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use increased by 0.1 percent (2.9 MMT CO2 Eq.) from 2022 to 2023. The increase in natural gas 1 
consumption and associated emissions in 2023 is observed mostly in the electric power and 2 
industrial sectors, the increase in petroleum use is mainly in the transportation sector, while the 3 
coal decrease is mainly due to reduced use in the electric power sector.   4 

Net emissions, including emissions and sinks from the LULUCF sector, were 5,256.7 MMT CO2 Eq. 5 
in 2023. Overall, net emissions decreased by 3.3 percent from 2022 to 2023. Over the last 20 years, 6 
net emissions decreased nearly 20 percent. Trends in net emissions are illustrated in Table ES-2. 7 
Carbon sequestration from the LULUCF sector offset 16.1 percent of total gross emissions in 2023. 8 

Figure ES-1 and Figure ES-2 illustrate the overall trend in total U.S. emissions and sinks since 1990, 9 
by gas and annual percent change relative to the previous year. Table ES-2 provides information on 10 
trends in gross and net U.S. greenhouse gas emissions and sinks for 1990 through 2023. Unless 11 
otherwise stated, all tables and figures provide total gross emissions and exclude the greenhouse 12 
gas fluxes from the LULUCF sector. For an overview of the LULUCF sector, see Section ES-3. 13 

Figure ES-1:  U.S. Greenhouse Gas Emissions and Sinks by Gas 14 

 15 
a The term “flux” is used to describe the exchange of CO2 to and from the atmosphere, with “net flux” being either positive or 16 
negative depending on the overall balance. Removal and long-term storage of CO2 from the atmosphere is also referred to as 17 
“carbon sequestration.” 18 
Notes: Gas totals exclude CH4, and N2O GHG fluxes from the LULUCF sector. Net emissions values include both CH4 and N2O 19 
emissions and the net carbon flux from the LULUCF sector.  20 
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Table ES-2:  Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (MMT CO2 Eq.) 1 

Gas/Source 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

CO2 5,131.7  6,126.9  5,236.4  4,690.5  5,020.6  5,056.1  4,918.3  -4.2% 

CH4 (excludes LULUCF sources) a 872.5  796.1  752.4  730.6  715.9  695.7  685.8  -21.4% 

N2O (excludes LULUCF sources) a 407.8  424.8  416.5  391.5  398.4  387.5  387.0  -5.1% 

HFCs 47.4  124.7  175.8  177.8  184.3  189.5  190.9  302.6% 

PFCs 39.2  9.8  7.3  6.6  6.3  6.5  5.7  -85.3% 

SF6 37.9  20.2  8.3  7.7  8.0  7.2  7.8  -79.5% 

NF3 0.2  1.0  1.1  1.3  1.1  1.1  0.8  357.0% 

Total Gross Emissions (Sources) a 6,536.7  7,503.4  6,597.8  6,006.0  6,334.5  6,343.6  6,196.3  -5.2% 

LULUCF Emissions b 59.1  71.8  63.2  82.6  81.0  68.6  61.0  3.2% 

CH4  54.4  60.9  56.1  69.0  67.8  59.6  54.7  0.5% 

N2O  4.7  10.9  7.0  13.7  13.1  9.0  6.3  34.6% 

LULUCF Carbon Stock Change c (1096.9) (1040.7) (982.6) (1034.2) (1043.8) (973.9) (1000.5) -8.8% 

LULUCF Sector Net Total d (1037.9) (968.9) (919.4) (951.6) (962.9) (905.3) (939.6) -9.5% 

Net Emissions (Sources and Sinks) 5,498.8  6,534.5  5,678.4  5,054.5  5,371.6  5,438.3  5,256.7  -4.4% 
a  Gross emissions totals do not include CH4 and N2O emissions from Land Use, Land-Use Change, and Forestry (LULUCF). 2 
LULUCF CH4 and N2O emissions are included in net emission totals. 3 
b  LULUCF emissions subtotal of CH4 and N2O are reported separately from gross emissions totals. LULUCF emissions include 4 
the CH4 and N2O emissions reported for peatlands remaining peatlands, forest fires, drained organic soils, grassland fires, and 5 
coastal wetlands remaining coastal wetlands; CH4 emissions from land converted to coastal wetlands, flooded land remaining 6 
flooded land, and land converted to flooded land; and N2O emissions from forest soils and settlement soils. 7 
c  LULUCF carbon stock change is the net carbon stock change from the following categories: forest land remaining forest land, 8 
land converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, land 9 
converted to grassland, wetlands remaining wetlands, land converted to wetlands, settlements remaining settlements, and land 10 
converted to settlements. 11 
d  The LULUCF sector net total is the net sum of all LULUCF CH4 and N2O emissions to the atmosphere plus LULUCF net carbon 12 
stock changes. 13 
Notes: Total gross emissions are emissions presented without LULUCF. Net emissions are presented with LULUCF. Totals may 14 
not sum due to independent rounding. Parentheses indicate negative values or sequestration. 15 

Figure ES-2:  Annual Percent Change in Gross U.S. Greenhouse Gas Emissions and 16 
Sinks Relative to the Previous Year 17 

 18 
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Improvements and Recalculations Relative to the Previous 1 

Inventory 2 

Each year, some emission and removal estimates in the Inventory are recalculated and revised to 3 
incorporate improved methods and/or data. The most common reason for recalculating U.S. 4 
greenhouse gas emission estimates is to update recent historical data. Changes in historical data 5 
are generally the result of changes in data supplied by other U.S. government agencies or 6 
organizations, as they continue to make refinements and improvements. These improvements are 7 
implemented consistently across the previous Inventory’s time series, as necessary, (i.e., 1990 to 8 
2023) to ensure that the trend is accurate.  9 

Collectively, all methodological changes and historical data updates made in the current Inventory 10 
resulted in lower estimates of annual net emissions by an average of 57.1 MMT CO2 Eq. (1.0 11 
percent).  12 

Figure ES-3:  Impacts of Recalculations on Net Emissions 13 

 14 

Below are categories with methodological and data-related recalculations12 resulting in an average 15 
annual change of greater than 2.0 MMT CO2 Eq. over the time series in descending order. 16 

• Forest land remaining forest land: changes in forest carbon stocks (CO2) 17 

• Land converted to settlements: changes in all ecosystem carbon stocks (CO2) 18 

• Substitution of ozone depleting substances (HFCs) 19 

• Land converted to grassland: changes in all ecosystem carbon stocks (CO2) 20 
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• Land converted to forest land: changes in forest carbon stocks (CO2) 1 

In addition, the current Inventory includes new categories (CO2 transport, injection and geological 2 
storage);  new estimates of perennial woody biomass carbon stock changes and biomass carbon 3 
stock changes from croplands and lands converted to and from croplands (e.g., croplands 4 
converted to grasslands, grasslands converted to croplands), and includes additional gases (NF3 5 
and HFCs) within the SF6 and PFC from other product use category that were not a part of the 6 
previous Inventory that improve the completeness of the national estimates. 7 

The results of all methodological changes and historical data updates and the inclusion of new 8 
sources and sink estimates are summarized in the Recalculations and Improvements chapter 9 
(Chapter 9 of this Inventory). For more detailed descriptions of each recalculation, including 10 
references for data, please see the respective emission or sink category description(s) within the 11 
relevant chapter (Chapter 3, Energy; Chapter 4, Industrial Processes and Product Use; Chapter 5, 12 
Agriculture; Chapter 6, Land Use, Land-Use Change, and Forestry; and Chapter 7, Waste.  13 

Emissions and Sinks Trends by Greenhouse Gas 14 

Figure ES-4 illustrates the relative contribution of each gas to total gross U.S. emissions in 2023, in 15 
CO2 equivalents (i.e., weighted by GWP). The primary greenhouse gas emitted by human activities in 16 
the United States is CO2, representing 79.4 percent of total greenhouse gas emissions. The largest 17 
source of CO2, and of overall greenhouse gas emissions, is fossil fuel combustion, primarily from 18 
transportation and power generation. CH4 emissions account for 11.1 percent of emissions while 19 
N2O account for an additional 6.2 percent of emissions. The major sources of methane include 20 
enteric fermentation associated with domestic livestock, natural gas systems, and decomposition 21 
of wastes in landfills. N2O accounts for an additional 6.2 percent of emissions. Agricultural soil 22 
management, wastewater treatment, stationary sources of fuel combustion, mobile combustion 23 
and manure management are the major sources of N2O emissions. Emissions of substitutes for 24 
ozone depleting substances are the primary contributor to aggregate HFC emissions. PFC 25 
emissions are primarily attributable to fluorochemical production, electronics manufacturing, and 26 
primary aluminum production. Electrical equipment systems account for most SF6 emissions. The 27 
electronics industry and fluorochemical production are the only sources of NF3 emissions. U.S. 28 
greenhouse gas emissions were partly offset by carbon sequestration in forests, trees in urban 29 
areas, agricultural soils, landfilled yard trimmings and food scraps, and coastal wetlands, which 30 
together offset 16.1 percent of total gross emissions in 2023 (as reflected in Figure ES-1). The 31 
following sections describe in more detail each gas’s contribution to total U.S. greenhouse gas 32 
emissions. 33 
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Figure ES-5: 2023 Sources of Carbon Dioxide Emissions 1 

2 
Note: “Other Industrial Processes” includes emissions from aluminum production, carbide production and consumption, 3 
carbon dioxide consumption, ferroalloy production, glass production, lead production, magnesium production, other process 4 
uses of carbonates, phosphoric acid production, substitution of ozone depleting substances, soda ash production, titanium 5 
dioxide production, urea consumption for non-agricultural purposes, and zinc production. “Other Energy” includes emissions 6 
from abandoned oil and gas wells; CO2 transport, injection, and geological storage; and coal mining. 7 

Fossil Fuel Combustion Trends 8 

Historically, changes in emissions from fossil fuel combustion have been the driving factor affecting 9 
overall U.S. emission trends. Important drivers include changes in demand for energy and a general 10 
decline in the overall carbon intensity of fuels combusted for energy in recent years by non-11 
transport sectors of the economy. Between 1990 and 2023, CO2 emissions from fossil fuel 12 
combustion decreased by 4.1 percent; emissions decreased by 20.6 percent (1,185.1 MMT CO2 13 
Eq.) from 2005 levels; and from 2022 to 2023, these emissions decreased by 3.1 percent (143.7 14 
MMT CO2 Eq.). 15 

The five major fuel-consuming economic sectors are transportation, electric power, industrial, 16 
residential, and commercial. Carbon dioxide emissions are produced by the electric power sector 17 
as fossil fuel is consumed to provide electricity to one of the other four economic sectors, or “end-18 
use” sectors. Greenhouse gas emissions from the commercial, residential, and industrial end-use 19 
sectors increase substantially when indirect emissions from electric power end-use are 20 
distributed, due to the relatively large share of electricity use by buildings (e.g., heating, ventilation, 21 
and air conditioning; lighting; and appliances) and use of electricity for powering industrial 22 
machinery. 23 
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Figure ES-7: Electric Power Generation and Emissions 1 

 2 

Other significant CO2 trends included:   3 

• CO2 emissions from natural gas and petroleum systems combined accounted for 1.2 4 
percent of CO2 emissions and 1.0 percent of total gross emissions in 2023. These emissions 5 
increased by 42.9 percent (18.0 MMT CO2 Eq.) from 1990 to 2023. This increase is due 6 
primarily to increases in the production segment, where flaring emissions from associated 7 
gas flaring, tanks, and miscellaneous production flaring have increased over time. 8 

• CO2 emissions from iron, steel production and metallurgical coke production accounted for 9 
0.9 percent of CO2 and 0.7 percent of total gross emissions. Emissions decreased by 55.9 10 
percent (58.5 MMT CO2 Eq.) from 1990 through 2023. This decrease was primarily due to 11 
restructuring of the industry, technological improvements, and increased scrap steel 12 
utilization. 13 

• Total carbon stock change (i.e., net CO2 removals) in the LULUCF sector decreased by 8.8 14 
percent between 1990 and 2023. This decrease was primarily due to a decrease in the rate 15 
of net carbon accumulation in forest carbon stocks as well as an increase in emissions 16 
from land converted to settlements. Disturbances on managed lands, particularly wildfire, 17 
are among the major influences that affect the annual net carbon flux by altering the 18 
amount of carbon stored in forest ecosystems.  19 
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Methane Emissions 1 

CH4 is significantly more effective than CO2 at trapping heat in the atmosphere by a factor of 28 over 2 
a 100-year time frame based on the IPCC Fifth Assessment Report estimate (IPCC 2013). Within the 3 
United States, the main anthropogenic sources of CH4 include enteric fermentation from domestic 4 
livestock, natural gas systems, landfills, domestic livestock manure management, flooded land, 5 
coal mining, and petroleum systems, as shown in Figure ES-8.  6 

Figure ES-8: 2023 Sources of Methane Emissions 7 

 8 
Note: “Other Energy” includes CH4 emissions from abandoned oil and gas wells, abandoned underground coal mines, 9 
incineration of waste, and mobile combustion. “Other Waste” includes CH4 emissions from anaerobic digestion at biogas 10 
facilities and composting. “Other Industrial Processes” includes CH4 emissions from carbide production and consumption, 11 
ferroalloy production, iron and steel production and metallurgical coke production, and petrochemical production. “Other 12 
LULUCF” includes the CH4 reported for peatlands remaining peatlands, forest fires, drained organic soils, grassland fires, coastal 13 
wetlands remaining coastal wetlands, and land converted to coastal wetlands. 14 

Overall, CH4 emissions in the United States in 2023, including LULUCF CH4 emissions, accounted 15 
for 740.5 MMT CO2 Eq., representing decreases of 20.1 percent (186.4 MMT CO2 Eq.) since 1990 and 16 
2.0 percent (14.8 MMT CO2 Eq.) since 2022. Significant trends for the largest sources of 17 
anthropogenic CH4 emissions include the following.  18 

• Enteric fermentation was the largest anthropogenic source of CH4 emissions in the United 19 
States in 2023, accounting for 27.3 percent of total CH4 emissions and 3.0 percent of total 20 
gross emissions. Emissions have increased by 2.2 percent (4.0 MMT CO2 Eq.) since 1990. 21 
This increase in emissions from 1990 to 2023  is primarily driven by an increase in cattle 22 
productivity, despite decreases in the national dairy and beef cattle populations since 1990.  23 

• Natural gas systems were the second largest anthropogenic source category of CH4 24 
emissions in the United States in 2023, accounting for 23.6 percent of total CH4 emissions 25 
and 2.6 percent of total gross emissions. Emissions have decreased by 26.0 percent (57.0 26 
MMT CO2 Eq.) since 1990, largely due to decreases in emissions from distribution, 27 
transmission, and storage.  28 
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Overall, N2O emissions in the United States in 2023, including LULUCF N2O emissions, accounted 1 
for 393.3 MMT CO2 Eq., representing a decrease of 3.5 percent (19.3 MMT CO2 Eq.) since 1990 and a 2 
decrease of 0.8 percent (3.2 MMT CO2 Eq.) since 2022. Significant trends for the largest sources of 3 
anthropogenic N2O emissions include the following. 4 

• Agricultural soils were the largest anthropogenic source of N2O emissions in 2023,5 
accounting for 76.6 percent of N2O emissions and 4.8 percent of total gross greenhouse gas6 
emissions in the United States. These emissions increased by 2.5 percent (7.2 MMT CO27 
Eq.) from 1990 to 2023 but fluctuated during that period due to annual variations in weather8 
patterns, fertilizer use, and crop production.9 

• Wastewater treatment, both domestic and industrial, was the second largest anthropogenic10 
source of N2O emissions in 2023, accounting for 5.4 percent of N2O emissions and 0.311 
percent of total gross greenhouse gas emissions in the United States in 2023. Emissions12 
from wastewater treatment increased by 41.0 percent (6.0 MMT CO2 Eq.) since 1990 as a13 
result of growing U.S. population and protein consumption.14 

• Stationary combustion was the third largest source of anthropogenic N2O emissions in15 
2023, accounting for 5.1 percent of N2O emissions and 0.3 percent of total gross U.S.16 
greenhouse gas emissions in 2023. Stationary combustion emissions peaked in 2007 and17 
steadily declined until 2020. Emissions increased from 2021 to 2022 but decreased again in18 
2023. Stationary combustion emissions have decreased by 12.4 percent (2.8 MMT CO2 Eq.)19 
since 1990.20 

Hydrofluorocarbon, Perfluorocarbon, Sulfur Hexafluoride, and Nitrogen 21 

Trifluoride Emissions22 

HFCs are synthetic chemicals that are used as alternatives to ozone depleting substances (ODS), 23 
which are being phased out under the Montreal Protocol and Clean Air Act Amendments of 1990. 24 
HFCs do not deplete the stratospheric ozone layer and have been used as alternatives in 25 
applications that previously relied on ODS. 26 

PFCs are emitted from the production of electronics and aluminum and also (in smaller quantities) 27 
from their use as alternatives to ODS. SF6 is emitted from the manufacturing and use of electrical 28 
equipment as well as the production of electronics and magnesium. NF3 is emitted from 29 
electronics production. HFCs are also emitted during production of HCFC-22 and electronics (see 30 
Figure ES-10). 31 

HFCs, PFCs, SF6, and NF3 are potent greenhouse gases. In addition to having very high GWPs, PFCs, 32 
SF6, and NF3 have extremely long atmospheric lifetimes, resulting in their essentially irreversible 33 
accumulation in the atmosphere once emitted. SF6 is the most potent greenhouse gas the IPCC 34 
has evaluated (IPCC 2021). 35 
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Figure ES-10: 2023 Sources of Hydrofluorocarbon, Perfluorocarbon, Sulfur 1 
Hexafluoride, and Nitrogen Trifluoride Emissions 2 

 3 

Some significant trends for the largest sources of U.S. HFC, PFC, SF6, and NF3 emissions include 4 
the following. 5 

• HFC and PFC emissions resulting from their use as substitutes for ODS (e.g., 6 
chlorofluorocarbons [CFCs]) are the largest share of fluorinated emissions (92.1 percent) in 7 
2023 and have been consistently increasing, from small amounts since 1990. This increase 8 
over the time series was largely the result of efforts to phase out CFCs and other ODS in the 9 
United States. 10 

• SF6 emissions from electrical equipment decreased by 79.4 percent (19.6 MMT CO2 Eq.) 11 
from 1990 to 2023. There are two factors contributing to this decrease: (1) a sharp increase 12 
in the price of SF6 during the 1990s, and (2) a growing awareness of the environmental 13 
impact of SF6 emissions through programs such as EPA’s SF6 Emission Reduction 14 
Partnership for Electric Power Systems. 15 

• HFC, PFC, SF6, and NF3 emissions from fluorochemical production decreased by 93.9 16 
percent (65.9 MMT CO2 Eq.) from 1990 to 2023 due to a reduction in the HFC-23 emission 17 
rate from HCFC-22 production (kg HFC-23 emitted/kg HCFC-22 produced), the imposition 18 
of emissions controls at production facilities, and a decrease in SF6 production (due to the 19 
cessation of production at the major SF6 production facility in 2010). 20 

• PFC emissions from aluminum production decreased by 97.6 percent (18.8 MMT CO2 Eq.) 21 
from 1990 to 2023, due to both industry emission reduction efforts and lower domestic 22 
aluminum production. 23 
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combined 81.5 percent of total gross U.S. greenhouse gas emissions in 2023. Emissions from 1 
energy decreased by 2.8 percent (146.6 MMT CO2 Eq.) since 2022 and 6.2 percent (332.7 MMT CO2 2 
Eq.) since 1990. 3 

In 2023, 82.6 percent of the energy used in the United States (in Btus) was produced through the 4 
combustion of fossil fuels. The remaining 17.4 percent came from other energy sources, such as 5 
hydropower, biomass, nuclear, wind, and solar energy (see Figure ES-12).  6 

Figure ES-12: 2023 U.S. Energy Consumption by Energy Source (Percent) 7 

 8 

Industrial Processes and Product Use 9 

Chapter 4, Industrial Processes and Product Use, chapter contains greenhouse gas emissions 10 
generated and emitted as the byproducts of non-energy-related industrial processes, which involve 11 
the chemical or physical transformation of raw materials and can release waste gases such as CO2, 12 
CH4, N2O, and fluorinated gases (e.g., HFC-23). These processes include iron and steel production 13 
and metallurgical coke production, cement production, petrochemical production, ammonia 14 
production, lime production, other process uses of carbonates (e.g., other uses of carbonates, 15 
other uses of soda ash not associated with glass manufacturing, ceramics production, and non-16 
metallurgical magnesia production), nitric acid production, adipic acid production, urea 17 
consumption for non-agricultural purposes, aluminum production, HCFC-22 production, other 18 
fluorochemical production, glass production, soda ash production, ferroalloy production, titanium 19 
dioxide production, caprolactam production, zinc production, phosphoric acid production, lead 20 
production, and silicon carbide production and consumption. Most of these industries also emit 21 
CO2 from fossil fuel combustion which, in line with sectoral definitions for national inventory 22 
reporting, is included in the Energy sector. 23 

Chapter 4 also contains emissions resulting from the release of HFCs, PFCs, SF6, and NF3 and other 24 
human-made compounds used in industrial manufacturing processes and by end-consumers (e.g., 25 
residential and mobile air conditioning). These industries include electronics manufacturing, 26 
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electric power transmission and distribution, and magnesium metal production and processing. In 1 
addition, N2O is used in and emitted by electronics industry and anesthetic and aerosol 2 
applications, PFCs and SF6 are emitted in other product use, and CO2 is consumed and emitted 3 
through various end-use applications. In 2023, emissions resulting from use of ODS substitutes 4 
(e.g., HFCs, chlorofluorocarbons [CFCs]) by end-consumers was the largest source of IPPU 5 
emissions and accounted for 48.9 percent of total IPPU emissions. 6 

Of total U.S. CO2, CH4, and N2O emissions, IPPU activities are responsible for 3.4, less than 0.5, and 7 
3.8 percent respectively, as well as for all U.S. emissions of fluorinated gases including HFCs, 8 
PFCs, SF6 and NF3. Overall, emission sources in Chapter 4 accounted for 6.2 percent of U.S. 9 
greenhouse gas emissions in 2023. Between 1990 and 2023, IPPU emissions increased by 5.0 10 
percent (18.5 MMT CO2 Eq.), primarily due to growth in the use of HFCs as substitutes for ozone 11 
depleting substances. IPPU emissions have decreased by 0.9 percent (3.6 MMT CO2 Eq.) since 2022 12 
largely due to decreased production of fluorochemicals and decreased consumption of other 13 
process uses of carbonates.  14 

Agriculture 15 

Chapter 5, Agriculture, contains information on anthropogenic emissions from agricultural 16 
activities (except fuel combustion, which is addressed in Chapter 3, Energy, and some agricultural 17 
CO2, CH4, and N2O fluxes, which are addressed in Chapter 6, Land Use, Land-Use Change, and 18 
Forestry).  19 

Several agricultural activities contribute directly to emissions of greenhouse gases, including 20 
agricultural soil management, enteric fermentation from domestic livestock production, livestock 21 
manure management, rice cultivation, urea fertilization, liming, and field burning of agricultural 22 
residues.  23 

In 2023, agricultural activities were responsible for 9.6 percent of total gross U.S. greenhouse gas 24 
emissions. Agriculture sector emissions increased by 2.1 MMT CO2 Eq. (0.4 percent) since 2022 and 25 
have increased by 43.9 MMT CO2 Eq. (8.0 percent) since 1990, mostly from trends in enteric 26 
fermentation and manure management. CH4, N2O, and CO2 are the greenhouse gases emitted by 27 
agricultural activities. CH4 emissions from enteric fermentation and manure management 28 
represented 36.8 percent of total CH4 emissions from anthropogenic activities in 2023. Agricultural 29 
soil management activities, such as application of synthetic and organic fertilizers, deposition of 30 
livestock manure, and growing N-fixing plants, were the largest contributor to U.S. N2O emissions in 31 
2023, accounting for 76.6 percent of total N2O emissions. CO2 emissions from the application of 32 
crushed limestone and dolomite (i.e., soil liming) and urea fertilization represented 0.2 percent of 33 
total CO2 emissions from anthropogenic activities. 34 

Land Use, Land-Use Change, and Forestry 35 

Chapter 6, Land Use, Land-Use Change, and Forestry, contains emissions and removals of CO2 and 36 
emissions of CH4 and N2O from managed lands in the United States. Consistent with the 2006 IPCC 37 
Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidelines), emissions and 38 
removals from managed lands are considered to be anthropogenic, while emissions and removals 39 
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Land-Use Category 1990 2005 2019 2020 2021 2022 2023 

Land Converted to Settlements c 69.5  89.0  81.4  80.3  79.7  79.8  79.8  

LULUCF Carbon Stock Change g (1,096.9) (1,040.7) (982.6) (1,034.2) (1,043.8) (973.9) (1,000.5) 

LULUCF Emissions h 59.1  71.8  63.2  82.6  81.0  68.6  61.0  

CH4 54.4  60.9  56.1  69.0  67.8  59.6  54.7  

N2O 4.7  10.9  7.0  13.7  13.1  9.0  6.3  

LULUCF Sector Net Total i (1,037.9) (968.9) (919.4) (951.6) (962.9) (905.3) (939.6) 
a  Includes the net changes to carbon stocks stored in all forest ecosystem pools and harvested wood products, emissions from 1 
fires on both forest land remaining forest land and land converted to forest land, emissions from N fertilizer additions on both 2 
forest land remaining forest land and land converted to forest land, and CH4 and N2O emissions from drained organic soils on 3 
both forest land remaining forest land and land converted to forest land. 4 
b   Includes the net changes to carbon stocks stored in all forest ecosystem pools. 5 
c  Includes changes in mineral and organic soil carbon stocks for all land use conversions to cropland, grassland, and 6 
settlements, respectively. Also includes aboveground/belowground biomass, dead wood, and litter carbon stock changes for 7 
conversion of forest land to cropland, grassland, and settlements, respectively. 8 
d  Estimates include CH4 and N2O emissions from fires on both grassland remaining grassland and land converted to grassland. 9 
e  Estimates include CH4 emissions from flooded land remaining flooded land and land converted to flooded land. 10 
f  Estimates include N2O emissions from N fertilizer additions on both settlements remaining settlements and land converted to 11 
settlements because it is not possible to separate the activity data at this time. 12 
g  LULUCF carbon stock change includes any carbon stock gains and losses from all land use and land use conversion categories. 13 
h  LULUCF emissions subtotal includes the CH4 and N2O emissions reported for peatlands remaining peatlands, forest fires, 14 
drained organic soils, grassland fires, and coastal wetlands remaining coastal wetlands; CH4 emissions from land converted to 15 
coastal wetlands, flooded land remaining flooded land, and land converted to flooded land; and N2O emissions from forest soils 16 
and settlement soils. Emissions values are included in land-use category rows.  17 
i  The LULUCF sector net total is the net sum of all LULUCF CH4 and N2O emissions to the atmosphere plus LULUCF net carbon 18 
stock changes in units of MMT CO2 Eq. 19 
Notes: Totals may not sum due to independent rounding. Parentheses indicate net sequestration. 20 

Between 1990 and 2023, total carbon sequestration in the LULUCF sector decreased by 8.8 21 
percent, primarily due to a decrease in the rate of net carbon accumulation in forests and in 22 
cropland remaining cropland, as well as an increase in CO2 emissions from land converted to 23 
settlements. The overall net flux from LULUCF (i.e., net sum of all CH4 and N2O emissions to the 24 
atmosphere plus LULUCF net carbon stock changes in units of MMT CO2 Eq.) resulted in a removal 25 
of 939.6 MMT CO2 Eq. in 2023.  26 

Flooded lands were the largest source of CH4 emissions from the LULUCF sector and the fifth 27 
largest source of overall net CH4 emissions in 2023. Coastal wetlands remaining coastal wetlands 28 
were the second largest source of CH4 emissions, followed by forest fires. Settlement soils were the 29 
largest source of N2O emissions from the LULUCF sector in 2023.  30 

Waste 31 

Chapter 7, Waste, contains emissions from waste management activities (except the incineration 32 
of waste, which is addressed in Chapter 3, Energy). Landfills were the largest source of 33 
anthropogenic greenhouse gas emissions from waste management activities, accounting for 72.0 34 
percent of total greenhouse gas emissions from waste management activities, and 17.4 percent of 35 
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Figure ES-13: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors 1 

 2 
Note: This figure excludes emissions and removals from Land Use, Land-Use Change, and Forestry and U.S. Territories.  3 

Table ES-5:  U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO2 4 
Eq.) 5 

Economic Sectors 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 1990 

Transportation 1,520.8 1,971.8 1,874.3 1,625.3 1,805.5 1,804.1 1,822.3 19.8% 

Electric Power 1,880.2 2,457.4 1,650.7 1,481.8 1,584.0 1,575.3 1,453.6 -22.7% 

Industry 1,723.4 1,586.3 1,532.5 1,435.0 1,455.4 1,445.2 1,435.4 -16.7% 

Agriculture 596.3 635.0 661.8 640.8 646.9 633.8 635.9 6.6% 

Commercial 447.0 422.1 469.2 442.3 448.6 469.0 455.1 1.8% 

Residential 345.6 371.2 384.2 358.0 369.6 392.4 368.3 6.6% 

U.S. Territories 23.4 59.7 25.1 22.6 24.4 23.8 25.6 9.2% 

Total Gross Emissions (Sources) 6,536.7 7,503.4 6,597.8 6,006.0 6,334.5 6,343.6 6,196.3 -5.2% 

LULUCF Sector Net Total a (1,037.9) (968.9) (919.4) (951.6) (962.9) (905.3) (939.6) -9.5% 

Net Emissions (Sources and Sinks) 5,498.8 6,534.5 5,678.4 5,054.5 5,371.6 5,438.3 5,256.7 -4.4% 
a The Land Use, Land-Use Change, and Forestry (LULUCF) sector net total is the net sum of all LULUCF CH4 and N2O emissions to 6 
the atmosphere plus LULUCF net carbon stock changes. 7 
Notes: Total gross emissions are presented without LULUCF. Total net emissions are presented with LULUCF. Totals may not sum 8 
due to independent rounding. Parentheses indicate negative values or sequestration.  9 

Using this categorization, emissions from transportation activities accounted for the largest portion 10 
(29.4 percent) of total gross greenhouse gas emissions in 2023. Electric power accounted for the 11 
second largest portion (23.5 percent) of greenhouse gas emissions in 2023, while emissions from 12 
industry accounted for the third largest portion (23.2 percent). Emissions from industry have in 13 
general declined over the past decade, due to a number of factors, including structural changes in 14 
the U.S. economy (i.e., shifts from a manufacturing-based to a service-based economy), fuel 15 
switching, and energy efficiency improvements.  16 
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Table ES-6:  U.S. Greenhouse Gas Emissions with Electricity-Related Emissions 1 
Distributed by Economic Sector (MMT CO2 Eq.) 2 

Economic Sectors 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

Transportation 1,523.9 1,976.6 1,878.6 1,628.9 1,809.6 1,808.7 1,827.5 19.9% 

Industry 2,397.4 2,301.9 1,975.5 1,822.6 1,877.4 1,865.2 1,823.4 -23.9% 

Commercial 1,002.5 1,244.3 1,037.1 936.8 981.8 1,007.5 965.1 -3.7% 

Residential 957.9 1,247.7 984.4 919.9 958.7 975.0 891.0 -7.0% 

Agriculture 631.4 673.3 697.0 675.2 682.6 663.5 663.7 5.1% 

U.S. Territories 23.4 59.7 25.1 22.6 24.4 23.8 25.6 9.2% 

Total Gross Emissions (Sources) 6,536.7 7,503.4 6,597.8 6,006.0 6,334.5 6,343.6 6,196.3 -5.2% 

LULUCF Sector Net Total a (1,037.9) (968.9) (919.4) (951.6) (962.9) (905.3) (939.6) -9.5% 

Net Emissions (Sources and Sinks) 5,498.8 6,534.5 5,678.4 5,054.5 5,371.6 5,438.3 5,256.7 -4.4% 
a The Land Use and Land-Use Change and Forestry (LULUCF) sector net total is the net sum of all LULUCF CH4 and N2O 3 
emissions to the atmosphere plus LULUCF net carbon stock changes. 4 
Notes: Emissions from electric power are allocated based on aggregate electricity use in each end-use sector. Totals may not 5 
sum due to independent rounding. Parentheses indicate negative values or sequestration. 6 

Figure ES-14: U.S. Greenhouse Gas Emissions with Electricity-Related Emissions 7 
Distributed to Economic Sectors 8 

 9 
Note: This figure excludes emissions and removals from Land Use, Land-Use Change, and Forestry and U.S. Territories. 10 

Box ES-3: Trends in Various U.S. Greenhouse Gas Emissions-Related Data 11 

Total gross greenhouse gas emissions can be compared to other economic and social indices to 12 
highlight changes over time. These comparisons include: (1) aggregate energy use, because energy-13 
related activities are the largest sources of emissions; (2) energy use per capita as a measure of 14 
efficiency; (3) emissions per unit of total gross domestic product as a measure of national economic 15 
activity; and (4) emissions per capita.  16 
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Table ES-7 provides data on various statistics related to U.S. greenhouse gas emissions normalized to 1 
1990 as a baseline year. These values represent the relative change in each statistic since 1990. 2 
Greenhouse gas emissions in the United States have declined at an average annual rate of 0.01 percent 3 
since 1990, although changes from year to year have been significantly larger. This growth rate is slightly 4 
slower than that for total energy use and fossil fuel consumption, and overall gross domestic product 5 
(GDP), and national population (see Figure ES-15). The direction of these trends started to change after 6 
2005, when greenhouse gas emissions, total energy use, and fossil fuel consumption began to peak. 7 
Greenhouse gas emissions in the United States have decreased at an average annual rate of 0.9 percent 8 
since 2005. Since 2005, GDP and national population, generally, continued to increase while energy has 9 
decreased slightly noting 2020 was impacted by the COVID-19 pandemic.  10 
 11 

Table ES-7:  Recent Trends in Various U.S. Data (Index 1990 = 100) 12 

Variable 1990 2005 2019 2020 2021 2022 2023 

Avg. Annual 
Growth Rate 
Since 1990 a 

Avg. Annual 
Growth Rate 
Since 2005 a 

Greenhouse Gas Emissions b 100  115  101  92  97  97  95  -0.1% -1.0% 

Energy Use c 100  119  117  107  113  115  113  0.4% -0.2% 

GDP d 100  159  206  202  214  219  225  2.5% 2.0% 

Population e 100  118  131  132  132  133  135  0.9% 0.8% 

+ Absolute value does not exceed 0.05 percent. 13 
a   Average annual growth rate. 14 
b   Total gross GWP-weighted values. 15 
c   Energy content-weighted values (EIA 2024). 16 
d  GDP in chained 2017 dollars (BEA 2024). 17 
e  U.S. Census Bureau (2024). 18 

Figure ES-15:  U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross 19 
Domestic Product (GDP) 20 

 21 
Source: BEA (2024), U.S. Census Bureau (2024), and emission estimates in this report. 22 
 23 
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Table 1-1:  Global Atmospheric Concentration, Rate of Concentration Change, and 1 
Atmospheric Lifetime of Selected Greenhouse Gases  2 

Atmospheric Variable CO2 CH4 N2O SF6 CF4 

Pre-industrial atmospheric concentration 280 ppm 0.730 ppm 0.270 ppm 0.01 ppt 34.1 ppt 

Atmospheric concentration 421.08 ppma,b 1.922 ppmc 0.337 ppmd 11.40 ppte 85.5 pptf 

Rate of concentration change 2.35 ppm/yrg 8.83 
ppb/yrg.h 

1.02 ppb/yrg 0.33 ppt/yrg 0.81 
ppt/yrf 

Atmospheric lifetime (years)  See footnotei 11.8 109j About 
1,000k 

50,000 

a   The atmospheric CO2 concentration is the 2023 annual average at the Mauna Loa, HI station. Due to the eruption of the Mauna 3 
Loa Volcano, measurements from Mauna Loa Observatory were suspended as of Nov. 29, 2022, and resumed in July 2023. 4 
Observations starting from December 2022 to July 4, 2023, are from a site at the Maunakea Observatories, approximately 21 5 
miles north of the Mauna Loa Observatory (NOAA/ESRL 2025a).   6 
b    The global atmospheric CO2 concentration, computed using an average of sampling sites across the world, was 419.32 parts 7 
per million (ppm) in 2023. 8 
c   The values presented are global 2023 annual average mole fractions (NOAA/ESRL 2025b).  9 
d   The values presented are global 2023 annual average mole fractions  (NOAA/ESRL 2025c). 10 
e   The values presented are global 2023 annual average mole fractions expressed as parts per trillion (ppt) (NOAA/ESRL 2025d). 11 
f   The 2019 CF4 global mean atmospheric concentration is from the Advanced Global Atmospheric Gases Experiment (IPCC 12 
2021). 13 
g   The rate of concentration change for CO2 is an average of the rates from 2008 through 2023 and has fluctuated between 1.54 to 14 
3.36 ppm per year over this period (NOAA/ESRL 2025a). The rate of concentration change for CH4, N2O, and SF6, is the average 15 
rate of change between 2008 and 2024 (NOAA/ESRL 2025b; NOAA/ESRL 2025c; NOAA/ESRL 2025d). The rate of concentration 16 
change for CF4 is the average rate of change between 2011 and 2019, expressed as ppt (IPCC 2021).  17 
h   The growth rate for atmospheric CH4 decreased from over 10 ppb/year in the 1980s to nearly zero in the early 2000s; recently, 18 
the growth rate has been about 8.54 ppb/year (NOAA/ESRL 2025b). 19 
i   For a given amount of CO2 emitted, some fraction of the atmospheric increase in concentration is quickly absorbed by the 20 
oceans and terrestrial vegetation, some fraction of the atmospheric increase will only slowly decrease over a number of years, 21 
and a small portion of the increase will remain for many centuries or more. 22 
j   This table reports the “perturbation lifetime” for both CH4 and N2O, which takes into account the interactions between 23 
emissions of the gas and its own atmospheric residence time.  24 
k   The lifetime for SF6 was revised from 3,200 years to about 1,000 years based on recent studies (IPCC 2021).  25 
Sources: Pre-industrial atmospheric concentrations and atmospheric lifetimes for CH4 and N2O are from IPCC (2021), pre-26 
industrial atmospheric concentration for SF6 is from Rigby (2010), and pre-industrial atmospheric concentration for CF4 is from 27 
Meinhausen (2017).  28 

A brief description of each greenhouse gas, its sources, and its role in the atmosphere follows.  29 

• Water Vapor (H2O): Water vapor is the largest contributor to the natural greenhouse effect. 30 
Water vapor is fundamentally different from other greenhouse gases in that it can condense 31 
and rain out when it reaches high concentrations, and the total amount of water vapor in the 32 
atmosphere is in part a function of the Earth’s temperature. While some human activities 33 
such as evaporation from irrigated crops or power plant cooling release water vapor into the 34 
air, these activities have been determined to have a negligible effect on global climate (IPCC 35 
2021). The lifetime of water vapor in the troposphere is on the order of 10 days. Water vapor 36 
can also contribute to cloud formation, and clouds can have both warming and cooling 37 
effects by either trapping or reflecting heat. This relationship causes a positive feedback 38 
loop (i.e., temperature increases cause greater atmospheric water vapor concentration and 39 
leads to further increases in temperatures and even greater atmospheric water vapor 40 
concentrations). Aircraft emissions can create contrails, which may also develop into 41 
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Within EPA, the Office of Atmospheric Protection (OAP) is the lead office responsible for the 1 
emission and removal calculations provided in the Inventory, as well as the completion of the 2 
National Inventory Report including the CRTs. EPA’s Office of Transportation and Air Quality (OTAQ) 3 
and Office of Research and Development (ORD) are also involved in calculating emissions and 4 
removals for the Inventory. EPA’s OAP serves as the national inventory focal point for this report, 5 
including responding to technical questions and comments on the U.S. Inventory. EPA staff 6 
coordinate the annual methodological choice, activity data collection, emission and removal 7 
calculations, uncertainty assessment, QA/QC processes, and improvement planning at the 8 
individual source and sink category level. EPA’s inventory coordinator leads overall compilation and 9 
publication of the entire Inventory and is responsible for the synthesis of information along with the 10 
consistent application of cross-cutting IPCC good practice across the Inventory. 11 

Several other government agencies contribute to the collection and analysis of the underlying 12 
activity data used in the Inventory calculations and to the calculation of estimates integrated in the 13 
report. These agencies include the U.S. Department of Agriculture (USDA), National Oceanic and 14 
Atmospheric Administration (NOAA), the U.S. Geological Survey (USGS), the Federal Highway 15 
Administration (FHWA), the Department of Transportation (DOT), the Bureau of Transportation 16 
Statistics (BTS), the Department of Commerce (DOC), and the Federal Aviation Administration 17 
(FAA). Academic and research centers also provide activity data and calculations to EPA, as well as 18 
individual companies participating in voluntary outreach efforts with EPA. Other U.S. agencies also 19 
provide official data for use in the Inventory such as the U.S. Department of Energy’s and the U.S. 20 
Department of Defense. For more information on the source data provided by U.S. government 21 
agencies and external groups, see the Methodology and Data Sources section of this chapter. EPA 22 
engages with agencies regularly on data needs and improvements to ensure sufficient activity 23 
collection for annual compilation of estimates.  24 

1.4 Inventory Preparation Process 25 

This section describes EPA’s approach to preparing the annual U.S. Inventory, which includes both 26 
this report and associated tables (e.g., Common Reporting Tables or “CRTs”). The inventory 27 
coordinator at EPA, with support from the cross-cutting compilation staff, is responsible for 28 
coordinating aggregation of all emission and removal estimates, conducting the overall uncertainty 29 
analysis of Inventory emissions and trends over time, and ensuring consistency and quality 30 
throughout this report and associated tables. Emission and removal calculations, including 31 
associated uncertainty analysis for individual sources and/or sink categories, are the responsibility 32 
of individual source and sink category leads who are most familiar with each category, underlying 33 
data, and the unique national circumstances relevant to its emissions or removals profile. Using 34 
IPCC methodological decision trees and suggested good practice guidance, the individual leads 35 
determine the most appropriate methodology and collect the relevant activity data to use in the 36 
calculations, based upon their expertise, as well as coordinate with researchers and expert 37 
consultants familiar with the sources and sinks. Each year, the coordinator oversees the multi-38 
stage process for collecting information from each category lead to compile all information and 39 
data for the Inventory. 40 
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planned improvements, by sector and cross-cutting, tracking the category significance, specific 1 
category improvement, prioritization, anticipated time frame for implementation of each proposed 2 
improvement, and implementation status. Improvements for significant or key categories are 3 
usually prioritized unless the effort or resources required to implement that improvement 4 
are disproportionate relative to improvements for other key categories.  5 

6 

1.5 Methodology and Data Sources 7 

Emissions and removals of greenhouse gases from various source and sink categories have been 8 
estimated using methodologies that are consistent with the 2006 IPCC Guidelines for National 9 
Greenhouse Gas Inventories (IPCC 2006) and its supplements and refinements. To a large extent, 10 
this report makes use of published official economic and physical statistics for activity data along 11 
with emission factors and other key parameters as inputs to the methods applied. Depending on 12 
the category, activity data can include fuel consumption or deliveries, vehicle-miles traveled, raw 13 
material processed, or commodity produced, etc. Emission factors are factors that relate 14 
quantities of emissions to an activity. For more information on data sources see Figure 1-1, Box 1-1 15 
on use of GHGRP data, and categories’ methodology sections for more information on other data 16 
sources. In addition to official statistics, the report utilizes findings from academic studies, trade 17 
association surveys and statistical reports, along with expert judgment, consistent with the 2006 18 
IPCC Guidelines (IPCC 2006). 19 

The methodologies provided in the 2006 IPCC Guidelines (IPCC 2006) represent foundational 20 
methodologies for a variety of source and sink categories, and many of these methodologies 21 
continue to be improved and refined as new research and data become available. This report uses 22 
those IPCC methodologies when applicable, and supplements them with refined guidance, other 23 
available country-specific methodologies and data where possible (e.g., EPA’s GHGRP). For 24 
example, as noted earlier in this chapter, this report does apply recent supplements and 25 
refinements to 2006 IPCC Guidelines (IPCC 2006) in estimating emissions and removals from coal 26 
mining, wastewater treatment and discharge, low voltage anode effects (LVAE) during aluminum 27 
production, drained organic soils, and management of wetlands, including flooded lands. Choices 28 
made regarding the methodologies and data sources used are provided in the Methodology and 29 
Time-Series Consistency discussion of each category within each sectoral chapter of the report, 30 
applying higher tiered methods when feasible, especially for key categories consistent with 31 
methodological decision trees. Where additional detail is helpful and necessary to explain 32 
methodologies and data sources used to estimate emissions, complete documentation is provided 33 
in the annexes as indicated in the methodology sections of those respective source categories 34 
(e.g., Annex 3.14 for forest land remaining forest land and land converted to forest land). Methods 35 
used for key categories are summarized in Annex 1.36 
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Figure 1-1: Key Data Institutions and Data Sources by Sector 1 

Energy Agriculture and LULUCF IPPU Waste 

U.S. Energy Information 
Administration 

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

EPA Greenhouse Gas 
Reporting Program (GHGRP) 

EPA Greenhouse Gas 
Reporting Program (GHGRP) 

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

USDA Natural Resource 
Conservation Service (NRCS) 

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

EPA Office of Land and 
Emergency Management 
(OLEM) 

U.S. Department of Defense – 
Defense Logistics Agency 

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

 American Chemistry Council 
(ACC) 

EPA Clean Watershed Needs 
Survey (CWNS) 

U.S. Department of Homeland 
Security 

EPA Office of Research and 
Development (ORD) 

American Iron and Steel 
Institute (AISI) 

American Housing Survey 

U.S. Department of 
Transportation - Federal 
Highway Administration 

 U.S. Fish and Wildlife Service U.S. International Trade 
Commission (USITC) 

Data from research studies, 
trade publications, and 
industry associations 

U.S. Department of 
Transportation - Federal 
Aviation Administration  

U.S. Department of 
Agriculture (USDA) Animal and 
Plant Health Inspection 
Service (APHIS) 

Air-Conditioning, Heating, and 
Refrigeration Institute 

 

U.S. Department of 
Transportation & Bureau of 
Transportation Statistics 

Association of American Plant 
Food Control Officials 
(AAPFCO) 

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

 

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

National Oceanic and 
Atmospheric Administration 
(NOAA) 

UNEP Technology and 
Economic Assessment Panel 
(TEAP) 

 

U.S. Department of Energy 
and its National Laboratories 

EPA Office of Land and 
Emergency Management 
(OLEM) 

   

EPA Acid Rain Program  USDA Farm Service Agency     

EPA MOVES Model U.S. Geological Survey (USGS)    

EPA Greenhouse Gas 
Reporting Program (GHGRP) 

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

  

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

EPA Office of Land and 
Emergency Management 
(OLEM) 

  

American Association of 
Railroads 

Alaska Department of Natural 
Resources 

  

American Public 
Transportation Association 

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

  

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

Data from research studies, 
trade publications, and 
industry associations 

  

 Federal Energy Regulatory 
Commission 

   

Data from research studies, 
trade publications, and 
industry associations 

   

Note: This table is not an exhaustive list of all data sources. 2 
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uncertainties, additional categories such as emissions from substitutes for ozone depleting 1 
substances in aerosols were also identified as a key category. In the trend analysis, 32 categories 2 
were identified as key categories, and when considering uncertainties, 7 additional categories were 3 
identified as key. The trend analysis shows that CO2 emissions from coal-fired electricity 4 
generation, in addition to CO2 from gas fired electricity generation, CO2 from road transport related 5 
combustion, and HFC and PFC emissions from substitutes for ozone depleting substances in the 6 
refrigeration and air conditioning sector are also significant with respect to trends over the time 7 
series. 8 

When considering the contribution of the LULUCF sector, 42 categories accounted for 95 percent of 9 
emissions and sinks, with the most significant category from LULUCF being net CO2 emission from 10 
forest land remaining forest land. When considering uncertainties and the contribution of the 11 
LULUCF sector, additional categories such as net CO2 emissions from grassland remaining 12 
grassland were also identified as a key category. In the trend analysis, 40 categories were identified 13 
as key, and when considering uncertainties, 2 additional categories were identified as key. 14 

Finally, in addition to approaches described, a qualitative assessment of the source and sinks 15 
categories was also considered to capture any additional key categories that were not identified 16 
using the previously described quantitative approaches. For this Inventory, no additional categories 17 
were identified using qualitative criteria recommend by IPCC, but EPA continues to review its 18 
qualitative assessment on an annual basis. Find more information on the key category analysis, 19 
including the approach to disaggregation of inventory estimates, see Annex 1 to this report. 20 
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Table 1-4:  Summary of Key Categories for the United States (1990 and 2022) by Sector 

Source/Sink Category 
Code 

Greenhouse 
Gas 

Approach 1a Approach 2 (includes uncertainty)a 
2022 

Emissions 
(MMT CO2 

Eq.) 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

Energy 

1.A.3.b Transportation: 
Road 

CO2 ⦿ • ⦿ • ⦿ • ⦿ • 1,438.1 

1.A.1 Stationary 
Combustion - Coal - 
Electricity Generation

CO2 ⦿ • ⦿ • ⦿ • ⦿ • 851.5 

1.A.1 Stationary 
Combustion - Natural Gas -
Electricity Generation 

CO2 ⦿ • ⦿ • ⦿ • • 659.3 

1.A.2 Stationary 
Combustion - Natural Gas -
Industrial 

CO2 ⦿ • ⦿ • ⦿ • ⦿ • 510.4 

1.A.4.b Stationary 
Combustion - Natural Gas -
Residential 

CO2 ⦿ • ⦿ • ⦿ • ⦿ 272.0 

1.A.2 Stationary 
Combustion - Oil - Industrial

CO2 ⦿ • ⦿ • ⦿ • ⦿ • 247.6 

1.A.4.a Stationary 
Combustion - Natural Gas -
Commercial 

CO2 ⦿ • ⦿ • ⦿ • • • 192.3 

1.A.3.a Transportation:
Aviation 

CO2 ⦿ • ⦿ • ⦿ ⦿ 165.6 

1.A.5 Non-Energy Use of
Fuels 

CO2 ⦿ ⦿ ⦿ • ⦿ 102.8 

1.A.3.e Transportation: 
Other 

CO2 ⦿ • ⦿ • • 69.3 

1.A.4.a Stationary 
Combustion - Oil -
Commercial 

CO2 ⦿ • ⦿ • 65.1 
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Source/Sink Category 
Code 

Greenhouse 
Gas 

Approach 1a Approach 2 (includes uncertainty)a 
2022 

Emissions 
(MMT CO2 

Eq.) 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

1.A.4.b Stationary 
Combustion - Oil -
Residential 

CO2 ⦿ • ⦿ • 62.1 

1.A.2 Stationary 
Combustion - Coal -
Industrial 

CO2 ⦿ • ⦿ • ⦿ • ○ • 43.0 

1.A.3.d Transportation:
Domestic Navigation 

CO2 ⦿ ⦿ 40.9 

1.B.2 Natural Gas Systems CO2 ⦿ ⦿ 36.5 

1.A.3.c Transportation: 
Railways 

CO2 ⦿ ⦿ 32.5 

1.B.2 Petroleum Systems CO2 • • • • • • 22.0 

1.A.1 Stationary 
Combustion - Oil - 
Electricity Generation

CO2 ⦿ • ⦿ • ○ • • 20.5 

1.A.5 Stationary 
Combustion - Oil - U.S.
Territories 

CO2 ○ ○ 17.0 

1.A.5.b Transportation: 
Military 

CO2 • • 4.8 

1.A.4.a Stationary 
Combustion - Coal -
Commercial 

CO2 • • 1.4 

1.A.4.b Stationary 
Combustion - Coal -
Residential 

CO2 • NO 

1.B.2 Natural Gas Systems CH4 ⦿ • ⦿ • ⦿ • ⦿ • 173.1 

1.B.1 Fugitive Emissions
from Coal Mining 

CH4 ⦿ • ⦿ • ⦿ • ⦿ • 43.6 

1.B.2 Petroleum Systems CH4 ⦿ • ⦿ • ⦿ • ⦿ 39.6 
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Source/Sink Category 
Code 

Greenhouse 
Gas 

Approach 1a Approach 2 (includes uncertainty)a 
2022 

Emissions 
(MMT CO2 

Eq.) 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

1.B.2 Abandoned Oil and 
Natural Gas Wells 

CH4 ⦿ ⦿ 8.5 

1.A.4.b Stationary 
Combustion - Residential

CH4 ⦿ • ⦿ • 4.3 

1.A.1 Stationary 
Combustion - Coal - 
Electricity Generation

N2O ⦿ • 18.2 

1.A.3.b Transportation: 
Road 

N2O ○ • ○ • 8.9 

1.A.1 Stationary 
Combustion - Natural Gas -
Electricity Generation 

N2O • 3.4 

Industrial Processes and Product Use 

2.A.1 Cement Production CO2 ⦿ ⦿ • 41.9 

2.C.1 Iron and Steel 
Production & Metallurgical
Coke Production 

CO2 ⦿ • ⦿ • ⦿ • ○ • 40.7 

2.B.8 Petrochemical
Production 

CO2 ⦿ • ⦿ • 28.8 

2.B.3 Adipic Acid Production N2O • • 2.1 

2.F.1 Substitutes for Ozone
Depleting Substances: 
Refrigeration and Air 
Conditioning 

HFCs, PFCs • • • • • • • • 144.6 

2.F.4 Substitutes for Ozone
Depleting Substances: 
Aerosols 

HFCs, PFCs • • • • • • 17.0 

2.F.2 Substitutes for Ozone
Depleting Substances: 
Foam Blowing Agents 

HFCs, PFCs • • 11.7 

2.B.9 Fluorochemical
Production 

PFCs, HFCs, 
SF6, NF3 

○ • ○ • ○ • ○ • 7.8 
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Source/Sink Category 
Code 

Greenhouse 
Gas 

Approach 1a Approach 2 (includes uncertainty)a 
2022 

Emissions 
(MMT CO2 

Eq.) 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

2.G Electrical Equipment PFCs, SF6 ○ • ○ •  •  • 5.1 

2.C.3 Aluminum Production PFCs ○ • ○ •     0.8 

Agriculture 

3.A.1 Enteric Fermentation: 
Cattle 

CH4 ⦿ • ⦿ • ⦿ • ⦿ • 185.9 

3.B.1 Manure Management: 
Cattle 

CH4 • • • • • •  • 37.7 

3.B.4 Manure Management: 
Other Livestock 

CH4 ⦿  ⦿  •    27.0 

3.C Rice Cultivation CH4 ⦿  •  ⦿  ⦿  18.9 

3.D.1 Direct Emissions from 
Agricultural Soil 
Management 

N2O ⦿  ⦿  ⦿  ⦿  262.5 

3.D.2 Indirect Emissions 
from Applied Nitrogen 

N2O ⦿  ⦿  ⦿ • ⦿  28.3 

Waste 

5.A Commercial Landfills CH4 ⦿ • ⦿ • ⦿ • ⦿ • 100.9 

5.A Industrial Landfills CH4 •  •  • •   18.9 

5.D Domestic Wastewater 
Treatment 

CH4     ○    13.6 

5.D Domestic Wastewater 
Treatment 

N2O •  •  ⦿ • ⦿ • 21.4 

Land Use, Land-Use Change, and Forestry 

4.E.2 Net Emissions from 
Land Converted to 
Settlements 

CO2   ⦿ •   ⦿ • 68.2 

4.B.2 Net Emissions from 
Land Converted to Cropland 

CO2   ⦿ •   ⦿ • 35.1 

4.C.2 Net Emissions from 
Land Converted to 
Grassland 

CO2   ⦿ •   ⦿ • 25.6 
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Source/Sink Category 
Code 

Greenhouse 
Gas 

Approach 1a Approach 2 (includes uncertainty)a 
2022 

Emissions 
(MMT CO2 

Eq.) 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

Level 
Without 
LULUCF 

Trend 
Without 
LULUCF 

Level 
With 

LULUCF 

Trend 
With 

LULUCF 

4.C.1 Net Emissions from 
Grassland Remaining 
Grassland 

CO2 ○ • ⦿ • 13.4 

4.B.1 Net Removals from 
Cropland Remaining 
Cropland 

CO2 • • ⦿ • (31.7) 

4.A.2 Net Removals from 
Land Converted to Forest 
Land 

CO2 ⦿ ⦿ (100.3) 

4.E.1 Net Removals from 
Settlements Remaining 
Settlements 

CO2 ⦿ • ⦿ • (134.8) 

4.A.1 Net Removals from 
Forest Land Remaining 
Forest Land 

CO2 ⦿ • ⦿ • (787.0) 

4.D.1 Flooded Lands 
Remaining Flooded Lands 

CH4 ⦿ 44.2 

Subtotal of Key Categories Without LULUCFb 6,169.7 

Total Gross Emissions Without LULUCF 6,343.2 

Percent of Gross Total Without LULUCF 97% 

Subtotal of Key Categories With LULUCFc 5,285.4 

Total Net Emissions With LULUCF 5,488.9 

Percent of Net Total With LULUCF 96% 

NO (Not Occurring) 
a Symbols correspond to the year(s) in which a category is key: 1990 = ○; 2022 = •; 1990 and 2022 = ⦿. 
b Subtotal includes key categories from Level Approach 1 Without LULUCF, Level Approach 2 Without LULUCF, Trend Approach 1 Without LULUCF, and Trend Approach 2 Without 
LULUCF. 
c 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). 







1-28   DRAFT Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2023 

Figure 1-2:  Example QC Processes from Inventory QA/QC Plan – TO BE UPDATED FOR 1 
FINAL REPORT 2 

 3 

Box 1-3:  Examples of Verification Activities 4 

Consistent with IPCC guidance for national greenhouse gas inventories, verification activities include 5 
comparisons with emission or removal estimates prepared by other bodies and comparisons with 6 
estimates derived from fully independent assessments, e.g., atmospheric concentration 7 
measurements. Verification activities provide information to improve inventories and are part of the 8 
overall QA/QC system. 9 
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Table 1-5:  Estimated Overall Inventory Quantitative Uncertainty for 1990 (MMT CO2 Eq. 1 
and Percent)  2 

Gas 

1990 Emission 
Estimate 

Uncertainty Range Relative to 
Greenhouse Gas Estimatea Meanb 

Standard 
Deviationb 

(MMT CO2 Eq.) 

(MMT CO2 Eq.) (%) 

(MMT CO2 Eq.) 
Lower 

Boundc 
Upper 

Boundc 
Lower 
Bound 

Upper 
Bound 

CO2 5,131.6 5,008.2 5,348.2 -2% 4% 5,098.2 88.0 

CH4
d 871.7 731.3 948.4 -16% 9% 701.5 56.3 

N2Od 408.2 349.7 513.0 -14% 26% 434.8 41.6 

PFC, HFC, SF6, and NF3
d 125.5 108.6 152.9 -13% 22% 207.3 11.6 

Total Gross Emissions 6,536.9 6,354.3 6,792.8 -3% 4% 6,441.8 113.3 

LULUCF Emissionse 57.9 55.2 61.9 -5% 7% 68.7 1.7 

LULUCF Carbon Stock Change Fluxf (1,034.7) (1,296.1) (845.3) 25% -18% (957.3) 116.7 

LULUCF Sector Net Totalg (976.7) (1,237.7) (787.8) 27% -19% (888.6) 116.7 

Net Emissions (Sources and Sinks) 5,560.2 5,247.0 5,882.2 -6% 6% 5,553.3 161.4 
 a The lower and upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower bound 3 
corresponding to 2.5th percentile and the upper bound corresponding to 97.5th percentile. 4 
b Mean value indicates the arithmetic average of the simulated emission estimates; standard deviation indicates the extent of 5 
deviation of the simulated values from the mean. 6 
c The lower and upper bound emission estimates for the sub-source categories do not sum to total emissions because the low 7 
and high estimates for total emissions were calculated separately through simulations. 8 
d The overall uncertainty estimates did not take into account the uncertainty in the GWP values for CH4, N2O and high GWP gases 9 
used in the Inventory emission calculations for 1990.  10 
e LULUCF emissions include the CH4 and N2O emissions reported for peatlands remaining peatlands, forest fires, drained organic 11 
soils, grassland fires, and coastal wetlands remaining coastal wetlands; CH4 emissions from land converted to coastal wetlands, 12 
land converted to flooded land, and flooded land remaining flooded land; and N2O emissions from forest soils and settlement 13 
soils. 14 
f LULUCF carbon stock change is the net C stock change from the following categories: forest land remaining forest land, land 15 
converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, land 16 
converted to grassland, wetlands remaining wetlands, land converted to wetlands, settlements remaining settlements, and land 17 
converted to settlements. Since the resulting flux is negative the signs of the resulting lower and upper bounds are reversed. 18 
g The LULUCF sector net total is the net sum of all CH4 and N2O emissions to the atmosphere plus net carbon stock changes. 19 
Notes: Total emissions (excluding emissions for which uncertainty was not quantified) are presented without LULUCF. Net 20 
emissions are presented with LULUCF. Totals may not sum due to independent rounding. Parentheses indicate net 21 
sequestration. 22 

  23 
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Table 1-6:  Estimated Overall Inventory Quantitative Uncertainty for 2022 (MMT CO2 Eq. 1 
and Percent) 2 

Gas 

2022 Emission 
Estimate 

Uncertainty Range Relative to 
Greenhouse Gas Estimatea Meanb 

Standard 
Deviationb 

(MMT CO2 Eq.) 

(MMT CO2 Eq.) (%) 

(MMT CO2 Eq.) 
Lower 

Boundc 
Upper 

Boundc 
Lower 
Bound 

Upper 
Bound 

CO2 5,053.0  4,937.3  5,257.7  -2% 4% 5,095.2  81.9  

CH4
d 702.4  604.3  803.1  -14% 14% 703.8  52.0  

N2Od 389.7  324.6  490.2  -17% 26% 399.5  42.3  

PFC, HFC, SF6, and NF3
d 198.1  182.8  217.5  -8% 10% 199.5  9.0  

Total Gross Emissions 6,343.2  6,190.3  6,604.8  -2% 4% 6,397.9  106.3  

LULUCF Emissionse 67.5  64.3  73.2  -5% 8% 68.6  2.3  

LULUCF Carbon Stock Change Fluxf (921.8) (1,158.6) (748.7) 26% -19% (957.5) 105.3  

LULUCF Sector Net Totalg (854.3) (1,090.3) (680.5) 28% -20% (888.8) 105.3  

Net Emissions (Sources and Sinks) 5,488.9  5,216.2  5,801.9  -5% 6% 5,509.0  150.6  
a The lower and upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower bound 3 
corresponding to 2.5th percentile and the upper bound corresponding to 97.5th percentile. 4 
b Mean value indicates the arithmetic average of the simulated emission estimates; standard deviation indicates the extent of 5 
deviation of the simulated values from the mean. 6 
c The lower and upper bound emission estimates for the sub-source categories do not sum to total emissions because the low 7 
and high estimates for total emissions were calculated separately through simulations. 8 
d The overall uncertainty estimates did not take into account the uncertainty in the GWP values for CH4, N2O and high GWP gases 9 
used in the Inventory emission calculations for 2022. 10 
e LULUCF emissions include the CH4 and N2O emissions reported for peatlands remaining peatlands, forest fires, drained organic 11 
soils, grassland fires, and coastal wetlands remaining coastal wetlands; CH4 emissions from land converted to coastal wetlands, 12 
land converted to flooded land, and flooded land remaining flooded land; and N2O emissions from forest soils and settlement 13 
soils. 14 
f LULUCF carbon stock change is the net C stock change from the following categories: forest land remaining forest land, land 15 
converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, land 16 
converted to grassland, wetlands remaining wetlands, land converted to wetlands, settlements remaining settlements, and land 17 
converted to settlements. Since the resulting flux is negative the signs of the resulting lower and upper bounds are reversed. 18 
g The LULUCF sector net total is the net sum of all CH4 and N2O emissions to the atmosphere plus net carbon stock changes. 19 
Notes: Total emissions (excluding emissions for which uncertainty was not quantified) are presented without LULUCF. Net 20 
emissions are presented with LULUCF. Totals may not sum due to independent rounding. Parentheses indicate net 21 
sequestration. 22 

The uncertainty for 2022 is similar to the uncertainty for 1990, though slightly lower. There have 23 
been some improvements in significant categories which do not necessarily reduce uncertainties 24 
as also acknowledged in the IPCC 2006 IPCC GL, p. 3.13 (e.g., improvements to estimates for 25 
Agricultural Soil Management over time, implications of methodological choice). For example, the 26 
95 percent uncertainty bounds for nitrous oxide emissions from Agricultural Soil Management were increased from 27 
–25 percent to 29 percent in 1990 to –30 percent to 72 percent in 2022. Methodological and data quality 28 
improvements were also made for HFCs, PFCs, SF6 and NF3 this year but the uncertainties for these 29 
sources also slightly increased, better representing the limitations of existing emissions estimates. 30 
The methods and data for fossil fuel combustion categories, the most significant source, has not 31 
changed significantly and neither have uncertainties. It is also worth noting that some of the 32 
improvements to shift to use of GHGRP have been in less significant categories within the inventory 33 
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1.9 Completeness 1 

This report, along with its accompanying tables, serves as a thorough assessment of the 2 
anthropogenic sources and sinks of greenhouse gas emissions for the United States for the time 3 
series 1990 through 2023. This report is intended to be comprehensive and includes the vast 4 
majority of emissions and removals identified as anthropogenic. In general, sources or sink 5 
categories not accounted for in this Inventory are excluded because they are not occurring in the 6 
United States and its territories, or because data are unavailable to develop an estimate and/or the 7 
categories were determined to be insignificant in terms of overall national emissions. 8 

The EPA is continually working to improve upon the understanding of such sources and sinks 9 
currently not included and identify the data required to estimate any emissions and removals 10 
currently excluded, focusing on categories that are anticipated to be significant. See Chapter 9 on 11 
Improvements and Recalculations for more information on completeness and improvements 12 
implemented this cycle. For a list of sources and sink categories not included and more information 13 
on the significance of these categories, see Annex 5 and the respective category sections in each 14 
sectoral chapter of this report. 15 

Box 1-4: Organization of Report 16 

The Inventory is organized according to the chapters listed below in Table 1-8, consistent with the 17 
structure used by other countries. 18 

Table 1-8:  Inventory Sector Descriptions 19 

Chapter (Inventory Sector) Activities Included 

Energy Emissions of all greenhouse gases resulting from stationary and mobile energy activities 
including fuel combustion and fugitive fuel emissions, and non-energy use of fossil 
fuels. 

Industrial Processes and 
Product Use 

Emissions resulting from industrial processes and product use of greenhouse gases. 

Agriculture Emissions from agricultural activities except fuel combustion, which is addressed under 
Energy. 

Land Use, Land-Use Change, 
and Forestry 

Emissions and removals of CO2, and emissions of CH4, and N2O from land use, land-use 
change, and forestry. 

Waste Emissions from waste management activities. 

Within each chapter, emissions are identified by the anthropogenic activity that is the source or sink of 20 
the greenhouse gas emissions being estimated (e.g., coal mining). Overall, the following organizational 21 
structure is consistently applied throughout this report: 22 

Chapter/Reporting Sector: Overview of emissions and trends for each inventory reporting sector. 23 

Source or Sink Category: Description of category pathway and emission/removal trends based on IPCC 24 
methodologies. 25 

Methodology and Time-Series Consistency: Description of analytical methods (e.g., from 2006 IPCC 26 
Guidelines, or country-specific methods) employed to produce emission estimates and identification of 27 
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6.3.  Greenhouse Gas Precursors: Mapping of NEI categories to the Inventory  
6.4. Constants, Units, and Conversions  
6.5. Chemical Formulas 
ANNEX 7 Uncertainty 

7.1. Overview 
7.2. Methodology and Results 
7.3.  Reducing Uncertainty  
7.4. Planned Improvements 
7.5.  Additional Information on Uncertainty Analyses by Source 
ANNEX 8 QA/QC Procedures 

8.1. Background 
8.2. Purpose 
8.3. Assessment Factors 
8.4.  Responses During the Review Process 
ANNEX 9 Use of Greenhouse Gas Reporting Program (GHGRP) in Inventory 

 1 
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emitted by human activities in the United States is CO2, representing 79.4 percent of total greenhouse 1 
gas emissions. The largest source of CO2—and of overall greenhouse gas emissions—is fossil fuel 2 
combustion, primarily from transportation and power generation. Methane (CH4) emissions account for 3 
11.1 percent of emissions. The major sources of methane include enteric fermentation associated with 4 
domestic livestock, natural gas systems, and decomposition of waste in landfills. N2O accounts for an 5 
additional 6.2 percent of emissions. Agricultural soil management, wastewater treatment, stationary 6 
sources of fuel combustion, and manure management are the major sources of N2O emissions. Ozone 7 
depleting substance (ODS) substitute emissions were the primary contributor to aggregate 8 
hydrofluorocarbon (HFC) emissions. Perfluorocarbon (PFC) emissions were attributable primarily to 9 
fluorochemical production, electronics manufacturing,  and primary aluminum production. Electrical 10 
equipment accounted for most sulfur hexafluoride (SF6) emissions The electronics industry and 11 
fluorochemical production are the only sources of NF3 emissions.  12 

Figure 2-3: 2023 Gross Total U.S. Greenhouse Gas Emissions by Gas (Percentages 13 
based on MMT CO2 Eq.) 14 

 15 
Note: Emissions and removals from LULUCF are excluded from the figure above. 16 

From 1990 to 2023, total gross emissions of CO2 decreased by 4.2 percent (213.4 MMT CO2 Eq.), total 17 
gross emissions of methane (CH4) decreased by 20.1 percent (186.4 MMT CO2 Eq.), and total gross 18 
emissions of nitrous oxide (N2O) decreased by 3.5 percent (19.3 MMT CO2 Eq.). During the same period, 19 
emissions of fluorinated gases including HFCs, PFCs, SF6, and NF3 rose by 64.6 percent (80.5 MMT CO2 20 
Eq.). Rapidly growing emissions of HFCs drove this trend, overwhelming decreases in emissions of PFCs 21 
and SF6. Emissions of HFCs, PFCs, SF6, and NF3 are emitted in smaller quantities but are significant 22 
because many of them have extremely high global warming potentials (GWPs), and, in the cases of 23 
PFCs, SF6, and NF3, very long atmospheric lifetimes. U.S. greenhouse gas emissions were partly offset 24 
by carbon sequestration in managed forests, trees in urban areas, agricultural soils, landfilled yard 25 
trimmings, and coastal wetlands. These were estimated to offset 16.1 percent (1,000.5 MMT CO2 Eq.) of 26 
total gross emissions in 2023. 27 
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Gas/Source 1990 2005 2019 2020 2021 2022 2023 

Biomass and Biodiesel Consumptiona 237.9  245.4  332.0  294.7  302.0  304.4  301.4  

International Bunker Fuelsb 103.6  113.3  113.6  69.6  80.2  98.2  96.4  

CH₄c 872.5  796.1  752.4  730.6  715.9  695.7  685.8  

Enteric Fermentation 183.1  188.2  197.3  196.3  196.5  192.6  187.1  

Natural Gas Systems 219.0  210.6  189.0  180.0  174.7  171.8  162.0  

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  47.4  50.6  50.4  45.2  36.2  37.8  

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  2.6  

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 Fuelsb 0.2  0.1  0.1  0.1  0.1  0.1  0.1  

N₂Oc 407.8  424.8  416.5  391.5  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  21.1  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  17.1  17.0  16.8  

Mobile Combustion 37.8  42.0  18.8  16.1  16.8  16.6  16.2  

Nitric Acid Production 10.8  10.1  8.9  8.3  7.9  8.6  8.3  

N2O 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 Fuelsb 0.8  0.9  0.9  0.5  0.6  0.8  0.8  
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Table 2-2:  Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Gas (kt) 1 

Gas/Source 1990 2005 2019 2020 2021 2022 2023 
CO₂ 5,131,658  6,126,892  5,236,441  4,690,485  5,020,561  5,056,055  4,918,307  
Fossil Fuel Combustion 4,752,234  5,744,138  4,852,647  4,342,309  4,654,629  4,702,769  4,559,052  

Transportation 1,468,944  1,858,552  1,816,636  1,572,955  1,753,546  1,753,554  1,776,248  

Electric Power Sector 1,819,951  2,400,057  1,606,721  1,439,566  1,540,933  1,531,678  1,414,177  

Industrial 876,470  847,643  809,823  763,421  780,475  799,677  792,112  

Residential 338,568  358,898  342,905  314,795  318,034  335,172  307,077  

Commercial 228,293  227,130  251,749  229,264  237,528  259,182  244,161  

U.S. Territories 20,010  51,857  24,813  22,308  24,114  23,506  25,276  

Non-Energy Use of Fuels 99,104  124,988  106,487  97,889  111,726  101,925  107,355  

Iron and Steel Production & 
Metallurgical Coke Production 104,738  70,078  46,835  40,675  47,218  45,157  46,240  

Cement Production 33,484  46,194  40,896  40,688  41,312  41,884  40,636  

Natural Gas Systems 32,431  26,321  38,701  36,813  35,740  36,402  37,605  

Petrochemical Production 20,075  26,882  28,483  27,926  30,656  28,788  30,540  

Petroleum Systems 9,589  10,215  45,450  28,874  24,094  22,039  22,458  

Incineration of Waste 12,900  13,254  12,948  12,921  12,476  12,357  12,357  

Ammonia Production 14,404  10,234  12,388  12,335  11,458  11,945  12,211  

Lime Production 11,700  14,552  12,112  11,299  11,870  12,208  11,548  

Other Process Uses of Carbonates 7,103  8,472  8,973  9,012  8,583  10,383  7,168  

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  

Carbon Dioxide Consumption 1,472  1,375  2,935  3,363  3,333  3,415  3,050  

Coal Mining 4,606  4,169  2,992  2,197  2,455  2,474  2,408  

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  

Carbon Capture and Storage NO NO  18  39  65  53  88  

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 
Consumptiona 237,946  245,421  332,018  294,657  301,976  304,397  301,446  

International Bunker Fuelsb 103,634  113,328  113,632  69,638  80,180  98,241  96,362  
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Gas/Source 1990 2005 2019 2020 2021 2022 2023 
CH₄c 31,162  28,430  26,870  26,093  25,567  24,846  24,493  

Enteric Fermentation 6,539  6,722  7,045  7,010  7,017  6,878  6,681  

Natural Gas Systems 7,821  7,522  6,748  6,429  6,240  6,135  5,784  

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  1,621  

Petroleum Systems 1,787  1,694  1,807  1,800  1,615  1,295  1,348  

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  102  90  92  93  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  +  +  +  +  +  +  

Ferroalloy Production 1  +  +  +  +  +  +  

Iron and Steel Production & 
Metallurgical Coke Production 1  1  +  +  +  +  +  

Petrochemical Production +  +  +  +  +  +  +  

Incineration of Waste +  +  +  +  +  +  +  

International Bunker Fuelsb 7  5  4  3  3  3  3  

N₂Oc 1,539  1,603  1,572  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  61  64  63  61  

Nitric Acid Production 41  38  34  31  30  33  32  

N2O 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  1  1  

Petroleum Systems +  +  +  +  +  +  +  

Natural Gas Systems +  +  +  +  +  +  +  

International Bunker Fuelsb 3  3  3  2  2  3  3  
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sequestration in the LULUCF sector decreased by 8.8 percent (96.3 MMT CO2), and emissions from the 1 
LULUCF sector increased by 3.2 percent (1.9 MMT CO2 Eq.). The overall net flux from LULUCF (i.e., the 2 
net sum of all CH4 and N2O emissions to the atmosphere plus LULUCF net carbon stock changes in 3 
units of MMT CO2 Eq.) decreased by 9.5 percent (98.3 MMT CO2 Eq.) from 1990 levels. 4 

Figure 2-4:  U.S. Greenhouse Gas Emissions and Removals by Inventory Sector 5 

6 

Table 2-3:  Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by Inventory 7 
Sector/Category (MMT CO2 Eq.) 8 

Inventory Sector/Category 1990 2005 2019 2020 2021 2022 2023 
Energy 5,381.2  6,355.1  5,420.8 4,860.0 5,170.3 5,195.2 5,048.6 

Fossil Fuel Combustion 4,752.2  5,744.1  4,852.6  4,342.3  4,654.6  4,702.8  4,559.1  

Natural Gas Systems 251.4  237.0  227.7  216.8  210.5  208.2  199.6  

Non-Energy Use of Fuels 99.1  125.0  106.5  97.9  111.7  101.9  107.4  

Petroleum Systems 59.6  57.7  96.1  79.3  69.3  58.3  60.2  

Coal Mining 112.7  75.6  56.0  48.3  47.1  46.1  47.8  

Stationary Combustiona 32.0  39.3  31.9  28.4  30.0  31.3  28.3  

Mobile Combustion 45.0  47.2  21.7  18.6  19.4  19.2  18.8  

Incineration of Waste 13.3  13.6  13.3  13.3  12.8  12.7  12.7  

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  

Carbon Capture and Storage NO NO + + 0.1 0.1  0.1  

Biomass and Biodiesel Consumptionb 237.9  245.4  332.0  294.7  302.0  304.4  301.4  

International Bunker Fuelsc 104.6  114.3  114.6  70.3  80.9  99.1  97.2  
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Inventory Sector/Category 1990 2005 2019 2020 2021 2022 2023 
Industrial Processes and Product Use 368.0  373.9  381.4  375.8  391.3  390.1  386.5  

Substitution of Ozone Depleting Substances 0.3  102.7  169.7  173.7  179.9  184.8  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  

Lime Production 11.7  14.6  12.1  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 7.1  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  

Electronics Industry 3.3  4.5  4.5  4.5  4.9  4.8  4.5  

Fluorochemical Production 70.1  29.2  9.3  7.0  7.1  7.6  4.3  

N2O from Product Uses 3.8  3.8  3.8  3.8  3.8  3.8  3.8  

Carbon Dioxide Consumption 1.5  1.4  2.9  3.4  3.3  3.4  3.1  

Glass Production 2.3  2.4  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  

SF6 and PFCs from Other Product Used 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  595.3  

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 2.4  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  192.0  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 +  +  +  +  +  +  +  

Total Gross Emissionse  (Sources) 6,536.7 7,503.4  6,597.8  6,006.0  6,334.5  6,343.6  6,196.3  
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Gas/Source 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

Residential 338.6  358.9  342.9  314.8  318.0  335.2  307.1  -9% 

Commercial 228.3  227.1  251.7  229.3  237.5  259.2  244.2  7% 

U.S. Territories 20.0  51.9  24.8  22.3  24.1  23.5  25.3  26% 

Non-Energy Use of Fuels 99.1  125.0  106.5  97.9  111.7  101.9  107.4  8% 

Natural Gas Systems 32.4  26.3  38.7  36.8  35.7  36.4  37.6  16% 

Petroleum Systems 9.6  10.2  45.4  28.9  24.1  22.0  22.5  134% 

Incineration of Waste 12.9  13.3  12.9  12.9  12.5  12.4  12.4  -4% 

Coal Mining 4.6  4.2  3.0  2.2  2.5  2.5  2.4  -48% 

Carbon Capture and Storage NO NO +  +  0.1  0.1  0.1  100% 

Abandoned Oil and Gas Wells +  +  +  +  +  +  +  13% 

Biomass-Wooda 215.2  206.9  216.7  189.5  191.5  194.3  187.7  -13% 

International Bunker Fuelsa 103.6  113.3  113.6  69.6  80.2  98.2  96.4  -7% 

Biofuels-Ethanola 4.2  22.9  82.6  71.8  79.1  79.6  80.7  1,810% 

Biofuels-Biodiesela NO 0.9  17.1  17.7  16.1  15.6  18.2  100% 

Biofuels-MSWa 18.5  14.7  15.7  15.6  15.3  14.9  14.9  -20% 

CH4 409.8  359.1  320.2  302.0  289.9  277.6  271.06  -34% 

Natural Gas Systems 219.0  210.6  189.0  180.0  174.7  171.8  162.0  -26% 

Coal Mining 108.1  71.5  53.0  46.2  44.7  43.6  45.4  -58% 

Petroleum Systems 50.0  47.4  50.6  50.4  45.2  36.2  37.8  -25% 

Stationary Combustion 9.7  8.8  9.8  7.9  7.9  8.7  8.8  -9% 

Abandoned Oil and Gas Wells 7.8  8.2  8.5  8.5  8.6  8.5  8.5  9% 

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  2.5  2.6  2.6  2.6  -65% 

Incineration of Waste +  +  +  +  +  +  +  -18% 

International Bunker Fuelsb 0.2  0.1  0.1  0.1  0.1  0.1  0.1  -55% 

N2O 60.53  72.87  41.35  36.97  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  18.8  16.1  16.8  16.6  16.2  -57% 

Incineration of Waste 0.4  0.3  0.4  0.3  0.4  0.3  0.3  -18% 

Natural Gas Systems +  +  +  +  +  +  +  77% 

Petroleum Systems +  +  +  +  +  +  +  49% 

International Bunker Fuelsb 0.8  0.9  0.9  0.5  0.6  0.8  0.8  +% 

Total 5,381.2  6,355.1  5,420.8  4,860.0  5,170.3  5,195.2  5,048.5  -6% 

+ Does not exceed 0.05 MMT CO2 Eq. 1 
NO (Not Occurring) 2 
a Emissions from biomass and biofuel consumption are not included specifically in Energy sector totals. Net carbon fluxes from 3 
changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF. 4 
b Emissions from international bunker fuels are not included in totals. These values are presented for informational purposes 5 
only, in line with the 2006 IPCC Guidelines and the national inventory reporting guidelines. 6 
Note: Totals may not sum due to independent rounding.  7 
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• Transportation. EIA’s fuel consumption data for the transportation sector consists of all vehicles 1 
whose primary purpose is transporting people and/or goods from one physical location to 2 
another. 3 

• Electric Power. EIA’s fuel consumption data for the electric power sector are composed of 4 
electricity-only and combined-heat-and-power (CHP) plants within the North American Industry 5 
Classification System (NAICS) 22 category whose primary business is to sell electricity, or 6 
electricity and heat, to the public. (Non-utility power producers are included in this sector as 7 
long as they meet the electric power sector definition.) 8 

• Industry. EIA statistics for the industrial sector include fossil fuel consumption that occurs in the 9 
fields of manufacturing, agriculture, mining, and construction. EIA’s fuel consumption data for 10 
the industrial sector consist of all facilities and equipment used for producing, processing, or 11 
assembling goods. (EIA includes generators that produce electricity and/or useful thermal 12 
output primarily to support on-site industrial activities in this sector.) 13 

• Residential. EIA’s fuel consumption data for the residential sector consist of living quarters for 14 
private households. 15 

• Commercial. EIA’s fuel consumption data for the commercial sector consist of service-providing 16 
facilities and equipment from private and public organizations and businesses. (EIA includes 17 
generators that produce electricity and/or useful thermal output primarily to support the 18 
activities at commercial establishments in this sector.) 19 

Table 2-5:  CO2 Emissions from Fossil Fuel Combustion by End-Use Sector (MMT CO2 20 
Eq.) 21 

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 1,781.3 

Combustion 1,468.9 1,858.6 1,816.6 1,573.0 1,753.5 1,753.6 1,776.2 

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 1,173.3 1,225.7 1,236.9 1,196.6 

Combustion 876.5 847.6 809.8 763.4 780.5 799.7 792.1 

Electricity 686.4 736.3 465.5 409.8 445.2 437.2 404.5 

Residential 931.3 1,214.9 927.1 860.6 891.1 901.6 815.6 

Combustion 338.6 358.9 342.9 314.8 318.0 335.2 307.1 

Electricity 592.7 856.0 584.2 545.8 573.0 566.5 508.5 

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 537.7 803.0 552.7 480.4 518.7 523.5 496.1 

U.S. Territoriesa 20.0 51.9 24.8 22.3 24.1 23.5 25.3 

Total 4,752.2 5,744.1 4,852.6 4,342.3 4,654.6 4,702.8 4,559.1 

Electric Power 1,820.0 2,400.1 1,606.7 1,439.6 1,540.9 1,531.7 1,414.2 
a Fuel consumption by U.S. Territories (i.e., American Samoa, Guam, Puerto Rico, U.S. Virgin Islands, Wake Island, and other 22 
outlying U.S. Pacific Islands) is included in this report. 23 
Notes: Combustion-related emissions from electric power are allocated based on aggregate national electricity use by each 24 
end-use sector. Totals may not sum due to independent rounding. 25 
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Figure 2-6:  Trends in CO2 Emissions from Fossil Fuel Combustion by End-Use Sector 1 
and Fuel Type 2 

 3 
Notes: Fossil fuel combustion for electric power also includes emissions of less than 0.5 MMT CO2 Eq. from geothermal-based 4 
generation. Although not technically a fossil fuel, geothermal energy-related CO2 emissions are included for reporting purposes. 5 
The source of CO2 is non-condensable gases in subterranean heated water. 6 
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Figure 2-9: Trends in Industrial Processes and Product Use Sector Greenhouse Gas 1 
Sources   2 

 3 

Table 2-6:  Emissions from Industrial Processes and Product Use (MMT CO2 Eq.) 4 

 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

CO2 213.7  195.9  170.0  161.5  171.9  169.6  166.4  -22.1% 

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% 

Carbon Dioxide Consumption 1.5  1.4  2.9  3.4  3.3  3.4  3.1  107.2% 

Glass Production 2.3  2.4  1.9  1.9  2.0  2.0  1.8  -21.6% 

Soda Ash Production 1.4  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% 

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% 
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 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

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  0.5  -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 
Substancesa +  +  +  +  +  +  +  30,504.1% 

Magnesium Production and 
Processing 0.1  +  +  +  +  +  +  -98.2% 

CH4 0.1  +  +  +  +  +  +  -48.6% 

Carbide Production and 
Consumption +  +  +  +  +  +  +  -38.5% 

Ferroalloy Production +  +  +  +  +  +  +  -48.6% 

Iron and Steel Production & 
Metallurgical Coke Production +  +  +  +  +  +  +  -66.8% 

Petrochemical Production +  +  +  +  +  +  +  -11.9% 

N2O 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% 

N2O 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 47.4  124.7  175.8  177.8  184.3  189.5  190.9  302.6% 

Substitution of Ozone Depleting 
Substancesa 0.3  102.7  169.7  173.6  179.8  184.8  189.0  74,662.7% 

Fluorochemical Production 47.0  21.8  5.8  3.8  4.0  4.3  1.5  -96.8% 

Electronics Industry 0.2  0.2  0.3  0.3  0.4  0.3  0.3  90.4% 

Magnesium Production and 
Processing 0.0 0.0 0.1  0.1  +  +  +  100% 

Other Product Use 0.0 0.0 0.0 + 0.0 0.0 0.0 100% 

PFCs 39.2  9.8  7.3  6.6  6.3  6.5  5.7  -85.3% 

Electronics Industry 2.5  3.0  2.7  2.6  2.7  2.8  2.6  3.0% 

Fluorochemical Production 17.2  3.6  3.0  2.5  2.6  2.8  2.5  -85.6% 

Aluminum Production 19.3  3.1  1.4  1.4  0.9  0.8  0.5  -97.6% 

SF6 and PFCs from Other Product 
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% 

Electrical Equipment +  + + +  +  +  0.0  -99.2% 
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 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

SF6 37.9  20.2  8.3  7.7  8.0  7.2  7.8  -79.5% 

Electrical Equipment 24.6  11.8  6.0  5.5  5.5  4.9  5.1  -79.4% 

Magnesium Production and 
Processing 5.6  3.0  0.9  0.9  1.2  1.1  1.1  -80.0% 

SF6 and PFCs from Other Product 
Use 1.3  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  0.8  47.0% 

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

NF3 0.2  1.0  1.1  1.3  1.1  1.1  0.8  357.0% 

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  1,108.0% 

Other Product Use +  +  +  +  +  +  0.0 0.0% 

Total 368.0 373.9 381.4 375.8 391.3 390.1 386.5 5% 

 + Does not exceed 0.05 MMT CO2 Eq.  1 
NO (Not Occurring) 2 
a Small amounts of PFC emissions from this source are included under HFCs due to confidential business information. 3 
Note: Totals may not sum due to independent rounding. 4 

IPPU sector emissions decreased 0.9 percent since 2022 and increased 5.0 percent since 1990. Some 5 
significant trends in U.S. emissions from IPPU source categories over the 34-year period from 1990 6 
through 2023 included the following: 7 

• HFC and PFC emissions resulting from the substitution of ODS (e.g., chlorofluorocarbons 8 
[CFCs]) increased from small amounts in 1990 to 189.0 MMT CO2 Eq. in 2023 (an increase of 9 
74,669.1 percent).  10 

• Combined CO2 and CH4 emissions from iron and steel production and metallurgical coke 11 
production increased by 2.4 percent from 2022 to 2023 to 46.2 MMT CO2 Eq. and declined 12 
overall by 55.9 percent (58.5 MMT CO2 Eq.) from 1990 through 2023, due to restructuring of the 13 
industry. The trend in the United States has been a shift toward fewer integrated steel mills and 14 
more electric arc furnaces (EAFs). EAFs use scrap steel as their main input and generally have 15 
lower on-site emissions.  16 

• Carbon dioxide emissions from petrochemical production increased by 52.1 percent between 17 
1990 and 2023, from 20.1 MMT CO2 Eq. to 30.5 MMT CO2 Eq. The increase in emissions is largely 18 
driven by the production of ethylene more than doubling over that period.  19 

• Carbon dioxide emissions from ammonia production have decreased by 15.2 percent (2.2 MMT 20 
CO2 Eq.) since 1990. Ammonia production relies on natural gas as both a feedstock and a fuel, 21 
and as such, market fluctuations and volatility in natural gas prices affect the production of 22 
ammonia from year to year. Emissions from ammonia production have increased since 2016, 23 
due to the addition of new ammonia production facilities and new production units at existing 24 
facilities. Agricultural demands continue to drive demand for nitrogen fertilizers and the need for 25 
new ammonia production capacity.  26 
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Figure 2-10: Trends in Agriculture Sector Greenhouse Gas Sources  1 

 2 

Table 2-7:  Emissions from Agriculture (MMT CO2 Eq.) 3 

Gas/Source 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

CO2 7.1  7.9  7.2  7.9  7.5  8.4  10.5  48.3% 

Liming 4.7  4.4  2.2  2.9  2.4  3.2  5.3  12.6% 

Urea Fertilization 2.4  3.5  4.9  5.0  5.1  5.2  5.3  117.5% 

CH4 241.7  264.4  280.2  282.4  282.0  275.9  271.5  12.3% 

Enteric Fermentation 183.1  188.2  197.3  196.3  196.5  192.6  187.1  2.2% 

Manure Management 39.1  55.0  66.7  66.9  66.4  64.7  65.1  66.3% 

Rice Cultivation 18.9  20.6  15.6  18.6  18.5  18.0  18.7  -1.4% 

Field Burning of Agricultural Residues 0.5  0.6  0.7  0.6  0.6  0.6  0.6  14.8% 

N2O 302.7  310.2  333.4  310.1  316.3  309.0  313.3  3.5% 

Agricultural Soil Management 289.1  294.7  316.4  293.0  298.9  291.8  296.3  2.5% 

Manure Management 13.4  15.2  16.8  16.9  17.1  17.0  16.8  25.5% 

Field Burning of Agricultural Residues 0.2  0.2  0.2  0.2  0.2  0.2  0.2  15.8% 

Total 551.5  582.5  620.8  600.4  605.8  593.3  595.3  8.0% 

Note: Totals may not sum due to independent rounding. 4 
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Figure 2-11: Trends in Emissions and Removals (Net Flux) from Land Use, Land-1 
Use Change, and Forestry 2 

3 

Table 2-8:  U.S. Greenhouse Gas Emissions and Removals (Net Flux) from Land Use, 4 
Land-Use Change, and Forestry (MMT CO2 Eq.) 5 

Land-Use Category 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
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 
Stocksa

(1,054.9) (950.0) (877.1) (926.5) (907.9) (842.4) (880.0) -16.6% 

Non-CO2 Emissions from Forest 
Firesb

5.4  16.7  9.3  28.0  26.4  14.3  6.2  14.8% 

N2O Emissions from Forest 
Soilsc

0.1  0.4  0.4  0.4  0.4  0.4  0.4  455.1% 

Non-CO2 Emissions from 
Drained Organic Soilsd

0.1  0.1  0.1  0.1  0.1  0.1  0.1  +% 

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 
Stockse 

(103.6) (103.6) (103.9) (103.8) (103.8) (103.8) (103.8) 0.2% 
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Land-Use Category 1990 2005 2019 2020 2021 2022 2023 

Percent 
Change 

Since 
1990 

Cropland Remaining Cropland 1.0  (31.0) (19.3) (8.7) (31.9) (31.6) (30.5) -3036.6% 

Changes in Mineral and Organic 
Soil Carbon Stocks 

1.0  (31.0) (19.3) (8.7) (31.9) (31.6) (30.5) -3036.6% 

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 Stocksf 

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-CO2 Emissions from 
Grassland Firesg

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  24.1  19.9  20.9  20.9  -41.3% 

Changes in all Ecosystem 
Carbon Stocksf 

35.6  21.9  20.9  24.1  19.9  20.9  20.9  -41.3% 

Wetlands Remaining 
Wetlands 

38.5  40.9  39.7  39.7  39.7  39.7  40.1  4.3% 

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-CO2 Emissions from 
Peatlands Remaining Peatlands 

+  +  +  +  +  +  + -44.4% 

Changes in Biomass, DOM, and 
Soil Carbon Stocks in Coastal 
Wetlands 

(10.8) (10.1) (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  0.5  333.5% 

CH4 Emissions from Flooded 
Land Remaining Flooded Land 

43.9  45.5  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% 

CH4 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% 
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Figure 2-13:  U.S. Greenhouse Gas Emissions Allocated to Economic Sectors  1 

 2 
Note: Emissions and removals from Land Use, Land-Use Change, and Forestry are excluded from figure above. Excludes U.S. 3 
Territories. 4 

Table 2-10:  U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMT CO2 Eq. and 5 
Percent of Total in 2023) 6 

Sector/Source 1990 2005 2019 2020 2021 2022 2023 

Percent of 
Total 

Emissionsa 

Transportation 1,520.8  1,971.8  1,874.3  1,625.3  1,805.5  1,804.1  1,822.3  29.4% 

CO2 from Fossil Fuel Combustion 1,468.9  1,858.6  1,816.6  1,573.0  1,753.5  1,753.6  1,776.2  28.7% 

Substitution of Ozone Depleting 
Substances +  63.1  34.0  32.5  31.2  29.6  27.9  

0.4% 

Mobile Combustion b 40.0  40.0  14.8  12.1  12.7  12.2  11.7  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 1,880.2  2,457.4  1,650.7  1,481.8  1,584.0  1,575.3  1,453.6  23.5% 

CO2 from Fossil Fuel Combustion 1,820.0  2,400.1  1,606.7  1,439.6  1,540.9  1,531.7  1,414.2  22.8% 

Stationary Combustion b 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  12.7  12.7  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 1,723.4  1,586.3  1,532.5  1,435.0  1,455.4  1,445.2  1,435.4  23.2% 

CO2 from Fossil Fuel Combustion 833.1  796.8  770.2  724.3  740.7  760.4  752.8  12.1% 

Natural Gas Systems 251.4  237.0  227.7  216.8  210.5  208.2  199.6  3.2% 

Non-Energy Use of Fuels 83.9  107.2  97.4  89.9  103.5  92.9  100.6  1.6% 

Petroleum Systems 59.6  57.7  96.1  79.3  69.3  58.3  60.2  1.0% 

Coal Mining 112.7  75.6  56.0  48.3  47.1  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% 
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Sector/Source 1990 2005 2019 2020 2021 2022 2023 

Percent of 
Total 

Emissionsa 

Substitution of Ozone Depleting 
Substances +  8.0  33.1  33.9  32.2  33.4  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  12.1  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% 

Electronics Industry 3.3  4.5  4.5  4.5  4.9  4.8  4.5  0.1% 

Fluorochemical Production 70.2  29.2  9.3  7.0  7.1  7.6  4.3  0.1% 

N2O 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  3.5  3.3  0.1% 

Carbon Dioxide Consumption 1.5  1.4  2.9  3.4  3.3  3.4  3.1  +% 

Glass Production 2.3  2.4  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  +% 

SF6 and PFCs from Other Product 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  +% 

Carbon Capture and Storage + +   +  +  0.1  0.1  0.1  +% 

Agriculture 596.3  635.0  661.8  640.8  646.9  633.8  635.9  10.3% 

N2O from Agricultural Soil 
Management 289.1  294.7  316.4  293.0  298.9  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% 

CO2 from Fossil Fuel Combustion 43.4  50.8  39.7  39.1  39.8  39.3  39.3  0.6% 

Rice Cultivation 18.9  20.6  15.6  18.6  18.5  18.0  18.7  0.3% 
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Sector/Source 1990 2005 2019 2020 2021 2022 2023 

Percent of 
Total 

Emissionsa 

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 Combustionb 1.4  1.6  1.2  1.2  1.2  1.2  1.2  +% 

Field Burning of Agricultural Residues 0.7  0.8  0.9  0.8  0.8  0.8  0.8  +% 

Stationary Combustionb 0.1  +  0.1  0.1  0.1  0.1  0.1  +% 

Commercial 447.0  422.1  469.2  442.3  448.6  469.0  455.1  7.3% 

CO2 from Fossil Fuel Combustion 228.3  227.1  251.7  229.3  237.5  259.2  244.2  3.9% 

Landfills (Municipal) 185.5  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 Combustionb 1.5  1.5  1.6  1.5  1.6  1.7  1.6  +% 

Anaerobic Digestion at Biogas 
Facilities +  +  +  +  +  +  +  +% 

Residential 345.6  371.2  384.2  358.0  369.6  392.4  368.3  5.9% 

CO2 from Fossil Fuel Combustion 338.6  358.9  342.9  314.8  318.0  335.2  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 Combustionb 6.8  5.3  6.2  4.2  4.2  5.0  5.2  0.1% 

U.S. Territories 23.4  59.7  25.1  22.6  24.4  23.8  25.6  0.4% 

CO2 from Fossil Fuel Combustion 20.0  51.9  24.8  22.3  24.1  23.5  25.3  0.4% 

Non-Energy Use of Fuels 3.4  7.6  0.2  0.2  0.2  0.2  0.2  +% 

Stationary Combustionb 0.1  0.2  0.1  0.1  0.1  0.1  0.1  +% 

Total Gross Emissions (Sources) 6,536.7  7,503.4  6,597.8  6,006.0  6,334.5  6,343.6  6,196.3  100.0% 

LULUCF Sector Net Totalc (1,037.9)  (968.9)  (919.4)  (951.6)  (962.9)  (905.3)  (939.6) -15.2% 

Net Emissions (Sources and Sinks) 5,498.8  6,534.5  5,678.4  5,054.5  5,371.6  5,438.3  5,256.7  84.8% 

+ Does not exceed 0.05 MMT CO2 Eq. or 0.05 percent. 1 
a Percent of total (gross) emissions excluding emissions from LULUCF for 2023. 2 
b Includes CH4 and N2O emissions from fuel combustion. 3 
c The LULUCF sector net total is the net sum of all LULUCF CH4 and N2O emissions to the atmosphere plus LULUCF net carbon 4 
stock changes. 5 
Notes: Total gross emissions presented are without LULUCF. Total net emissions are presented with LULUCF. Totals may not sum 6 
due to independent rounding. Parentheses indicate negative values or sequestration. 7 

Box 2-1:  Methodology for Aggregating Emissions by Economic Sector 8 

This report also characterizes emissions according to following economic sector categories. Discussing 9 
greenhouse gas emissions relevant to U.S.-specific economic sectors improves communication of the 10 
report’s findings. 11 

The electric power economic sector includes CO2, CH4 and N2O emissions from the combustion of fossil 12 
fuels that are included in the EIA electric power sector. Carbon dioxide, CH4, and N2O emissions from 13 
waste incineration are included in the electric power economic sector, as the majority of MSW is 14 
combusted in plants that produce electricity. The electric power economic sector also includes SF6 15 



2-38   DRAFT Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2023 

from electrical equipment, and a portion of CO2 from other process uses of carbonates (from pollution 1 
control equipment installed in electric power plants). 2 

The transportation economic sector includes CO2 emissions from the combustion of fossil fuels that 3 
are included in the EIA transportation fuel-consuming sector. Additional analyses and refinement of the 4 
EIA data are further explained in the Energy chapter of this report. Emissions of CH4 and N2O from 5 
mobile combustion are also apportioned to the transportation economic sector based on the EIA 6 
transportation fuel-consuming sector. Emissions of ODS substitutes are apportioned to the 7 
transportation economic sector based on emissions from refrigerated transport and motor vehicle air-8 
conditioning systems. Finally, CO2 emissions from non-energy uses of fossil fuels identified as 9 
lubricants for transportation vehicles are included in the transportation economic sector. 10 

The industry economic sector includes CO2 emissions from the combustion of fossil fuels that are 11 
included in the EIA industrial fuel-consuming sector, minus the agricultural use of fuel explained below. 12 
The CH4 and N2O emissions from stationary and mobile combustion are also apportioned to the 13 
industry economic sector based on the EIA industrial fuel-consuming sector, minus emissions 14 
apportioned to the agriculture economic sector. Emissions of ODS substitutes are apportioned based 15 
on their specific end-uses within the source category, with most emissions falling within the industry 16 
economic sector. Finally, CH4 emissions from industrial landfills and CH4 and N2O from industrial 17 
wastewater treatment are included in the industry economic sector.  18 

Additionally, all process-related emissions from sources with methods considered within the IPCC 19 
IPPU sector are apportioned to the industry economic sector. This includes the process-related 20 
emissions (i.e., emissions from the actual process to make the material, not from fuels to power the 21 
plant) from activities such as cement production, iron and steel production and metallurgical coke 22 
production, and ammonia production. Additionally, fugitive emissions from energy production sources, 23 
such as natural gas systems, coal mining, and petroleum systems are included in the industry 24 
economic sector. A portion of CO2 from other process uses of carbonates (from pollution control 25 
equipment installed in large industrial facilities) is also included in the industry economic sector. 26 
Finally, all remaining CO2 emissions from non-energy uses of fossil fuels are assumed to be industrial in 27 
nature (besides the lubricants for transportation vehicles specified above) and are attributed to the 28 
industry economic sector. 29 

The agriculture economic sector includes CO2 emissions from the combustion of fossil fuels that are 30 
based on supplementary sources of agriculture fuel use data, because EIA includes agriculture 31 
equipment in the industrial fuel-consuming sector. Agriculture fuel use estimates are obtained from 32 
U.S. Department of Agriculture survey data, in combination with EIA Fuel Oil and Kerosene Sales (FOKS) 33 
data (EIA 1991 through 2023). Agricultural operations are based on annual energy expense data from 34 
the Agricultural Resource Management Survey (ARMS) conducted by the National Agricultural Statistics 35 
Service (NASS) of the USDA. NASS collects information on farm production expenditures including 36 
expenditures on diesel fuel, gasoline, LP gas, natural gas, and electricity use on the farm with the 37 
annual ARMS. A USDA publication (USDA/NASS 2024) shows national totals, as well as selected States 38 
and ARMS production regions. These supplementary data are subtracted from the industrial fuel use 39 
reported by EIA to obtain agriculture fuel use. Carbon dioxide emissions from fossil fuel combustion, 40 
and CH4 and N2O emissions from stationary and mobile combustion, are then apportioned to the 41 
agriculture economic sector based on agricultural fuel use. 42 
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Emissions by Gas 1990 2005 2019 2020 2021 2022 2023 Percenta 

Electricity-Related 674.0  715.6  443.0  387.5  422.0  420.0  388.0  6.3% 

CO2 658.3  704.0  435.9  381.0  415.0  413.0  381.7  6.2% 

CH4 0.2  0.3  0.4  0.4  0.4  0.4  0.4  +% 

N2O 6.7  7.9  5.1  4.7  5.2  5.3  4.5  0.1% 

SF6 8.8  3.4  1.6  1.4  1.5  1.3  1.4  0.0% 

Residential 957.9  1,247.7  984.4  919.9  958.7  975.0  891.0  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  307.1  5.0% 

CH4 5.9  4.5  5.3  3.6  3.6  4.3  4.5  0.1% 

N2O 0.9  0.8  0.8  0.6  0.6  0.7  0.7  +% 

SF6 0.2  7.0  35.1  39.0  47.3  52.2  56.1  0.9% 

Electricity-Related 612.4  876.5  600.2  561.8  589.1  582.6  522.7  8.4% 

CO2 598.1  862.2  590.6  552.4  579.3  573.0  514.3  8.3% 

CH4 0.2  0.3  0.5  0.5  0.5  0.5  0.5  +% 

N2O 6.1  9.7  7.0  6.8  7.2  7.3  6.1  0.1% 

SF6 8.0  4.2  2.2  2.1  2.1  1.8  1.8  +% 

Commercial 1,002.5  1,244.3  1,037.1  936.8  981.8  1,007.5  965.1  15.6% 

Direct Emissions 447.0  422.1  469.2  442.3  448.6  469.0  455.1  7.3% 

CO2 228.3  227.1  251.7  229.3  237.5  259.2  244.2  3.9% 

CH4 203.6  150.9  127.3  121.4  119.1  117.4  118.5  1.9% 

N2O 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  494.5  533.2  538.5  510.0  8.2% 

CO2 542.6  808.9  558.7  486.2  524.3  529.5  501.7  8.1% 

CH4 0.1  0.3  0.5  0.5  0.5  0.5  0.5  +% 

N2O 5.5  9.1  6.6  6.0  6.5  6.8  5.9  0.1% 

SF6 7.3  4.0  2.1  1.8  1.9  1.7  1.8  +% 

Agriculture 631.4  673.3  697.0  675.2  682.6  663.5  663.7  10.7% 

Direct Emissions 596.3  635.0  661.8  640.8  646.9  633.8  635.9  10.3% 

CO2 50.5  58.7  46.8  47.0  47.3  47.7  49.8  0.8% 

CH4 241.9  264.6  280.4  282.6  282.2  276.1  271.7  4.4% 

N2O 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  29.7  27.8  0.4% 

CO2 34.3  37.7  34.7  33.8  35.1  29.2  27.3  0.4% 

CH4 +  +  +  +  +  +  +  +% 

N2O 0.3  0.4  0.4  0.4  0.4  0.4  0.3  +% 

SF6 0.5  0.2  0.1  0.1  0.1  0.1  0.1  +% 

U.S. Territories 23.4  59.7  25.1  22.6  24.4  23.8  25.6  0.4% 

Total Gross 
Emissions 
(Sources) 

6,536.7  7,503.4  6,597.8  6,006.0  6,334.5  6,343.6  6,196.3  100.0% 

LULUCF Sector Net 
Total c 

(1,037.9)  (968.9)  (919.4)  (951.6)  (962.9)  (905.3)  (939.6) -15.2% 
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electricity use in on-road electric and plug-in hybrid electric vehicles. Despite this increase, almost all of 1 
the energy used for transportation was supplied by petroleum-based products, with more than half 2 
being related to gasoline consumption in automobiles and other highway vehicles. Other fuel uses, 3 
especially diesel fuel for freight trucks and jet fuel for aircraft, accounted for the remainder. Indirect 4 
emissions from electricity are less than 1 percent of direct emissions in the transportation sector. For a 5 
more detailed breakout of emissions by fuel type by vehicle see Table A-93 in Annex 3.  6 

Figure 2-15:  Trends in Transportation-Related Greenhouse Gas Emissions  7 

 8 

Table 2-13:  Transportation-Related Greenhouse Gas Emissions (MMT CO2 Eq.) 9 

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  

CO2 632.6  529.1  361.3  299.8  316.3  298.9  296.0  

CH4 3.8  1.8  0.3  0.2  0.2  0.2  0.2  

N2O 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  

CO2 280.0  606.4  708.3  617.9  688.0  688.8  711.9  

CH4 1.4  1.3  0.6  0.5  0.5  0.5  0.5  

N2O 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  10.393  
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Gas/Vehicle Type 1990 2005 2019 2020 2021 2022 2023 

Medium- and Heavy-Duty Trucks 236.6  390.8  414.0  400.3  434.6  430.2  427.6  

CO2 235.1  386.0  405.2  391.3  425.1  420.6  418.1  

CH4 0.5  0.2  0.1  0.1  0.1  0.1  0.1  

N2O 1.0  1.5  2.8  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  

CO2 12.9  17.6  24.2  19.7  21.8  23.8  23.8  

CH4 0.1  +  +  +  +  +  +  

N2O 0.1  0.1  0.2  0.1  0.2  0.2  0.2  

HFCs + 0.2  0.4  0.4  0.4  0.4  0.406  

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 +  +  +  +  +  +  +  

N2O +  +  0.1  0.1  0.1  0.1  0.1  

Commercial Aircraft a 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  

CH4 + + + + + + + 

N2O 0.9  1.1  1.1  0.7  1.0  1.1  1.1  

Other Aircraft b 78.0  59.5  45.6  31.0  35.5  37.0  51.0  

CO2 77.3  59.0  45.2  30.7  35.1  36.7  50.6  

CH4 0.1  0.1  +  +  +  +  +  

N2O 0.6  0.5  0.4  0.2  0.3  0.3  0.4  

Ships and Boats c 47.0  45.5  40.0  32.2  50.7  49.9  43.7  

CO2 46.3  44.3  35.5  27.5  45.4  44.4  37.9  

CH4 0.4  0.5  0.4  0.4  0.5  0.5  0.5  

N2O 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  5.117  

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  33.4  

CH4 0.1  0.1  0.1  0.1  0.1  0.1  0.1  

N2O 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  0.12  

Other Emissions from Electric Power d 0.1  0.1  0.1  0.1  0.1  0.1  0.1  

Pipelines e 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  1,878.6  1,628.9  1,809.6  1,808.7  1,827.5  

International Bunker Fuels f 54.7  44.6  26.2  22.7  22.7  25.3  23.5  

Ethanol CO2
 g 4.1  21.6  78.7  68.1  75.4  75.0  76.4  

Biodiesel CO2
 g + 0.9  17.1  17.7  16.1  15.6  18.2  

+ Does not exceed 0.05 MMT CO2 Eq. 1 
a Consists of emissions from jet fuel consumed by domestic operations of commercial aircraft (no bunkers). 2 
b Consists of emissions from jet fuel and aviation gasoline consumption by general aviation and military aircraft. 3 
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c Fluctuations in emission estimates are associated with fluctuations in reported fuel consumption and may reflect issues with 1 
data sources. 2 
d Other emissions from electric power are a result of waste incineration (as the majority of MSW is combusted in “trash-to-3 
steam” electric power plants), electrical equipment, and a portion of other process uses of carbonates (from pollution control 4 
equipment installed in electric power plants). 5 
e CO2 estimates reflect natural gas used to power pipelines, but not electricity. While the operation of pipelines produces CH4 6 
and N2O, these emissions are not directly attributed to pipelines in the Inventory. 7 
f Emissions from International Bunker Fuels include emissions from both civilian and military activities; these emissions are not 8 
included in the transportation totals. 9 
g Ethanol and biodiesel CO2 estimates are presented for informational purposes only. See Section 3.11 and the estimates in 10 
LULUCF (see Chapter 6), in line with IPCC methodological guidance, for more information on ethanol and biodiesel. 11 
Notes: Passenger cars and light-duty trucks include vehicles typically used for personal travel and less than 8,500 lbs; medium- 12 
and heavy-duty trucks include vehicles larger than 8,500 lbs. HFC emissions primarily reflect HFC-134a. Totals may not sum due 13 
to independent rounding. 14 

Industry 15 

The industry economic sector includes CO2 emissions from fossil fuel combustion from all 16 
manufacturing facilities, in aggregate, and with the distribution of electricity-related emissions (e.g., 17 
powering industrial machinery), accounted for 29.4 percent of U.S. greenhouse gas emissions in 2023. 18 
This end-use sector also includes emissions that are produced as a byproduct of the non-energy-related 19 
industrial process activities. Various activities produce these non-energy-related emissions, including 20 
CH4 emissions from petroleum and natural gas systems, fugitive CH4 and CO2 emissions from coal 21 
mining, byproduct CO2 emissions from cement production, and HFC, PFC, SF6, and NF3 byproduct 22 
emissions from the electronics industry, to name a few. 23 

Since 1990, industry sector emissions have declined by 23.9 percent. The decline has occurred both in 24 
direct emissions and indirect emissions associated with electricity use. Structural changes within the 25 
U.S. economy that led to shifts in industrial output away from energy-intensive manufacturing products 26 
to less energy-intensive products (e.g., shifts from producing steel to computer equipment) have had a 27 
significant effect on industrial emissions. 28 

Commercial 29 

The commercial end-use sector, including electricity-related emissions, accounted for 15.6 percent of 30 
U.S. greenhouse gas emissions in 2023. Like the residential sector it is heavily reliant on electricity for 31 
meeting energy needs, with electricity use for building-related activities like lighting, heating, air 32 
conditioning, and operating appliances. The remaining emissions were largely due to the direct 33 
consumption of natural gas and petroleum products, primarily for heating and cooking needs. Energy-34 
related emissions from the commercial sector have generally been increasing since 1990, and annual 35 
variations are often correlated with short-term fluctuations in energy use caused by weather conditions, 36 
rather than prevailing economic conditions. Decreases in energy-related emissions in the commercial 37 
sector in recent years can be largely attributed to an overall reduction in energy use driven by a 38 
reduction in heating degree days and increases in energy efficiency. 39 

Municipal landfills and wastewater treatment are included in the commercial sector, with landfill 40 
emissions decreasing since 1990 and wastewater treatment emissions increasing slightly. 41 
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Table 2-14:  Recent Trends in Various U.S. Data (Index 1990 = 100) 1 

Variable 1990 2005 2019 2020 2021 2022 2023 

Avg. Annual 
Change 

Since 1990a

Avg. Annual 
Change 

Since 2005a 

Greenhouse Gas Emissionsb 100  115  101  92  97  97  95  -0.1% -1.0%

Energy Usec 100  119  117  107  113  115  113  0.4% -0.2%

GDPd 100  159  206  202  214  219 225  2.5% 2.0% 

Populatione 100  118  131  132  132  133  135  0.9% 0.8% 

a Average annual growth rate. 2 
b Gross total GWP-weighted values. 3 
c Energy-content-weighted values (EIA 2024). 4 
d GDP in chained 2017 dollars (BEA 2024). 5 
e U.S. Census Bureau (2024). 6 

Figure 2-16:  U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross 7 
Domestic Product 8 

9 
Source: BEA (2024), U.S. Census Bureau (2024), and gross emission estimates in this report. 10 

11 
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emissions of these precursors. Industrial processes—such as the manufacture of chemical and allied 1 
products, metals processing, and industrial uses of solvents—are also significant sources of CO, NOx, 2 
and NMVOCs. Precursor emissions from Agriculture and LULUCF categories are estimated separately 3 
and therefore are not taken from EPA (2023a). 4 

Table 2-15:  Emissions of NOx, CO, NMVOCs, and SO2 (kt) 5 

Gas/Activity 1990 2005 2019 2020 2021 2022 2023 

NOx 22,892  19,763  7,667  6,979  7,041  6,582  6,141  

Energy 21,966  18,863  7,048  6,235  6,308  5,964  5,580  

IPPU 774  672  440  393  403  389  389  

Agriculture 16  18  18  17  17  17  17  

LULUCF 53  158  89  257  237  137  80  

Waste 84  51  73  76  76  75  75  

CO 133,317  77,433  38,224  44,925  44,775  38,576  33,484  

Energy 124,713  64,455  30,349  28,427  28,845  28,173  27,288  

IPPU 4,099  1,701  1,011  855  902  897  897  

Agriculture 407  480  468  446  445  443  443  

LULUCF 3,069  9,618  5,214  13,855  13,241  7,721  3,513  

Waste 1,028  1,178  1,182  1,342  1,343  1,343  1,343  

NMVOCs 20,918  12,708  8,804  9,040  9,454  9,325  9,194  

Energy 13,067  8,694  5,444  5,306  5,568  5,442  5,311  

IPPU 6,982  3,668  2,996  3,366  3,508  3,505  3,505  

Agriculture + 194 208  196  206  206  206  

LULUCF NA NA NA NA NA NA NA 

Waste 870  152  157  173  172  172  172  

SO2 20,924  13,108  1,676  1,471  1,621  1,522  1,383  

Energy 19,400  12,312  1,344  1,173  1,315  1,229  1,091  

IPPU 1,488  776  309  266  274  261  261  

Agriculture +  +  +  +  +  +  +  

LULUCF NA NA NA NA NA NA NA 

Waste 36  20  23  33  32  31  31  

+ Does not exceed 0.5 kt. 6 
NA (Not Available) 7 
Note: Totals by gas may not sum due to independent rounding. 8 
Source: (EPA 2023a) except for estimates from forest fires, grassland fires, and field burning of agricultural residues. Emission 9 
categories from EPA (2023a) are aggregated into sectors and categories reported under the Table ES-3. 10 
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Figure 3-1:  2023 Energy Sector Greenhouse Gas Sources  1 

 2 

Figure 3-2:  Trends in Energy Sector Greenhouse Gas Sources  3 

 4 
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Table 3-1:  CO2, CH4, and N2O Emissions from Energy (MMT CO2 Eq.) 1 

Gas/Source 1990 2005 2019 2020 2021 2022 2023 

CO2 4,910.9  5,923.1  5,059.2  4,521.1  4,841.2  4,878.0  4,741.33  
Fossil Fuel Combustion 4,752.2  5,744.1  4,852.6  4,342.3  4,654.6  4,702.8  4,559.1  

Transportation 1,468.9  1,858.6  1,816.6  1,573.0  1,753.5  1,753.6  1,776.2  
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  792.1  
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  25.3  

Non-Energy Use of Fuels 99.1  125.0  106.5  97.9  111.7  101.9  107.4  
Natural Gas Systems 32.4  26.3  38.7  36.8  35.7  36.4  37.6  
Petroleum Systems 9.6  10.2  45.4  28.9  24.1  22.0  22.5  
Incineration of Waste 12.9  13.3  12.9  12.9  12.5  12.4  12.4  
Coal Mining 4.6  4.2  3.0  2.2  2.5  2.5  2.4  
CO2 Transport, Injection and Geological 
Storage 0.0 0.0 +  +  0.1  0.1  0.1  
Abandoned Oil and Gas Wells +  +  +  +  +  +  +  
Biomass-Wooda 215.2  206.9  216.7  189.5  191.5  194.3  187.7  
International Bunker Fuelsb 103.6  113.3  113.6  69.6  80.2  98.2  96.4  
Biofuels-Ethanola 4.2  22.9  82.6  71.8  79.1  79.6  80.7  
Biofuels-Biodiesela 0.0 0.9  17.1  17.7  16.1  15.6  18.2  
Biomass-MSWa 18.5  14.7  15.7  15.6  15.3  14.9  14.9  
CH4 409.8  359.1  320.2  302.0  289.9  277.6  271.06  
Natural Gas Systems 219.0  210.6  189.0  180.0  174.7  171.8  162.0  
Coal Mining 108.1  71.5  53.0  46.2  44.7  43.6  45.4  
Petroleum Systems 50.0  47.4  50.6  50.4  45.2  36.2  37.8  
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  2.6  
Incineration of Waste +  +  +  +  +  +  +  
International Bunker Fuelsb 0.2  0.1  0.1  0.1  0.1  0.1  0.1  
N2O 60.5  72.9  41.3  37.0  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  18.8  16.1  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 Fuelsb 0.8  0.9  0.9  0.5  0.6  0.8  0.8  
Total 5,381.2  6,355.1  5,420.8  4,860.0  5,170.3  5,195.2  5,048.6  

+ Does not exceed 0.05 MMT CO2 Eq. 2 
a Emissions from biomass and biofuel consumption are not included specifically in summing energy sector totals. Net carbon 3 
fluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF. 4 
b Emissions from international bunker fuels are not included in totals. These values are presented for informational purposes 5 
only, in line with the 2006 IPCC Guidelines. 6 
Note: Totals may not sum due to independent rounding. 7 
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Table 3-2:  CO2, CH4, and N2O Emissions from Energy (kt) 1 

Gas/Source 1990 2005 2019 2020 2021 2022 2023 

CO2 4,910,871  5,923,092  5,059,250  4,521,051  4,841,192  4,878,027  4,741,331  
Fossil Fuel Combustion 4,752,234  5,744,138  4,852,647  4,342,309  4,654,629  4,702,769  4,559,052  
Non-Energy Use of Fuels 99,104  124,988  106,487  97,889  111,726  101,925  107,355  
Natural Gas Systems 32,431  26,321  38,701  36,813  35,740  36,402  37,605  
Petroleum Systems 9,589  10,215  45,450  28,874  24,094  22,039  22,458  
Incineration of Waste 12,900  13,254  12,948  12,921  12,476  12,357  12,357  
Coal Mining 4,606  4,169  2,992  2,197  2,455  2,474  2,408  
CO2 Transport, Injection and 
Geological Storage 

0 0 18  39  65  53  88  

Abandoned Oil and Gas Wells 7  7  8  8  8  8  8  
Biomass-Wooda 215,186  206,901  216,652  189,516  191,471  194,318  187,690  
International Bunker Fuelsb 103,634  113,328  113,632  69,638  80,180  98,241  96,362  
Biofuels-Ethanola 4,227  22,943  82,578  71,848  79,064  79,593  80,708  
Biofuels-Biodiesela 0  856  17,080  17,678  16,112  15,622  18,185  
Biomass-MSWa 18,534  14,722  15,709  15,614  15,329  14,864  14,864  
CH4 14,637  12,826  11,437  10,785  10,353  9,913  9,681  
Natural Gas Systems 7,821  7,522  6,748  6,429  6,240  6,135  5,784  
Coal Mining 3,860  2,552  1,892  1,648  1,595  1,558  1,621  
Petroleum Systems 1,787  1,694  1,807  1,800  1,615  1,295  1,348  
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  102  90  92  93  91  
Incineration of Waste +  +  +  +  +  +  +  
International Bunker Fuelsb 7  5  4  3  3  3  3  
N2O 228  275  156  139  148  149  136  
Stationary Combustion 84  115  84  77  83  85  74  
Mobile Combustion 143  158  71  61  64  63  61  
Incineration of Waste 2  1  1  1  1  1  1  
Petroleum Systems +  +  +  +  +  +  +  
Natural Gas Systems +  +  +  +  +  +  +  
International Bunker Fuelsb 3  3  3  2  2  3  3  

+ Does not exceed 0.5 kt. 2 
a Emissions from biomass and biofuel consumption are not included specifically in summing Energy sector totals. Net carbon 3 
fluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF. 4 
b Emissions from international bunker fuels are not included in totals. These values are presented for informational purposes 5 
only, in line with the 2006 IPCC Guidelines. 6 
Note: Totals by gas may not sum due to independent rounding. 7 
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Emissions estimates reported in the Energy chapter from fossil fuel combustion and fugitive sources 1 
include those from all 50 states, including Hawaii and Alaska, and the District of Columbia. Emissions 2 
are also included from U.S. Territories to the extent they are known to occur (e.g., coal mining does not 3 
occur in U.S. Territories). For some sources there is a lack of detailed information on U.S. Territories 4 
including some non-CO2 emissions from biomass combustion. As part of continuous improvement 5 
efforts, EPA reviews this on an ongoing basis to ensure emission sources are included across all 6 
geographic areas including U.S. Territories if they are occurring. See Annex 5 for more information on 7 
EPA’s assessment of the sources not included in this Inventory.  8 

Each year, some emission and sink estimates in the Inventory are recalculated and revised with 9 
improved methods and/or data. In general, recalculations are made to the U.S. greenhouse gas 10 
emission estimates either to incorporate new methodologies or, most commonly, to update recent 11 
historical data. These improvements are implemented consistently across the previous Inventory’s time 12 
series (i.e., 1990 to 2022) to ensure that the trend is accurate. Key updates in this year’s Inventory 13 
include new data on the activity of battery and plug-in hybrid electric vehicles, the incorporation of 14 
MOVES5 output data to replace MOVES3, updated values for natural gas and petroleum consumed by 15 
all sectors and U.S. Territories for the years 2020 through 2022, updated electricity statistics which 16 
affected commercial sector wood consumption for the years 2014 through 2022, updates for offshore 17 
production sources in Gulf of America federal and state waters, and revisions to GHGRP data 18 
submissions. The impact of these recalculations averaged a decrease of 0.8 MMT CO2 Eq. (less than 0.1 19 
percent) per year across the time series. For more information on specific methodological updates, 20 
please see the Recalculations Discussion section for each category in this chapter. 21 

Box 3-1:  Uses of EPA’s Greenhouse Gas Reporting Program Energy Data 22 

EPA’s Greenhouse Gas Reporting Program (GHGRP) dataset continues to be an important resource for 23 
the Inventory, providing not only annual emissions information, but also other annual information, such 24 
as activity data and emission factors that can improve and refine national emission estimates and 25 
trends over time. GHGRP data also allow EPA to disaggregate national inventory estimates in new ways 26 
that can highlight differences across regions and sub-categories of emissions, along with enhancing 27 
application of QA/QC procedures and assessment of uncertainties.  28 

EPA uses annual GHGRP data in a number of Energy sector categories to improve the national estimates 29 
presented in this Inventory consistent with IPCC guidelines (see Box 3-2 of this chapter, and Sections 30 
3.3 Incineration of Waste, 3.4 Coal Mining, 3.6 Petroleum Systems, 3.7 Natural Gas Systems 3.9 CO2 31 
Transport, Injection and Geological Storage, and 3.11 Biomass and Biofuels Consumption ). 32 
Methodologies used in EPA’s GHGRP are consistent with IPCC guidelines, including higher tier methods. 33 
Under EPA’s GHGRP, facilities collect detailed information specific to their operations according to 34 
detailed measurement standards. It should be noted that the definitions and provisions for reporting 35 
fuel types in EPA’s GHGRP may differ from those used for national inventory reporting. The Inventory 36 
report is a comprehensive accounting of all emissions from fuel types identified in the IPCC guidelines 37 
and provides a separate reporting of emissions from biomass.  38 

In addition to using GHGRP data to estimate emissions (Sections 3.3 Incineration of Waste, 3.4 Coal 39 
Mining, 3.6 Petroleum Systems, 3.7 Natural Gas Systems 3.9 CO2 Transport, Injection and Geological 40 
Storage, and 3.11 Biomass and Biofuels Consumption), EPA also uses the GHGRP fuel consumption 41 
activity data in the Energy sector to disaggregate industrial end-use sector emissions in the category of 42 
CO2 emissions from fossil fuel combustion, for use in reporting emissions in common data tables (see 43 
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Box 3-2). The industrial end-use sector activity data collected for the Inventory (EIA 2024) represent 1 
aggregated data for the industrial end-use sector. EPA’s GHGRP collects industrial fuel consumption 2 
activity data by individual categories within the industrial end-use sector. Therefore, GHGRP data are 3 
used to provide a more detailed breakout of total emissions in the industrial end-use sector within that 4 
source category.  5 

As indicated in the respective Planned Improvements sections for source categories in this chapter, EPA 6 
continues to examine the uses of facility-level GHGRP data to improve the national estimates presented 7 
in this Inventory. See Annex 9 for more information on use of EPA’s GHGRP in the Inventory. 8 
 9 

3.1 Fossil Fuel Combustion (Source 10 

Category 1A) 11 

Emissions from the combustion of fossil fuels for energy include the greenhouse gases CO2, CH4, and 12 
N2O. Given that CO2 is the primary gas emitted from fossil fuel combustion and represents the largest 13 
share of U.S. total emissions, CO2 emissions from fossil fuel combustion are discussed at the beginning 14 
of this section. An overview of CH4 and N2O emissions from the combustion of fuels in stationary 15 
sources is then presented, followed by fossil fuel combustion emissions for all three gases by sector: 16 
electric power, industrial, residential, commercial, U.S. Territories, and transportation.  17 

Methodologies for estimating CO2 emissions from fossil fuel combustion differ from the estimation of 18 
CH4 and N2O emissions from stationary combustion and mobile combustion. Thus, three separate 19 
descriptions of methodologies, uncertainties, recalculations, and planned improvements are provided 20 
at the end of this section. Total CO2, CH4, and N2O emissions from fossil fuel combustion are presented 21 
in Table 3-3 and Table 3-4.  22 

Table 3-3:  CO2, CH4, and N2O Emissions from Fossil Fuel Combustion (MMT CO2 Eq.) 23 

Gas 1990 2005 2019 2020 2021 2022 2023 

CO2  4,752.2   5,744.1  4,852.6 4,342.3 4,654.6 4,702.8 4,559.1 
CH4  16.9   14.0   12.6   10.4   10.5   11.3   11.3  
N2O  60.1   72.5   40.9   36.6   38.9   39.2  35.8  
Total  4,829.2   5,830.6  4,906.2 4,389.3 4,704.0 4,753.3 4,606.2 

Note: Totals may not sum due to independent rounding. 24 

Table 3-4:  CO2, CH4, and N2O Emissions from Fossil Fuel Combustion (kt) 25 

Gas 1990 2005 2019 2020 2021 2022 2023 

CO2 4,752,234 5,744,138  4,852,647  4,342,309  4,654,629  4,702,769  4,559,052 
CH4  603   500   450   373   375   405   405 
N2O  227   274   155   138   147   148   135  
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CO2 from Fossil Fuel Combustion 1 

Carbon dioxide is the primary gas emitted from fossil fuel combustion and represents the largest share 2 
of U.S. total greenhouse gas emissions. Carbon dioxide emissions from fossil fuel combustion are 3 
presented in Table 3-5. In 2023, CO2 emissions from fossil fuel combustion decreased by 3.1 percent 4 
relative to the previous year and were 4.1 percent below emissions in 1990 (as shown in Table 3-6). The 5 
decrease in CO2 emissions from fossil fuel combustion was a result of a 1.9 percent decrease in fossil 6 
fuel energy use. Carbon dioxide emissions from coal consumption decreased by 18.3 percent (164.2 7 
MMT CO2 Eq.) from 2022 to 2023. While carbon dioxide emissions from natural gas use increased by 1.0 8 
percent (17.6 MMT CO2 Eq.) and emissions from petroleum use increased by 0.1 percent (2.9 MMT CO2 9 
Eq.) from 2022 to 2023. The increase in natural gas consumption and associated emissions in 2023 is 10 
observed mostly in the electric power and industrial sectors, the increase in petroleum use is mainly in 11 
the transportation sector, while the coal decrease is mainly due to reduced use in the electric power 12 
sector. In 2023, CO2 emissions from fossil fuel combustion were 4,559.1 MMT CO2 Eq. (see Table 3-5).5  13 

Table 3-5:  CO2 Emissions from Fossil Fuel Combustion by Fuel Type and Sector (MMT 14 
CO2 Eq.) 15 

Fuel/Sector 1990 2005 2019 2020 2021 2022 2023 
Coal 1,719.8 2,113.7 1,028.1 835.6 957.4 898.8 734.6 
Residential 3.0 0.8 NO NO NO NO NO 
Commercial 12.0 9.3 1.6 1.4 1.4 1.4 1.1 
Industrial 157.8 117.8 49.4 43.0 43.0 43.0 36.0 
Transportation NO NO NO NO NO NO NO 
Electric Power 1546.5 1982.8 973.5 788.2 910.1 851.5 694.6 
U.S. Territories 0.5 3.0 3.6 3.1 2.9 2.9 2.9 
Natural Gas 998.6 1,166.2 1,649.3 1,617.2 1,622.1 1,708.2 1,725.8 
Residential 237.8 262.2 275.5 256.4 258.6 272.0 247.5 
Commercial 142.0 162.9 192.9 173.5 180.4 192.3 182.8 
Industrial 407.4 387.8 501.5 491.1 501.2 509.5 514.8 
Transportation 36.0 33.1 58.9 58.8 65.2 72.3 71.7 
Electric Power 175.4 318.9 616.6 634.8 612.8 659.3 704.5 
U.S. Territories NO 1.3 3.8 2.6 3.9 2.7 4.5 
Petroleum  2,033.3 2,463.8 2,174.9 1,889.1 2,074.8 2,095.3 2,098.3 
Residential 97.8 95.9 67.4 58.4 59.4 63.2 59.6 
Commercial 74.3 54.9 57.2 54.4 55.7 65.4 60.2 
Industrial 311.2 342.0 258.9 229.3 236.3 247.1 241.3 
Transportation 1,432.9 1,825.5 1,757.7 1,514.2 1,688.4 1,681.2 1,704.5 
Electric Power 97.5 98.0 16.2 16.2 17.7 20.5 14.7 
U.S. Territories 19.5 47.6 17.5 16.6 17.3 17.8 17.8 
Geothermal a 0.5 0.5 0.4 0.4 0.4 0.4 0.4 
 Electric Power 0.5 0.5 0.4 0.4 0.4 0.4 0.4 
Total 4,752.2 5,744.1 4,852.6 4,342.3 4,654.6 4,702.8 4,559.1 

NO (Not Occurring) 16 
 

5 An additional discussion of fossil fuel emission trends is presented in the Trends in U.S. Greenhouse Gas Emissions 
chapter.  
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a Although not technically a fossil fuel, geothermal energy-related CO2 emissions are included for reporting purposes. The source 1 
of CO2 is non-condensable gases in subterranean heated water. 2 
Note: Totals may not sum due to independent rounding. 3 

Trends in CO2 emissions from fossil fuel combustion are influenced by many long-term and short-term 4 
factors. On a year-to-year basis, the overall demand for fossil fuels in the United States and other 5 
countries generally fluctuates in response to changes in general economic conditions, energy prices, 6 
weather, and the availability of non-fossil alternatives. For example, in a year with increased 7 
consumption of goods and services, low fuel prices, severe summer and winter weather conditions, 8 
nuclear plant closures, and lower precipitation feeding hydroelectric dams, there would likely be 9 
proportionally greater fossil fuel consumption than a year with poor economic performance, high fuel 10 
prices, mild temperatures, and increased output from nuclear and hydroelectric plants.  11 

Longer-term changes in energy usage patterns, however, tend to be more a function of aggregate 12 
societal trends that affect the scale of energy use (e.g., population, number of cars, size of houses, and 13 
number of houses), the efficiency with which energy is used in equipment (e.g., cars, HVAC systems, 14 
power plants, steel mills, and light bulbs), and social planning and consumer behavior (e.g., walking, 15 
bicycling, or telecommuting to work instead of driving). 16 

Carbon dioxide emissions also depend on the source of energy and its carbon intensity. The amount of 17 
carbon in fuels varies significantly by fuel type. For example, coal contains the highest amount of carbon 18 
per unit of useful energy. Petroleum has roughly 75 percent of the carbon per unit of energy as coal, and 19 
natural gas has only about 55 percent.6 Table 3-6 shows annual changes in emissions during the last five 20 
years for coal, petroleum, and natural gas in selected sectors. 21 

Table 3-6:  Annual Change in CO2 Emissions and Total 2023 CO2 Emissions from Fossil 22 
Fuel Combustion for Selected Fuels and Sectors (MMT CO2 Eq. and Percent) 23 

Sector Fuel Type 2019 to 2020 2020 to 2021 2021 to 2022 2022 to 2023 Total 2023 

Transportation Petroleum -243.5 -13.9% 174.2 11.5% -7.1 -0.4% 23.3 1.4% 1,704.5 
Electric Power Coal -185.4 -19.0% 121.9 15.5% -58.6 -6.4% -156.9 -18.4% 694.6 
Electric Power Natural Gas 18.2 3.0% -22.1 -3.5% 46.5 7.6% 45.2 6.9% 704.5 
Industrial Natural Gas -10.4 -2.1% 10.0 2.0% 8.3 1.7% 5.3 1.0% 514.8 
Residential Natural Gas -19.1 -6.9% 2.3 0.9% 13.3 5.2% -24.5 -9.0% 247.5 
Commercial Natural Gas -19.5 -10.1% 6.9 4.0% 12.0 6.6% -9.5 -5.0% 182.8 

Transportation All Fuelsa -243.7 -13.4% 180.6 11.5% 0.0 0.0% 22.7 1.3% 1,776.2 
Electric Power All Fuelsa -167.2 -10.4% 101.4 7.0% -9.3 -0.6% -117.5 -7.7% 1,414.2 
Industrial All Fuelsa -46.4 -5.7% 17.1 2.2% 19.2 2.5% -7.6 -0.9% 792.1 
Residential All Fuelsa -28.1 -8.2% 3.2 1.0% 17.1 5.4% -28.1 -8.4% 307.1 
Commercial All Fuelsa -22.5 -8.9% 8.3 3.6% 21.7 9.1% -15.0 -5.8% 244.2 

All Sectorsa,b All Fuelsa -510.3 -10.5% 312.3 7.2% 48.1 1.0% -143.7 -3.2% 4,559.1 
a Includes sector and fuel combinations not shown in this table. 24 
b Includes U.S. Territories. 25 
Note: Totals may not sum due to independent rounding.  26 

 
6 Based on national aggregate carbon content of all coal, natural gas, and petroleum fuels combusted in the United States. 

See Annex 2.2 for more details on fuel carbon contents.  
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As shown in Table 3-6, recent trends in CO2 emissions from fossil fuel combustion show a 10.5 percent 1 
decrease from 2019 to 2020, a 7.2 percent increase from 2020 to 2021, a 1.0 percent increase from 2 
2021 to 2022, and a 3.2 percent decrease from 2022 to 2023. These changes contributed to an overall 3 
6.1 percent decrease in CO2 emissions from fossil fuel combustion from 2019 to 2023.  4 

Recent trends in CO2 emissions from fossil fuel combustion are largely driven by the electric power 5 
sector, which until 2017 has accounted for the largest portion of these emissions. The types of fuels 6 
consumed to produce electricity have changed in recent years. Electric power sector consumption of 7 
natural gas primarily increased due to increased production capacity as natural gas-fired plants 8 
replaced coal-fired plants and increased electricity demand related to heating and cooling needs (EIA 9 
2018; EIA 2024d). Total net electric power generation from all fossil and non-fossil sources decreased by 10 
2.9 percent from 2019 to 2020, increased by 2.7 percent from 2020 to 2021, increased by 3.0 percent 11 
from 2021 to 2022, and decreased by 1.1 percent from 2022 to 2023 (EIA 2024a). Carbon dioxide 12 
emissions from the electric power sector decreased from 2022 to 2023 by 7.7 percent due to increased 13 
production and use of natural gas and decreased production and use of coal for electric power 14 
generation. Carbon dioxide emissions from coal consumption for electric power generation decreased 15 
by 28.7 percent overall since 2019, including an 18.4 percent decrease from 2022 to 2023. 16 

Petroleum use in the transportation sector is another major driver of emissions, representing the largest 17 
source of CO2 emissions from fossil fuel combustion in 2023. Emissions from petroleum consumption 18 
for transportation have decreased by 3.0 percent since 2019, even as there was a less than 0.05 percent 19 
increase in VMT over the same time period. As of 2017, the transportation sector is the largest source of 20 
national CO2 emissions – whereas in prior years, electric power was the largest source sector.  21 

In the United States, 82.6 percent of the energy used in 2023 was produced through the combustion of 22 
fossil fuels such as petroleum, natural gas, and coal (see Figure 3-4 and Figure 3-5). Specifically, 23 
petroleum supplied the largest share of domestic energy demands, accounting for 38 percent of total 24 
U.S. energy used in 2023. Natural gas and coal followed in order of fossil fuel energy demand 25 
significance, accounting for approximately 36 percent and 9 percent of total U.S. energy used, 26 
respectively. Petroleum was consumed primarily in the transportation end-use sector and the majority 27 
of coal was used in the electric power sector. Natural gas was broadly consumed in all end-use sectors 28 
except transportation (see Figure 3-6) (EIA 2024a). The remaining portion of energy used in 2023 was 29 
supplied by nuclear electric power (9 percent) and by a variety of renewable energy sources (9 percent), 30 
primarily wind energy, hydroelectric power, solar, geothermal and biomass (EIA 2024a).7 31 

 
7 Renewable energy, as defined in EIA’s energy statistics, includes the following energy sources: hydroelectric power, 

geothermal energy, biomass, solar energy, and wind energy. 
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Figure 3-4:  2023 U.S. Energy Use by Energy Source  1 

 2 
Note: Totals may not sum due to independent rounding. 3 

Figure 3-5:  Annual U.S. Energy Use 4 

 5 
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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 + + + + + 

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 CO2 Eq. 1 
NO (Not Occurring) 2 
NE (Not Estimated) 3 
Note: Totals may not sum due to independent rounding. 4 

Table 3-9:  N2O Emissions from Stationary Combustion (MMT CO2 Eq.) 5 

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  12.1  
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  2.1  2.0  1.9  
Coal 0.7  0.5  0.2  0.2  0.2  0.2  0.1  
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  




