342.9 314.8 318.0 335.2 307.1
Electricity 592.7 856.0 584.2 545.9 573.0 566.5 508.5
Commercial 766.0 1,030.1 804.5 709.7 756.2 782.7 740.3
Combustion 228.3 227.1 251.7 229.3 237.5 259.2 244.2
Electricity 537.7 803.0 552.7 480.5 518.7 523.5 496.1
U.S. Territories ? 20.0 51.9 24.8 22.3 241 23.5 24.9
Total 4,752.2 5,744.1 4,852.6 4,342.3 4,654.6 4,702.8 4,559.4
Electric Power 1,820.0 2,400.1 1,606.7 1,439.6 1,540.9 1,531.7 1,414.2

2 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 CO, Emissions from Fossil Fuel Combustion by End-Use Sector

and Fuel Type
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Notes: 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 2-9: 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

Since

1990 2005| 2019 2020 2021 2022 2023 1990

CO: 213.7 195.9' 169.5 161.0 171.4 169.0 165.5 -22.5%

Iron and Steel Production &

Metallurgical Coke Production 104.7 70.1 46.8 40.7 47.2 45.2 46.2 -55.9%
Iron and Steel Production 99.1 66.2 43.8 38.3 44.0 42.2 43.3 -56.4%
Metallurgical Coke Production 5.6] 3.9 3.0 2.3 3.2 3.0 3.0 -46.7%

Cement Production 33.5 46.2 40.9 40.7 41.3 41.9 40.6 21.4%

Petrochemical Production 20.1 26.9) 28.5 27.9 30.7 28.8 30.5 52.1%

Ammonia Production 14.4% 10.2 12.4 12.3 11.5 11.9 12.2 -15.2%

Lime Production 11.7 14.6) 12.1 11.3 11.9 12.2 11.5 -1.3%

Other Process Uses of Carbonates 7.1 8.5 9.0 9.0 8.6 10.4 7.2 0.9%

Urea Consumption for Non-

Agricultural Purposes 3.8 3.7 6.2 5.9 6.7 5.5 5.4 43.3%

Non-EOR Carbon Dioxide

Utilization 1.5 1 .4| 2.4 2.8 2.9 2.8 2.1 46.0%

Glass Production 2.1;:] 2.4' 1.9 1.9 2.0 2.0 1.8 -21.6%

Soda Ash Production 1. 1.7 1.8 1.5 1.7 1.7 1.7 20.4%

Ferroalloy Production 2.2 1.4) 1.6 1.4 1.4 1.3 1.2 -42.1%
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Percent
Change
Since
1 990' 2005 2019 2020 2021 2022 2023 1990
Aluminum Production 6.8' 4.1 1.9 1.7 1.5 1.4 1.2 -81.9%
Titanium Dioxide Production 1.2 1.8| 1.3 1.3 1.5 1.5 1.2 3.1%
Zinc Production 0.6 1.0 1.0 1.0 1.0 0.9 0.9 45.6%
Phosphoric Acid Production 1.5 1.3 0.9 0.9 0.9 0.8 0.9 -44.4%
Lead Production 0.5 0.6| 0.5 0.5 0.5 0.5 05  -12.8%
Carbide Production and
Consumption 0.2 0.2 0.2 0.2 0.2 0.2 0.2 -24.7%
Substitution of Ozone Depleting
Substances® + + + + + + + 30,504.1%
Magnesium Production and
Processing 0.1 + + + + + + -98.2%
CHa4 0.1 + + + + + + -48.6%
Carbide Production and
Consumption + + + + + + + -38.5%
Ferroalloy Production + + + + + + o -48.6%
Iron and Steel Production &
Metallurgical Coke Production + + + + + + + -66.8%
Petrochemical Production + + + + + + i -11.9%
N20 29.6| 22.2 18.7 20.8 19.7 16.1 14.9 -49.8%
Nitric Acid Production 10.8| 10.1 8.9 8.3 7.9 8.6 8.3 -22.6%
N20 from Product Uses 3.8' 3.8 3.8 3.8 3.8 3.8 3.8 -0.4%
Caprolactam, Glyoxal, and
Glyoxylic Acid Production 1.5 1.9' 1.2 1.1 1.2 1.3 1.3 -10.5%
Adipic Acid Production 13.5 6.3' 4.7 7.4 6.6 2.1 1.2 -91.5%
Electronics Industry + 0.1 0.2 0.3 0.3 0.3 0.3 665.8%
HFCs 47.8 125.01 175.8 177.8 184.3 189.5 191.0 299.8%
Substitution of Ozone Depleting
Substances?® 0.3| 102.7 169.7 173.7 179.9 184.8 189.0 74,673.9%
Fluorochemical Production 47.3' 22.2 5.8 3.8 4.0 4.3 1.7 -96.5%
Electronics Industry 0.2 0.2 0.3 0.3 0.4 0.3 0.3 54.8%
Magnesium Production and
Processing 0.0f 0.0f 0.1 0.1 + + + 100.0%
Other Product Manufacture and
Use 0.0f 0.0| 0.0 + 0.0 0.0 0.0 0.0%
PFCs 39.7 10.3' 7.3 6.6 6.3 6.5 5.8 -85.5%
Fluorochemical Production 17.7 4.1 3.0 2.5 2.6 2.8 2.7 -84.8%
Electronics Industry 2.5 3.0f 2.7 2.6 2.7 2.8 24 -4.3%
Aluminum Production 19.3] 3.1 1.4 1.4 0.9 0.8 0.5 -97.6%
Other Product Manufacture and
Use 0.1 0.1 0.1 0.1 0.1 0.1 0.2 22.5%
Substitution of Ozone Depleting
Substances 0.0} + + + + + + 100.0%
Electrical Equipment + + + + + 0.0 -100.0%
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Percent

Change

Since

1990 2005 2019 2020 2021 2022 2023 1990

SFe 37.9| 20.2 8.3 7.7 8.0 7.2 7.7 -79.6%

Electrical EQuipment 24.6 11.8) 6.0 5.5 5.5 4.9 5.1 -79.4%

Magnesium Production and

Processing 5.6} 3.0f 0.9 0.9 1.2 1.1 1.1 -80.0%
Other Product Manufacture and

Use 1.30 1.3 0.6 0.5 0.4 0.5 0.8 -38.3%

Electronics Industry 0.5 0.8 0.8 0.8 0.9 0.8 0.7 40.6%

Fluorochemical Production 5.8 3.3 + + + + + -100.0%

NF3 0.2 1.0 1.1 1.3 1.1 1.1 0.8 335.8%

Fluorochemical Production 0.1 0.6 0.6 0.7 0.5 0.5 0.3 117.6%

Electronics Industry + 0.4' 0.5 0.6 0.6 0.6 0.5 1,034.7%
Other Product Manufacture and

Use + + + + + + + 0.0%

Total 368.9' 374.7 380.8 375.3 390.9 389.6 385.7 4.6%

+ Does not exceed 0.05 MMT CO; Eq.

@ 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 decreased 1.0 percent since 2022 but have increased 4.6 percent since 1990.
Some significant trends in U.S. emissions from IPPU source categories over the 34-year period from
1990 through 2023 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 189.0 MMT CO; Eqg. in 2023 (an increase of
74,680 percent).

e Combined CO; and CH, emissions from iron and steel production and metallurgical coke
production increased by 2.4 percent from 2022 to 2023 to 46.2 MMT CO, Eq. and declined by
55.9 percent (58.5 MMT CO; Eq.) from 1990 through 2023, 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 52.1 percent between
1990 and 2023, from 20.1 MMT CO; Eq. to 30.5 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 15.2 percent (2.2 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.
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Figure 2-11: Trends in Emissions and Removals (Net 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 2019 2020 2021 2022 2023 1990
Forest Land Remaining Forest Land (1,049.3) (932.8) /| (867.4) (898.0) (881.0) (827.6) (873.3) -16.8%
Changes in Forest Carbon Stocks? (1,054.9) (950.0)} (877.1) (926.5) (907.9) (842.4) (880.0) -16.6%
Non-CO, Emissions from Forest Fires® 5.4 16.7 9.3 28.0 26.4 14.3 6.2 14.8%
N2O 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 Soils® 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0%
Land Converted to Forest Land (103.6) (103.6) || (103.9) (103.8) (103.8) (103.8) (103.8) 0.2%
Changes in Forest Carbon Stocks® (103.6) (103.6)f (103.9) (103.8) (103.8) (103.8) (103.8) 0.2%
Cropland Remaining Cropland 1.0 (31.0)| (19.3) (8.7) (31.9) (31.6) (30.5) -3,036.6%
Changes in Mineral and Organic Soil
Carbon Stocks 1.0 (31.00f (19.3) (8.7) (31.9)  (31.6) (30.5) -3,036.6%
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Percent
Change
Since
Land-Use Category 1990 2005 2019 2020 2021 2022 2023 1990
Land Converted to Cropland 48.5 35.5 31.4 29.2 34.9 35.0 35.6 -26.7%
Changes in all Ecosystem Carbon
Stocks' 48.5 35.5 31.4 29.2 34.9 35.0 35.6 -26.7%
Grassland Remaining Grassland 24.2 24.5 28.5 16.8 11.2 13.7 22.7 -6.1%
Changes in Mineral and Organic Soil
Carbon Stocks 24.0 23.7 28.2 15.8 10.2 13.1 22.0 -8.2%
Non-CO:z Emissions from Grassland
Fires® 0.2 0.8 0.3 1.1 0.9 0.6 0.7 227.6%
Land Converted to Grassland 35.6 21.9 20.9 241 19.9 20.9 20.9 -41.3%
Changes in all Ecosystem Carbon
Stocks' 35.6 21.9 20.9 241 19.9 20.9 20.9 -41.3%
Wetlands Remaining Wetlands 38.5 40.9 39.7 39.7 39.7 39.7 39.7 3.3%
Changes in Organic Soil Carbon Stocks
in Peatlands 1.1 1.1 0.6 0.6 0.5 0.6 0.6 -42.7%
Non-COz Emissions from Peatlands
Remaining Peatlands + + + + + + + -44.4%
Changes in Biomass, DOM, and Soil
Carbon Stocks in Coastal Wetlands (10.8) (10.1)f (11.1) (11.1) (11.1) (11.1) (11.1) 2.9%
CH4 Emissions from Coastal Wetlands
Remaining Coastal Wetlands 4.2 4.2 4.3 4.3 4.3 4.3 4.3 3.6%
N2O Emissions from Coastal Wetlands
Remaining Coastal Wetlands 0.1 0.2 0.1 0.1 0.1 0.1 0.1 14.9%
CHa4 Emissions from Flooded Land
Remaining Flooded Land 43.9 455 45.8 45.8 45.8 45.8 45.8 4.2%
Land Converted to Wetlands 6.8 1.9 0.7 0.7 0.7 0.7 0.6 -90.6%
Changes in Biomass, DOM, and Soil
Carbon Stocks in Land Converted to
Coastal Wetlands 0.5 0.5 (+) (+) (+) (+) (+) -94.8%
CH4 Emissions from Land Converted to
Coastal Wetlands 0.3 0.3 0.2 0.2 0.2 0.2 0.2 -42.1%
Changes in Land Converted to Flooded
Land 3.4 0.7 0.3 0.3 0.3 0.3 0.3 -92.1%
CHa4 Emissions from Land Converted to
Flooded Land 2.7 0.5 0.2 0.2 0.2 0.2 0.2 -93.0%
Settlements Remaining Settlements (109.1) (115.2){ (131.4) (131.7) (132.1) (132.1) (131.7) 20.8%
Changes in Organic Soil Carbon Stocks 9.9 10.1 14.6 15.1 15.6 16.0 16.4 66.2%
Changes in Settlement Tree Carbon
Stocks (96.5) (117.0))| (135.4) (136.6) (137.6) (138.4) (139.0) 44.0%
N20 Emissions from Settlement Soils" 2.1 3.1 2.5 2.5 2.5 2.5 2.5 23.1%
Changes in Yard Trimming and Food
Scrap Carbon Stocks in Landfills (24.5) (11.4)f (13.1) (12.8) (12.5) (12.3) (11.7) -52.2%
Land Converted to Settlements 69.5 89.0 81.4 80.3 79.7 79.8 79.8 14.9%
Changes in all Ecosystem Carbon
Stocks' 69.5 89.0 81.4 80.3 79.7 79.8 79.8 14.9%
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Percent of
Total

Sector/Source 1990 2005 2019 2020 2021 2022 2023 Emissions?
Substitution of Ozone Depleting
Substances 0.0 63.1 34.0 32.5 31.2 29.6 27.9 0.4%
Mobile Combustion® 40.0 40.0 14.7 12.0 12.7 12.2 11.6 0.2%
Non-Energy Use of Fuels 11.8 10.2 8.8 7.8 8.0 8.7 6.6 0.1%
Electric Power Industry 1,880.2f 2,457.4} 1,650.7 1,481.8 1,584.0 1,575.5 1,453.7 23.5%
CO:2 from Fossil Fuel Combustion 1,820.0f 2,400.18 1,606.7 1,439.6 1,540.9 1,531.7 1,414.2 22.8%
Stationary Combustion® 18.7 27.7 20.2 18.9 20.4 20.9 18.1 0.3%
Incineration of Waste 13.3 13.6 13.3 13.3 12.8 12.8 12.8 0.2%
Electrical Equipment 24.6 11.8 6.0 5.5 5.5 4.9 5.1 0.1%
Other Process Uses of Carbonates 3.6 4.2 4.5 4.5 4.3 5.2 3.6 0.1%
Industry 1,714.5} 1,589.4} 1,514.8 1,412.3 1,446.0 1,439.8 1,423.0 23.0%
CO:2 from Fossil Fuel Combustion 822.6ff 798.1 752.8 7019 731.9 7545 739.7 11.9%
Natural Gas Systems 252.1 237.0 227.7 2169 2104 209.3 200.1 3.2%
Non-Energy Use of Fuels 83.9 107.2 97.4 89.9 103.5 92.9 100.4 1.6%
Petroleum Systems 59.6 58.7 96.2 79.5 69.2 58.4 61.3 1.0%
Coal Mining 112.7 75.6 56.0 48.3 471 46.1 47.8 0.8%
Iron and Steel Production 104.8 70.1 46.8 40.7 47.2 45.2 46.2 0.7%
Cement Production 33.5 46.2 40.9 40.7 41.3 41.9 40.6 0.7%
Substitution of Ozone Depleting
Substances + 8.0 33.1 33.9 32.2 334 35.1 0.6%
Petrochemical Production 20.1 26.9 28.5 27.9 30.7 28.8 30.5 0.5%
Landfills (Industrial) 12.2 16.1 18.8 18.9 18.9 18.9 18.9 0.3%
Ammonia Production 14.4 10.2 12.4 12.3 11.5 11.9 12.2 0.2%
Lime Production 11.7 14.6 121 11.3 11.9 12.2 11.5 0.2%
Abandoned Oil and Gas Wells 7.8 8.2 8.5 8.5 8.6 8.5 8.5 0.1%
Nitric Acid Production 10.8 10.1 8.9 8.3 7.9 8.6 8.3 0.1%
Wastewater Treatment 6.6 7.1 7.6 7.6 7.7 7.7 7.6 0.1%
Abandoned Underground Coal Mines 8.1 7.4 6.6 6.5 6.2 6.1 6.1 0.1%
Mobile Combustion 3.6 5.6 5.6 5.3 5.5 5.8 5.9 0.1%
Urea Consumption for Non-
Agricultural Purposes 3.8 3.7 6.2 5.9 6.7 5.5 5.4 0.1%
Fluorochemical Production 71.0 30.0 9.3 7.0 7.1 7.6 4.7 0.1%
Electronics Industry 3.3 4.5 4.5 4.5 4.9 4.8 4.2 0.1%
N20 from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8 0.1%
Other Process Uses of Carbonates 3.6 4.2 4.5 4.5 4.3 5.2 3.6 0.1%
Stationary Combustion 4.8 4.5 3.8 3.6 3.6 3.6 3.3 0.1%
Non-EOR Carbon Dioxide Utilization 1.5 1.4 24 2.8 2.9 2.8 2.1 0.0%
Glass Production 2.3 24 1.9 1.9 2.0 2.0 1.8 0.0%
Soda Ash Production 1.4 1.7 1.8 1.5 1.7 1.7 1.7 0.0%
Aluminum Production 26.1 7.2 3.3 3.2 25 2.2 1.7 0.0%
Caprolactam, Glyoxal, and Glyoxylic
Acid Production 1.5 1.9 1.2 1.1 1.2 1.3 1.3 0.0%
Ferroalloy Production 2.2 1.4 1.6 1.4 1.4 1.3 1.3 0.0%
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Percent of
Total

Sector/Source 1990 2005 2019 2020 2021 2022 2023 Emissions?
Titanium Dioxide Production 1.2 1.8 1.3 1.3 1.5 1.5 1.2 0.0%
Adipic Acid Production 13.5 6.3 4.7 7.4 6.6 2.1 1.2 0.0%
Magnesium Production and
Processing 5.7 3.0 1.0 0.9 1.2 1.1 1.1 0.0%
Other Product Manufacture and Use 1.5 1.5 0.8 0.7 0.5 0.6 1.0 0.0%
Zinc Production 0.6 1.0 1.0 1.0 1.0 0.9 0.9 0.0%
Phosphoric Acid Production 1.5 1.3 0.9 0.9 0.9 0.8 0.9 0.0%
Lead Production 0.5 0.6 0.5 0.5 0.5 0.5 0.5 0.0%
Carbide Production and
Consumption 0.3 0.2 0.2 0.2 0.2 0.2 0.2 0.0%
CO:2 Transport, Injection, and
Geological Storage 0.0 0.0 + + 0.1 0.1 0.1 0.0%
Agriculture 606.8/| 633.7 679.2 663.3 655.7 639.8 649.6 10.5%
N2O from Agricultural Soil
Management 289.1 294.7§) 316.4 293.0 2989 291.8 296.3 4.8%
Enteric Fermentation 183.1 188.2 197.3 196.3 196.5 192.6 187.1 3.0%
Manure Management 52.5 70.2 83.5 83.8 83.6 81.7 81.9 1.3%
CO:2 from Fossil Fuel Combustion 53.9 49.6 57.1 61.6 48.6 45.2 52.9 0.9%
Rice Cultivation 18.9 20.6 15.6 18.6 18.5 18.0 18.7 0.3%
Liming 4.7 4.4 2.2 2.9 2.4 3.2 5.3 0.1%
Urea Fertilization 2.4 3.5 4.9 5.0 5.1 5.2 5.3 0.1%
Mobile Combustion® 1.4 1.6 1.2 1.2 1.2 1.2 1.225 0.0%
Field Burning of Agricultural Residues 0.7 0.8 0.9 0.8 0.8 0.8 0.8 0.0%
Stationary Combustion® 0.1 + 0.1 0.1 0.1 0.1 0.1 0.0%
Commercial 447.0) 422.1 469.2 442.3 448.6 469.0 455.1 7.3%
CO:2 from Fossil Fuel Combustion 228.3) 227.1 251.7 229.3 237.5 259.2 244.2 3.9%
Landfills (Municipal) 185.50 131.6 109.4 103.7 101.8 99.8 100.6 1.6%
Substitution of Ozone Depleting
Substances + 24.7 67.4 68.3 69.1 69.6 70.0 1.1%
Wastewater Treatment 30.9 33.6 34.7 35.1 34.3 34.3 34.3 0.6%
Composting 0.7 3.6 4.3 4.4 4.4 4.4 4.4 0.1%
Stationary Combustion® 1.5 1.5 1.6 1.5 1.6 1.7 1.6 0.0%
Anaerobic Digestion at Biogas
Facilities + + + + + + + 0.0%
Residential 345.6)| 371.2f 384.2 358.0 369.6 3924 368.3 5.9%
CO:2 from Fossil Fuel Combustion 338.6)) 358.9F 3429 314.8 318.0 3352 307.1 5.0%
Substitution of Ozone Depleting
Substances 0.2 7.0 35.1 39.0 47.3 52.2 56.1 0.9%
Stationary Combustion® 6.8 5.3 6.2 4.2 4.2 5.0 5.2 0.1%
U.S. Territories 234 59.7 25.1 22.6 24.4 23.7 25.1 0.4%
CO: from Fossil Fuel Combustion 20.0 51.9 24.8 22.3 241 23.5 24.9 0.4%
Non-Energy Use of Fuels 3.4 7.6 0.2 0.2 0.2 0.1 0.1 0.0%
Stationary Combustion® 0.1 0.2 0.1 0.1 0.1 0.1 0.1 0.0%
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Percent of

Total

Sector/Source 1990 2005 2019 2020 2021 2022 2023 Emissions?®
Total Gross Emissions (Sources) 6,538.3(| 7,505.3| 6,597.4 6,005.7 6,333.8 6,344.1 6,197.3 100.0%
LULUCF Sector Net Total® (1,037.9) (968.9)] (919.4) (951.6) (962.9) (905.3) (939.9) -15.2%
Net Emissions (Sources and Sinks) 5,500.4( 6,536.4} 5,678.0 5,054.2 5,371.0 5,438.7 5,257.4 84.8%

+ Does not exceed 0.05 MMT CO: Eqg. or 0.05 percent.

@Percent of total (gross) emissions excluding emissions from LULUCF for 2023.

® Includes CHs and N2O emissions from fuel combustion.

°The LULUCF sector net total is the net sum of all LULUCF CH4 and N2O 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

This report also characterizes emissions according to following economic sector categories. Discussing
greenhouse gas emissions relevant to U.S.-specific economic sectors improves communication of the
report’s findings.

The electric power economic sector includes CO,, CH, and N,O emissions from the combustion of fossil
fuels that are included in the EIA electric power sector. Carbon dioxide, CH4, and N,O 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 SFg
from electrical equipment, and a portion of CO, from other process uses of carbonates (from pollution
control equipment installed in electric power plants).

The transportation economic sector includes CO, 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 CH, and N,O from
mobile combustion are also 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, CO, 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 CO; 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 CH, and N,O 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, CH, emissions from industrial landfills and CH; and N,O 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,
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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 CO, 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 CO, 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 2020). 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 2024) 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 CH, and N,O 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 N,O emissions from agricultural soils, CH, from enteric fermentation, CH,; and N,O from
manure management, CH4 from rice cultivation, CO, emissions from liming and urea application, and
CH,4 and N;O from field burning of agricultural residues.

The residential economic sector includes CO, emissions from the combustion of fossil fuels that are
included in the EIA residential fuel-consuming sector. Stationary combustion emissions of CH, and N,O
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 CO, emissions from the combustion of fossil fuels that are
included in the EIA commercial fuel-consuming sector. Emissions of CH, and N,O 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 CH, from municipal landfills, CH, from anaerobic digestion at biogas facilities,
CH,4 and N;O from domestic wastewater treatment, and composting, are also included in the
commercial economic sector.

Emissions with Electricity Distributed to Economic Sectors

Itis 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
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Emissions by Gas 1990 2005 2019 2020 2021 2022 2023 Percent®
Transportation 1,523.9 1,976.6 1,878.5 1,628.9 1,809.5 1,808.6 1,827.7 29.5%
Direct Emissions 1,520.8 1,971.8 1,874.2 1,625.3 1,805.5 1,804.0 1,822.5 29.4%
CO:2 1,480.8 1,868.7 1,825.5 1,580.7 1,761.6 1,762.3 1,783.0 28.8%
CHa 6.4 4.0 1.6 1.4 1.5 1.5 1.4 0.0%
N20 33.6 35.9 13.0 10.6 11.2 10.7 10.2 0.2%
HFCs® 0.0 63.1 34.0 32.5 31.2 29.6 27.86 0.4%
Electricity-Related 3.1 4.8 4.3 3.6 4.1 4.6 5.1 0.1%
CO:2 3.1 4.8 4.3 3.5 4.0 4.5 5.1 0.1%
CHa4 + + + + + + + 0.0%
N20 + 0.1 0.1 + + 0.1 0.1 0.0%
SFe + + + + + + + 0.0%
Industry 2,388.5 2,305.0 1,957.8 1,799.7 1,868.0 1,859.6 1,806.9 29.2%
Direct Emissions 1,714.5 1,589.4 1,514.8 1,412.3 1,446.0 1,439.8 1,423.0 23.0%
CO2 1,163.4 1,137.7 1,102.4 1,016.2 1,064.9 1,072.2 1,065.5 17.2%
CHs 414.8 371.9 336.5 320.4 307.8 296.0 289.0 4.7%
N20 35.7 29.8 26.0 27.6 26.8 234 22.2 0.4%
HFCs, PFCs, SFs 100.7 50.0 49.9 48.2 46.5 48.1 46.3 0.7%
and NF3
Electricity-Related 674.0 715.6 443.0 387.4 422.0 419.8 383.9 6.2%
COz 658.3 704.0 435.9 380.9 415.0 412.8 377.7 6.1%
CH4 0.2 0.3 0.4 0.4 0.4 0.4 0.4 0.0%
N20 6.7 7.9 5.1 4.7 5.2 5.3 4.5 0.1%
SFs 8.8 3.4 1.6 1.4 1.5 1.3 1.3 0.0%
Residential 957.9 1,247.7 984.4 919.9 958.7 975.0 891.1 14.4%
Direct Emissions 345.6 371.2 384.2 358.0 369.6 392.4 368.3 5.9%
CO2 338.6 358.9 342.9 314.8 318.0 335.2 3071 5.0%
CH4 5.9 4.5 5.3 3.6 3.6 4.3 4.5 0.1%
N20 0.9 0.8 0.8 0.6 0.6 0.7 0.7 0.0%
SFs 0.2 7.0 35.1 39.0 47.3 52.2 56.1 0.9%
Electricity-Related 612.4 876.5 600.2 561.9 589.1 582.7 522.7 8.4%
CO2 598.1 862.2 590.6 552.5 579.3 573.0 514.3 8.3%
CHs 0.2 0.3 0.5 0.5 0.5 0.5 0.5 0.0%
N20 6.1 9.7 7.0 6.8 7.2 7.3 6.1 0.1%
SFs 8.0 4.2 2.2 2.1 2.1 1.8 1.8 0.0%
Commercial 1,002.5 1,244.3 1,037.1 936.9 981.8 1,007.5 965.1 15.6%
Direct Emissions 447.0 4221 469.2 442.3 448.6 469.0 455.1 7.3%
CO2 228.3 2271 251.7 229.3 237.5 259.2 244.2 3.9%
CHa 203.6 150.9 127.3 121.4 119.1 117.4 118.5 1.9%
N20 15.1 19.4 22.8 23.4 22.9 22.8 22.5 0.4%
HFCs ¥ 24.7 67.4 68.3 69.1 69.6 70.0 1.1%
Electricity-Related 555.5 822.2 567.9 494.6 533.2 538.5 510.0 8.2%
CO2 542.6 808.9 558.7 486.3 524.3 529.6 501.8 8.1%
CHs 0.1 0.3 0.5 0.5 0.5 0.5 0.5 0.0%
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Emissions by Gas 1990 2005 2019 2020 2021 2022 2023 Percent®
N20 5.5 9.1 6.6 6.0 6.5 6.8 5.9 0.1%
SFs 7.3 4.0 2.1 1.8 1.9 1.7 1.8 0.0%

Agriculture 641.9 672.0 714.4 697.7 691.4 669.6 681.5 11.0%

Direct Emissions 606.8 633.7 679.2 663.3 655.7 639.8 649.6 10.5%
CO2 61.0 57.4 64.2 69.5 56.1 53.6 63.5 1.0%
CHa 241.9 264.6 280.4 282.6 282.2 276.1 271.7 4.4%
N20 303.9 311.6 334.5 311.2 317.4 310.1 314.4 5.1%

Electricity-Related 35.2 38.3 35.2 34.4 35.7 29.9 31.9 0.5%
CO, 34.3 37.7 34.7 33.8 35.1 29.4 31.4 0.5%
CH4 + + + + + + + 0.0%
N20 0.3 0.4 0.4 0.4 0.4 0.4 0.4 0.0%
SFs 0.5 0.2 0.1 0.1 0.1 0.1 0.1 0.0%

U.S. Territories 234 59.7 25.1 22.6 24.4 23.7 25.1 0.4%

Total Gross

Emissions (Sources) 6,538.3 7,505.3 6,597.4 6,005.7 6,333.8 6,344.1 6,197.3 100.0%

LULUCF Sector Net

Total® (1,037.9) (968.9) (919.4) (951.6) (962.9) (905.3) (939.9) -15.2%

Net Emissions

(Sources and Sinks) 5,500.4 6,536.4 5,678.0 5,054.2 5,371.0 5,438.7 5,257.4 84.8%

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

2Percent of total (gross) emissions excluding emissions from LULUCF for the year 2023.

®Includes primarily HFC-134a.

°The LULUCEF sector net total is the net sum of all LULUCF CH4 and N2O 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.

Transportation

When electricity-related emissions are distributed to economic end-use sectors, transportation
activities accounted for 29.5 percent of U.S. greenhouse gas emissions in 2023. The largest sources of
transportation greenhouse gas emissions in 2023 were light-duty trucks, which include sport utility
vehicles, pickup trucks, and minivans (39.7 percent); medium- and heavy-duty trucks (23.4 percent);
passenger cars (16.6 percent); commercial aircraft (7.2 percent); pipelines (3.9 percent); ships and
boats (2.4 percent); and other aircraft (2.8 percent), and rail (1.9 percent). These figures include direct
CO,, CH4, and N,O 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 2023, total transportation emissions from fossil fuel combustion increased by 20.9
percent due, in large part, to increased demand for travel. From 2022 to 2023, emissions increased by
1.3 percent. VMT by light-duty vehicles (passenger cars and light-duty trucks) increased by 48.6 percent
from 1990 to 2023 as a result of a confluence of factors including population growth, economic growth,
urban sprawl, and periods of low fuel prices. The rise in transportation-related CO, emissions,
combined with an increase in HFCs from close to zero emissions in 1990 to 27.9 MMT CO; Eq. in 2023,
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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 2019 2020 2021 2022 2023
Passenger Cars 658.7 576.1 372.7 309.6 325.4 307.3 303.3
CO: 632.6 529.1 361.3 299.8 316.3 298.9 296.0
CHs 3.8 1.8 0.3 0.2 0.2 0.2 0.2
N20 22.3 16.4 2.7 2.0 1.9 1.6 1.4
HFCs 0.0 28.8 8.4 7.6 7.0 6.6 5.705
Light-Duty Trucks 289.7 653.8 729.8 636.9 705.8 704.5 726.2
CO; 280.0 606.4 708.3 618.0 688.0 688.8 711.9
CHa 1.4 1.3 0.6 0.5 0.5 0.5 0.5
N20 8.2 15.8 5.5 4.3 4.2 3.8 3.4
HFCs 0.0 30.2 15.4 14.2 13.0 11.4 10.4
Medium- and Heavy-Duty Trucks 236.6 390.8 413.8 400.3 434.6 430.2 427.5
CO2 235.1 386.0 405.2 391.3 425.1 420.6 418.1
CHa 0.5 0.2 0.1 0.1 0.1 0.1 0.1
N20 1.0 1.5 2.7 2.8 3.1 3.2 3.2
HFCs 0.0 3.2 5.8 6.1 6.3 6.3 6.1
Buses 13.1 18.0 24.8 20.2 22.3 24.4 24.4
CO, 12.9 17.6 24.2 19.7 21.8 23.8 23.8
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Gas/Vehicle Type 1990 2005 2019 2020 2021 2022 2023
CH4 0.1 + + + + + +
N20 0.1 0.1 0.2 0.1 0.2 0.2 0.2
HFCs 0.0 0.2 0.4 0.4 0.4 0.4 0.4
Motorcycles 3.3 4.8 6.8 6.2 7.0 8.3 8.7
CO2 3.3 4.7 6.7 6.1 6.9 8.2 8.6
CH4 + + + + + + +
N20 + + 0.1 0.1 0.1 0.1 0.1
Commercial Aircraft? 110.8 133.8 137.8 92.0 120.0 130.8 130.8
CO2 109.9 132.7 136.7 91.3 119.0 129.7 129.7
CH. 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N20 0.9 1.1 1.1 0.7 1.0 1.1 1.1
Other Aircraft® 78.0 59.5 45.6 31.0 35.5 37.0 51.1
CO2 77.3 59.0 45.2 30.7 35.1 36.7 50.7
CHa 0.1 0.1 & & il & &
N20 0.6 0.5 0.4 0.2 0.3 0.3 0.4
Ships and Boats*® 47.0 45.5 40.0 32.2 50.7 49.9 43.8
CO2 46.3 44.3 35.5 27.5 454 44.4 38.0
CH. 0.4 0.5 0.4 0.4 0.5 0.5 0.5
N20 0.2 0.2 0.2 0.1 0.3 0.3 0.2
HFCs 0.0 0.5 3.9 4.2 4.5 4.8 5.1
Rail 39.0 51.4 39.7 34.2 35.5 35.6 33.9
CO2 38.5 50.8 39.1 33.7 34.9 35.0 334
CH. 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N20 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 0.115
Other Emissions from Electric Power® 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Pipelines® 36.0 32.8 58.5 58.5 64.9 72.0 71.3
CO2 36.0 32.8 58.5 58.5 64.9 72.0 71.3
Lubricants 11.8 10.2 8.8 7.8 8.0 8.7 6.6
CO2 11.8 10.2 8.8 7.8 8.0 8.7 6.6
Total Transportation 1,523.9 1,976.6 1,878.5 1,628.9 1,809.5 1,808.6 1,827.7
International Bunker Fuels’ 54.7 44.6 26.2 22.7 22.7 25.3 23.5
Ethanol CO2# 4.1 21.6 78.7 68.1 75.4 75.0 76.4
Biodiesel CO2& 0.0 0.9 171 17.7 16.1 15.6 18.2

+ Does not exceed 0.05 MMT CO; Eq.

@ Consists of emissions from jet fuel consumed by domestic operations of commercial aircraft (no bunkers).

® 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.

4 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 CH4
and N:0, these emissions are not directly attributed to pipelines in the Inventory.

fEmissions 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
LULUCEF (see Chapter 6), in line with IPCC methodological guidance, 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 lbs; medium-
and heavy-duty trucks include vehicles larger than 8,500 lbs. HFC emissions primarily reflect HFC-134a. Totals may not sum
due to independent rounding.

Industry

The industry economic sector includes CO, 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 29.2 percent of U.S. greenhouse gas emissions in 2023.
This end-use sector also includes emissions that are produced as a byproduct of the non-energy-related
industrial process activities. Various activities produce these non-energy-related emissions, including
CH,4 emissions from petroleum and natural gas systems, fugitive CH, and CO, emissions from coal
mining, byproduct CO, emissions from cement production, and HFC, PFC, SFe, and NF; byproduct
emissions from the electronics industry.

Since 1990, industry sector emissions have declined by 24.4 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.

Commercial

The commercial end-use sector, including electricity-related emissions, accounted for 15.6 percent of
U.S. greenhouse gas emissions in 2023. 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.

Residential

The residential end-use sector, including electricity-related emissions, accounted for 14.4 percent of
U.S. greenhouse gas emissions in 2023. 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
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Figure 2-16: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross
Domestic Product (GDP)
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Source: BEA (2024), U.S. Census Bureau (2025), and net estimates in this report.

2.3 Precursor Greenhouse Gas Emissions

This section summarizes emissions of compounds that are precursors to greenhouse gases, which
include carbon monoxide (CO), nitrogen oxides (NOx), non-methane volatile organic compounds
(NMVOCs), ammonia (NHs), and sulfur dioxide (SO,). These gases are not direct greenhouse gases, but
can indirectly impact Earth’s radiative balance, by altering the concentrations of other greenhouse gases
(e.g., tropospheric ozone) and atmospheric aerosol (e.g., particulate sulfate). Carbon monoxide is
produced when carbon-containing fuels are combusted incompletely in energy, transportation, and
industrial processes, and is also emitted from practices such as agricultural burning and waste disposal
and treatment. Anthropogenic sources of 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. Primary sources of ammonia (NHs) are
livestock waste and fertilizer application, and additional contributions come from industrial processes
and on-road vehicles. Inthe 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 NOy in the
presence of sunlight lead to formation of tropospheric ozone, a greenhouse gas. Concentrations of
NMVOCs, NOy, 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
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Gas/Activity 1990 2005 2019 2020 2021 2022 2023
NH;s 511 2,763 2,935 3,021 3,190 2,839 2,834
Energy 229 219 179 180 267 271 268
IPPU 193 117 65 57 56 56 56
Agriculture 16 2,408 2,672 2,700 2,783 2,429 2,427
LULUCF NA NA NA NA NA NA NA
Waste 73 18 19 84 84 83 83
SO; 20,924 13,174 1,759 1,546 1,706 1,718 1,524
Energy 19,398 12,312 1,344 1,173 1,315 1,341 1,151
IPPU 1,490 776 309 265 273 261 260
Agriculture + 65 83 75 85 84 82
LULUCF NA NA NA NA NA NA NA
Waste 36 20 23 33 32 31 31

+ Does not exceed 0.5 kt.

NA (Not Available)

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

Source: (EPA 2024) except for estimates from forest fires, grassland fires, and field burning of agricultural residues. Emission
categories from EPA (2024) are aggregated into sectors and categories reported under Table ES-3.
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Figure 3-1: 2023 Energy Sector Greenhouse Gas Sources
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Table 3-1: CO,, CH,, and N.O Emissions from Energy (MMT CO. Eq.)

Gas/Source 1990 2005 2019 2020 2021 2022 2023
CO: 4,911.0| 5,923.1| 5,059.2 4,521.0 4,841.2 4,878.0 4,742.3
Fossil Fuel Combustion 4,752.2| 5,744.1 4,852.6 4,342.3 4,654.6 4,702.8 4,559.4
Transportation 1,468.9§ 1,858.6f 1,816.6 1,573.0 1,753.5 1,753.6 1,776.5
Electricity Generation 1,820.0 2,400.1 1,606.7 1,439.6 1,540.9 1,531.7 1,414.2
Industrial 876.5 847.6 809.8 763.4 780.5 799.7 792.6
Residential 338.6 358.9 342.9 314.8 318.0 335.2 307.1
Commercial 228.3 227.1 251.7 229.3 237.5 259.2 244.2
U.S. Territories 20.0 51.9 24.8 22.3 24.1 23.5 24.9
Non-Energy Use of Fuels 99.1 125.0 106.5 97.9 111.7 101.7 1071
Natural Gas Systems 32.5 26.3 38.7 36.8 35.7 36.4 37.7
Petroleum Systems 9.6 10.2 45.4 28.9 241 22.1 23.3
Incineration of Waste 12.9 13.3 12.9 12.9 12.5 12.5 12.4
Coal Mining 4.6 4.2 3.0 2.2 2.5 2.5 2.4
CO2 Transport, Injection, and
Geological and Storage 0.0 0.0 + + 0.1 0.1 0.1
Abandoned Oil and Gas Wells + + + + + + +
Biomass-Wood? 215.2 206.9 216.7 189.5 191.5 194.3 187.7
International Bunker Fuels® 103.6 113.3 113.6 69.6 80.2 98.2 96.2
Biofuels-Ethanol® 4.2 22.9 82.6 71.8 79.1 79.6 80.7
Biofuels-Biodiesel? 0.0 0.9 17.1 17.7 16.1 15.6 18.2
Biomass-MSW~ 18.5 14.7 15.7 15.6 15.3 14.9 13.9
CH. 410.4 360.2 320.4 302.3 289.6 278.7 271.9
Natural Gas Systems 219.6 210.7 189.0 180.1 174.6 172.8 162.4
Coal Mining 108.1 71.5 53.0 46.2 44.7 43.6 45.4
Petroleum Systems 50.0 48.4 50.8 50.6 45.1 36.3 38.0
Stationary Combustion 9.7 8.8 9.8 7.9 7.9 8.7 8.8
Abandoned Oil and Gas Wells 7.8 8.2 8.5 8.5 8.6 8.5 8.5
Abandoned Underground Coal Mines 8.1 7.4 6.6 6.5 6.2 6.1 6.1
Mobile Combustion 7.2 5.2 2.8 2.5 2.6 2.6 2.5
Incineration of Waste + + + + + + +
International Bunker Fuels® 0.2 0.1 0.1 0.1 0.1 0.1 0.1
N20 60.5 72.9 41.3 36.9 39.3 39.6 36.2
Stationary Combustion 22.3 30.5 22.1 20.5 22.0 22.6 19.6
Mobile Combustion 37.8 42.0 18.7 16.0 16.8 16.6 16.2
Incineration of Waste 0.4 0.3 0.4 0.3 0.4 0.3 0.3
Petroleum Systems + + + + + + +
Natural Gas Systems + + + + + + +
International Bunker Fuels® 0.8 0.9 0.9 0.5 0.6 0.8 0.8
Total 5,381.9| 6,356.2] 5,420.9 4,860.2 5,170.1 5,196.2 5,050.4

+ Does not exceed 0.05 MMT CO: Eq.

2 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.

®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.

Note: Totals may not sum due to independent rounding.
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Table 3-2: CO,, CH,, and N.O Emissions from Energy (kt)

Gas/Source 1990 2005 2019 2020 2021 2022 2023
CO: 4,910,974 5,923,104f 5,059,240 4,521,041 4,841,186 4,877,978 4,742,336
Fossil Fuel Combustion 4,752,234§ 5,744,138 4,852,647 4,342,309 4,654,629 4,702,769 4,559,379
Non-Energy Use of Fuels 99,104 124,988 106,487 97,881 111,718 101,697 107,069
Natural Gas Systems 32,525 26,325 38,696 36,810 35,745 36,410 37,682
Petroleum Systems 9,597 10,222 45,445 28,876 24,091 22,084 23,272
Incineration of Waste 12,900 13,254 12,948 12,921 12,476 12,484 12,425
Coal Mining 4,606 4,169 2,992 2,197 2,455 2,474 2,404
COz Transport, Injection,

and Geological and Storage 0 0 18 39 65 53 98
Abandoned Oil and Gas

Wells 7 7 8 8 8 8 8
Biomass-Wood® 215,186 206,901 216,652 189,516 191,471 194,318 187,690
International Bunker Fuels® 103,634 113,328 113,632 69,638 80,180 98,241 96,160
Biofuels-Ethanol® 4,227 22,943 82,578 71,848 79,064 79,593 80,708
Biofuels-Biodiesel® 0 856 17,080 17,678 16,112 15,622 18,185
Biomass-MSW? 18,534 14,722 15,709 15,614 15,329 14,864 13,936
CH. 14,659 12,864 11,443 10,795 10,344 9,952 9,709
Natural Gas Systems 7,842 7,525 6,751 6,431 6,236 6,173 5,802
Coal Mining 3,860 2,552 1,892 1,648 1,595 1,658 1,623
Petroleum Systems 1,787 1,730 1,813 1,807 1,611 1,295 1,358
Stationary Combustion 345 313 349 282 284 312 313
Abandoned Oil and Gas

Wells 279 294 302 303 306 303 303
Abandoned Underground

Coal Mines 288 264 237 232 221 218 219
Mobile Combustion 258 187 101 90 91 92 91
Incineration of Waste + + + + + + +
International Bunker Fuels® 7 5 4 3 3 3 3
N20 228 275 156 139 148 149 136
Stationary Combustion 84 115 84 77 83 85 74
Mobile Combustion 143 158 71 60 64 63 61
Incineration of Waste 2 1 1 1 1 1 1
Petroleum Systems + + + + + + +
Natural Gas Systems + + + + +

International Bunker Fuels® 3 3 3 2 2 3 3

+ Does not exceed 0.5 kt.

2 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.

®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.

Note: Totals by gas may not sum due to independent rounding.
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Figure 3-4: 2023 U.S. Energy Use by Energy Source
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Note: Totals may not sum due to independent rounding.

Figure 3-5: Annual U.S. Energy Use
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Sector/Fuel Type 1990 2005 2019 2020 2021 2022 2023
Commercial 1.2 1.2 1.3 1.2 1.3 1.3 1.3
Coal 0.0 0.0 + + + + +
Fuel Oil 0.3 0.2 0.2 0.2 0.2 0.3 0.2
Natural gas 0.4 0.4 0.5 0.4 0.5 0.5 0.5
Wood 0.5 0.6 0.6 0.6 0.6 0.6 0.6
Residential 5.9 4.5 5.3 3.6 3.6 4.3 4.5
Coal 0.3 0.1 NO NO NO NO NO
Fuel Oil 0.4 0.4 0.3 0.2 0.2 0.3 0.2
Natural Gas 0.6 0.7 0.7 0.6 0.6 0.7 0.6
Wood 4.6 3.4 4.4 2.8 2.7 3.4 3.6
U.S. Territories 0.0 0.1 + + + + +
Coal 0.0 0.0 i il i i il
Fuel Oil 0.0 0.1 + + + + +
Natural Gas NO 0.0 + + + + +
Wood NE NE NE NE NE NE NE
Total 9.7 8.8 9.8 7.9 7.9 8.7 8.8

+ Does not exceed 0.05 MMT CO: Eq.

NO (Not Occurring)

NE (Not Estimated)
Note: Totals may not sum due to independent rounding.

Table 3-9: N,O Emissions from Stationary Combustion (MMT CO. Eq.)

Sector/Fuel Type 1990 2005 2019 2020 2021 2022 2023
Electric Power 18.2 26.7 18.8 17.5 19.0 19.4 16.6
Coal 17.9 24.9 14.8 13.5 15.1 15.2 121
Fuel Oil 0.1 0.1 + + + + +
Natural Gas 0.3 1.7 3.9 4.0 3.9 4.2 4.4
Wood + + + + + + +
Industrial 2.8 2.6 2.2 2.0 21 2.0 1.9
Coal 0.7 0.5 0.2 0.2 0.2 0.2 0.2
Fuel Oil 0.5 0.5 0.3 0.3 0.3 0.3 0.3
Natural Gas 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Wood 1.5 1.5 1.4 1.4 1.4 1.3 1.2
Commercial 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Coal + + + + + + +
Fuel Oil 0.2 0.1 0.1 0.1 0.1 0.1 0.1
Natural Gas 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wood 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Residential 0.9 0.8 0.8 0.6 0.6 0.7 0.7
Coal + + NO NO NO NO NO
Fuel Oil 0.2 0.2 0.2 0.1 0.1 0.1 0.1
Natural Gas 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Wood 0.6 0.4 0.5 0.3 0.3 0.4 0.5
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Figure 3-9: Industrial Production Indices (Index 2017=100)
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Figure 3-10: Fuels and Electricity Used in Industrial Sector, Industrial Output, and
Total Sector CO, Emissions (Including Electricity)
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Despite the growth in industrial output (65 percent) and the overall U.S. economy (125 percent) from
1990 to 2023, direct CO, emissions from fossil fuel combustion in the industrial sector decreased by 9.6
percent over the same time series. A number of factors are assumed to result in decoupling of growth in
industrial output from industrial greenhouse gas emissions, for example: (1) more rapid growth in output
from less energy-intensive industries relative to traditional manufacturing industries, and (2) energy-
intensive industries such as steel are employing new methods, such as electric arc furnaces, that are
less carbon-intensive than the older methods.

Box 3-2: Uses of Greenhouse Gas Reporting Program Data and Improvements in

Reporting Emissions from Industrial Sector Fossil Fuel Combustion

As described in the calculation methodology, total fossil fuel consumption for each year is based on
aggregated end-use sector consumption published by the EIA. The availability of facility-level
combustion emissions through EPA’s GHGRP has provided an opportunity to better characterize the
industrial sector’s energy consumption and emissions in the United States, through a disaggregation of
EIA’s industrial sector fuel consumption data from select industries.

For GHGRP 2010 through 2023 reporting years, facility-level fossil fuel combustion emissions reported
through EPA’'s GHGRP were categorized and distributed to specific industry types by utilizing facility-
reported NAICS codes (as published by the U.S. Census Bureau). As noted previously in this report, the
definitions and provisions for reporting fuel types in EPA’s GHGRP include some differences from the
Inventory’s use of EIA national fuel statistics for national inventory reporting. The IPCC has provided
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Figure 3-11: Fuels and Electricity Used in Residential and Commercial Sectors,
Heating and Cooling Degree Days, and Total Sector CO, Emissions (Including
Electricity)
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In 2023, excluding indirect emissions from electricity use, the residential and commercial sectors
accounted for 7 and 5 percent of CO, emissions from fossil fuel combustion, respectively; 40 and 11
percent of CH, emissions from fossil fuel combustion, respectively; and 2 and 1 percent of N,O
emissions from fossil fuel combustion, respectively. Emissions from these sectors are primarily
attributable to building-related activities such as the direct consumption of natural gas and petroleum
products, primarily for heating and cooking needs. Coal consumption was a minor component of energy
use in the commercial sector and did not contribute to any energy use in the residential sector.
Greenhouse gas emissions from commercial and residential buildings also increase substantially when
emissions from electricity end-use are included, because the building sector uses 75 percent of the
electricity generated in the United States (e.g., for heating, ventilation, and air conditioning; lighting; and
appliances) (NREL 2023). In 2023, total emissions (CO,, CH4, and N,O) from fossil fuel combustion and
electricity use within the residential and commercial end-use sectors were 827.3 MMT CO, Eq. and
748.2 MMT CO;, Eq., respectively. Direct CO,, CH4, and N,O emissions from fossil fuel combustion
within the residential and commercial end-use sectors decreased by 9.5 and 5.5 percent from 2022 to
2023, respectively. This is mainly due to a decrease in heating degree days (10.4 percent) and cooling
degree days (5.2 percent) from 2022 to 2023 which decreased energy demand for heating and cooling in

the residential and commercial sectors. From 2022 to 2023 there was an 8.5 and a 5.6 percent decrease
in direct energy use in the residential and commercial sectors respectively.

Energy Use (TBtu)
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In 2023, combustion emissions from natural gas consumption represented 81 and 75 percent of the
direct fossil fuel CO, emissions from the residential and commercial sectors, respectively. Carbon
dioxide emissions from natural gas combustion in the residential and commercial sectors in 2023
decreased by 9.0 percent and 5.0 percent from 2022, respectively.
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Figure 3-13: Annual Deviations from Normal Cooling Degree Days for the United States
(1970-2023, Index Normal = 100)
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U.S. Territories

Emissions from U.S. Territories are based on the fuel consumption in American Samoa, Guam, Puerto
Rico, U.S. Virgin Islands, Wake Island, and other outlying U.S. Pacific Islands. As described in the
Methodology section of CO; from Fossil Fuel Combustion, this data is collected separately from the
sectoral-level data available for the general calculations. As sectoral information is not available for U.S.
Territories, CO,, CH,4, and N,O emissions are not presented for U.S. Territories in the tables above by
sector, though the emissions will occur across all sectors and sources including stationary,
transportation and mobile combustion sources.

Transportation Sector and Mobile Combustion

This discussion of transportation emissions follows the alternative method of presenting combustion
emissions by allocating emissions associated with electricity generation to the transportation end-use
sector, as presented in Table 1-9. Table 1-8 presents direct CO,, CH4, and N,O emissions from all
transportation sources (i.e., excluding emissions allocated to electricity consumption in the
transportation end-use sector).

The transportation end-use sector and other mobile combustion accounted for 1,800.2 MMT CO, Eq. in
2023, which represented 39 percent of CO, emissions from fossil fuel combustion, 23 percent of CH,4
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Figure 3-15: Sales-Weighted Fuel Economy of New Passenger Cars and Light-Duty
Trucks, 1990-2023
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Source: EPA (2023).

Figure 3-16: Sales of New Passenger Cars and Light-Duty Trucks, 1990-2023
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Table 3-13: CO; Emissions from Fossil Fuel Combustion in Transportation End-Use

Sector (MMT CO:. Eq.)

Fuel/Vehicle Type 1990 2005 2019 2020 2021 2022 2023
Gasoline® 958.9 1,150.1 1,086.5 936.9 1,028.7 1,014.5 1,035.7
Passenger Cars 622.7 525.0 358.8 297.8 314.1 296.6 293.6
Light-Duty Trucks 271.7 576.1 675.2 590.5 658.9 659.2 682.4
Medium- and Heavy-Duty Trucks® 41.8 28.8 31.5 29.5 34.7 35.8 36.3
Buses 5.1 1.8 3.6 3.1 3.5 3.9 41
Motorcycles 3.3 4.7 6.7 6.1 6.9 8.2 8.6
Recreational Boats® 14.3 13.7 10.7 9.9 10.6 10.8 10.8
Distillate Fuel Oil (Diesel)? 262.9 462.6 474.0 447.4 480.6 476.7 471.3
Passenger Cars 9.9 4.1 2.5 2.0 2.0 1.9 1.8
Light-Duty Trucks 8.2 30.1 32.0 26.4 27.8 27.9 27.5
Medium- and Heavy-Duty Trucks® 192.0 356.2 373.0 361.3 389.8 384.2 381.2
Buses 7.8 14.9 20.2 16.3 17.9 19.5 19.3
Rail 35.5 46.1 36.0 31.2 325 325 30.9
Recreational Boats® 2.7 2.9 2.9 2.6 2.8 3.0 2.9
Ships and Non-Recreational Boats® 6.8 8.4 7.5 7.6 7.8 7.8 7.7
International Bunker Fuels® 11.7 9.5 10.1 7.8 7.4 7.2 7.0
Jet Fuel 184.1 189.2 180.3 120.6 152.6 164.8 178.9
Commercial Aircraft’ 109.9 132.7 136.7 91.3 119 129.7 129.7
Military Aircraft 35.7 19.8 12.2 11.7 12.5 12.4 11.5
General Aviation Aircraft 38.5 36.8 314 17.6 211 22.7 37.7
International Bunker Fuels® 38.2 60.2 78.3 39.8 50.8 66.6 66.5
International Bunker Fuels from

Commercial Aviation 30.0 55.6 75.1 36.7 47.6 63.5 63.5
Aviation Gasoline 3.1 24 1.6 1.4 1.5 1.5 1.5
General Aviation Aircraft 3.1 24 1.6 14 1.5 1.5 1.5
Residual Fuel Oil 22.6 19.3 14.5 7.3 24.2 22.9 16.6
Ships and Non-Recreational Boats® 22.6 19.3 14.5 7.3 24.2 22.9 16.6
International Bunker Fuels® 53.7 43.6 25.2 22.1 21.9 24.4 22.7
Natural Gas® 36.0 33.1 58.9 58.8 65.2 72.3 71.7
Passenger Cars + + + + + + +
Light-Duty Trucks + + + + + T +
Medium- and Heavy-Duty Trucks + + 0.1 0.1 0.1 0.1 0.1
Buses T 0.2 0.3 0.2 0.2 0.3 0.3
Pipeline" 36.0 32.8 58.5 58.5 64.9 72.0 71.3
LPG¢# 14 1.8 0.8 0.5 0.6 0.7 0.7
Passenger Cars + + + + + + +
Light-Duty Trucks 0.1 0.1 + + + 0.1 0.1
Medium- and Heavy-Duty Trucks® 1.3 0.9 0.7 0.5 0.5 0.5 0.5
Buses & 0.7 0.1 0.1 0.1 0.1 0.1
Electricity' 3.0 4.7 4.2 3.5 4.0 4.5 5.0
Passenger Cars + + 0.1 0.1 0.2 0.4 0.7
Light-Duty Trucks + + 1.1 1.0 1.3 1.6 1.9
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Fuel Type/Vehicle Type?® 1990 2005 2019 2020 2021 2022 2023
Passenger Cars + + + + + + +
Light-Duty Trucks + + + + + + +
Medium- and Heavy-Duty Trucks + + 0.1 0.1 0.1 0.1 0.1
Medium- and Heavy-Duty Buses + + it + it + +
Alternative Fuel On-Road + + + + + + +
Non-Road° 1.4 1.8 1.7 1.6 1.6 1.7 1.7
Ships and Boats 0.4 0.5 0.4 0.4 0.5 0.5 0.5
Rail¢ 0.1 0.1 0.1 0.1 0.1 0.1 0.1
Aircraft 0.1 0.1 + + + + +
Agricultural Equipment® 0.2 0.2 0.1 0.1 0.1 0.1 0.1
Construction/Mining Equipmentf 0.2 0.3 0.2 0.2 0.2 0.2 0.2
Other® 0.5 0.7 0.8 0.8 0.7 0.8 0.8
Total 7.2 5.2 2.8 25 2.6 2.6 25

+ Does not exceed 0.05 MMT CO: Eq.

@ See Annex 3.2 for definitions of on-road vehicle types.

 Gasoline and diesel highway vehicle mileage estimates are based on data from FHWA Highway Statistics Table VM-1. VMT for
2023 is based on FHWA'’s Traffic Volume Trends data series. VMT estimates from FHWA are allocated to vehicle type using ratios
of VMT per vehicle type to total VMT, derived from EPA’'s MOVES5 model (see Annex 3.2 for information about the MOVES model).
¢ Nonroad fuel consumption estimates for 2020 are adjusted to account for the COVID-19 pandemic and associated restrictions.
For agricultural equipment and airport equipment, sector specific adjustment factors were applied to the 2019 data. For all other
sectors, a 7.7 percent reduction factor is used, based on transportation diesel use (EIA 2025a).

4Rail emissions do not include emissions from electric powered locomotives. Class Il and Class lll diesel consumption data for
2014 to 2023 is estimated by applying the historical average fuel usage per carload factor to the annual number of carloads.

¢ Includes equipment, such as tractors and combines, as well as fuel consumption from trucks that are used off-road in
agriculture.

fIncludes equipment, such as cranes, dumpers, and excavators, as well as fuel consumption from trucks that are used off-road
in construction.

g“Other” includes snowmobiles and other recreational equipment, logging equipment, lawn and garden equipment, railroad
equipment, airport equipment, commercial equipment, and industrial equipment, as well as fuel consumption from trucks that
are used off-road for commercial/industrial purposes.

Note: Totals may not sum due to independent rounding.

Table 3-15: N.O Emissions from Mobile Combustion (MMT CO. Eq.)

Fuel Type/Vehicle Type?® 1990 2005 2019 2020 2021 2022 2023
Gasoline On-Road® 31.4 334 8.2 6.3 6.1 5.4 4.8
Passenger Cars 22.3 16.4 2.6 2.0 1.8 1.5 1.4
Light-Duty Trucks 8.2 15.8 5.3 4.1 4.0 3.6 3.2
Medium- and Heavy-Duty Trucks and Buses 0.9 1.2 0.2 0.2 0.2 0.1 0.1
Motorcycles + + 0.1 0.1 0.1 0.1 0.1
Diesel On-Road® 0.42 0.4 2.9 2.9 3.3 3.4 3.5
Passenger Cars + + + + + + +
Light-Duty Trucks + + 0.2 0.2 0.2 0.2 0.2
Medium- and Heavy-Duty Trucks 0.2 0.3 2.4 2.5 2.9 2.9 3.0
Medium- and Heavy-Duty Buses & + 0.2 0.2 0.2 0.2 0.2
Alternative Fuel On-Road + + 0.1 0.1 0.1 0.1 0.1
Non-Road* 6.2 8.1 7.6 6.7 7.4 7.7 7.9
Ships and Boats 0.2 0.2 0.2 0.1 0.3 0.3 0.2
Rail¢ 0.2 0.4 0.2 0.2 0.2 0.2 0.2
Aircraft 1.5 1.6 1.5 1.0 1.3 1.4 1.5
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Table 3-17: U.S. Energy Consumption and Energy-Related CO, Emissions Per Capita
and Per Dollar GDP
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Carbon intensity estimates were developed using nuclear and renewable energy data from EIA (2023c),
EPA (2010), and fossil fuel consumption data as discussed above and presented in Annex 2.1.

Uncertainty

For estimates of CO, from fossil fuel combustion, the amount of CO, emitted is directly related to the
amount of fuel consumed, the fraction of the fuel that is oxidized, and the carbon content of the fuel.
Therefore, a careful accounting of fossil fuel consumption by fuel type, average carbon contents of fossil
fuels consumed, and production of fossil fuel-based products with long-term carbon storage should
yield an accurate estimate of CO, emissions.

Nevertheless, there are uncertainties in the consumption data, carbon content of fuels and products,
and carbon oxidation efficiencies. For example, given the same primary fuel type (e.g., coal, petroleum,
or natural gas), the amount of carbon contained in the fuel per unit of useful energy can vary. For the
United States, however, the impact of these uncertainties on overall CO, emission estimates is believed
to be relatively small. See, for example, Marland and Pippin (1990). See also Annex 2.2 for a discussion
of uncertainties associated with fuel carbon contents. Recent updates to carbon factors for natural gas
and coal utilized the same approach as previous Inventories with updated recent data, therefore, the
uncertainty estimates around carbon contents of the different fuels as outlined in Annex 2.2 were not
impacted and the historic uncertainty ranges still apply.

Although national statistics of total fossil fuel and other energy consumption are relatively accurate, the
allocation of this consumption to individual end-use sectors (i.e., residential, commercial, industrial,
and transportation) is less certain. For example, for some fuels the sectoral allocations are based on
price rates (i.e., tariffs), but a commercial establishment may be able to negotiate an industrial rate or a
small industrial establishment may end up paying an industrial rate, leading to a misallocation of
emissions. Also, the deregulation of the natural gas industry and the more recent deregulation of the
electric power industry have likely led to some minor challenges in collecting accurate energy statistics
as firms in these industries have undergone significant restructuring.
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Recalculations Discussion

EPA adjusted the share of total consumption apportioned to each combustion technology type for 2022
to correct a previous error. EIA (2025) updated the heat constant of bituminous coal for the time series.
EIA (2025) updated natural gas consumed by all sectors in 2020 and 2022, as well as petroleum
consumed by all sectors in 2021 and 2022. EIA (2025) also updated electricity statistics which affected
commercial sector wood consumption for the years 2014 through 2022. Additionally, EIA (2024) updated
U.S. Territories petroleum for the years 2020 through 2022, and U.S. Territories natural gas and coal
consumption for the year 2022. These updates resulted in an average annual decrease of less than 0.5
MMT CO; Eq. (0.1 percent) in CH, emissions and an average annual decrease of 0.1 MMT CO; Eq. (0.3
percent) in N,O emissions across the time series compared to the previous Inventory.

Planned Improvements

Several items are being evaluated to improve the CH, and N,O emission estimates from stationary
combustion and to reduce uncertainty for U.S. Territories. Efforts will be taken to work with EIA and other
agencies to improve the quality of the U.S. Territories data. Because these data are not broken out by
stationary and mobile uses, further research will be aimed at trying to allocate consumption
appropriately. In addition, the uncertainty of biomass emissions will be further investigated because it
was expected that the exclusion of biomass from the estimates would reduce the uncertainty; and in
actuality the exclusion of biomass increases the uncertainty. The CH, emission factor for residential
wood combustion developed by NESCAUM (2024) will also be reviewed and potentially incorporated
based on this review. Factors for methane slip will also be reviewed. These improvements are not all-
inclusive but are part of an ongoing analysis and efforts to continually improve these stationary
combustion estimates from U.S. Territories.

Other forms of biomass-based gas consumption include biogas. As an additional planned
improvement, EPA will examine EIA and GHGRP data on biogas collected and burned for energy use and
determine if CH, and N,O emissions from biogas can be included in future Inventories. EIA (2024a)
natural gas data already deducts biogas used in the natural gas supply, so no adjustments are needed to
the natural gas fuel consumption data to account for biogas.

CH,; and N,O from Mobile Combustion

Methodology and Time-Series Consistency

Estimates of CH, and N,O emissions from mobile combustion were calculated by multiplying emission
factors by measures of activity for each fuel and vehicle type (e.g., light-duty gasoline trucks). Activity
data included vehicle miles traveled (VMT) for on-road vehicles and fuel consumption for non-road
mobile sources. The activity data and emission factors used in the calculations are described in the
subsections that follow. A complete discussion of the methodology used to estimate CH, and N,O
emissions from mobile combustion and the emission factors used in the calculations is provided in
Annex 3.2.

On-Road Vehicles

Estimates of CH, and N,O emissions from gasoline and diesel on-road vehicles are based on VMT and
emission factors (in grams of CH, and N2O per mile) by vehicle type, fuel type, model year, and emission
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variables. For the purposes of this analysis, the uncertainty was modeled for the following four major
sets of input variables: (1) VMT data, by on-road vehicle and fuel type, (2) emission factor data, by on-
road vehicle, fuel, and control technology type, (3) fuel consumption, data, by non-road vehicle and
equipment type, and (4) emission factor data, by non-road vehicle and equipment type.

Uncertainty analyses were not conducted for NOy, CO, or NMVOC emissions. Emission factors for these
gases have been extensively researched because emissions of these gases from motor vehicles are
regulated in the United States, and the uncertainty in these emission estimates is believed to be
relatively low. For more information, see Section 3.11. However, a much higher level of uncertainty is
associated with CH4 and N,O emission factors due to limited emission test data, and because, unlike
CO; emissions, the emission pathways of CH, and N,O are highly complex.

Based on the uncertainty analysis, mobile combustion CH4 emissions from all mobile sources in 2023
were estimated to be between 2.5 and 3.3 MMT CO, Eq. at a 95 percent confidence level. This indicates
a range of 4 percent below to 30 percent above the corresponding 2023 emission estimate of 2.5 MMT
CO; Eq. Mobile combustion N,O emissions from mobile sources in 2023 were estimated to be between
15.1 and 19.8 MMT CO; Eq. at a 95 percent confidence level. This indicates a range of 7 percent below to
22 percent above the corresponding 2023 emission estimate of 16.2 MMT CO; Eq.

Table 3-22: Approach 2 Quantitative Uncertainty Estimates for CH, and N,O Emissions
from Mobile Sources (MMT CO; Eq. and Percent)

Uncertainty Range Relative to Emission Estimate?

2023 Emission (MMT CO: Eq.) (%)
Estimate Lower Upper Lower Upper
Source Gas (MMT CO: Eq.) Bound Bound Bound Bound
Mobile Sources CH4 25 25 3.3 -4% +30%
Mobile Sources N20 16.2 15.1 19.8 -7% +22%

2Range of emission estimates predicted by Monte Carlo stochastic simulation for a 95 percent confidence interval.

This uncertainty analysis is a continuation of a multi-year process for developing quantitative
uncertainty estimates for this source category using the IPCC Approach 2 uncertainty estimation
methodology. As a result, as new information becomes available, uncertainty characterization of input
variables may be improved and revised. For additional information regarding uncertainty in emission
estimates for CH, and N,O please refer to the Uncertainty Annex. As discussed in Annex 5, data are
unavailable to include estimates of CH, and N,O emissions from any liquid fuel used in pipeline
transport or some biomass used in transportation sources, but those emissions are assumed to be
insignificant.

QA/QC and Verification

In order to ensure the quality of the emission estimates from mobile combustion, general (IPCC Tier 1)
and category-specific (Tier 2) Quality Assurance/Quality Control (QA/QC) procedures were
implemented consistent with the U.S. Inventory QA/QC plan outlined in Annex 8. The specific plan used
for mobile combustion was updated prior to collection and analysis of this current year of data. The Tier
2 procedures focused on the emission factor and activity data sources, as well as the methodology used
for estimating emissions. These procedures included a qualitative assessment of the emission
estimates to determine whether they appear consistent with the most recent activity data and emission
factors available. A comparison of historical emissions between the current Inventory and the previous
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Inventory was also conducted to ensure that the changes in estimates were consistent with the changes
in activity data and emission factors.

Recalculations Discussion

New data on the activity of battery and plug-in hybrid electric vehicles was used to estimate electric
vehicle mileage (Browning, 2024). Past inventories estimated that electric vehicles had similar mileage
accumulation to conventionally fueled vehicles. The current inventory uses more recent data that shows
electric vehicles drive fewer miles annually than the average conventionally fueled vehicle. This annual
mileage update resulted in total CO;, emissions from electricity consumption by electric vehicles to
decrease by 1.6 MMT (26 percent) in 2022 and 1.1 MMT in 2021 (22 percent), compared to the previous
Inventory. CH4 and N,O emissions are not impacted by this update.

Updated alternative fuel emissions factors based on the latest GREET model (GREET 2023) were also
included. As a result of these updates, CH, emissions from alternative fuel vehicles increased by an
annual average of .01 MMT CO; Eq. (27 to 30 percent) in the years 2020 through 2022 compared to the
previous Inventory. Alternative fuel vehicle N,O emissions decreased by .01 MMT CO, Eq. (8 percent) in
2022 and changes in N,O emissions in 2020 and 2021 were less than .01 MMT CO;, Eq., relative to the
previous Inventory.

Output from the recently released MOVESS5 model was used to update the vehicle fleet composition by
age and type and the estimated mileage and fuel use by vehicle type and model year. This change
affects the historical time series of emissions by vehicle type. A significant component of this change is
replacing projections based on MOVES3, with actual vehicle fleet data from MOVES5. MOVESS5 also
includes more accurate projections based on the most recent data. Due to this update, N,O emissions
from gasoline powered highway vehicles increased by 0.03 MMT CO; Eq. (0.4 percent) in 2021 and 0.08
MMT CO; Eq. (1.5 percent) in 2022 compared to the previous Inventory. Total N,O emissions for diesel
highway vehicles increased by less than 0.01 MMT CO; Eq. (0.1 percent) in 2021 and decreased by 0.1
MMT CO; Eq (2.9 percent) in 2022 compared to the previous Inventory. Changes in CH, emissions for
gasoline highway vehicles were small for 2021 and 2022, between -0.01 MMT CO; Eq. (-1.1 percent) in
2021 and less than 0.01 MMT CO; Eq. (0.4 percent) in 20222. Changes in CH, emissions from diesel
highway vehicles were small, decreasing 0.01 MMT CO; Eq. (9.4 percent) in 2021 and 0.02 (14.1 percent)
in 2022.

Together, these updates resulted in an average annualincrease of 0.4 MMT CO; Eq. (7.9 percent) in CH4
emissions and an average annual increase 1.4 MMT CO; Eq. (4.8 percent) in N,O emissions across the
time series compared to the previous Inventory.

Planned Improvements

While the data used for this report represent the most accurate information available, several areas for
improvement have been identified.

« Improve estimates of electric vehicle activity and energy use. EIA publishes output from a model
that estimates electric vehicle energy consumption starting in 2018 for passenger vehicles.
Model results from EIA could be used to improve the estimates of electric vehicle activity and
energy use in the Inventory.
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Year 1990 2005 2019 2020 2021 2022 2023
Miscellaneous Products 137.8 112.8 180.2 170.7 170.8 183.4 176.2
Transportation 176.0 151.3 131.3 115.6 119.0 129.9 97.5
Lubricants 176.0 151.3 131.3 115.6 119.0 129.9 97.5
U.S. Territories 50.8 114.9 3.6 3.5 3.5 1.0 1.0
Lubricants 0.7 4.6 1.0 1.0 1.0 1.0 1.0
Other Petroleum (Misc. Prod.) 50.1 110.3 2.6 2.5 2.5 NO NO
Total 4,337.1| 5,227.5 5,278.9 5,215.4 5,464.7 5,412.0 5,570.9
NO (Not Occurring)

2 Excludes natural gasoline.

® Formerly referred to as “pentanes plus.” This source has been adjusted and is reported separately from HGL to align with
historic data and revised EIA terminology.

Note: Totals may not sum due to independent rounding.

Table 3-25: 2023 Adjusted Non-Energy Use Fossil Fuel Consumption, Storage, and

Emissions
Adjusted Carbon
Non- Content Carbon
Energy Coefficient Potential Storage Carbon Carbon Emissions
Use® (MMT Carbon Factor Stored Emissions (MMT CO-
Sector/Fuel Type (TBtu) C/QBtu) (MMTC) (MMT C) (MMT C) (MMT C) Eqg.)
Industry 5,472.4 NA 92.9 NA 65.5 27.4 100.4
Industrial Coking Coal 65.4 25.6 1.7 0.1 0.2 1.5 BB
Industrial Other Coal 9.5 26.1 0.2 0.7 0.2 0.1 0.3
Natural Gas to Chemical
Plants 663.7 14.5 9.6 0.7 6.3 3.3 11.9
Asphalt & Road Oil 891.8 20.6 18.3 1.0 18.2 0.1 0.3
HGL® 2,968.1 16.8 49.9 0.7 32.9 17.0 62.2
Lubricants 86.3 20.2 1.7 0.1 0.2 1.6 5.8
Natural Gasoline® NO 18.2 NO 0.7 NO NO NO
Naphtha (<401° F) 252.8 18.6 4.7 0.7 3.1 1.6 5.8
Other Qil (>401° F) 104.6 20.2 2.1 0.7 1.4 0.7 2.6
Still Gas 155.8 17.5 2.7 0.7 1.8 0.9 3.4
Petroleum Coke NO 27.8 NO 0.3 NO NO NO
Special Naphtha 83.4 19.7 1.6 0.7 1.1 0.6 21
Distillate Fuel Oil 5.8 20.2 0.1 0.5 0.1 0.1 0.2
Waxes 9.0 19.8 0.2 0.6 0.1 0.1 0.3
Miscellaneous Products 176.2 NO NO NO NO NO NO
Transportation 97.5 NA 2.0 NA 0.2 1.8 6.6
Lubricants 97.5 20.2 2.0 0.1 0.2 1.8 6.6
U.S. Territories 1.0 NA + NA + + 0.1
Lubricants 1.0 20.2 + 0.1 + + 0.1
Other Petroleum (Misc. Prod.) + 20.0 + 0.1 + + +
Total 5,570.9 94.9 65.7 29.2 107.1

+ Does not exceed 0.05 TBtu, MMT C, or MMT CO: Eqg.
NA (Not Applicable)

NO (Not Occurring)
2 To avoid double counting, net exports have been deducted.
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ACC (2023b) updated adipic acid, and acetic acid production in 2022, which resulted in a slight
decrease in emissions relative to the previous Inventory.

U.S. International Trade Commission (2024) updated historical import and export data from
2020 to 2022 for cleansers and antifreeze, resulting in slight changes from the previous
Inventory.

EIA (2025) updated historical fuel consumption data for HGL, industrial coking coal, and
lubricants, resulting in a decrease in emissions for the period 2019 through 2022.

EPA (2024) published new data on the quantity of hazardous waste incinerated in 2021 and
2023, resulting in a slight decrease in emissions for the period 2020 through 2022.

EIA (2024) published new data on the consumption of other petroleum liquids by U.S. Pacific
Islands and Wake Island for years 2020 through 2022, resulting in a slight increase in emissions
relative to the previous Inventory.

Overall, these changes resulted in an average annual decrease of less than 0.05 MMT CO:; Eq. (less than
0.05 percent) in carbon emissions from non-energy uses of fossil fuels for the period 1990 through 2022,
relative to the previous Inventory. This change was driven by slight increases in emissions for the period
2019 through 2021, and a decrease in emissions in 2022.

Planned Improvements

There are several future improvements planned:

More accurate accounting of carbon in petrochemical feedstocks. EPA has worked with EIA to
determine the cause of input/output discrepancies in the carbon mass balance contained
within the NEU model. In the future, two strategies to reduce or eliminate this discrepancy will
continue to be pursued as part of quality control procedures. First, accounting of carbon in
imports and exports will be improved. The import/export adjustment methodology will be
examined to ensure that net exports of intermediaries such as ethylene and propylene are fully
accounted for. Second, the use of top-down carbon input calculation in estimating emissions
will be reconsidered. Alternative approaches that rely more substantially on the bottom-up
carbon output calculation will be considered instead.

Improving the uncertainty analysis. Most of the input parameter distributions are based on
professional judgment rather than rigorous statistical characterizations of uncertainty.

Better characterizing flows of fossil carbon. Additional fates may be researched, including the
fossil carbon load in organic chemical wastewaters, plasticizers, adhesives, films, paints, and
coatings. There is also a need to further clarify the treatment of fuel additives and backflows
(especially methyl tert-butyl ether, MTBE).

Reviewing the trends in fossil fuel consumption for non-energy uses. Annual consumption for
several fuel types is highly variable across the time series, including industrial coking coal and
other petroleum. A better understanding of these trends will be pursued to identify any
mischaracterized or misreported fuel consumption for non-energy uses.

Updating the average carbon content of solvents was researched, since the entire time series
depends on one year’s worth of solvent composition data. The data on carbon emissions from
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solvents that were readily available do not provide composition data for all categories of solvent
emissions and also have conflicting definitions for volatile organic compounds, the source of
emissive carbon in solvents. Additional sources of solvents data will be investigated in order to
update the carbon content assumptions.

« Updating the average carbon content of cleansers (soaps and detergents) was researched;
although production and consumption data for cleansers are published every 5 years by the
Census Bureau, the composition (C content) of cleansers has not been recently updated.
Recently available composition data sources may facilitate updating the average carbon
content for this category.

¢ Revising the methodology for consumption, production, and carbon content of plastics was
researched; because of recent changes to the type of data publicly available for plastics, the
NEU model for plastics applies data obtained from personal communications. Potential
revisions to the plastics methodology to account for the recent changes in published data will
be investigated.

e« Although U.S.-specific storage factors have been developed for feedstocks, asphalt, lubricants,
and waxes, default values from IPCC are still used for two of the non-energy fuel types
(industrial coking coal, distillate oil), and broad assumptions are being used for miscellaneous
products and other petroleum. Over the long term, there are plans to improve these storage
factors by analyzing carbon fate similar to those described in Annex 2.3 or deferring to more
updated default storage factors from IPCC where available.

« Reviewing the storage of carbon black across various sectors in the Inventory; in particular, the
carbon black abraded and stored in tires.

e Assessthe current method and/or identify new data sources (e.g., EIA) for estimating emissions
from ammonia/fertilizer use of natural gas.

Investigate EIA NEU and MECS data to update, as needed, adjustments made for ammonia production
and “natural gas to chemical plants, other uses” and “natural gas to other” non-energy uses, including
iron and steel production, in energy uses and IPPU.
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mines sold the recovered CH, to a pipelineg, including one that also used CH, to fuel a thermal coal
dryer. One mine destroyed the recovered CH, using enclosed flares.

The CH4 recovered and used (or destroyed) at the 11 mines described above are estimated using the
following methods:

« EPA’s GHGRP data was exclusively used to estimate the CH,4 recovered and used from six of the
11 mines that deployed degasification systems in 2023. Based on quarterly measurements, the
GHGRP degasification destruction data summaries for each mine are added together to
estimate the CH, recovered and used from degasification systems.

e State sales data were used to supplement GHGRP data to estimate CH, recovered and used
from five mines that deployed degasification systems in 2023 (DMME 2024, ERG 2024, GSA
2024, and WVGES 2024). Supplemental information is used for these mines because estimating
CH,recovery and use from pre-mining wells requires additional data not reported under Subpart
FF of EPA’'s GHGRP (see discussion in step 1.2 above) to account for the emissions avoided prior
to the well being mined through. The supplemental data is obtained from state gas production
databases as well as mine-specific information on the location and timing of mined-through
pre-mining wells.

Step 2: Estimate CH.; Emitted from Surface Mines and Post-Mining
Activities

Mine-specific data are not available for estimating CH, emissions from surface coal mines or for post-
mining activities. For surface mines, basin-specific coal production obtained from the Energy
Information Administration’s Annual Coal Report (EIA 2024) is multiplied by basin-specific CH4 contents
(EPA 1996, 2005) and a 150 percent emission factor (to account for CH,from over- and under-burden) to
estimate CH,4 emissions (King 1994; Saghafi 2013). For post-mining activities, basin-specific coal
production is multiplied by basin-specific CH, contents and a mid-range 32.5 percent emission factor
for CH, desorption during coal transportation and storage (Creedy 1993). Basin-specific in situ gas
content data were compiled from AAPG (1984) and USBM (1986).

Fugitive CO,; Emissions

Methane and CO; are naturally occurring in coal seams and are collectively referred to as coal seam
gas. These gases remain trapped in the coal seam until coal is mined (i.e., coal seam is exposed and
fractured during mining operations). Fugitive CO, emissions occur during underground coal mining,
surface coal mining, and post-mining activities. Methods and data to estimate fugitive CO, emissions
from underground and surface coal mining are presented in the sections below. Fugitive CO, emissions
from post-mining activities were not estimated due to the lack of an IPCC method and unavailability of
data.

Total fugitive CO, emissions in 2023 were estimated to be 2,404 kt (2.4 MMT CO; Eq.), a decline of
approximately 48 percent since 1990. In 2023, underground mines accounted for approximately 89
percent of total fugitive CO, emissions. In 2023, total fugitive CO, emissions from coal mining
decreased by approximately 3 percent relative to the previous year. This decrease was due to a decrease
in annual coal production.

Energy 3-75




Table 3-37: CO; Emissions from Coal Mining (MMT CO. Eq.)

Activity 1990 2005 2019 2020 2021 2022 2023
Underground (UG) Mining 4.2 3.6 2.7 1.9 2.2 2.2 21
Liberated 4.2 3.6 2.6 1.9 2.2 2.2 21
Recovered & Used (+) (+) (+) (+) (+) (+) (+)
Flaring NO NO 0.1 + + + +
Surface Mining 0.4 0.6 0.3 0.2 0.3 0.3 0.3
Total 4.6 4.2 3.0 2.2 25 25 24

+ Does not exceed 0.05 MMT CO: Eq.
NO (Not Occurring)
Notes: Parentheses indicate negative values. Totals may not sum due to independent rounding.

Table 3-38: CO, Emissions from Coal Mining (kt)

Activity 1990 2005 2019 2020 2021 2022 2023
Underground (UG) Mining 4,164 3,610 2,670 1,948 2,193 2,201 2,140
Liberated 4,171 3,630 2,633 1,926 2,173 2,188 2,146
Recovered & Used (8) (1) (18) (19) (19) (25) (26)
Flaring NO NO 55 41 40 38 20
Surface Mining 443 560 322 249 262 273 264
Total 4,606 4,169 2,992 2,197 2,455 2,474 2,404

NO (Not Occurring)
Notes: Parentheses indicate negative values. Totals may not sum due to independent rounding.

Methodology and Time-Series Consistency

EPA uses an IPCC Tier 1 method for estimating fugitive CO; emissions from underground coal mining
and surface mining in accordance with methodological decisions trees in IPCC guidelines (Volume 2,
Chapter 4, Figure 4.1.1a) and available data (IPCC 2019). IPCC methods and data to estimate fugitive
CO; emissions from post-mining activities (for both underground and surface coal mining) are currently
not available.

Step 1: Underground Mining

EPA used the following overarching IPCC equation to estimate fugitive CO, emissions from underground
coal mines (IPCC 2019):

Equation 3-1: Estimating Fugitive CO; Emissions from Underground Mines
Y€ OGQI £€THE QQI Qi DEWEEND
00" €&t QQI QIGEBREMOTK € 0& B U QEQWI Qweé QI QQ
00 ¢0QEE QI i Qe Q

Step 1.1: Estimate Fugitive CO. Emissions from Underground Mining

EPA estimated fugitive CO, emissions from underground mining using the IPCC Tier 1 emission factor
(5.9 m¥/metric ton) and annual coal production from underground mines (EIA 2024). The underground
mining default emission factor accounts for all the fugitive CO. likely to be emitted from underground
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