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Preface

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

In an effort to engage the public and researchers across the country, the EPA has instituted an annual public

review and comment process for this document. The draft document was announcEdddaal Register Notice

and published for a 3@ay comment periodn the EPA Greenhouse Gas Emissions and Removals web site from

February 14 through March 15, 2024, and comments received during the public review period are posted to the
docketEPAHO-OAR2024-0004. Comments received after the closure of the public comment period will be
O2yaARSNBR F2N GKS ySEG SRAGAZ2Y 2F (GKA& | yydzat NBLR2NIO®
2-4 weeks following publication of the final report in April 2024
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Executive Summary

Aninventory that identifies and quantifies a country's anthropogérsources and sinks of greenhouse gas
emissions and removals is essential for addressing climate changénvidnisoryadheres to both (1) a
comprehensive and detailed set of methodologies for estimating national sources and sinks of anthropogenic
greenhouse gases, and (2) a common and consistent format that enables PartiefParithdgreement and

United Nations Framework Convention on Climate Change (UNFCCC) to compare the relative contribution of
different greenhouse gasesmissions and removats climate change.

The United Statess party to both the 1992JNFCC@&nd the 2015 Paris Agreemefithe Paris Agreement set a
global temperature goat holding the increase in the global average temperature to well below 2°C above pre
industrial levels and pursuing efforts to limit the increase to 1G6CK I G | NI A Odzf | 6 S& 64 (K
VASga 2y 6KIG Aa ySOSaal NE siadifingX$réentivksé gas dor@éniratioRsin 2 6
the atmosphere at a level that would prevent dangerous anthropag@terference with the climate systef.

QO w
w»

The United States is committed to submitting a national inventory of anthropogamissionsources and
removals bysinks of greenhouse gases by April 15 of each yider United Statebas preparedhis report, in
conjunction with Common Reportirtpble CR'g that accompany this reportonsistent with its obligations
under those agreements

ThisExecutiveSummary provides the latest information on U.S. anthropogenic greenhouse gas emission trends
from 1990 through2022 The structure of this report is consistent witquirements undethe Paris Agreement

and theUNFCCG@n national greenhouse gasventory reporting, as discuss@uBox ES. Throughout this report,
emissionand sinkestimates are grouped into fiveporting sectors (i.e., chaptersinergy, IPPUAgriculture,Land
Use, LandJse Change, and ForestbiyJLUCE-andWaste.In describing trends (Chapter 2nessionsand sinks are
also summarizedccording to commonly used economic sector categories: residential, commercial, industry,
transportation, electric power, and agricultur8eeBox 21 for more information on how economic sectors are
defined.

Box ESL: Methodological Approach for Estimating and Reporting U.S. Emissions and

Removals, includingSt F GA2yaKALI G2 9t! Q4 DNBSYK?2dzj

Consistent with Article 13.7(a) of the Paris Agreement and A#tidle) of the UNFCCC as well as relevant
decisions under those agreementbhe emissions and removals presented in this report and this chapter are
organized by source and sink categories and calculated using internationally accepted methodz06tiheCC
Guidelines for National Greenhouse Gas Invent@2iéd6 IPCC Guidelines)d, where appropriate, its
supplements and refinement#\dditionally, the calculated emissions and removas given year for the Unitec
States are presented in a common manner in line with the reporting guidelines for the reporting of inventc

&b
w
<
R
NS

1¢kKS GSNY Gl yGKNRBLRISYAOZ¢ Ay (GKAa O2yUiSEG=T NBTSNE G2 3N
activities or are the result of natural processes that have been affected by human activities (IPCC 2006).

2 SeeParis Agreement, Article 2.1(a); UNFCCC, Atrticle 2.
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underthe Paris Agreement and the UNFCTIet I NJuge $fx@sistent methods to calculate emissions ar
removalsfor their inventorieshelps to ensurghat these reports are comparable. The presentation of emissic
and removals provided in thiaventorydoes not preclude alternative examinatiofesg., economic sectors).
Rather this Inventorypresents emissions and removals in a common format consistent withReotiesare to
report their nationalinventories under thdaris Agreement and tHdNFCCCThe report itself, and this chapter
follows thiscommonformat, and provides an explanation of the application of methods used to calculate
emissions and removals.

EPA also collects greenhouse gas emissions data from individual facilities and suppliers of certain fossil 1
industrial gases througits Greenhouse Gas Reporting Program (GHGRP), which is complementary to the
Inventory3 The GHGRP applies to direct greenhouse gas emitters, fossil fuel suppliers, inguestrilbusegas
suppliers, and facilities that inject carbon dioxide fQ@hderground for sequestration or other reasons and
requires reporting by over 8,000 sources or suppliers in 41 industrial catedfokimsual reporting is at the
facility level, except for certain suppliers of fossil fuels and industrial greenhouse gases. In general, the th
for reporting is 25,000 metric tons or more of £X3). per year. Facilities imost source categoriesubject to
GHGRP began reporting for the 2010 reporting year while additional types of industrial operations began
reporting for reporting year 2012a S K2 R2f 23ASa dzaSR Ay 9t | ZD@6 IACC Dw
GuidelinesWhile the GHGRP does not provide full coverage of total annual U.S. greenhouse gas emissia
removals(e.g., the GHGRP excludes emissions from the agricultural, land use, and forestry sectors), it is
important input to the calculations of natiorndgvel emissions in thisiventory

The GHGRP dataset provides not only annual emissions information, but also other annual information si
activity data and emission factors that can improve and refine national emission estimateinose6HGRP
data also allow EPA to disaggregate national inventory estimates in new ways that can highlight differenc
across regions and subcategories of emissions, along with enhancing the application of QA/QC procedur
assessment of uncertainties. Seentx 9 for more information on specific uses of GHGRP data in the Inven
(e.g., use of Subpart W data in compiling estimates for natural gas systems).

ES.1 Background Information

Greenhouse gases absorb infrared radiation, trapping heat in the atmosphere and making the planet warmer. The

most important greenhouse gases directly emitted by huraativitiesinclude carbon dioxide (G methane
(CH), nitrous oxide (BD), and several fluorireontaining halogenated substancé$HCs, PFCss8Rd NE).

Although C@ CH, and NO occur naturally in the atmosphere, human activities have changed their atmospheric
concentrations. From the primdustrial era (i.e., ending about 1750)2622, concentrations of these greenhouse

gases have increased globally48/5 161.9 and24.3percent, respectively (IPCC 2013; NOAA/EBR4Ly 2024h

20249. This annual report estimates the total national greenhouse gas emissions and removals associated with

human activities across the United States.

30n October 30, 2009, EPA promulgated a rule requiring annual reporting of greenhouse gas data from large greenhouse gas
SyraaArzya az2daNOSa Ay GKS !''yAGSR {GFdSad LYLX SYSylliGAzy 27

Greenhouse GaReporting Program (GHGRP).
4 Seehttp://www.epa.gov/ghgreportingand http://ghgdata.epa.gov/ghgp/main.do

5 Seehttps://ccdsupport.com/confluence/pages/viewpage.action?pageld=322699300
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GlobalWarming Potentials

The IPCC developed the global warming potential (GWP) concept to compare the ability of a greenhouse gas to
trap heat in the atmosphere relative to another gdsGWP is a quantified measure of tteéative globally
averagedadiative forcing impacts afmissions o particular greenhouse gawer time.The GWP of a

greenhouse gas is defined as the ratio of the accumulated radiative forcing within a specific time horizon caused by
emitting 1 kilogram of the gas, relative to that of the reference gas(B@Q021); therefore, C@equivalent

emissions are provided in million metric tons of2@Quivalent (MMT CEEq.) for noaRCQ greenhouse gased’

All estimates are provided throughout the main report in botre@Quivalents and unweighted units, while

estimates for all gases in this Executive Summary are presented in units of MNET| (Enissions by gas in

unweighted mass kilotons are also provided in Tnendschapterandindividualsector chapters of this reparand

in the RTghat are included in the submission to the UNFCCC.

Recent decisions under thRaris Agreemerftand theUNFCCQrequire Parties to use 16gear GWP values from
the IPCEifth Assessment Repd”&R5) for calculating G@quivalents in their national reporting (IPCC 2013) by
the end of 2024. This reflects updated science anslures that national greenhouse gas inventories reported by
all nations are comparablé@his report reflects Cgequivalent greenhouse gas emisstotals using 10§ear AR5
GWP valuesA comparison of emission valuggth the IPCGSixth Assessment Rep(itR6) (IPCC 2021) values can
be found in Annex 6.1 of this report. The 3&ar GWP values used in this report are listed beloWaible ES.

Table ES: Global Warming Potentials (109ear Time Horizon) Used in this Report

Gas GWP
CQo 1
ChHga 28
N2O 265
HFCs upto 12,400
PFCs up to 11,100
Sk 23,500
NR 16,100
Other Fluorinated Gases See Annex €

aThe GWP of Ghhcludes the direct effects and those indirect
effects due to the production of tropospheric ozone and
stratospheric water vapor. The indirect effect due to production
CQis not included. See Annex 6 for additional information.
Source: IPCQ013).

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

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

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

In 2022 total gross U.S. greenhouse gas emissions &&43.2million metric tons of carbon dioxide equivalent
(MMT CQEq).1%TotalgrossU.S. emissiondecreasedy 3.0 percent from 1990 t®022 down from a high ol5.2
percentabovel990 levels in 200TGrossemissiondncreasedrom 2021to 2022by 0.2 percent(14.4MMT CQ
Eq.).Net emissions (including sinks) wé&r@89.0MMT CQ Eq. in2022 Overall, net emissioriacreasedoy 1.3
percent from2021to 2022and decreasedyy 16.7 percent from 2005 levels as shownTiable EQ. Between2021
and2022 theincrease in total greenhouse gas emissions was driven ldogedy increase in G@missions from
fossil fuel combustioacross most endise sectorgluein partto increased energy use from the continued
rebound ofeconomic activity after théeight of theCOVIBL9 pandemic. 112022 CQ emissions from fossil fuel
combustionincreasedby 1.0 percent relative to the previous yeandwere 1.1 percentbelowemissions in 1990
Carbon dioxide emissions from natural gas imeeeasedoy 5.2 percent(84.8MMT CQ Eqg) from 2021, while C®
emissions from coal consumptialecreasedy 6.1 percent 68.6 MMT CQ Eq) from 2021 to 2022The increase in
natural gas consumption arabsociatecemissions ir2022is observed across all sectascept U.S. Territories
while the coaldecreasds due to reduced use e electric power sector. Emissions from petroleum use also
increasedoy 0.9 percent(19.0MMT CQEQq.) from2021to 2022 Carbon sequestration from the Land Use, Land
Use Change, and Forestry (LULUCF) sector affsepercent of total emissions in 2022.

Figure ESQ and Figure ER illustrate the overall trends in total U.S. emissions byayasannual percent changes,
andTable E€ provides information on trends in gross U.S. greenhouse gas emissions and sinks for 1990 through
2022 Unless otherwise stated, all tables and figures provide total gross emissions and exclude the greenhouse gas
fluxes from the LULUCF sector. For more information about the LULUCF sector, seeES3ction

10The gross emissions total presented in this report for the United States excludes emissions and removals from Land Use,
LandUse Change, and Forestry (LULUCF). The net emissions total presented in this report for the United States includes
emissions and maovals from LULUCF.
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Figure EQ: U.S. Greenhouse Gas Emissions and Sinks by Gas

W HFCs, PFCs, SFs and NF3 = Net Emissions (including LULUCF sinks)
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a¢ KS GSN)Y a¥f dzE¢ éxéhandesoBS0Rio dnd froR $ha dinhakpbese, witlrgt flux being either positive or
negative depending on the overall balance. Removal andtemg storage of C&from the atmosphere is also referred to as
aOFNDb2y a®EdzSaiNF A2y

Table E®: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks (MNEG.CO

Percent

Change

Since

Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
CcQ 5,131.6] 6,126.9] 5362.2 52345 4,689.0 5017.2 5,053.0 -1.5%
CH (excludes LULUCF sourées) 871.7 795.4 7715 754.3 735.3 720.5 702.4 -19.4%
N2O (excludes LULUCF sourées) 408.2 419.2 439.5 416.4 391.2 398.2 389.7 -4.5%
HFCs 47.7 121.7 163.9 168.2 170.3 177.0 182.8 282.9%
PFCs 395 10.2 7.4 7.3 6.6 6.3 6.7 -83.1%
Sk 37.9 20.2 7.6 8.4 8.1 8.5 7.6 -80.0%
NFR 0.3 1.0 0.7 1.1 1.3 1.1 11 238.3%
Total Gross Emissions (Sources) 6,536.9) 7,494.6]| 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Emissiéns 58.0 68.9 62.8 58.0 68.4 72.9 67.6 16.5%
Ch 53.1 58.5 555 525 59.3 62.1 58.4 10.0%
N2O 4.8 10.3 7.3 55 9.1 10.7 9.1 88.3%
LULUCF Carbon Stock Change  (1034.7) (976.6)| (978.3) (921.6) (972.8) (983.4) (921.8) -10.9%
LULUCF Sector Net Tétal (976.7)] (907.7)f (915.5) (863.6) (904.4) (910.6) (854.2) -12.5%

Net Emissions (Sources and Sink 5,560.2| 6,586.9' 5,837.3 5,726.6 5,097.4 5,4182 5,489.0 -1.3%
aGross emissions totals do not include;@Hd NO emissions from LULUCF. LULUGR&HNO emissions are included in
net emission totals.
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b LULUCF emissions subtotal of,@htl NO are reported separately from gross emissions totals. LULUCF emissions inc
the CH and NO emissions reported fgreatlandsremainingpeatlands forestfires,drainedorganicsoils, grasslandires,
and coastalwetlandsremainingcoastalwetlands; Chlemissions fromiand converted tocoastalwetlands,floodedland
remainingfloodedland, andand converted tofloodedland; and NO emissions from forest soils and settlement soils.

cLULUCEarbonstock change is the netarbonstock change from the following categoriésrestlandremainingforestland,
land converted toforestland, croplandremainingcropland,land converted tocropland,grassland-emaininggrasslandjand
converted tograsslandwetlandsremainingwetlands,land converted towetlands,settlementsremainingsettlements,and
land converted tosettlements.

dThe LULUCEector net total is the net sum of all LULUCF &tdl NO emissions to the atmosphere plus LULUCEadton
stock changes.

Notes: Total (gross) are emissions presented without LULUCF. Net emissions are presented with LULUCF. Totals m

due to independent rounding. Parentheses indicasgative values or sequestratio

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

Each year, some emission araovalestimates in thdnventoryare recalculated and revised to incorporate
improved methods and/or data. The most common reason for recalculating U.S. greenhouse gas emission
estimates is to update recent historical data. Changes in historical data are generally the result of ahalages i
supplied by other U.S. government agencies or organizations, as they continue to make refinements and
improvements These improvements are implemented consistently across the pregii§ y (i @nméBefies, as
necessary, (i.e., 1990 to 202to ensure that the trend is accurate

Collectivelyall methodological changes and historical data updates made in the cumestoryresulted in an
annual averageecreaseof 114.8MMT CQEq. (.9 percent) fornet emissions.
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Figure ES: Impacts of Recalculations oNet Emissions
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Below are categories with methodological and dettated recalculationsesulting in an average change of
greater than2.0MMT CQ Eq. over the time series.

1 Forest land remaining forest land: changes in forest carbon stock$ (CO

1 Land converted to grassland: changes in all ecosystem carbon stocks (CO

1 Land converted to cropland: changes in all ecosystem castmmks (Cg)

1 Grassland remaining grassland: changes in all ecosystem carbon stogks (CO
1 Nonenergy use of fuel@CQ)

1 Land converted to settlements: changes in all ecosystem carbon stocRs (CO
1 Fluorochemical productiorHFG)

91 Fossil fuelcombustion (Cg)

I Cropland remaining cropland: changes in all ecosystem carbon stocks (CO

9 Agricultural Soil Management £{)

1 Petroleum Systems (GH

1 Wetlands Remaining Wetlands: changes in soil carbon stocks in coastal wetlapds (CO

In addition, thecurrentInventoryincludes new categories not included in the previtmgentorythat improve
completeness of the national estimatgSQ emissiondrom ceramics production and nemetallurgical magnesia
production within other process use of carbonates categfinprinated gases from fluorochemical production
other than HCF@2 within the fluorochemical production categognd managed forest land in Hawaii and several
U.S. TerritoriesThis report also now includess®ihd PFCs from product uses.

In eachinventory the results of all methodological changes and historical data updates and the inclusion of new
sources and sink estimates are summarized in the Recalculations and Improvements chapter @haptenore
detailed descriptions of eaafecalculation including references for dagalease see the respectigaurce or sink
category description(s) within the relevant report chaptdre( Energy chapter [Chapter 3], the Industrial Processes
and Product Use [IPPU] chapter [Chapter 4], the Agriculture chapter [Chapter 5], the Land Usésé &ithnge

and Forestry [LULUCF] chapter [Chapter 6], and the Waste chapter [Chapter 7]).
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Emissionsand Sinkdy GreenhousgGas

Figure EQ illustrates the relative contribution of the greenhouse gases to total gross U.S. emissiong,n 202
weighted byGWP The primary greenhouse gas emitted by human activities in the United States is CO
representing79.7percent of total greenhouse gas emissions. The largest source:@d®f overall greenhouse

gas emissions is fossil fuel combustion, primarily from transportation and power generation. Methahe (CH
emissions account fdt1l.1percent of emissions. The major sources of methane include enteric fermentation
associated with domestic livestock, natural gas systems, and decomposition of wastes in landfills. Agricultural soil
management, wastewater treatment, stationary sources @l ftombustion, and manure management are the

major sources of PO emissionsEmissions of substitutes fozone depleting substansare the primary

contributor to aggregate hydrofluorocarbon (HFC) emissions. Perfluorocarbon (PFC) emissions are primarily
attributable to electronics manufacturingluorochemical productiorand primary aluminum production. Electrical
equipmentsystems account for most sulfur hexafluoridedjSfnissions. The electronics indussyd

fluorochemical production arthe only sourcs of nitrogen trifluoride (NB) emissionsU.S. greenhouse gas

emissions were partly offset by carbon (C) sequestration in forests, trees in urban areas, agricultural soils,
landfilled yard trimmings and food scraps, and coastal wetlands, which together dffghercent of gross total
emissions in 202(as reflected ifFigure EQ).¢ KS F2f t 2g6Ay3 aSOGA2ya RSaONRoOS SIO
greenhouse gas emissions in more detail.

Figure ESQ: 202 Total Gross U.S. Greenhouse Gas Emissions by Gas (Percentages based on
MMT CQEq.)

3.1%
HFCs, PFCs, SFs and NFs

Note: Emissions and removals from Land Use, {is@lChange, and Forestry aecluded fronthe figure above.

Carbon Dioxide Emissions

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

Since the Industrial Revolution (i.e., about 1750), global atmospbenicentrations of Cg&have riserd9.5percent
(IPCC 2013; NOAA/ESRPRA49, principally due to the combustion of fossil fuels for energy. Globally, an estimated

1l¢ kS GSNXY aFftdzZEE Aa dza S Rtodnd froR $ha dbEpbete, witiKrdt flk Bethg ¢iteB®sitige®r / h
negative depending on the overall balance. Removal andtemg storage of C&rom the atmosphere is also referred to as
GO Nb2y aSljdzSaiNI A2y dé
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33,423MMT of CQwere added to the atmosphere through the combustion of fossil fueZR2P, of which the
United States accounted for approximatélg.1percert. 1%

Overall C@emissions havedecreasedy 1.5percent since 1990 anidcreasedoy 0.7 percent since2021,

consistent withtrendsin fuel combustioremissions Within the United States, fossil fuel combustion accounted

for 93.0percent of C@gross emissions i2022 Nationally, the transportatiosectorwas the largest emitter of

CQin 2022followed by electric power generation. There are 27 additional sources pé@Bsions included in

the Inventory(see[Table 21 in Trends)] Although notillustrated inTable E®, changes in land use afiarestry
practices can also lead to net £€nissions (e.g., througtonversion of forest land to agricultural or urban use) or

to a net sink for C€Xe.g., through net additions to forest biomass). See more on these emissions and removals in
Table ES.

Figure ES: 2022 Sources of GE&missions
Fossil Fuel Combustion 4,699

Non-Energy Use of Fuels
Cement Production

Iron and Steel Production

Other Industrial Processes

CO:2 as a Portion of
All Emissions

Natural Gas Systems
Petrochemical Production
Petroleum Systems
Ammonia Production
Incineration of Waste B COs

B CHa

B N20
HFCs, PFCs, SFs and NFs

Lime Production

Other Energy
Net Carbon Stock Change from LULUCF| -g22 [l
-100 -75 -50 -25 0 25 50 75 100 125 150

Note: 60ther Industrial Processéscludes emissions fromuminum production,carbide production andconsumption,
carbondioxideconsumption,ferroalloyproduction, glassproduction,lead production, magnesiumproduction, other
processuses ofcarbonates phosphoricacid production, substitution of ozonedepletingsubstancessodaash production,
titanium dioxide production, ureaconsumption fomon-agriculturalpurposes, andinc production.Other Energgincludes
emissions fromabandonedoil andgaswells andcoal mining.

Between 1990 an@022, CQ emissions from fossil fuel combustidecreasedy 1.1 percent emissions decreased
by 18.2 percent (1,044.MIMT CQ Eq) from 2005 levelsand fom 2021to 2022, these emissionmcreasecby 1.0
percent(45.1MMT CQEQ).

Historically, changes in emissions from fossil fuel combustion have been the driving factor affecting U.S. emission
trends. Important drivers includehanges in demand for energy and a general decline in the overall carbon
intensity of fuels combusted for energy in recent years by-transport sectors of the economfetween 2019
and2021,changes in economic activity and travel due to the Ca\@pandemic and the subsequent recovery

had significant impacts on energy use and fossil fuel combustion emsssio

The five major fuetonsuming economic sectors are transportatielectric power, industrial, residential, and
commercial and are described below. Carbon dioxide emissions are produced ddgdtre power sector as fossil
fuel is consumed to provide electricity to one of the other feapnomicd S O (i 2 NB-d&za & NJ HF@iRe NA

12 Global C@emissions from fossil fuel combustion were taken from International Energy Agdabwgl energyelated CQ
emissions, 199Q2022¢ Charts Available athttps://www.iea.org/reports/co2zemissionsin-2022(IEA 2022).
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ES6, electricpower emissions have been distributedto eacheidh S 4 SOG2NJ 2y (GKS ol aAa
aggregate electricity use (i.e., indirect fossil fuel combusti@Gng¢enhouse gas emissions frohe commercial and
residential and industry increase substantially when indirect emissions from electricityssate distributed

due to the relatively large share of electricity use by buildings (e.g., heating, ventilation, and air conditioning;
lighting; and appliancesnd use of electricity for powering industrial machinery.

Figure E®: 2022 EndJse Sector Emissions of &€@m Fossil Fuel Combustion

2,000 M Direct Fossil Fuel Combustion
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Transportation Endse SectorTransportation activities accounted for 37.4 percent of U.S.éd@ssions from

fossil fuel combustion in 2022, with the largest contributors being {dgty trucks (36.8 percent), followed by
medium- and heavyduty trucks(23.0 percent) and passenger vehicles (20.6 percéanterms of the overall trend
from 1990 t02022, total transportation C@emissions increased duargelyto increased demand for travelvhich
wasa result of a confluence of factors including population growth, economic growtlanusprawl, and low fuel
prices during the beginning of this periddhile an increased demand for travel has led to generally increasing CO
emissions since 1990, improvements in average new vehicle fuel economy since 2005 have slowed the rate of
increase of C&emissions. 12022 petroleumbased products supplie@4.3percent of the energy consumed for
transportation, primarily from gasoline consumption in automobiles and other highway vetbdl€percent).

Industrial EneUse Sectoindustrial C@emissions, resulting both directly from the combustion of fossil ffelad
indirectly from the generation of electricity that is used by industry, accounte@8dpercent of C@emissions

from fossil fuel combustion iB022 Approximately64.7percent of these emissions resulted from direct fossil fuel
combustion to produce steam and/or heat for industrial processes. The remaining emissions resulted from the use
of electricity for motors, electric furnaces, ovens, lighting, and other applicatidotal direct and indirect

emissions from the industrial sector hagteclinedby 20.8percent since 1990. This decline is due to structural
changes in the U.S. economy (i.e., shifts famanufacturingoased to a servicbased economy), fuel switching,

and efficiency improvements. FroB021to 2022, total energy use in the industrial sectocreasedoy 1.8 percent

due to an increase in total industrial production and manufacturing output.

Residential and Commercial Edde Sectordlhe residential and commercial ende sectors accounted fa.1

and 16.6percent, respectively, of G@missions from fossil fuel combustion in 2022 including indirect emissions
from electricity. The residential and commercial sectors relied heavily on electricity for meeting energy demands,
with 62.9and66.9percent, respectively, of their emissions attributable to electricity usébtolding-related

activities such alghting, heating, cooling, and opemag appliances. The remaining emissions were due to the
consumption of natural gas and petroleum for heating and cooking. Total direct and indirect emissions from the
residential sector havdecreasedyy 3.4 percent since 1990, and total direct and indirect emissions from the
commercial sector haviacreasedoy 2.1 percent since 1990. From 2021 to 2022, an increase in heating degree

13 This does not include fossil fuels used as feedstocks and reductants, which are reported under IPPU emissions.
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days 7.9 percent) increased energy demand for heating in the residential and commercial sectors;430, a
percent increase in cooling degree days compared to 20@tased demand for air conditioning in the residential
and commercial sectors. Combined, this resulted Ja5gpercentincreasein residential sector energy use. From
2021 to 2022, energy use in the commercial segtoreasedoy 4.7 percent.

Electric PowefThe United States relies on electricity to meet a significant portion of its energy demands.
Electricity generators use8D.5percent of U.S. energy from fossil fuels and emit82d6 percent of the C@from
fossil fuel combustion i2022 The type of energy source used to generate electrieibd the mix of electric
generation resources used to meet demaade the main factos influencing emissins14 Coalfired electric
generation (in kilowathours [kWh])decreasedrom 54.1percent of generation in 1990 t20.3percent in202215
This corresponded with an increase in natural gas generation andassil fuel renewable energy generation,
largely from wind and solar energy. Natural gas generation (in kWh) represg@tédercent of electric power
generation in 1990 anihcreasedover the33-year period to represens8.8percent of electric power generation
in 2022 Wind and solar generation (in kWh) represen@ti percent of electric power generation in 1990 and
increasedover the33-year period to represent4.2percent of electric power generation 2022 Between2021
and 2022 coal electricity generatiodecreasedy 10.2percent, natural gas generatiancreasedoy 4.0 percent,
and renewable energy generatiamcreasedoy 7.6 percent.

Across the time series, changes in electricity generation and the carbon intensity of fuels used for electric power
have a significant impact on €@missions. While G@missions from fossil fuel combustiamthe electric power

sector havedecreasedyy 15.8percent since 1990, the carbon intensity of thectric power sector, in terms of

CQ Eq. per QBtu inpugecreased by 27.6 percent during that same timefrafieis decoupling of the level of
electric power generation and the resulting £#nissionss shown irFigure ES.

141n line with the reporting requirements for inventories submitted under the UNFCCG@n@i§sions from biomass

combustion have been estimated separately from fossil fuel&@ssions and are not included in the electricity sector totals
and trends discussed in this section. Net carbon fluxes from changes in biogenic carbon reservoirs are accounted for in the
estimates for Land Use, Latse Change, and Forestry.

15values represent electricityet generation from the electric power sector. See Table 7.2b Electricity Net Generation: Electric
Power Sector of EIA (2024).
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Figure ES: Electric Power Generation and Emissions
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Other significant C&rends included the following:

1 Carbon dioxide emissions from natural gas and petroleum systems combined accourttetigfercent of
CQ emissions an®.9 percent of total gross emissions2022 These emissioriacreasedy 39.1percent
(16.4AMMT CQEq.) from 1990 t@022 This increase is due primarily to increases in the production
segment, where flaring emissions from associated gas flaring, tanks, and miscellaneous production flaring
have increased over time.

9 Carbon dioxide emissions from iron and steel production and metallurgical coke production accounted for
0.8percent of C@and0.6 percent ototal gross emissions. Emissiatecreasedy 61.2percent(64.1
MMT CQEqg.) from 1990 througB022 This decreaswasprimarily due to restructuring of the industry,
technological improvements, and increased scrap steel utilization.

i Totalcarbonstock change (i.e., net @@&movals) in the LULUCF sedfecreasecy 10.9percent
between 1990 an@022 This decrease was primarily dueaalecrease in the rate of nearbon
accumulation in forestarbonstocks androplandremainingcropland aswell as an increase in emissions
from land converted tosettlements

MethaneEmissions

Methane (CH) is significantly more effective than €& trapping heat in the atmospheréy a factor of 28 over a
100year time frame based on tH® CJ-ifth Assessment Repastimate (IPCC 2013). Over the 1250years, the
concentration of Ckin the atmospherencreasedy 161.9percent (IPCC 2013; NOAA/EGR24b. Within the
United States, the main anthropogenic sources of i@tlude enteric fermentation from domestic livestock,
natural gas systems, landfills, domestic livestock manure managefieded land,coal miningand petroleum
systems geeFigure ES).
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Figure ESB: 2022 Sources of GHEEmissions
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[ '/ C¢ A Y oréporedfér paatiar®is renhaining peatlands, forest fires, drained organic soils, grassland fires,

coastal wetlands remaining coastal wetlands, and land converted to coastal wetlands.

Overall, ClHemissions in the United States2022 including LULUCF £nissions, accounted faf60.8MMT CQ
Eq., representing decreaseof 17.7percent(164.0MMT CQEQq.) since 1990 arl8 percent(21.8MMT CQEq.)
since2021 Significant trends for the largest sources of anthropogenice@itissions include the following:

il

Enteric fermentation was the largest anthropogenic source afégdiissions in the United States2022
accounting for27.4percent of total Chlemissions an@.0percent of total gross emissionEmissions
haveincreased by.2percent(9.5MMT CQEQq) since 1990. Thisicreasein emissions from 1990 to
2022generally follows the increasing trends in cattle populations.

Natural gas systems were the second largest anthropogenic source categoryevhiSkions in the
United States ir2022 accounting fo24.6percent of total Cklemissions an@.7 percent of total gross
emissions. Emissiomave decreasetly 20.9percent(45.7MMT CQ Eq) since 1990largely due to
decreases in emissions from distribution, transmission, and storage.

Landfills were the third largest anthropogenic source of @Hissions in the United States2022

accounting forl7.1percent of total Chlemissions and..9 percent of total gross emissions and

representing alecreaseof 39.4percent(78.0MMT CQ Eq) since 1990, with small ye&o-year increases.

This downward trend in emissions coincided witbhreased landfill gas collection and control systems,

and a reduction of decomposable materials (i.e., paper and paperboard, food scraps, and yard trimmings)
discarded in MSW landfills over the time seri€s

Nitrous Oxide Emissions

Nitrous oxide (MO) is produced by biological processes that occur in soil and water and by a variety of
anthropogenic activities in the agricultural, energy, industrial, aadte management fields. While totap®
emissions are much lower than €€mnissions, bD is 265 times more powerful than €& trapping heat in the
atmosphere over a 10@ear time frame (IPCC 2013). Since 1750, the global atmospheric concentratigih loaH

16 Carbon dioxide emissions from landfills are not included specifically in summing waste sector totals. Net carbon fluxes from
changes in biogenic carbon reservoirs and decay of disposed wood products are accounted for in the estimates for LULUCF
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risenby 24.3percent (IPCC 2013; NOAA/ESB249. The main anthropogenic activities producirgPONn the
United States are agricultural soil management, wastewater treatment, stationary fuel combustion, manure
management, fuel combustion in motor vehicles, and nitric acid productionHsgee ES).

Figure E®: 2022 Sources of & Emissions
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Note: 6Other Industrial Processésncludes MO emissiongom caprolactam, glyoxahnd glyoxylic acid productiqthe
electronics industryand product uss. 6Other Energgincludes MO emissions frompetroleum systems,natural gassystems,
and incinerationof waste.LULUCF emissions includgONemissions reported fgreatlands remaining peatland®rest fires,
drained organic soils, grassland fires, coastal wetlands remaining coastal wetlands, foreadedt/ement soils.

Overall, NO emissions in the United States?022, including LULUCE®I emissions, accounted f868.8MMT
CQ Eq., representing decreaseof 3.4percent(14.2MMT CQEQq) since 1990 and decreaseof 2.5percent(10.1

MMT CQEg) since2021 Significant trend$or the largest sources of anthropogenieONemissions include the
following:

9 Agricultural soils were the largest anthropogenic source 89 Bmissions i2022, accounting foi74.6
percent of NO emissions and.6 percent of total gross greenhouse gas emissions in the United States.
These emissionisicreasedoy 0.7 percent(2.0MMT CQEq) from 1990 t02022but fluctuated during that
perioddue to annual variations in weather patterns, fertilizer use, and crop production.

i Stationary combustion was threecondargest source of anthropogeniec® emissions i2022 accounting
for 6.3 percent of NO emissions an@.4 percent of total gros$).S. greenhouse gas emission2022
Stationary combustion emissiopgaked in 200And steadily decreasaahtil 2020 Emissionincreased

in 2021 and 2022. Stationary combustion emissioargeincreased by 10.6 percent (2.4 MMT {H9.)
since 1990

1 Wastewater treatment, both domestic and industrial, was the third largest anthropogenic soure®of N
emissions in 2022, accounting for 5.6 percent g®Nmissions and 0.3 percent of total gross greenhouse
gas emissions in the United States in 2022. Emissions from wastewater treatment increased by 48.2
percent (7.1 MMT C£Eq.) since 1998s a result of growing U.S. population and protein consumption.
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HFC, PFC, §Bnd NE Emissions

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

Perfluorocarbons (PFCs) are emitted from the production of electronics and aluminum and also (in smaller
guantities) from their use as alternatives @DS Sulfur hexafluoride ($Hs emitted from the manufacturing and
use of electrical equipment as well as the production of electronics and magnesiyiis. éfitted from
electronics production. HFCs are also emitted during production of 2€B€d electronics (sdeigure ESQ.0).

HFCs, PFCsg3ihd NE are potent greenhouse gases. In addition to having very GHPs Sk, Nk, and PFCs

have extremely long atmospheric lifetimes, resulting in their essentially irreversible accumulation in the
atmosphere once emitted. Sulfur hexafluoride is the most potent greenhouse gas the IPCC has evaluated (IPCC
2021).

Figure EQ0: 2022 Sources of HFCs, PFCg, &8 Nk Emissions
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Some significant trends for the largest sources of U.S. HFC, RF®dIWEemissions include the following:

1 Hydrofluorocarbon and perfluorocarbon emissions resulting from their use as substitutes fqe@DS
chlorofluorocarbons [CFCs]) are the largest share of fluorinated emis§8r®pércent) in2022and have
been consistently increasing, from small amousitece1990.This increasever the time seriesvas
largelythe result of efforts to phase out CFCs and other ODS in the United States.

91 Sulfur hexafluoride emissions froahectrical equipmentiecreasedy 79.4percent(19.6MMT CQEq.)
from 1990 t02022 There are two factors contributing to thitecrease: (1) a sharp increase in the price of
Sk during the 1990s and (2) a growing awareness of the environmental impact efrf&#Sions through
LINE 3NJ Ya a dsEmisslor@ReuttibnPartndrsBip for Electric Power Systems.

1 HFCPFCSK, and NEemissiondrom fluorochemicalproductiondecreasedy 89.0percent(63.2MMT
CQ Eq.) from 1990 to 2022 due to a reduction in the EB@mission ratérom HCF&2 production(kg
HFG23 emitted/kg HCF22 produced) the imposition of emissionsontrols at production facilities, and a
decrease in Skproduction (due to the cessation of production at the majog @®duction facility in
2010)

1 PFC emissions from aluminum productiecreasedy 96.1percent(18.5MMT CQEq.) from 1990 to
2022, due to both industry emission reduction efforts and lower domestic aluminum production.
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ES.3 Overview of Sector Emissions and Trends

Figure EQ1andTable ES aggregate emissions and sinks by the sectors defined by the UNIRGE@ris
Agreementreporting guidelines and methodological framework in the 18@@elines to promote comparability
across countries. Over ti88-year period of 1990 t@022 total emissions from the Energy and Waste sectors
decreasedy 3.4percent(181.2MMT CQEq.) and29.3percent(69.1MMT CQ Eq) respectively. Emissions from

the IndustrialProcesses anroduct Use andAgriculture sectorgrewby 3.9 percent(14.4MMT CQEgq.), and’.7
percent 42.2MMT CQEq.), respectively. Over the same period, the overall net flux from LULUCF (i.e., the net
sum of all ClHand NO emissions to the atmosphere plus LULUCF net carbon stock changes in units of MMT CO
Eq.)decreased by 12.percent(122.5MMT CQEq.) and resulted in a removal 84.2MMT CQ K. in2022

Figure EQ1: U.S. Greenhouse Gas Emissions and Sinks by UNFCCC/IPCC Sector
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Table ES: Recent Trends in U.S. Greenhouse Gas Emissions and Sinks by UNFCCC/IPCC
Sector (MMT C&EQ.)
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1990
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2003
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2017
2018
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2022

Percent Change
UNFCC@PCC Sector 1990| 2000 2018 2019 2020 2021 2022 Since 1990
Energy 5,381.00 6,349.5] 5,570.0 5,422.4 4,862.6 5,173.3 5,199.8 -3.4%
Industrial Processes and Product Us 368.8 371.3 367.2 371.9 367.9 381.6 383.2 3.9%
Agriculture 551.1f 581.8f 6424 620.1 599.7 604.8 593.4 7.7%
Waste 235.9 192.0§ 173.2 175.8 171.7 169.2 1669 -29.3%
Total Gross Emissioh§Sources) 6,536.9| 7,494.6f 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Sector NEbtaP (976.7)| (907.6)] (915.5) (863.6) (904.4) (910.5) (8542) -12.5%
Net Emissions (Sources and Sirtks) 5,560.2| 6,586.9| 5,837.3 5,726.6 5,097.4 5,4182 5,489.0 -1.3%

aTotal emissions without LULUCF.

b The LULUCF sector net total is the sum of all LULUGIENO emissions to the atmosphere plus LULUCF net carbon stock
changes in units of MMT G@&gq.

¢Net emissions with LULUCF.

Notes: Totals may not sum due to independent roundParentheses indicate negative values or sequestration.
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Energy

The Energy chapter contains emissions of all greenhouse gases resulting from stationary and mobile energy
activities including fuel combustion and fugitive fuel emissions, and the use of fossil fuels fenexy purposes.
Energyrelated activities, prirarily fossil fuel combustion, accounted for the vast majority of U.S e@®sions for
the period of 1990 throug2022 Energyrelated activities are also responsible fors@Hd NO emissions40.2
percent andL0.8percent of total U.S. emissions of each gas, respectivé@yerall, emission sources in the
Energy chapter account for a combing2.0percent of total gross U.S. greenhouse gas emissiop824a
Emissions from energgicreasedby 0.5percent(26.5MMT CQEq.) sinc021, but they havelecreasedy 3.4
percent(181.2MMT CQEq) since 1990.

In 2022 83.0percent of the energy used in the United States (on a Btu basis) was produced through the
combustion of fossil fuels. The remainihg.0percent came from other energy sources, such as hydropower,
biomass, nuclear, wind, and solar energy (Bagire EQ2).

Figure EQ2: 2022 U.S. Energy Consumption by Energy Source (Percent)
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Industrial Processes and Product Use

The Industrial Processes and Product Use (IPPU) chapter contains greenhouse gas emissions generated and
emitted as the byproducts of neenergyrelated industrial processes, which involve the chemical or physical
transformation of raw materials and can ealse waste gases such aCH, NeO, and fluorinated gases (e.g.,
HFG23). These processes include iron and steel production and metallurgical coke production, cement production,
petrochemical production, ammonia production, lime production, other process uses of carbonatestfeq.,

uses of carbonates, other uses of soda ashassociated with glass manufacturirgramics production, and nen
metallurgical magnesia productipmitric acid production, adipic acid production, urea consumption for-non
agricultural purposes, aluminum pradtion, HCFQ22 production,other fluorochemical productiorglass

production, soda ash production, ferroalloy production, titanium dioxide production, caprolactam production, zinc
production, phosphoric acid production, lead production, and silicon carbide production and consumption. Most of
these industries alsomit CQ from fossil fuel combustion which, in line withNFCC@PCC sectoral definitions, is
included in the Energsector.

17 The contribution of energy ne@Q emissions is based on gross totals and excludes LULUCF methgren(Chitrous oxide
(N:O) emissions. The contribution of enenggfated CHand NO including LULUCF r@®© emissions is 37.1 percent and 9.8
percent respectively.
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This chapter also contains emissions resulting from the release of HFCs, Rfe@d, kand other manmade
compounds used in industrial manufacturing processes and bycendumers (e.g., residential and mobile air
conditioning). These industries include electronics manufacturing, electric power transmission and distribution,
and magnesium etal production and processintn addition, NO is used in and emitted by electronics industry
and anesthetic and aerosol applicatio$;Cs and S&re emitted inother product useand CQis consumed and
emitted through various endise applications. 12022 emissions resulting from use of the substitution of ODS
(e.g., chlorofluorocarbons [CFCs]) by @whsumers was the largest source of IPPU emissions and accounted for
46.5percent of total IPPU emissions.

IPPU activitieare responsible foB.3, less than 0,5and4.1percent of total U.S. GOCH, and NO emissions
respectively as well as for all U.S. emissions of fluorinated gases including HFCssBRESEBPverall,
emission sources in the IPPU chapter accounte® fopercent of U.S. greenhouse gas emissior2022 IPPU
emissiondhaveincreasedoy 0.4percent .6 MMT CQEq) since2021and by3.9percent(14.4MMT CQEq.)
since 1990, mostly due to increased use of ODS substitutes (e.g., HFCs).

Agriculture

The Agriculture chapter contains information on anthropogenic emissions from agricultural activities (except fuel
combustion, which is addressed in the Energy chapter, and some agriculturaCidGnd NO fluxes, which are
addressed in the Land Use, Lddge Change, and Forestry chapter).

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

In 2022 agricultural activities were responsible fa# percent of total gross U.S. greenhouse gas emissions.
Agriculture sector emissiordecreased byl 1.4AMMT CQEq.(1.9percent) sinc2021and havencreasedoy 42.2
MMT CQEg. 7.7 percent) since 1990, mostly from trends in enteric fermentation and manure management.
Methane, NO, and C@are greenhouse gases emitted by agricultural activities. Methane emissions from enteric
fermentation and manure management representg@.6 percent of total Clemissions from anthropogenic
activities in2022 Agricultural soil management activities, such as application of synthetic and organic fertilizers,
deposition of livestock manure, and growingfiking plants, were the largest contributors to U.SONemissions in
2022 accounting foi74.6 percent of total NO emissions. Carbon dioxide emissions from the application of
crushed limestone and dolomite (i.e., soil liming) and urea fertilization represdéhggukrcent of total C@

emissions from anthropogenic activities.

Land Use, Lantlse Change, anHorestry

The LULUCF chapter contains emissions and removals ah@®missions of Gland NO from managed lands in
the United States. Consistent withe 2006 IPCC Guidelinesnissionsand removals from managed lands are
considered to be anthropogenic, while emissions and removals from unmanaged lands are considered to be
natural 18 The share of managed land in theitéd Satesis approximately 95 percent of total land included in the
Inventory 19 More information on the definition of managed land used in theentoryis provided in Chapter 6.

Overall, thelnventoryresults show that managed land is a net sink fop (sequestration). The primary drivers
of fluxes on managed lands include forest management practices, tree planting in urban areas, the management of
agricultural soils, lands remaining and lands converteservoirs and other constructed waterbodidasndfilling

18 Seehttp://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/4_Volume4/V4_01_Chi Introduction. pdf

19The current land representation does not include land in U.S. Territories, but there are planned improvements to include
these regions in futurénventories U.S. Territories represent approximately 0.1 percent of the total land base for the United
States. SeBox 62 in Chapter 6 of this report.
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of yard trimmings and food scraps, and activities that cause changashionstocks in coastal wetlands. The main
drivers for foresttarbonsequestration include forest growth and increasing forest area (i.e., afforestation), as well
as a net accumulation @farbonstocks in harvested wood pools. The net sequestratiaeitiementsremaining
settlements, which occurs predominantly from urban forests (isettlementtrees) and landfilled yard trimmings

and food scraps, is a result of net tree growth amcreased urban forest area, as well as kbegm accumulation

of carbon fromyard trimmings and food scraps in landfills.

The LULUCF sectordf22resulted in anet increase ircarbonstocks (i.e., net C@emovals)f 921.8CQ Eq20
The removals ofarbonoffset 14.5percent of total gross greenhouse gas emissior20@2 Emissions of Gtldnd
N2O from LULUCF activitiesd822represened 1.2 percent of net greenhouse gas emissigi<Carbon dioxide
removals fromcarbonstock changes are presentedTiable E® along with Chland NO emissions for LULUCF
source categories.

Between 1990 an@022, total carbonsequestration in the LULUCF sedecreasedyy 10.9percent, primarily due
to a decrease in the rate of nearbonaccumulation in forests anith croplandremainingcropland, as well as an
increase in C&emissions fromand converted tosettlements Theoverallnet flux from LULUQ(e., net sum of all
CH and NO emissions to the atmosphere plus LULUCF net carbon stock changes in units of M) @6ulted
in a removal 0B54.2MMT CQEg. in2022

Flooded landsvere the largest source of GEmissions from the LULUCF seand the fifth largest source overall
net CH emissionsn 2022.Forest fires were the second largest souof€H emissions, followed bgoastal
wetlandsremainingcoastalwetlands Forest fires were the largesburce of MO emissions from the LULUCF
sector in2022

Table ESL: U.S. Greenhouse Gas Emissions and Removals (Net Flux) from Land UsEskeand
Change, and Forestry (MMT €Eq.)

LandUse Category 1990f 2005] 2018 2019 2020 2021 2022
Forest Land Remaining Forest Land (968.8)] (860.1) (863.4) (807.0) (846.3) (823.9) (771.7)
Land Converted to Forest Lénd (100.2f (100.2)f (1004) (100.3) (100.3) (1003) (100.3)
Cropland Remaining Cropland (5.0) (31.6) (17.8) (19.4) (8.8) (32.0) (31.7)
Land Converted to Croplahd 45.4 345 31.9 314 29.3 34.9 35.1
Grassland Remaining Grasslénd 24.6 24.9 29.7 289 171 115 14.0
Land Converted to Grasslend 35.3 21.8 25.2 254 28.7 24.5 25.6
Wetlands Remaining Wetlartls 36.8 39.4 38.2 38.1 38.1 38.1 38.1
Land Converted to Wetlangls 7.2 18 0.7 0.7 0.7 0.7 0.7
Settlements Remaining Settlemehts (109.) (115.2)f (131.0) (131.5) (131.8) (132.3) (1323)
Land Converted to Settlemerits 57.2 77.1 714 70.2 68.8 68.2 68.2
LULUCEF Carbon Stock Chahge (1,0347) ) (9766) | (9783) (9216) (9728) (9834) (9218)
LULUCF Emissidhs 58.0 68.9 62.8 58.0 68.4 72.9 67.6

CH 53.1 58.5 55.5 52.5 59.3 62.1 58.4

N>O 4.8 10.3 7.3 5.5 9.1 10.7 9.1
LULUCF Sector Net Total (9767) || (907.7)] (915.5) (863.6) (904.4) (910.6) (854.2)

a|ncludes the net changes to carbon stocks stored in all forest ecosystem pools and harvested wood products,
emissions from fires on botlorest land remaining forest land and land converted to forest Jamdissions from N
fertilizer additions on bottiorest land remaining forest land and land converted to forest Jamtl Chland NO
emissions from drained organic soils on béirest land remaining forest larahdland converted to forest land

20 LULUCEarbonstock change is the net C stock change from the following categories: forest land remaining forest land, land
converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, land
converted to grassland, wetlandsmaining wetlands, land converted to wetlands, settlements remaining settlements, and
land converted to settlements.

21| ULUCF emissions include the, @htl NO emissions reported fgreatlands remaining peatlandfrest fires, drained
organic soils, grassland firemd coastal wetlands remaining coastal wetlands; &Hissions from land convertdd coastal
wetlands; and BO emissions from forest soils and settlement soils.
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bincludes the net changes to carbon stocks stored in all forest ecosystem pools.

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

d Estimates includ€H, and NO emissions from fires on both grassland remaining grassland and land converted t
grassland

e Estimates include Gtemissions from flooded land remaining flooded land and land converted to flooded land.

f Estimates include XD emissions from N fertilizer additions on batbttlements remaining settlementnd land
converted to settlement®ecause it is not possible to separate the activity data at this time.

9 LULUCEF carbon stock change includescartyonstock gains and losses from all land use and land use conversio
categories.

h LULUCF emissions subtotal includes thea®id NO emissions reported for peatlandsmaining peatlands, forest
fires, drained organic soils, grassland fires, and coastal wetlands remaining coastal wetlargisSidns from land
converted to coastal wetlands, flooded land remaining flooded land, and land converted to flooded landCGand N
emissions from forest soils and settlement soils. Emissions values are included-urséacategory rows.

iThe LULUCF sector net total is the net sum of all LULUGIRECNO emissions to the atmosphere plus LULUCF ni
carbon stock changes in units of MMTZ&Q.

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

Waste

The Waste chapter contains emissions from waste management activities (except the incineration of waste, which
is addressed in the Energy chapter). Landfills were the largest source of anthropogenic greenhouse gas emissions
from waste management activitieaccounting foi71.8percent of total greenhouse gas emissions from waste
management activities, anti7.1percent of total U.S. GHmissions?2 Additionally, wastewater treatment

accounted for25.6percent of total Waste sector greenhouse gas emissi8riypercent of U.S. CHemissions, and
5.6percent of U.S. pD emissions i2022 Emissions of Gldnd NOfrom commerciatomposting are also

includedin this chapteraccounting forl.5percent .6 MMT CQEQ) andl1.1percent (.8 MMT CQEQ) of

overall waste sector emissionespectively. Anaerobic digestion at biogas facilities generated@ldsions,

accounting foless than 0.0percent of emissions from thé/aste sector. Overall, emission sources in the Waste
chapteraccounted for2.6 percent of total gross U.S. greenhouse gas emissioP828 Waste sector emissions
decreasedy 1.4percent .3MMT CQEq) since2021and by29.3percent 69.1MMT CQ Eq.) since 1990.

ES.4 Other Information

Emissions and Sinks by Economic Sector

In addition to theParis Agreement and UNFC$&Ctors and methods defined by the IPCC, this report also
characterize emissions according to commonly used economic sector categogesgential,commercial,
industry,transportation,electric power, and agriculture23 Emissions from U.S. Territories are reported as their
own enduse sector due to a lack of specific consumption data for the individualisadectors within U.S.
Territories.For more information on trends in the Lakide, LandJse Changeand Forestry sector, segection
ES.2Recent Trends in U.S. Greenhouse Gas Emissions and Sinks

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

23 The agriculture economic sector includes emissions from fossil fuel combustion and electricity use within the agricultural
sector.
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Figure EQ3shows the trend in emissions by economic sector from 19029, andTable ES summarizes
emissions from each of these economic sectors.

Figure EQ3: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors
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Note: Emissions and removals from Land Use, {iselChange, and Forestry are excluded from figure above. Excludes U.S.
Territories.

Table ES: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMEQGO

Percent

Change

Since

Economic Sectors 1990 2005 2018 2019 2020 2021 2022 1990
Transportation 1,521.4 1,965.9f 1,871.6 1,8746 1,6253 1,8055 1,801.5 18.4%
Electric Power Industry 1,880.2) 2,457.4f 1,799.2 1,650.8 1,482.2 15844 15775 -16.1%
Industry 1,723.3) 1,587.3] 1,541.9 1,531.8 11,4359 14558 1,4525 -15.7%
Agriculture 595.9 634.3 683.5 661.0 640.0 645.9 634.0 6.4%
Commercial 447.0 418.9 453.5 462.6 436.9 443.7 463.7 3.7%
Residential 345.6 371.2 376.8 384.2 358.0 369.6 391.3 13.2%
U.STerritories 23.4 59.7 26.3 25.1 23.4 23.9 22.7 -3.1%
Total Gross Emissions (Sources) 6,536.9| 7,494.6] 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Sector Net Tétal (976.7)| (9077)f (915.5) (863.6) (904.4) (9106) (8542) -12.5%

Net Emissions (Sources and Sinks 5,560.2| 6,586.9] 5,837.3 5,726.6 5,097.4 544182 5,489.0 -1.3%

aThe LULUCF sector net total is the net sum of all LULUGIRECNO emissions to the atmosphere plus LULUCF net carl
stock changes.

Notes: Total (gross) emissions are presented without LULUCF. Total net emissions are presented witiTbtald @&y not
sum due to independent roundin@arentheses indicate negative values or sequestration.

Using this categorizatiommissions from transportation activities accounted for the largest port2&4percent)

of total gross U.S. greenhouse gas emissio2922. Electric power accounted for the second largest port@h g
percent) of U.S. greenhouse gas emissiorR2 while emissions from industry accounted for the third largest
portion (22.9percent). Emissions from industry have in general declined over the past decade, due to a number of
factors, including structural changes in the U.S. economy (i.e., shifts froamafacturingbased to a service

based economy), fuel switching, and energy efficiency improvements.

The remainin@3.8percent of U.S. greenhouse gas emissions were contributed by, in order of magnitude, the
agriculture, commercial, and residential sectors, plus emissions from U.S. Territories. Activities related to
agriculture accounted fot0.0percent of U.S. emissions; unlike other economic sectors, agricultural sector
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emissions were dominated by® emissions from agricultural soil management and €hissions from enteric
fermentation. An increasing amount of carbon is stored in agricultural soils each year, but ilsieqDEstration is
assigned to the LULUCF sector rather thanadnéculture economic sector. The commercial and residential sectors
accounted for7.3percent and6.2 percent of emissions, respectively, and U.S. Territories accountéd4or

percent of emissions; emissions from these sectors primarilgistad of C@emissions from fossil fuel

combustion. Carbon dioxide was also emitted and sequestered by a variety of activities related to forest
management practices, tree planting in urban areas, the management of agricultural soils, landfilling of yard
trimmings, aml changes ircarbonstocks in coastal wetlands.

Electricity is ultimately used in the economic sectors described ali@lde ES presents greenhouse gas

emissions from economic sectors with emissions related to electric power distributed intasendategories (i.e.,
emissions from electric power generation are allocated to the economic sectors in which the electricity isoised). T
distribute electricity emissions among eqde sectors, emissions from the source categories assigned to electric
power were allocated to the residential, commercial, industry, transportation,agmitulture economic sectors
according to retail sales of electricity for each arsk sector (EI2024).24 These source categories include2CO

from fossil fuel combustion and the use of limestone and dolomite for flue gas desulfurizatipan@&O from
incineration of waste, C+and NO from stationary sources, ands3fom electricalequipmentsystems.

When emissions from electricity use are distributed among theseusedsectors, industrial activities and
transportation account for the largest shares of U.S. greenhouse gas emisz9diggrcentand 28.5percent,
respectively) irR022 The commercial and residential sectors contributed the next largest shares of total gross U.S.
greenhouse gas emissions2022(15.8nd15.3percent, respectively). Emissions from the commercial and
residential sectors increase substantially when emissions from electricity use are included, due to their relatively
large share of electricity use for energy (e.g., lighting, cooling, appliafigaje ES4 shows the trendin these
emissions by sector from 1990 2022

Table E®: U.S. Greenhouse Gas Emissions with ElectrRéyated Emissions Distributed by
Economic Sector (MMT G@&q.)

Percent

Change

Since

Economic Sectors 1990 2005 2018 2019 2020 2021 2022 1990
Industry 2,397.3 2,302.9| 2,017.1 19748 11,8235 1,877.8 1,8729 -21.9%
Transportation 1,524.6f 1,970.8| 1,876.5 1,879.5 1,629.5 1,810.6 1,807.8 18.6%
Commercial 1,002.50 1,241.1} 1,074.3 1,030.5 931.5 976.8 1,002.6 0.0%
Residential 958.01| 1,247.7] 1,035.9 984.0 919.5 958.0 973.5 1.6%
Agriculture 631.1 672.6 722.7 696.3 674.4 681.6 663.6 5.2%
U.S.Territories 23.4 59.7 26.3 25.1 23.4 23.9 22.7 -3.1%
Total Gross Emissions (Sources) 6,536.9| 7,494.6] 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 -3.0%
LULUCF Sector Net Tétal (976.7)| (907.7)§ (915.5) (863.6) (904.4) (910.6) (854.2) -12.5%

Net Emissions (Sources and Sink: 5,560.2] 6,586.9] 5,837.3 5726.6 50974 54182 5489.0 -1.3%
aThe LULUCF sector net total is the net sum of all LULUGIRECMNO emissions to the atmosphere plus LULUCF net carl
stock changes.

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

24y.s. Territories consumption data that are obtained from EIA are only available at the aggregate level and cannot be broken
out by enduse sector. The distribution of emissions to each-aed sector for the 50 states does not apply to Territories data.
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Figure EQ4: U.S. Greenhouse Gas Emissions with ElectriBigfated Emissions Distributed to
Economic Sectors
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Note: Emissions and removals from Land Use, {s&lChange, and Forestry are excluded from figure above. Excludes U.S.
Territories.

Box E: Trends in Various U.S. Greenhouse Gas Emisdiaiated Data

Total (gross) greenhouse gas emissions can be compared to other economic and social indices to highlig
changes over time. These comparisons include: (1) aggregate energy use, becauseatad)activities are
the largest sources of emissions; €2ergy useper capita as a measure of efficiend®) emissions per unit of
total gross domestic product as a measure of national economic activity; and (4) emissions per capita.

Table ES provides data on various statistics related to U.S. greenhouse gas emissions normalized to 19¢€
baseline year. These values represent the relative change in each statistic since 1990. Greenhouse gas ¢
in the United States have declined ataverage annual rate @f.01percent since 1990, although changes frol
year to year have been significantly larger. This growth rate is slightly slower than that for total energy usi
fossil fuel consumption, and overall gross domestic product (GDP), and national populatiéig(secES5).
The direction of these trends started to change after 2005, when greenhouse gas emissions, total energy
and fossil fuel consumption began to peak. Greenhouse gas emissions in the United States have decrea:s
average annual rate @f.9 percent since 20055nce 2005, GDP and national population, generally, continuet
increasewhile energy has decreased slightlgoting 2020 was impacted lifie COVIBL9 pandemic.
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Table ES: Recent Trends in Various U.S. Data (Index 1990 = 100)

Avg. Annual  Avg. Annual

Growth Rate  Growth Rate
Variable 1990f 2005 2018 2019 2020 2021 2022 Since 1998 Since 200%
Greenhouse Gas Emissibn: 100§ 115§ 103 101 92 97 97 -0.1% -0.9%
Energy Use 100 119 118 117 107 113 115 0.5% -0.2%
GDF 100 159 201 206 201 213 217 2.5% 1.9%
Populatiort 100§ 118§ 130 131 132 132 133 0.9% 0.7%

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

b Gross totalGWRweighted values.

¢Energy contentveighted values (EIA 2024).
dGDP in chained 2@Mollars (BER024).

e U.S. Census Burea20@4).

Figure EQ5: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Dorr
Product (GDP)
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Source: BER024), U.S. Census Bured0p4), and emission estimates in this report.

Key Categories

The2006 IPCGuidelinedor National Greenhouse Gas Invento(iECC 200@nd 2019 Refinement to the 2006

IPCC Guidelinésr National Greenhouse Gas InventoE3CC 201%)efines key categagsasdinventory

categories which individually, or as a group of categories (for which a common method, emission factor and

activity data are applied) are prioritized within the national inventory system because their estimates have a

significant influenceona2cdzy G NB Qa (201 f Ay @Sy i 2NE 2 FueddNS dhytkeaddon S I a S

O\
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the level of uncertainty in emissions or remové&#S.A key category analysis identifies priority source or sink
categories for focusing efforts to improve overall Inventory quality. In addition, a qualitative review of key
categories and noikey categories can also help identify additional source and sitggories to consider for
improvement efforts, including reducing uncertainty.

Figure EQ6 presents the2022key categories identified by the Approach 1 level assessment, including the LULUCF
sector.A level assessment using Approach 1 identifies all source and sink categories that cumulatively account for
95 percent of total (i.e., gross) emissions in a given year when assessed in descending order of absolute magnitude.

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

25088 /KFELISNI n daSik2R2ft23A0If / K2A0S FYyR LRSYGATAOLIGARZY 27F
http://www.ipcc-nggip.iges.or.jp/public/2006gl/voll.htnand https://www.ipcc-
ngqip.iges.or.jp/public/2019rf/pdf/1_Volumel/19R V1 Ch04 MethodChoice.pdf
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Figure EQ6: 2022 Key Categories (Approach 1 including LULUCF)
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Note:For a complete list of key categories and detailed discussion of the underlying key category analysis, see Annex 1. Bars
indicate key categories identified using Approach 1 level assessment including the LULUCF sector. The absolute values of net
CQ emissions from LULUCF are presented in this figure but reported separately from gross emissions totalsTRlefer to
ESA for a breakout of emissions and removals for LULUCF by source/sink category.

Quality Assurance and Quality Control (QA/QC)

The United States seeks continuous improvements to the quality, transparency, and usabilityrfethiry of

U.S. Greenhouse Gas Emissions and.Sinkassist in these efforts, the United States implemented a systematic
approach to QA/QC. The procedures followed for the Inventory have been formalized in accordance with the U.S.
Inventory QA/QC plan, and the UNFCCC reporting guidelinea0@@dlPCC Guidelinfes National Greenhouse

Gas InventoriesThe QA process includes expert and public reviewthéomventory estimates and this report.
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Box ES3: Use of Ambient Measurements Systems for Validation of Emission Inventories

In following Article 13.7(a) of the Paris Agreement and Article 4.1(a) of the UNFG, assrelevant decision
under those agreement® develop and submit national greenhouse gas emission inventories, the emissio
andsinkspresented in this report are organized by source and sink categories and calculated using
internationally accepted methods the 2006 IPCC Guidelines for National Greenhouse Gas Inventories (2
IPCC Guidelines) and, where appropriate, its supplements and refineif¥&gseral recent studies have
SAGAYFGSR SyAdaairzya G GKS ylragAz2ylf 2N NBIA2Y I f
estimate of emissions. EPA has engaged with researchers on how remote sensing, ambient measuremel
inverse modehg techniques for estimating greenhouse gas emissions could assist in improving the
understanding of inventory estimates. In working with the research community to improve national greent
gas inventories, EPA follows guidance from the IPCC on thaf naseasurements and modeling to validate
emission inventorie$’! y I NBI 2F LJ NI AOdzZ  NJ AyGiSNBad Ay 9t!
data can be used to assess estimates or potentially be incorporated into the Inventory in a manner consis
with thisinventoryNB LJ2 NIi Q& G NJ yaLJl NByOe 2F AGa OF f Odz I GA2
technigues to attribute emissions and removals from remote sensing to anthropogenic sources, as define
the IPCC for this report, versus natural sources arkkssin

The2019 Refinement to the IPCC 2006 Guidelines for National Greenhouse Gas InV#P€tiex)19) Volume
1 General Guidance and Reporting, Chapter 6: Quality Assurance, Quality Control and Verification notes
emission estimates derived from atmospheric concentration measurements can provide independent dati
as a basis for compade with inventory estimates. Th2019 Refinemenprovides guidance on conducting suc
comparisons (as summarized in Table 6.2 of IPCC [2019] Volume 1, Chapter 6)vates$ gaidance on using
such comparisons to identify areas of improvement in national inventories (as summarized in Box 6.5 of |
[2019] Volume 1, Chapter 6). Further, it identified fluorinated gases as particularly suitable for such comp
due ther limited natural sources, their generally long atmospheric lifetimes, andwnelerstood loss
mechanismswhich makes it relatively more straightforward to model their emission fluxes from observed |
quantities Unlike emissions of GOCH, and NO, emissions of fluorinated greenhouse gases are almost
exclusively anthropogenic, meaning that the fluorinated greenhouse gas emission sources included in thi
Inventory account for the majority of the total U.S. emissions of these gases detectableatmtbgphere.This
evaluation approach is also useful for gases and sources with larger uncertainties in availableupttom
inventory methods and data, such as emissions af @Hich are primarily from uncertain biological (e.g.,
enteric fermentation) andugitive (e.g., natural gas production) activities.

In thisinventory EPA includes the results from current and previous comparisons between fluorinated gas
emissions inferred from atmospheric measurements and fluorinated gas emissions estimated based on b
up measurements and modeling. These comparisons, performddF@s and SFespectively, are described
under the QA/QC and Verification discussions in Chapter 4, SedtmSubstitution of Ozone Depleting
Substances and 4.26 Electrical Equipment, in the IPPU chapter of this report.

Consistent with the2019 Refinementa key element to facilitate such comparisons is a spataibficit (or
gridded inventory as an input to inverse modeling. To improve the ability to compare methane emissions
the nationallevel greenhouse gas inventory with observatimased estimtes , a team of researchers from U.!
EPA, SRON Netherlands Institute for Space Research, Harvard University, and Lawrence Berkely Nation
Laboratory and other coauthors developed a time series of anthropogenic methaissiens maps with 0.1° x
0.1° (10 km x 10 km) spatial resolution and monthly temporal resolution for the contiguous United 28takes.
gridded methane inventory is designed to be consistent with the U.SIre@Atory of U.S. Greenhouse Gas

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

27 Seehttp://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1003_Uncertainty%20meeting report.pdf

28 geehttps://www.epa.gov/ighgemissions/ugriddedmethaneemissions
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Emissions and Sinkstimates, which presents national totals for different source tyffékhe development of
this gridded inventory is consistent with the recommendations contained in two National Academies of Sc
reports examining greenhouse gas emissions data (National Research Council 2010; National Academie
Sciences, Engineeringy&aMedicine 2018).

Finally, in addition to the use of atmospheric concentration measurement data for comparison with Invent
data, information from topdown studies is directly incorporated in the natural gas systeahsulations to
quantify emissions from certain well blowout events.

Uncertainty Analysis of Emission and Sink Estimates

Uncertainty assessment is an essential element of a complete inventory of greenhouse gas emissions and removals
because it helps to inform and prioritize inventory improvements. Recognizing the benefit of conducting an
uncertainty analysis, the UNFCCC mépg guidelines follow the recommendations of tB806 IPCC Guidelintes
National Greenhouse Gas InventorfH3CC 2006), Volume 1, Chapter 3 and require that countries provide single
estimates of uncertainty for source and sink categories. In additiaquantitative uncertainty assessments, a
qualitative discussion of uncertainty is presented for each source and sink category identifying specific factors
affecting the uncertainty surrounding the estimates provided in accordance with UNFCCC repddeigest

Some of the current estimates, such as those fot €fiissions from energgelated combustion activities, are
considered to have low uncertainties. This is because the amountoéi@i@ed from energyrelated combustion
activities is directly fated to the amount of fuel consumed, the fraction of the fuel that is oxidized, and the

carbon content of the fuel, and for the United States, the uncertainties associated with estimating those factors
arerelatively small. For some other categories of emissions and sinks, however, inherent vaoahiliack of

data increases the uncertainty or systematic error associated with the estimates presented. Finally, an analysis is
conducted to assess uncertainties associated with the overall emissions,aidksends estimates.he overall
uncertainty surrounding total net greenhouse gas emissions is estimated-®tbet6 percent in 1990 aneb to

+6 percent in 2022. When the LULUSHetor is excluded from the analysis the uncertainty is estimated t@ b

+4 percent in 1990 ane? to +4 percent in2022.

29 seenttps://www.epa.gov/ighgemissions/inventorys-greenhousegasemissionsand-sinks
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1. Introduction

Thisreport presents an inventory of U.S. anthropogenic greenhouse gas emissions and sinks for the years 1990
through 2022 compiled by the United States government. A summary of saatteinkcategory estimates is
provided inTable2-1, Table2-2, andrable2-4 by gasandIPCC sectdn the Trends in Greenhouse Gas Emissions
and Sinks chapter. The emission amtkestimates in these tables apresentedthroughout the main report in

both CQ equivalents(CQ Eq3%and unweighted units This report also discusses the methods and data used to
calculate the emission and sink estimates.

The United States is party to both the 1992 UNFCCC and the 2015 Paris Agrddmadtdris Agreement set a

global temperature gogholding the increase in the global average temperature to well below 2°C above pre

industrial levels and pursuing efforts to limit the increase to Ic8°& I & F NI A Odzf  1Sa gAGK 3INBI G
views2y @gKI G Aa ySOSaal NBE (2 stafifing] XgrkeBholse gag doricédtiatiodstire S Ol A @S
the atmosphere at a level that would prevent dangerous anthropogienérference with the climate systest

The United States is committed to submitting a national inventory of anthropogenic emissions sources and

removals by sinks of greenhouse gases by April 15 of eachTyeatnited States has prepared théport, in

conjunction with Common Reporting Tables (§RTat accompany this report, consistent with its obligations

under those agreements.

In 1988, preceding the creation of the UNFCCC, the World Meteorological Organization (WMO) and the United
Nations Environment Programme (UNEP) jointly established the Intergovernmental Panel on Climate Change
(IPCC). The role of the IPCC is to assessomprehensive, objective, open and transparent basis the scientific,
technical and socieconomic information relevant to understanding the scientific basis of risk of htintrced
climate change, its potential impacts and options for adaptation and atitig (IPCC 2021)he Paris Agreement
and the UNFCCC require use of methods fron20@6 IPCC Guidelinis National Greenhouse Gas Inventories
andencourags Partiesto usethe 2013 Supplement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories: Wetlandandthe 2019 Refinement to the 2006 IPCC GuidefimeNational Greenhouse Gas
Inventories Therecently release@019 Refinementlarify and elaborate on the existing guidance in 2086 IPCC
Guidelinesalong with providing update®tdefault values of emission factors and other parameters based on
updated science. This report applies both 2@&13 Supplemerdand updated guidance in th2019 Refinemenb
improve accuracy and completeness of thgentory For more information on specific usage Sectiori.4 of this
chapter on Methodology and Data Sources.

30 More information is provided in the Global Warming Potentials section of this chapter on the IBE@ifth Assessment
Report(AR5) GWP values.

31seeParis Agreement, Article 2.1(a); UNFCCC, Article 2.
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Box1-1: Methodological Approach for Estimating and Reporting U.S. Emissions and

wSY2@lFtasx AyOfdZRAy3dI wStllGA2yaKAL G2 9t !

Consistent with Article 13.7(a) of the Paris Agreement and A#idlea) of the UNFCC& well as relevant
decisions under those agreementie emissions and removals presented in this report and this chapter are
organized by source and sink categories and calculated using internationally accepted methodz06tiheCC
Guidelines for National Greenhouse Gas Invent@i@86 IPCC Guidelinesd, where appropriate, its
supplements and refinement#dditionally, the calculated emissions and removals in a given year for the
United States are presented in a common manner in line with the reporting guidelines for the reporting of
inventories uderthe Paris Agreement and the UNFCTIEet | NJude $fddsistent methods to calculate
emissions and removafer their inventorieshelps to ensuréhat these reports are comparable. The
presentation of emissions and removals provided in thi®ntorydoes not preclude alternative examinations
(e.g., economic sectors). Raththis Inventorypresents emissions and removals in a common format consis
with how Partiesare to reporttheir nationalinventories under théParis Agreement and tHéNFCCOhe

report itself, and this chapter, follows thtdtmmonformat, and provides an explanation of the application of
methods used to calculate emissions and removals.

EPA also collects greenhouse gas emissions data from individual facilities and suppliers of certain fossil 1
industrial gases through itSreenhouse Gas Reporting Program (GHGRP), which is complementary to the
Inventory®2 The GHGRP applies to direct greenhouse gas emitters, fossil fuel suppliers, ingrestriabuse
gas suppliers, and facilities that inject carbon dioxidej@@derground for sequestration or other reasons ar
requires reporting by over 8,000 sources or suppliers in 41 industrial cate§éAemual reporting is at the
facility level, except for certain suppliers of fossil fuels and industrial greenhouse gases. In general, the
threshold for reporting is 25,000 metric tons or more of2&Q. per year. Facilities most source

categorie$* subject to GHGRP began reporting for the 2010 reporting year while additional types of indus
operations began reporting fahe 2011reportingyeara SG K2 R2f 23AS& dzaSR Ay 9t
with the 2006 IPCC Guidelin&¥hile the GHGRP does not provide full coverage of total annual U.S. greent
gas emissions angmovals(e.g., the GHGRP excludes emissions fronAtjreculture and &nd Use,LandUse
ChangeandForestry sectors), it is an important input to the calculations of natideaél emissions in this
Inventory

Data presented in thiswventoryNS L322 NIi 'y R 9t ! Q& DI Dwt FNB O2YLX S
be an important resource for thimventory providing not only annual emissions information, but also other
annual information such as activity data and emission factors that can improve and refine national emissi
estimates and trends overtma. S K2 R2tf 23ASa dzaSR Ay 9t ! Z20@6 IACC Dwt
Guidelinege.g., higher tier methodslsHGRP data also allow EPA to disaggregate natiomadtory estimates
in new ways that can highlight differences across regions andatdgories of emissions, along with enhanci
the application of QA/QC procedures and assessment of uncertainties. EPA uses annual GHGRP data ir
categories to irprove the national estimates presented in thientory consistent with IPCC methodological
guidance. See Annex 9 for more information on specific uses of GHGRP dathlirettiery(e.g., natural gas
systems).

1.1 Backgroundnformation

Science

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

Greenhouse gases are necessary to life as we know it. Without greenhouse gases to create the natural heat

trapping properties of the atmosphere, the planet's surface would be about 60 degrees Fahrenheit cooler than

present (USGCRP 2017). Carbon dioxids@snecessary for plant growth. With emissions from biological and

geological sources, there is a natural level of greenhouse gases that is maintained in the atmosphere. Human

emissions of greenhouse gases and subsequent changes in atmospheric conmesitaiiér the balance of energy

transfers between space and the earth system (IPCC 2021). A gauge of these changes is called radiative forcing,
whichisameasure ofadzo a G yO0SQa G2arf ySi STFFSOG 2y GKS 3Ift20lt Sy
represents a warming effect, and a negative number represents a cooling @F€E 2021). IPCC concluded in its
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As concentrations of greenhouse gases continue to increase fromnmaaie sources, the Earth's temperature is

climbing above past levels. The Earth's average land and ocean surface temperature has increased by about 2.0

degrees Fahrenheit from the 1850 t800 period to the decade of 2011 to 2020 (IPCC 2021). The last four decades

KIS SIFOK 0SSy GKS g1 Ny¥Sald RSOIRS adz00SaargSte |G GKS
aspects of the climate are also changing, such as rainfall patterow, &md ice cover, and sea level. If greenhouse

gas concentrations continue to increase, climate models predict that the average temperature at the Earth's

surface is likely to increasmtween 0.27 to 9.99egrees Fahrenhe(0.15 to 5.55 degrees Celsius) relative to 1995

to 2014levels by the end of this century, dependingtbe emissions scenarind the responsiveness of the

climate system (IPCC 2021).

For further information on greenhouse gases, radiative forcing, and implications for climate change, see the recent
scientific assessment reports from the IP¥he U.S. Global Change Research Program (US&CGRB)the
National Academies of Sciences, Engineering, and Medicine.fKIAS)

Greenhouse Gases

lf 6K2dzZ3K GKS 9FNIKQa FdY24LKSNBE O2yaArada YIAyfteée 2F 2E@;
enhancing the greenhouse effect because both are essentially transpareatéstrial radiation. The greenhouse

effect is primarily a function of the concentration of water vapor, carbon diox@i®)( methane CH), nitrous

oxide (\20), andother trace gases in the atmosphere that absorb the terrestrial radiation leaving the surface of

the Earth (IPCC 2021).

Naturally occurring greenhouse gases include water vap@r, CH, N:O, and ozone (). Several classes of

halogenated substances that contain fluorine, chlorine, or bromine are also greenhouse gases, but they are, for the
most part, solely a product of industrial activities. Chlorofluorocarbons (CFCs) and hydrochlorofluorocarbons
(HCFCsre halocarbons that contain chlorine, while halocarbons that contain bromine are referred to as
bromofluorocarbons (i.e., halons). As stratospheric ozone depleting substances, CFCs, HCFCs, and halons are
covered under the Montreal Protocol on Substandeat tDeplete the Ozone Layer. The UNFCCC defers to this

earlier international treaty. Consequently, Parties to the UNFCCC are not required to include these gases in

320n October 30, 2009, EPA promulgated a rule requiring annual reporting of greenhouse gas data from large greenhouse gas
Syradaairzya az2dNOSa Ay GKS ' yAGSR {dFdiSad LYLISYSyillGAzy 2F GK
Greenhouse GaReporting Program (GHGRP).

33 Seehttp://www.epa.gov/ghgreportingand http:/ghgdata.epa.gov/ghgp/main.do

34 seenttps://www.ccdsupport.com/confluence/pages/viewpage.action?pageld=322699300
35 geenttps://www.ipcc.ch/report/aré/wgl/.

36 Seehttps://nca2018.globalchange.gov/

37 Seehttps://www.nationalacademies.org/topics/climate
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national greenhouse gas inventoriggSome other fluorineontaining halogenated substanaes

hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sidkafluoride §k), and nitrogen trifluoride (N&t do

not deplete stratospheric ozone but are potent greenhouse gases. These latter substances are addressed by the
UNFCCC and accounted for in national greenhouse gas inventories.

There are also several other substances that influence the global radiation budget but aréstend

therefore not weltmixed, leading to spatially variable radiative forcing effects. These substances include carbon
monoxide (CO), nitrogen dioxide@, sulfur dioxide (S£), and tropospheric (ground level) ozone&)O

Tropospheric ozone is formed from chemical reactions in the atmosphere of precursor pollutants, which include
volatile organic compounds (VOCEH, and nitrogen oxides (N) in the pesence of ultraviolet light (sunlight).

I SNraz2ta I NB SEGNBYSte avltt LI NIHAOESA 2NJfAljdzAR RNER LI
composed of sulfur compounds, carbonaceous combustion products (e.g., black carbon), crustal materials (e.g.,

dust) and other humasinduced pollutaits. They can affect the absorptive characteristics of the atmosphere (e.g.,
A0FGGSNAY3I AyO2YAYy3 adzyt AIKG gk & FNRY OiKgSunRghtNdbidk Q& & dzNJ
can play a role in affecting cloud formation and lifetimewadl as the radiative forcing of clouds and precipitation

patterns.

QO,, CH,, andN:O are continuously emitted to and removed from the atmosphere by natural processes on Earth.
Anthropogenic activitiegsuch as fossil fuel combustion, cement production, tasd, landuse change, and

forestry, agriculture, or waste managemeniiowever, can cause additional quantities of these and other
greenhouse gases to be emitted or sequestered, thereby chanly@igglobal average atmospheric

concentrations. Natural activities such as respiration by plants or animals and seasonal cycles of plant growth and
decay are examples of processes that only cycle carbon or nitrogen between the atmosphere and organic biomass.
Such processes, except when directly or indirectly perturbed out of equilibrium by anthropogenic activities,
generally do not alter average atrspheric greenhouse gas concentrations over decadal timeframes. Climatic
changes resulting from anthropogenic activities, however, could have positive or negative feedback effects on
these natural systems. Atmospheric concentrations of these gases, altntheir rates of growth and

atmospheric lifetimes, are presented Trablel-1.

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

Atmospheric Variable Cca Ch N.O Sk Ch
Preindustrial atmospheric

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

aThe atmospheri€Q concentration is the 202annual average at the Mauna Loa, HI station (NOAA/EGRI3. The global
atmosphericCQ concentration, computed using an average of sampling sites across the world, Wppsmin 202.

b The values presented are global 2G#hnual average mole fractions (NOAA/ES3B24Y).

¢The values presented are global 2Gthnual average mole fractions (NOAA/ESRU@02

dThe values presented are global 2Gthnual average mole fractions (NOAA/ESRU@02

¢ The 2019 Chglobal mean atmospheric concentration is from the Advanced Global Atmospheric Gases Experiment (IP
2021).

fThe rate of concentration change f&Q is an average of the rates from 2007 through 2@2d has fluctuated between 1.5
to 3.0 ppm per year over this period (NOAA/E3B439. The rate of concentration change 6k, N>O, andSk, is the
average rate of change between 2007 and 2020AA/ESR2024h NOAA/ESRL 282 NOAA/ESRL 209). The rate of
concentration change for GF the average rate of change between 2011 and 2019 (IPCC 2021).

9The growth rate for atmosphericH decreased from over 10 ppb/year in the 1980s to nearly zero in the early 2000s;
recently, the growth rate has beeaabout 13.22ppb/year (NOAA/ESR0241).

38 Emissions estimates of CFCs, HCFCs, halons and othetdepdeting substances are included in this document for
informational purposes.
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h For a given amount c2Q emitted, some fraction of the atmospheric increase in concentration is quickly absorbed by tt
oceans and terrestrial vegetation, some fraction of the atmospheric increase will only slowly decrease over a number
years, and a small portion of the incemawill remain for many centuries or more.

i¢KAA (GFofS NBLIRNIA (KS daddna dnichadkds mntd gecolink thafidiaktior betwEeh NJ 0
emissionf the gasandits ownatmosphericresidence time.

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

Source: Préndustrial atmospheric concentrations and atmospheric lifetimesfal, and N;O, are from IPCC (202%re-
industrial atmospheric concentration f@f, is from Rigby (2010and preindustrial atmospheric concentration for JF
from Meinhausen (2017).

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

Water Vapor (). Water vapor is the largest contributor to the natural greenhouse effect. Water vapor is
fundamentally different from other greenhouse gases in that it can condense and rain out when it reaches high
concentrations, and the total amount of water vapor 08 I G Y2 aLIKSNBE A& Ay LI NI + Fdzy O
temperature. While some human activities such as evaporation from irrigated crops or power plant cooling release
water vapor into the air, these activities have been determined to havegdigible effect on global climate (IPCC
2021). The lifetime of water vapor in the troposphere is on the order of 10 days. Water vapor can also contribute
to cloud formation, and clouds can have both warming and cooling effects by either trapping otimgfleeat.

Because of the relationship between water vapor levels and temperature, water vapor and clouds serve as a
feedback to climate change, such that for any gigbangein other greenhouse gaoncentrations the total

temperature changés greaterthan would happen in the absence of water vapor. Aircraft emissions can create
contrails, which may also develop into contfiaitluced cirrus clouds, with complex regional and temporal net
radiativeforcing effects that currently have a low level of scientific certainty (IPCC 2021).

Carbon DioxideJdQ). In nature, carbon is cycled between various atmospheric, oceanic, land biotic, marine biotic,

and mineral reservoirs. The largest fluxes occur between the atmosphere and terrestrial biota, and between the
atmosphere and surface water of the oceans. In at@osphere, carbon predominantly exists in its oxidized form

asCQ. AtmosphericCQ is part of this global carbon cycle, and therefore its fate is a complex function of

geochemical and biological processes. Carbon dioxide concemtsati the atmosphere increased from

approximately 280 partper million by volume (ppmv) in priedustrial timesto 419 ppmvin 202, a50 percent

increase (IPCC 2021; NOAA/EBIR49.3240¢ KS Lt/ / &0l GSa GKI (-miked gréedhdliBeS R A Yy ONX
34 6DI DO O2yOSYyiNrdGA2yad aAyOS I NRdzyR mTtpn | NB dzy Sl dzi @:
predominant source of anthropogenieQ emissions is the combustion of fossil fuels. Forest clearing, other

biomass burning, and some n@mergy production processes (e.g., cement production) also emit notable

guantities ofCQ. In itsSixth Assessment Repdtie IPCC determined that of the 2.0 degrees of observed

warming, the best estimate is that 1.9 degrees of that are due to human influence, with elevated CO

concentrations being the most important contributor to that warming (IPCC 2021).

Methane CH). Methane is primarily produced through anaerobic decomposition of organic matter in biological
systems. Agricultural processes such as wetland rice cultivation, enteric fermentation in animals, and the
decomposition of animal wastes emit £lds does the decomposition of municipal solid wastes and treatment of
wastewater. Methane is also emitted during the production and distribution of natural gas and petroleum, and is
released as a byproduct of coal mining and incomplete fossil fuel combugttmospheid concentrations of CH

have increased by about 162 percent since 1750, from drghestrial value of about 730 ppo 1,912ppbin

202241 although the rate of increase decreased to near zero in the early 2000s, and has recently increased again to

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

40 carbon dioxide concentrations during the last 1,000 years of thénphestrial period (i.e., 750 to 1750), a time of relative
climate stability, fluctuated by aboitl0 ppmv around 280 ppmv (IPCC 2021).

41 Thjs value is the global 2022 annual average mole fraction (NOAA/ESRL 2024b).
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about8.83ppb/year. The IPCC has estimated that about half of the currenfl@Ho the atmosphere (and the
entirety of the increase in concentration) is anthropogenic, from human activities such as agriculture, fossil fuel
production and use, and waste disposal (IPCC 2021).

Methane is primarily removed from the atmosphere through a reaction with the hydroxyl radical (OH) and is

ultimately converted taCQ. Minor removal processes also include reaction with chlorine in the marine boundary

layer, a soil sink, and stratospheric reactions. Increasing emissi@td céduce the concentration of Oldreating

a feedback that increases the atmospheric lifetime&éfo Lt / / HaumMO0® aSiKFIySQa NBIFOGAZ2Y
lead to production of tropospheric ozone and stratosphericaevatapor, both of which also contribute to climate

change. Tropospheric ozone also has negative effects on human health and plant productivity.

NitrousOxide N20). Anthropogenic sources ?0 emissions include agricultural soils, especially production of
nitrogenixing crops and forages, the use of synthetic and manure fertilizers, and manure deposition by livestock;
fossil fuel combustion, especially from mobile combustion; adipic (nyloshniric acid production; wastewater
treatment and waste incineration; and biomass burning. The atmospheric concentrati¢® bhs increased by

24 percent since 1750, from a piredustrial value of about 270 ppto 336 ppbin 202,42 a concentration that has

not been exceeded during at least the last 800 thousand years. Nitrous oxide is primarily removed from the
atmosphere by the photolytic action of sunlight in the stratosphere (IPCC 2021).

Ozone (). Ozone is present in both the upper stratosphéfayhere it shields the Earth from harmful levels of

ultraviolet radiation, and at lower concentrations in the troposphéfayhere it is the main component of
FYGKNRBLR2ISYAO LIK2G20KSYAOIE daavz23adé S5dzNAy3a (GKS flFaid G6:
bromine-containing halocarbons, such as CFCs, have depleted stratospheric 0zone concentrations. This loss of

ozone h the stratosphere has resulted in negative radiative forcing, representing an indirect effect of

anthropogenic emissions of chlorine and bromine compounds (IPCC 2021). The depletion of stratospheric ozone

and its radiative forcing remained relatively unchangatte 200Gor the last two decades and is starting to

decline; recovery is expected to occur shortly after the middle of the twéindy century(WMO/UNEP 2018).

The past increase in tropospheric ozone, which is also a greenhouse gas, is estimated to provide the third largest
increase in direct radiative forcing since the {imdustrial era, behindCQ and CH. Tropospheric ozone is

produced from complex chemical reactions of volatile organic compoand€H mixing with NQin the presence

of sunlight. The tropospheric concentrations of ozone and these other pollutants arelsteaitand, therefore,

spatially variable (IPCC 2021).

Halocarbons, Sulfur Hexafluori¢fefs), and Nitrogen TrifluoridéNF). Halocarbons are, for the most part, man

made chemicals that have direct radiative forcing effects and could also have an indirect effect. Halocarbons that
contain chlorine (CFCs, HCFCs, methyl chloroform, and carbon tetrachloride) and bromine (halayls, met

bromide, and hydrobromofluorocarbons) result in stratospheric ozone depletion and are therefore controlled

under the Montreal Protocol on Substances that Deplete the Ozone Layer. Although most CFCs and HCFCs are
potent global warming gases, their netdiative forcing effect on the atmosphere is reduced because they cause
stratospheric ozone depletion, which itself is a greenhouse gas but which also shields the Earth from harmful levels
of ultraviolet radiation. Under the Montreal Protocol, the Unitetadt®s phased out the production and

importation of halons by 1994 and of CFCs by 1996. Under the Copenhagen Amendments to the Protocol, a cap

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

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

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

HFCsPFCsSk, and NEare not ozone depleting substances. The most common HFCs are, however, powerful
greenhouse gases. Hydrofluorocarbons are primarily used as replacements for ozone depleting substeaarees but
also emitted as a byproduct of the HCEZ(chlorodifluoromethane) manufacturing proce§thercontributing

sources to HF@missionsnclude the electronics industry and magnesium production and procesSinmgently,

these emissionbave a small aggregate radiative forcing impact, butasanticipated that without further

controls their contribution to overall radiative forcingowid increase, the ERF (effective radiative forcing) of
halogenated gases increased by 3.5 percent between 2011 and 2019 primarily due to a decrease in atmospheric
mixingratios of CFCs and an increase in their replacements (IPCT @dZ2ecember 27, 202the American
Innovation and Manufacturing (AIM) Act was enacted by Congress and which gives EPA authority to phase down
HFC production and consumpti¢ine., production plus import, minus export), through an allowance allocation
program, promulgate certain regulations for purposes of maximizing reclamation and minimizing releases of HFCs
and their substitutes from equipment, and faciliggthe transition to nextgeneration technologies through sector
based restrictions, which will lead to lower HFC emissimrer time.On October 31, 2022, the United States also
ratified the Kigali Amendment to the Montreal Protocol, committing to continued phase down of HFCs.
PerfluorocarbonsSk, and NEare predominantly emitted from various industrial processes including aluminum
smelting, semiconductor manufacturing, electric power transmission and distribution, and magnesium casting.
Currently, the radiative forcing impact of PFSE, and NEis also small, but they have a significant growth rate,
extremely long atmepheric lifetimes, and are strong absorbers of infrared radiation, and therefore have the
potential to influence climate far into the future (IPCC 2021).

Carbon Monoxide (CQOZarbon monoxide has an indirect radiative forcing effect by elevating concentrati@tg of
and tropospheriozone through chemical reactions with other atmospheric constituents (e.g., the hydroxyl radical,
OH) that would otherwise assist in destroyi@gt and tropospheric ozone. Carbon monoxide is created when
carboncontaining fuels are burned incompletely. Through natural processes in the atmosphere, it is eventually
oxidized toCQ. Carbon monoxide concentrations are both skhoréd in the atmospherand spatially variable.

Nitrogen Oxides (N The primary climate change effects of nitrogen oxides (i.e., NO anda¥®indirect.

Warming effects can occur due to reactions leading to the formation of ozone in the troposphere, but cooling
effects can occur due to the role of N&» a precursor to nitrate particles (i.e., aerosols) and due to destruction of
stratospheric ozone when emitted from very highitude aircraft#6 Additionally, N@emissions are also likely to
decreaseCH concentrations, thus having a negative radiative forcing effect (IPCC 2021). Nitrogen oxides are
created from lightning, soil microbial activity, biomass burning (both natural and anthropogenic fires) fuel
combustion, and, in the stratosphere, from theqib-degradation oiN;O. Concentrations of N@re both

relatively shortlived in the atmosphere and spatially variable.

Nornrmethane Volatile Organic Compounds (NMVOdsj-methane volatile organic compounds include

substances such as propane, butane, and ethane. These compounds patrticipate, alongxwiithtiNCformation

of tropospheric ozone and other photochemical oxidants. NMVOCs are emitted primarily from transportation and
industrial processes, as well as biomass burning andimdunstrial consumption of organic solvents.

Concentrations of NMVOCsri# to be both shodived in the atmosphere and spatially variable.

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

46 NQ, emissions injected higher in the stratosphere, primarily from fuel combustion emissions from high altitude supersonic
aircraft, can lead to stratospheric ozone depletion.
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AerosolsAerosols are extremely small particles or liquid droplets found in the atmosphere that are either directly
SYAUGGSR AyiG2 2NJ I NB ONBIFGSR (KNRddzZAK OKSYAOLFf NBIFOGA2yaA
precursors can be emitted by naturalents such as dust storms, biogenic or volcanic activity, or by anthropogenic
processes such as transportation, coal combustion, cement manufacturing, waste incineration, or biomass burning.
Various categories of aerosols exist from both natural anthropogenic sources, such as soil dust, sea salt,

biogenic aerosols, sulfates, nitrates, volcanic aerosols, industrial dust, and carborfdcemesols (e.g., black

carbon, organic carbon). Aerosols can be removed from the atmosphere relatively rapidly by precipitation or

through more complex processes under dry conditions.

Aerosols affect radiative forcing differently than greenhouse gases. Their radiative effects occur through direct and
indirect mechanisms: directly by scattering and absorbing solar radiation (and to a lesser extent scattering,
absorption, and emission ¢érrestrial radiation); and indirectly by increasing cloud droplets and ice crystals that
modify the formation, precipitation efficiency, and radiative properties of clouds (IPCC 2021). Despite advances in
understanding of clougerosol interactions, theantribution of aerosols to radiative forcing are difficult to

guantify because aerosols generally have short atmospheric lifetimes, and have number concentrations, size
distributions, and compositions that vary regionally, spatially, and temporally (I0Z1}. 2

¢tKS ySi STFSOG 2F FSNRazfta 2y GKS 9FNIKQ&A NIRAIFIGAGBS T2
climate). In fact, aerosols contributed a cooling influence of up to 1.4 degrees, offsetting a substantial portion of
greenhouse gas waring (IPCC 202Because aerosols remain in the atmosphere for only days to weeks, their
concentrations respond rapidly to changes in emissitiisot all aerosols have a cooling effect. Current research
adz33dsSada GKIG Fy20KSN) O2yadaAaddsSyid 2F FSNpaz2ftasx oftlF O] Ol
atmosphere and causing surface warming when deposited on ice and snow (IPCBIXlyarbon also

influences cloud development, but the direction and magnitude of this forcing is an area of active research.

Global Warming Potentials

A GWP is a quantified measure of ttedative globally averagedadiative forcing impacts a&fmissions o&

particular greenhouse gasser time(seeTablel-2). It is defined as the accumulated radiative forcing within a
specific time horizon caused by emitting 1 kilogram (kg) of the gas, relative to that dfénence gaQ (IPCC

2021). Direct radiative effects occur when the gas itself absorbs radiation. Indirect radiative forcing occurs when
chemicalransformations involving the original gas produce a gas or gases that are greenhouse gases, or when a
gas influences other radiatively important processes such as the atmospheric lifetimes of other gases. The
reference gas used BQ, and therefore GWRveighted emissions are measured@® equivalent CQ Eq.)4° For
example, herelationship betweera kg of emissions of gas and kg ofCQ Eqg.emission<an be expresseds
followsand also adapted to other units (e.g. metric tons, etc.)

47 Carbonaceous aerosols are aerosols that are comprised mainly of carbon and hydrogen. Those carbonaceous aerosols with

Y2NBE Ke@RNRB3ISY INB OfFaaAFASR a a2NBFYAO OFNb2y£€X InyR NBX 38
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48\/olcanic activity can inject significant quantities of aerosol producing sulfur dioxide and other sulfur compounds into the

stratosphere, which can result in a longer lasting negative forcing effect (i.e., a few (fe&@€021).

49 Carbon comprises 12/44 of carbon dioxide by weight.

1-8 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 19907 2022



Equationl-1: Calculating C&Equivalent Emissions
E@ %8 EQIi EOCOEAID' 70

where,
kgCQ H. =kilogramsof CQ equivalent
kt = kilggrams(equivalent to a thousand metrigramg
GWP = Global warming potential

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

All estimates are provided throughout the report in both MMT2@Quivalents and unweighted units. Recent
decisions under the UNFCCC require Parties to usgd@®0GWP values from the IPEi@h Assessment Report
(ARD) for calculating G@quivalent emissions in their national reporting by the end of 2024.

XDecides that, until it adopts a further decision on the matter, the global warming potential values
used by Parties in their reporting under the Convention to calculate the carbon dioxide equivalence of
anthropogenic greenhouse gas emissions by sourceseamalvals by sinks shall be based on the

effects of greenhouse gases over a-$@@r time horizon as listed in table 8.A.1 in appendix 8.A to the
contribution of Working Group | to the Fifth Assessment Report of the Intergovernmental Panel on
Climate Chage 20 excluding the value for fossil methafie

This reflects updated science and ensures that national greenhouse gas inventories reported by all nations are
comparable. In preparation for upcoming UNFCCC requireffahis report reflects C®equivalent greenhouse

gas totals using 109ear AR5 GWP values. A comparison of emission values with the previously usexdi 00
GWP values from IPGGurth Assessment Rep@itR4) (IPCC 2007), and the IBGth Assessment Rep(itR6)
(IPCC 2021) values can be found in Annex 6.1 of this report. TheeddOGWP values used in this report are listed
below inTable 12.

Greenhouse gases with relatively long atmospheric lifetimes @@, CH, N20O, HFCs, PFCSk, NE) tend to be

evenly distributed throughout the atmosphere, and consequently global average concentrations can be
determined. The sho#ived gases such as water vapor, carbon monoxide, tropospheric ozone, 0zone precursors
(e.g., N@Q and NMVOCs), and tropospheric aerosols (e.g.p&@ducts and carbonaceous particles), however, vary
regionally, and consequently it is difficult to quantify their global radiative forcing impacts. Parties to the UNFCCC
have not agreed upon GWP values for these gases that arelgremitand spatiallynhomogeneous in the

atmosphere.

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

Gas Atmospheric Lifetime GWP
CcQ See footnoté 1
CHe 12.4 28
N.O 121 265

50 Intergovernmental Panel on Climate Change. 2@Bnate Change 2013: The Physical Science Basigibution of
Working Group | to th&ifth Assessment Repartthe Intergovernmental Panel on Climate Change. TF Stocker, D-Rin, G
Plattner, et al. (eds.). Cambridge and New York: Cambridge University Press. Avalldblé&vatvw.ipcc.ch/report/ar5/wgl.

51 g5ee paragraphs 1 and 2 of the decision on common metrics adopted at the 27th UNFCCC Conference of Parties (COP27),
available online abttps://unfccc.int/sites/default/files/resource/cp2022 10a01 E.pdf

52 5ee Annex to decision 18/CMA.1, available onlingtais://unfccc.int/sites/default/files/resource/CMA2018 03a02E.pdf
TheParis Agreementeporting guidelineslsoclarifieduse of the 106year GWPs listed in table 8.A.1 in Annex 8.A of Chapter 8

of the Fifth Assessment Rep¢&RS5) of the Intergovernmental Panel on Climate Change, excluding the value for fossil methane.
United Nations Framework Convention on Climate Changepaemraph 25 of Decision 5/CMA.3 available online at
https://unfccc.int/sites/default/files/resource/CMA2021 L10a2E.pdf
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HFG23 222 12,400

HFGE32 5.2 677
HFG41d 2.8 116
HFC125 28.2 3,170
HFG134a 13.4 1,300
HFG143a 47.1 4,800
HFG152a 1.5 138
HFC227ea 38.9 3,350
HFG236fa 242 8,060
CR 50,000 6,630
GFs 10,000 11,100
GhR 2,600 8,900
c-GRs 3,200 9,540
Sk 3,200 23,500
NR 500 16,100
Other Fluorinated Gases See Annex €

a100year time horizon.

b For a given amount &2Q emitted, some fraction of the atmospheric
increase in concentration is quickly absorbed by the oceans and
terrestrial vegetation, some fraction of the atmospheric increase will
only slowly decrease over a number of years, and a small portion o
increase will remain for many centuries or more.

¢The GWP ofH includes the direct effects and those indirect effects
due to the production of tropospheric ozone and stratospheric wate!
vapor. The indirect effect due to the production©@ is not included.
dSee Table A of 40 CFR Part 98

Source: IPCC (2013).

Box1-2: The IPCC Sixth Assessment Report and Global Warming Potentials

In 2021, the IPCC published &ixth Assessment ReptR6), which updated its comprehensive scientific
assessment of climate change. Within the ARG report, the GWP values of gases were revised relative
previous IPC@&ssessmenteports, e.g.,the IPCEifth Assessment RepdARS5) (IPCC 2014). Although the
AR5 GWP values are used throughout this report, consistent with UNFCCC reporting requirements, it
straightforward to review the changes to the GWP values and their impact on estimates of the total G\
weighted emissionsf the United States. In theR6, the IPCC used more recent estimates of the
atmospheric lifetimes and radiative efficiencies of some gases and updated background concentration
ARG now includes climatarbon feedback effects for neBQ gases, improving the consistency between
treatment of CQand nonrCQ gases. Indirect effects of gases on other atmospheric constituents (such ¢
effect of methane on ozone) have also been updated to match more recent science.

Table 13 presents the new GWP values, relative to those presented in the AR5, using tyedtime
horizon common tdParis Agreement andNFCCC reportirR.Updated reporting guidelines under the Pari
Agreementrequire the United States and other countriesshift to use of the IPCEIfth Assessment Report
(AR5) (IPCC 2013) 1¢éar GWP values (without feedbacks) for national inventory repaPtiigl estimates
provided throughout this report are also presented in unweighted units. For informational purposes,
emission estimates that use 1§@ar GWPs from other recent IPCC Assessment Reports are presented
detail in Annex 6.1 of this report.

53 seeDecision 7/CP.27 included hittps://unfccc.int/sites/default/files/resource/cp2022 10a01 E.pdf

54 Seehttps://unfcce.int/processand-meetings/transparencyand-reporting/reportingand-review-under-the-parisagreement
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Tablel-3: Comparison of 100rear GWP values

100-Year GWP Values Comparisons to AR5
AR5 with AR5 with
Gas ARB feedbacks$ ARG feedbacks ARG
cQo 1 1 1 NC NC
CHd 28 34 27 6 1)
N2O 265 298 273 33 8
HFG23 12,400 13,856 14,600 1,456 2,200
HFC32 677 817 771 140 94
HFCG41 116 141 135 25 19
HFC125 3,170 3,691 3,740 521 570
HFC134a 1,300 1,549 1,530 249 230
HFCG143a 4,800 5,508 5,810 708 1,010
HFG152a 138 167 164 29 26
HFG227ea 3,350 3,860 3,600 510 250
HFG236fa 8,060 8,998 8,690 938 630
Ch 6,630 7,349 7,380 719 750
Gk 11,100 12,340 12,400 1,240 1,300
GhRs 8,900 9,878 9,290 978 390
c-GhRs 9,540 10,592 10,200 1,052 660
Sk 23,500 26,087 24,300 2,587 800
NR 16,100 17,885 17,400 1,785 1,300

NC (No Change)

aThe GWP values in this column reflect values used in this report from AR5 excluding-céinbate feedbacks and

the value for fossil methane.

bThe GWP values in this column are from the AR5 report but include clradien feedbacks for the ne@Q
gases in order to be consistent with the approach used in calculating th&f€ie.
¢The GWP values in this column are from the ARG report.
dThe GWP of Ghhcludes the direct effects and those indirect effects due to the production of tropospheric 0zc
and stratospheric water vapor. Including the indirect effect due to the production ef&Iting from methane

oxidation would lead to an increase in AR5 methane GWP values by 2 for fossil methane and is not shown in

table.

Note: Parentheses indicate negative values.
Sources: IPCC (2021), IPCC (2013), IPCC (2007), IPCC (2001), IPCC (1996).

1.2 National Inventory Arrangements

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

Within EPA, the Office of Atmospheric Protection (OAP) is the lead office responsible for the emission and removal
calculations provided in the Inventory, as well as the completion of the National Inventory Regodingthe

Common ReportinfableSCRT8 ® 9t ! Q&4 hFFAOS 2F ¢NIYyaLRNIFdA2Y | yR ! AN
and Development (ORD) are also involved in calculating emissions and removals for the Inventory. The U.S.
Department of State (DOS) serves as the overall national focal todimé Paris Agreement and thdNFCCC, and
9t ! Q& h!t &aSNWSa a GKS blaAz2ylf Ly@SyGad2NE C2O0l f
and comments on the U.S. Inventory. EPA staff coordinate the annual methodological choice, activity data
collection, emission ahremoval calculations, uncertainty assessment, QA/QC processes, and improvement

t 2Ay 0
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of the entirelnventoryinto the proper reporting format for submissiamder the Paris Agreement aride

UNFCCC and is responsible for the synthesis of informatiog aviththe consistent application of crossutting

IPCC good practice across theentory

Several other government agencies contribute to the collection and analysis nétlessarynderlying activity

data used in the Inventory calculations via formal (e.g., interagency agreements) and informal relationships, in
FRRAGAZ2Y (2 GKS OFfOdZ I GA2y 2F SaltAYlraSa AyiSaNIGiSR Ay
Servee and Agricultural Service, National Oceanic and Atmospheric Administration, Federal Aviation

Administration, and Department of Defense). Other U.S. agenciesdgrofficial data for use in thinventory The

Po{d 5SLINIYSyid 2F 9ySNHeQa 9ySNHE LYT2NXIFGA2Yy | RYAYA&
U.S. Department of Defense provides data on military fuel consumption and use of bunker fuels. Other U.S.

agencies providing activity dataNJ dz& S Ay 9t ! Qa SyAiaarzy Ot OdzZ GAz2ya AyO
National Oceanic and Atmospheric Administration, the U.S. Geological Survey, the Federal Highway

Administration, the Department ofransportation, the Bureau of Transportation Statistics, the Department of

Commerce, and the Federal Aviation Administration. Academic and research centers also provide activity data and
calculations to EPA, as well as individual companies participatiratintary outreach efforts with EPEPA

engages with agencies regularly on data needs and improvements to ensure sufficient activity collection for annual
compilation of estimatedrinally, EPA as the National Inventory Focal Point, in coordinatiortheitt.S.

Department of State, officially submits theventoryunder the Paris Agreement and tRiNFCCC each Al the

reporting deadline

Figurel-1: National Inventory Arrangements and Process Diagram

United States Greenhouse Gas Inventory Institutional Arrangements

1. Data Collecti

ata toflection 2. Emissions and

Removals Calculations
and Uncertainty

3. Inventory

Compilation
(including overall

Assessment uncertainty, report and

U.S. Environmental
Protection Agency

U.S. Department
of State

reporting table compilation)

Agriculture and
LULUCF Data Sources

U.S. Environmental .
U.S. Environmental

Protection Agency

Protection Agency
Inventory Compiler

Industrial Processes
and Product Use Data
Sources

Other U.S.
Government Agencies
(USFS, NOAA,
DOD, FAA)

United Nations
Framework
Convention on
Climate Change

Waste Data Sources

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

Agriculture and LULUCF IPPU Waste
U.S. Energy Information USDA U.S. Forest Service ForeEPA Greenhouse Gas Repor[EPA Greenhouse Gas
Administration Inventory and Analysis ProgramrProgram (GHGRP) Reporting Program (GHGR
(FIA)
U.S. Department of CommercUSDA Natural Resource U.S. Geological Survey (USGEPA Office of Land and
¢ Bureau of the Census Conservation Service (NRCS) National Minerals InformationEmergency Management
Center (OLEM)
U.S. Department of Defenge USDA National Agricultural American Chemistry Council EPA Clean Watershed Nee
Defense Logistics Agency  Statistics Service (NASS) and (ACC) Survey (CWNS)
Agricultural Research Service
(ARS)
U.S. Department of HomelanEPA Office of Research and  American Iron and Steel American Housing Survey
Security Development (ORD) Institute (AISI)
U.S. Department of U.S Fish and Wildlife ServicU.S. International Trade Data from research studies
Transportation Federal Commission (USITC) trade publications, and
Highway Administration industry associations
U.S. Department of U.S. Department of Agriculture Air-Conditioning, Heating, anc
Transportation Federal (USDA) Animal and Plant HealtIRefrigeration Institute
Aviation Administration Inspection Service (APHIS)
U.S. Department of Association of American Plant Data from other U.S.
Transportation & Bureau of Food Control Officials (AAPFCCgovernment agencies, resear
Transportation Statistics studies, trade publications, ar
industry association
U.S. Department of Labar  NationalOceanic and UNEP Technology and
Mine Safety and Health Atmospheric Administration Economic Assessment Panel
Administration (NOAA) (TEAP)

U.S. Department of Energy alEPA Office of Land alnergenc
its National Laboratories Management (OLEM)
EPA Acid Rain Program USDA Farm Service Agency

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

EPA Greenhouse Gas ReporlU.S. Department of the Interior

Program (GHGRP) (DOI)- Bureau of Land
Management (BLM)

U.S. Department of Labgr ~ EPA Office of Land and Emerge

Mine Safety and Health Management (OLEM)

Administration

American Association of Alaska Department of Natural

Railroads Resources
American Publi@ransportatiorU.S. Department of Commerce
Association Bureau of the Census

U.S Department of Interior  Data from research studies, trac
Bureau of Ocean Energy publications, and industry
Management associations

Federal Energy Regulatory

Commission

Data from research studies,

trade publications, and indust

associations

Note: This table is not an exhaustive list of all data sources.
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1.3 Inventory Preparation Process

tKA&a aSOiGA2y RSaONRO6SE 9t ! QanvdntodyMRHinGlkdesb@htheéMaBohdl NA y3 (K S
InventoryDocument(NID) and Common ReportinBable CR'9. The inventory coordinator at EPA, with support

from the crosscutting compilation staff, is responsible for coordinagiaggregation of all emission and removal
estimates, conducting the overall uncertainty analysigngéntoryemissions and trends over time, and ensuring
consistency and quality throughout theidnd CR's Emission and removal calculations, including associated
uncertainty analysis for individual sources and/or sink categories are the responsibility of individual source and
sink category leads, who are most familiar with each category, underlying datthendique national

circumstances relevant to its emissions or removals profile. Usingnile@@dological decision trees and
suggestedyood practice guidance, the individual leads determine the most appropriate methodology and collect
the relevant activity data to use in the emission and removal calculations, based upon their expertise in the source
or sink category, as well as coordimagiwith researchers and expert consultants familiar with the sources and

sinks. Each year, the coordinator oversees dtinstage process for collecting information from each individual

source and sink category lead to compile all information and data folmbentory

Methodology Development, Data Collection, and Emissions
and Sinls Estimation

Source and sink category leads at EBérdinate thecollecion ofinput data(e.g., activity data and other
information)and, as necessary, evaluate or develop the estimation methodology for the individual source and/or
sink categories. Because EPA has beadingpreparation ofthe Inventoryfor many years, for most source and
aAy1l OFGS3I2NARSas GKS YSUGK2R2t 238 T2N (KSIneanNdByard2 dza & S| NJ
inventory analysts collect any new data or update data that hdnaaged from the previous year. If estimates for

a new source or sink category are being developed for the first time, or if the methodology is changing for an
existing category (e.g., the United States is implementing improvement efforts to apply a tiegbdrapproach

for that category), then the source and/or sink category lead will develop and implement the new or refined
methodology, gather the appropriate activity data aoither information (e.g.emission factors or in some cases
direct emission mesurements) for the entire time series, and conduct any further categpscific review with
involvement of relevant experts from industry, government, and universifes Chapter 9 anBox ESon9t ! Q&
approach to recalculations).

Once the methodology is in place and the data are collected, the individual source and sink category leads

calculate emission and removal estimates. The individual leads then update or create the relziamal

inventory documentext and accompanying annexes for thieentory Source and sinkategory leads are also

responsible for completing the relevant sectoral background tables of tAHe €8hductingguality control (QC)

checks, preparing relevant category materials for QA, or expert reviews, calegefyuncertainty assessments,

YR NBOGASgAY3I REFEGF F2NJ LIz A0 GA2y Ay 9t! Qa DI D 5FdF 91

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

55 seehttps://cfpub.epa.gov/ghgdata/inventoryexplorer/

S640CFMR NI HE {dzoLJ NI . GAdGf SR 4/ 2yFTARSYy(GAFEAGE 2F . dzaAy
handling of data entitled to confidentiality treatment. Segps://www.ecfr.gov/cgibin/text-
idx?SID=a764235c9eadf9afe05fe04c07a28939&mc=true&node=sp40.1.2.b&rgn=div6

w»
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Processes and Product Use (IPPU) sectors, EPA has used aggregatel@yatitita from the Greenhouse Gas

Reporting Program (GHGRP) to develop, inform, and/or qdaliya dzNB | o{ & SYAaaiz2y SaidAaAyYl G
GHGRP, with industry engagement, colegbicriteria that would be used for aggregating its confidential data to

shield the underlying CBI from public disclos®fén the Inventory EPA is publishing only data values that meet

the GHGRP aggregation crite?faSpecific uses of aggregated facilgyel data are described in the respective

methodological sections within those chaptehs.addition, EPA uses historical data reported voluntarily to EPA via

various voluntary initiatives with U.S. industry (e.g AB®luntary Aluminum Industrial Partnership (VAIP)) and

follows guidelines established under the voluntary programs for managing CBI.

Data Compilation and Archiving

The inventory coordinator at EPA with support from the data/document manager collects the source and sink
OFGiS32NASaQ RSAONARLIIAGS GSEG yR FyySESas yR Ffaz |33
data file that links the individual sioce and sink category data files together. This summary data file contains all of

the essential data in one central location, in formats commonly used itntrentorydocument. In addition to the

data from each source and sink category, other natioreddrand related data are also gathered in the summary

sheet for use in the Executive Summary, Introduction, and Trehdptersof the Inventoryreport (e.g., GDP,

population, energy use). Similarly, the recalculation analysis and key category analysis are completed in a separate

data file based on output from the summary data file. The uncertainty estimates for each source and sink category

are dso aggregated into uncertainty summary data files that are used to conduct the oveetitoryuncertainty

analysis (see Sectiadh7). A Microsoft SharePoint work sit@aintained withinEPQ & L ¢ Ay Tté & (0 NHzO (i dzNB
inventory coordinator, provides a platform for facilitating collaborat@mthe national inventory report

preparationduring each compilation phase, but also the efficient storage and archiving of eleamniment and

datafiles each annual cycle. Previous final published inventories are also maintained on a report archive page on

9t ! Q& DNBSYyK2dzaS Pra 9vyriaaizya ¢SoairidSo

National InventoryDocument(NID) Preparation

The NDis compiled from the sections developed by each individual source or sink category lead. In addition, the
inventory coordinator prepares a brief overview of each chapter that summarizes the emissions and removals from
all sources and sinks discussed ia thaptersAlso at this time, the Executive Summary, Introduction, Trends in
Greenhouse Gas Emissions and Removals, and Recalculations and Improvements chapters are drafted, to reflect
the trends and impact from improvements for the time series of theenirinventory The analysis of trends
necessitates gathering supplemental data, includingual climate economic activity and gross domestic product,
population, atmospheric conditions, and the annuakof electricity, energy, fossiind nonfossilfuels. Changes in

these data are used to explain the trends observed in greenhouse gas emissions in the United States. Furthermore,
specific factors that affect individual sectors are researched and discussed. Many of the factors that affect
emissions aréncluded in thelnventorydocument as separate analyses or side discussions in boxes within the text.
Finally, the uncertainty analysis and key category analysis are compiled and updated in the report as part of final
analysis steps. Throughout the report text boxes are also ecett provide additional documentation (e.g.,

definitions) and/or examine the data aggregated in different ways than in the remainder of the document, such as
a focus on transportation activities or emissions from electricity gefmemairhe document is prepared to align

with the Paris Agreement andNFCCC reporting guidelines for National Inventory Reports while also reflecting
national circumstances.

STCSRSNI f wS3IAaGSNI b2GAOS 2y GDNBSYyK2dzaS DIFa wSLERNIAY3 t NRINI
79 and 110 of notice dtttps://www.qgpo.gov/fdsys/pka/FR2014-06-09/pdf/2014-13425.pdf

58.S. EPA Greenhouse Gas Reporting Program. Developments on Publication of Aggregated Greenhouse Gas Data, November
25, 2014. Sebttp://www.epa.gov/ghgreporting/confidentiabusinessnformation-ghgreporting.

59 seehttps://www.epa.gov/ighgemissions/ugreenhousegasinventory-report-archive
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Common Reporting Tabg CR'9 Compilation

The CRsare compiled from individual time series input data sheets completed by each individual source or sink
category lead, which contain emissions and/or removals and activity data, estimates, methodological and
completeness notations and associated explanadiol he inventory coordinator and cresstting compilation

staff import theU.S categoryand subcategory backgroumil I A y (i 2 EnKaSced TbaGsparehc® &
Framework Reporting Tools to export CRiEsuring consistency and completeness agmbsectoral tables. The
summary reports for emissions and removals, methods, and emission factors used, the summary tables indicating
completeness of estimates (i.e., notation key NE/IE tables), the recalculation tables, and the emission and removal
trends tablesare automatically compiled by thenline reporting softwarend reviewed by the inventory

coordinator with support from the crossutting compilation staff. Internal automated quality checks within the
software as well aghecksby the crosscutting and category leads, are completed for the entire time series of
CRTéefore submission.

QA/QC and Uncertainty

Quality assurance and quality control (QA/QC) and uncertainty analyses are guided by the QAQ€rdndy
coordinators, who help maintain the QA/QC plan and the overall uncertainty analysis procedures (see sections on
QA/QC and Uncertainty, below) in collaboration with the broader inventory compilation team. The QA/QC
coordinator works closely with thinventory coordinator and source and sink category leads to ensure that a
consistent QA/QC plan is implemented across all inventory categories. Sintfilailyyentory coordinator ensures

the uncertainty analysis is implemented consistently across all categories. The inventory QA/QC plan, outlined in
Sectionl.6and Annex 8, is consistent with the quality assurance procedures outlined by EPA and IPCC good
practices. The QA/QC and uncertainty findings also inform overall improvement planning, and specific
improvements are noted in the Planned Improvements sectminmespective categories. QA processes are

outlined below.

Expert, Public, and UNFC/P@ris Reviews

The compilation of thénventoryincludes a twestage review or QA process, in addition to international technical
expert review following submission of the repamderthe UNFCC@nd Paris AgreemenEPA publishes responses
to comments received during bo#xpert and publiceviews with the publication of the final report on its
website® Responses to UNFCCC and Paris reviews are included in Annex 8 of this document.

During the first stagef review, i.e.the 30-dayexpertreview period, a first draft ofipdatedsectoral chaptesare

sent to technical experts who are not directly involved in preparing estimates. The purposeaxpérereview is

to provide an objective reviewf the methodologicabpproachesand data sources used in the currdnventory

especially for sources and sinks which have experienced any changes since the preeiousy Expert review

F2ft2¢6a 3JI22R LINI OGAOSa FNBY 9t! Qa t SSNI wS@PASé KIFyRoz221.
provided a guidance memo and charge questionfatilitate their reviewf! Expert reviewers include other

federal agency staff, researchers, industry experts, and others who have technical knowledge of the data, industry,

and methods. EPA reviews and updates expert participation and outreach on an annual basis prior to edch expe

review cycle. Experts are identified in various ways; for example, many reach out to EPA with technical feedback

and are added to the expert reviewer list. Reviewers are also identified through direct outreach by inventory staff

based on expertise. C@ry (i f 8 9t ! Qa4 SELISNI fA&0 Ay OOnaRBrimeytSareNI & o nn
received they are reviewed by the source or sink leadl addresseth several ways. For example, comments

suggesting methodological clarifications may be incorfetanto methodological discussions prior to the next

60 seenttps://www.epa.gov/ighgemissions/drafinventory-us-greenhousegasemissionsand-sinks1990-2022
61 seehttps://www.epa.gov/osa/peerreviewhandbook4th-edition-2015
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review phase, while comments citing new literature or data will be noted for review as part of planned
improvements.

Following expert review, second draft of the documentncluding crossutting synthesis chapterss released for

a 3Gdaypublic reviewmthrougha notice in the U.S. Federal RegistEineentire draftInventorydocumentis
publishedon the EPA website. Thiblicreview period is open to the entire U.S. public. Commanéssubmitted
and tracked using an online electronic docket that is accessible to the general public as well. Similar to expert
review, some commenteceived may require further discussion withmmenters, otheexperts and/or

additional researchSecificlnventoryimprovements requiring further analysis as a result of comments are noted
intherelevantOl 4G SA2NEQa tfl yyYySR LYLNROGSYSyld aSOiAz2yo

As mentioned abovepflowing completion and submission of the repariderthe UNFCCe@nd the Paris
Agreement the report also undergoes review by an international team of independent experts for adherence to
UNFCC/arisreporting guidelines andonsistency withPCC methodological guidan®eEFeedback from all

review processes that contribute to improving inventory quality over time are described within each planned
improvement section and further in Annex 8. See also the Improvement Planning process discussed below.

Final Submittaland Publication under the Paris Agreement
and theUNFCCC

After the final revisions to incorporate any comments from the Expert Review and Public Review periods, EPA

prepares the final NIRvhich includes the NIBnd the accompanying TBfor electronic reportingPrior to
ddzoYAdaArzys 9t! Qa hF¥FFAOS 2F ! GY24LKSNAO t NPGSOGAZ2Y 0 NR:
improvements since the previous report, along with an overview of feedback from the expert and public review

processes.

EPA, as the National Inventdfgcal Point, sends the official submission of the Ur&entoryunderthe Paris

Agreement and th&/NFCCC using theb Q & NJdffi@aie]ichoydihating with the U.S. Department of State,

GKS 2@08SNYXtf ! bC/// F20If LRAYyGod /2y OdzNMEy Bftd Dald S oNB LIS
users can also visualize and download the current #fmees estimates from the GHG Inventory Data Explorer

Tool%4and alsadownload more detailed data presented in tables within the report and report annex in CSV

format.

ImprovementPlanning

Each yearseveralemission and sink estimates in theventory of U.S. Greenhouse Gas Emissions andagénks

recalculated and revised, through the use of better methods and/or data with the goal of improving inventory

quality and reducing uncertainties, including the transparency, completeness, consistency, and overall usefulness

of the report. In this effar, the United States follows th2006 IPCC GuidelingBCC 200&nd its2019

Refinement ¢ KA OK adlFdS>Y . 20K YSGiK2R2f23IA0Ff OKFy3Sa | yR NE
improving inventory quality. It igood practicéo change or refine méiods when available data have changed; the

previously used method is not consistent with the IPCC guidelines for that category; a category has become key;

the previously used method is insufficient to reflect mitigation activities in a transparent matmeecapacity for

inventory preparation has increased; improved inventory methods become available; and/or for correction of
SNNENEPE ¢KS 9t! Qa h!t O22NRAYLI GSa AYiNPgasawseyhased) | Yy Ay
onannualreviewaR Ay LJdzi FNBY GKS GSOKyAOIFt GSIFya fSFRAy3a 0O2YLA

62 Seehttps://unfcce.int/processand-meetings/transparencand-reporting/reportingand-reviewunder-the-
convention/greenhous&asinventoriesannexi-parties/reviewprocess

63 Seenttps://www.epa.gov/ighgemissions/inventorys-greenhousegasemissionsand-sinks

64 seenttps://cfpub.epa.gov/ghgdata/inventoryexplorer/
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continuous improvements to the overall data and document compilaind QA/Q@rocesses. Planned

improvements are identified through QA/QC processes (including completeness checks), the key category analysis,
and the uncertainty analysis. The inventory coordinator, with input from EPA source and sink category leads,
maintains a lo@f all planned improvements, by sector and crositing, tracking the category significance,

specific category improvement, prioritization, anticipated time frame for impleratoh of each proposed

improvement, and status of progress in implementing improvement. Improvements for significant or key

categories are usually prioritized across all improvements unless effort would require disproportionate levels of
effort and resoures relative to improvements for other key categories to address.

1.4 Methodology and Data Sources

Emissions and removals of greenhouse gases from various source and sink categories have been estimated using
methodologies that are consistent with tf#06 IPCC Guidelinies National Greenhouse Gas Inventog3CC

2006) and its supplements and refinements. To a great extent, this report makes use of pubffatiabdeconomic

and physical statistics for activity data, emission factors and other key paranasténputs to the methods

applied Depending on theategory, activity data can include fuelnsumption or deliveries, vehiclailes

traveled, raw materiaprocessegdor commodity producedetc. Emission factors are factors that relate quantities

of emissions to an activity. For more information on data sources see Sécfiabhove,Box 11 on use of GHGRP

RFGIFZ FYyR OFGS3I2NASEAQ YSiK2R2ft238 aSOdAz2ya FT2NJ Y2NB Ay
statistics, the report utilizes findings from academic studies, trade association surveys and statistical reports, along

with expert judgment, consistent with th2006 IPCC Guidelines

The methodologies provided in tt#906 IPCC Guidelinegpresent foundational methodologies for a variety of

source and sink categories, and many of these methodologies continue to be improved and refined as new
research and data become available. This report uses those IPCC methodologies when applicabfglandnts

them with refined guidance, other available countiylJSOA FA O YS(iK2R2f 23ASa FyR RIGF &
GHGRP). For example, as noted earlier in this chapter, this repesagplyrecent supplements and refinements

to 2006 IPCC Guidelinasestimating emissions and removals from coal mining, wastewater treatment and
discharge, low voltage anode effects (LVAE) during aluminum production, drained organic soils, and management
of wetlands, including flooded lands. Choices made regardingitbodologies and data sources used are

provided in the Methodology and Tirrieeries Consistency discussion of each category within each sectoral chapter
of the report, applying higher tiered methods when feasible, especially for key categories consigtent w
methodological decision tree¥Vhere additional detail is helpful and necessary to explain methodologies and data
sources used to estimate emissions, complete documentation is provided in the annexes as indicated in the
methodology sections of those respective source categories @ngex 3.13 foforestlandremainingforestland
andlandconverted toforestland).Methods used for key categories (discussed below) are summarized in Annex 1.

1.5 Key Categories

The2006 IPCC Guidelin@BCC 2006) arzD19 Refinement to the 2006 IPCC Guidel[iie&8C 20)define key

Ol G S 32 N¥erBaiy categjoriés which individually, or as a group of categories (for which a common method,

emission factor and activity data are applied) are prioritized within the national inventory system because their

estimates have a significant influence on2adzy § NE Q& G20+t Ay @Sydi2NB 2F 3INBSYK?2dz
level, the trend, or the level of uncertainty in emissionsemovals. Whenever the terikey categorys used, it
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includes both source and sink categod®8 A key category analysis identifies source or sink categories for
focusing efforts to improve overall Inventory quality, including additional review when feasible.

The2006 IPCC Guidelin@BCC 2006) and 2919 Refinemen{2019) define several approaches, both quantitative
and qualitative, to conduct a key category analysis and identify key categories both in terms of absolute level and
trend, along with consideration of uncertainty. This report employs all approacheéemtify key categories for

the United States. The first approach, Approach 1, identifies significant or key categories without considering
uncertainty in its calculationgn Approach 1 level assement identifies all source and sink categories that
cumulatively account for 95 percent of total level, i.e., total emissions (gross) in a given yeaasgissed in
descending order of absolute magnitudéhe level analysis was performed twice, including and excluding sources
and sinks from théand use,land-usechange, andorestry (LULUCF) sector categorf@snilarly, an Approach 1

trend analysis can identify categories with trends that significantly influence overall trends by identifying @l sourc
and sink categories that cumulatively account for 95 percent of the sum all the trend assessments (e.g., percent
change relative to national trend) when sorted in descending order of absolute magnitude.

The next method, Approach 2, was then implemented to identify any additional key categories not already

identified from the Approach 1 level and trend assessments by considering uncertainty. The Approach 2 analysis

differs from Approach 1 by incorporati®)l OK Ol 4 S32NE Q& dzy OSNIF Ay deée | adasSaavySyl
performed twice, including and excluding LULUCF categdtespproach 2 level assessment identifies all sources

and sink categories that cumulatively account for 90 percent of tim ef all level assessments when sorted in

descending order of magnitud&imilarly, an Approachtfend analysis can identify categories whose trends
O2yNROGdzGS aAIYATFTAOLyGte G2 20SNIft GNByRa ¢gSAIKAYI (K
uncertainty assessment for 202

For 2022, based on the key category analysis, excluding the LULUCF sector and uncertainty, 34 categories
accounted for 95 percent of emissions. Four categories account for 55 percent of emissipfienC®@ad
transportrelated fuel combustion, G@rom coakired electricity generation, Grom gas fired electricity
generation, andCQ from gasfired industrial processes. When considering uncertainties, additional categories
such as emissions from substitutes for ozone depleting substances in aerosols were also identified as a key
category. In the trend analysis, 32 categories were identifiekegscategories, and when considering
uncertainties, 7 additional categories were identified as key. The trend analysis shows tleahiS€lons from
coakHired electricity generation, in addition to @®om gas fired electricity generation, €ftom roadtransport
related combustion, and HFC and PFC emissions from substitutes for ozone depleting substances in the
refrigeration and air conditioning sector are also significant with respect to trends over the time series.

When considering the contribution of the LULUCF sector to 2022 emissions and removals, 42 categories accounted
for 95 percent of emissions and sinks, with the most significant category from LULUCF being eeti<3@n from

forest land remaining forest land. When considering uncertainties and the contribution of the LULUCF sector,
additional categories such as net £#nissions from grassland remaining grassland were also identified as a key
category. In the trend analysi¥Q categories were identified dsey, and when considering uncertaintis,

additional categories were identified as key.

Finally, in addition to conducting Approach 1 and 2 level and trend assessments as described above, a qualitative
assessment of the source and sinks categories was conducted to capture any additional key categories that were
not identified using the previasly described quantitative approaches. For thigentory no additional categories

were identified using qualitative criteria recommend by IPCC, but EPA continues to review its qualitative
assessment on an annual basis. Find more information olkelieategory analysis, including the approach to
disaggregation of inventory estimates, see Annex 1 to this report.

6538 / KFLIWGSNI n +2fdz2yS mT daSiKz2R2f23A0Ff / K2A0S FYyR LRSYGATAO
http://www.ipcc-nggip.iges.or.jp/public/2006gl/index.html
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Tablel-4: Summary of Key Categories for the United States (1990 and 2022) by Sector

Approach Approach 2(includes uncertaintyd 2022
CR Code and Source/Sink | Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CQ
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
Energy
1.A.3.b Transportation: Roa| CcQ () w W w 1,438.1
1.A.1 Stationary Combustior
- Coal- Electricity CQ () w () w 851.5
Generation
1.A.1 Stationary Combustiol
- Natural Gas Electricity (efe) () w W w 659.3
Generation
1.A.2 Stationary Combustior
- Natural Gas%ndustrial cQ @ © @ © 5104
1.A.4.b Stationary
Combustion Natural Gas CQ () w () 272.0
Residential
1.A.2 Stationary Combustior
- Oil- Industrizlll ca @ @ @ @ 241.6
1.A.4.a Stationary
Combustion Natural Gas (e} () w () () w 192.3
Commercial
1.A.3.§ Transportation: co © © 165.6
Aviation
1.A.5 NorEnergy Use of co © 102.8
Fuels
1.g:[ifrTransportatlon. co © © © 69.3
1.A.4.a Stationary
Combustion Oil - CcQ w w 65.1
Commercial
1.A.4.b Stationary
Combustion Oil - CcQ () w 62.1

Residential
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Approach Approach 2(includes uncertaintyd 2022
CR Code and Source/Sink | Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CQ
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
1.A.2 Stationary Combustiol .

- Coal- Industrial cQ @ © @ © 43.0
1.A.3.d Transportation:

Domestic Navigation cQ 40.9
1.B.2Natural Gas Systems CQ 36.5
1.A.§.c Transportation: co 325

Railways
1.B.2 Petroleum Systems CQ w () w w () w 22.0
1.A.1 Stationary Combustiol

- Oil - Electricity CcQ () w () w 20.5

Generation
1.A.5 StationarfCombustion

- Qil- U.S. Territories cQ 17.0
1.A.5.b Transportation:

Military CQ () w 4.8
1.A.4.a Stationary

Combustion Coal (efe) () w 14

Commercial
1.A.4.b Stationary

Combustion Coal- CcQ () NO

Residential
1.B.2 Natural Gas Systems CH () w () w 173.1
1.B.1Fugitive EITIISSIOI’IS CH o 436

from Coal Mining
1.B.2 Petroleum Systems CH 39.6
1.B.2 Abandoned Oil and

Natural Gas Wells CH 8.5
1.A.4.b Stationary

Combustion Residential CH @ © 4.3
1.A.1 Stationary Combustiol

- Coal- Electricity N2O () 18.2

Generation
1.A.3.b Transportation: Roa| N2O () w 8.9
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Approach Approach 2(includes uncertaintyd 2022
CR Code and Source/Sink | Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CQ
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
1.A.1 Stationary Combustiol
- Natural Gas Electricity N2O () 3.4
Generation
Industrial Processes and Product Use
2.A.1 Cement Production CcQ w 41.9
2.C.1 Iron and Steel
Production &Metallurgical CQ () w () w 40.7
Coke Production
2.B.8 Petrochemical
Production cQ © 28.8
2.B.3 Adipic Acid Productior N2O w 2.1
2.F.1 Substitutes for Ozone
Dep!etlng .Substanc.e s HFCsPFCs w () w w w w w w 144.6
Refrigeration and Air
CGonditioning
2.F.4 Substitutes faDzone
Depleting Substances: HFCsPFCs () w () () () w 17.0
Aerosols
2.F.2 Substitutes for Ozone
Depleting Substances: HFCsPFCs () w 11.7
Foam Blowing Agents
2.B.9 Fluorochemical PFCSHFCs 78
Production Sk, NR '
2.GElectrical Equipment PFCsSk w w 5.1
2.C.3 Aluminum Production PFCs W W 0.8
Agriculture
3.é;alttintenc Fermentation: CH © © © © 185.9
3.B.1 Manure Management: CH w © w © w w o 37.7
Cattle
3.B.4 Manure Management;
Other Livestock ° CH @ 21.0
3.C Rice Cultivation CH ) 18.9
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Approach Approach 2(includes uncertaintyd 2022

CR Code and Source/Sink | Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CQ
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)
3.D.1 Direct Emissions from|
Agricultural Soil N2O 262.5
Management
3.D.2Indirect Emissions
from Applied Nitrogen N0 @ 283
Waste
5.A Commercial Landfills Ch w w w w 100.9
5.A Industrial Landfills CH w w w w 18.9
5.D Domestic Wastewater R
Treatment CH 13.6
5.D Domestic Wastewater N,O © © © © 214
Treatment

Land Use, Lantllse Change, and Forestry

4.E.2 Net Emissions from
Land Converted to CQ w w 68.2
Settlements

4.B.2 Net Emissions from
Land Converted to CcQ w w 35.1
Cropland

4.C.2 Net Emissions from
Land Converted to CQ w w 25.6
Grassland

4.C.1 Net Emissions from
Grassland Remaining CcQ ’ W W 13.4
Grassland

4.B.1 NeRemovalgrom
Cropland Remaining CQ w w w (31.7)
Cropland

4.A.2 NetRemovalgrom
Land Converted to Forest CQ (100.3)
Land

4.E.1 NeRemovalgrom
Settlements Remaining CQ w w (134.8)
Settlements
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Approach Approach 2(includes uncertaintyd 2022

CR Code and Source/Sink | Greenhouse Level Trend Level Trend Level Trend Level Trend Emissions
Category Gas Without Without With With Without Without With With (MMT CQ
LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF LULUCF Eq.)

4.A.1 NetRemovalgrom
Forest Land Remaining CcQ w w (787.0)
Forest Land

4.D.1 Flooded Lands

Remaining Flooded Landsg CH 44.2
Subtotal of Key Categories WithottULUCF 6,169.7
Total Gross Emissions Without LULUCF 6,343.2
Percent ofGrossTotal Without LULUCF 97%
Subtotal of Key Categories WithULUCF 5,285.4
Total Net Emissions With LULUCF 5,488.9
Percent ofNet Total With LULUCF 96%

NO (Not Occurring)

aSymbols correspond to the year(s) in which a category is key: 1999022= F 1990and 2022 = .

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

¢ Subtotal includes key categories from Level Approach 1 With LULUCF, Level Approach 2 With LULUCF, Trend Approach E Mt TtHrid@pproach 2 With LULUCF.

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

As part of efforts to achieve its stated goals for inventory quality, transparency, and credibility, the United States
has developed a quality assurance and quality control plan designed to check, document, and improve the quality
of its inventory over tire. QA/QC activities on thaventoryare undertaken within the framework of the U.S.

Quality Assurance/Quality Control and Uncertainty Management @adQC planfor the U.S. Greenhouse Gas
Inventory: Procedures Manual for QA/QC and Uncertainty Analysis

Key attributes of the QA/QC plan are summarizeBigure 32. These attributes include:

1 Procedures and Forndetailed and specific systems that serve to standardize the process of
documenting and archivinQA/QC implementation and relatédformation, as well as to guide the
implementation of QA/QC and the analysis of uncertainty

1 Implementation of Procedureguidance orapplication of QA/QC procedures throughout the whole
Inventory development process from initial data collection, through preparation of the emission and
removal estimates, to publication of tHaventory consistent withthe 2006 IPCC Guidelines

1 Quality Assurance (QAjrocess for implementingxpert and public reviews for both the inventory
estimates and the Inventory report (which is the primary vehicle for disseminating the results of the
inventory development process). The expert technical review conducted by the UNFCCC supplements
these QAprocesses, consistent with the QA good practice and20@6 IPCC GuidelingBCC 20065ee
Section 1.3 for more details on theQ#Aprocesses.

1 Quality Control (QCapplication ofGeneral (Tier 1) and Categespecific (Tier Zjuality controls and
checks, as recommended B@06 IPCC GuidelingBCC 2006), along witlonsideration of secondary data
and categoryspecific checks (additional Tier 2 QC) in parallel and coordination with the uncertainty
assessment; the development of protocols and templates, which provides for more structured
communication and integration ith the suppliers of secondary information

1 General (Tier 1) and Categespecific (Tier 2) Checkgmiality controls and checks, as recommended by
IPCC Good Practice Guidanod 2006 IPCC GuidelingBCC 2006)

1 Record Keepingprovisions to track which procedures have been followed, the results of the QA/QC,
uncertainty analysis, and feedback mechanisms for corrective action based on the results of the
investigations which provide for continual data quality improvement andepliigsearch effortenoving
forward.

1 Multi-Year Implementationtrackingthe application of more involved QA/QC procedures which may take
more than one cycle to fully implement, especially for categgpgcific QC, prioritizing key categories in
conjunction with improvement planningee Section 1.3).

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

Data Data Calculating Cross-Cutting
Gathering * Documentation* Emissions - Coordination
¢ Obtain data in e Contact reports o Clearly label
electronic for non-electronic parameters, units,
format (if communications and conversion
possible) Provide cell factors
* Review data references for ¢ Review data
input/calculation primary data input/calculation
workbooks elements workbooks
o Avoid Obtain copies of integrity
hardwiring all data sources o Equations
o Use data List and location o Units
"i validation of any o Inputs and
= o Protect cells working/external outputs
<CE ¢ Develop data or e Develop
> automatic input/calculation automated ¢ Common starting
] checkers for: workbooks checkers for: versions for each
g o Outliers, Document o Inputranges inventory year
P negative assumptions o Calculations « Utilize
- values, or Complete QA/QC o Emission unalterable
missing data checklists aggregation summary and
o Variable types CRF and summary o Trend and IEF CRF tab for each
match values tab links checks source data
o Time series input/calculation
consistency workbook for
& Maintain linking to a
tracking tab for master summary
status of workbook
gathering efforts e Follow strict
* Check input data Check citations in ¢ Reproduce version control
for transcription data calculations procedures
errors input/calculation ¢ Review time e Document
¢ Inspect workbooks and series QA/QC
automatic text for accuracy consistency procedures
checkers and style e Review changes
% | * Identify data Check reference in
TT; input/calculation docket for new data/consistency
51 workbooks citations with IPCC
@) modifications Review methodology
Q that could documentation
8 provide for any data /
additional methodology
QA/QC checks changes
Complete QA/QC
checklists
CRF and summary
tab links
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Box1-3: Examples of Verification Activities

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

Use of Lower Tier MethodsTheParis AgreementINFCCC reporting guidelines require countries to complet
"top-down" reference approach for estimating £€nissions from fossil fuel combustion in addition to their
Go20Gdzy aSOG2NI f YSGUK2R2t 238 F2NJ LdzNLJ2asSa 2F @S
methodologies and different data sources than those contained in that section of the Erneqgerc The
reference approach estimates fossil fuel consumption by adjusting national aggregapeddettion data for
imports, exports, and stock changes rather than relying onset consumption surveys (see Annex 4 of this
report). The reference approach assumes that once caitmsed fuels are brought into a national economy,
they are either savé in some way (e.g., stored in products, kept in fuel stocks, or left unoxidized in ash) or
combusted, and therefore the carbon in them is oxidized and released into the atmosphere. Accounting fi
actual consumption of fuels at the sectoral or suditionallevel is not required.

Use of Ambient Measurements Systems for Validation of Emission Inventotiefollowing theParis
Agreement andUNFCCe€portingrequiremensto develop and submit national greenhouse gas emission
inventories, the emissions and sinks presented in this report are organized by source and sink categories
calculated using internationally accepted methods provided by the $PS&veral recent studies have
SAGAYIFGSR SyAaaairzya G GKS ylLraA2ylf 2N NBIA2YI f
estimate of emissions. EPA has engaged with researchers on how remote sensing, ambient measuremel
inverse modehg techniques for estimating greenhouse gas emissions could assist in improving the
understanding of inventory estimates. In working with the research community to improve national greent
gas inventories, EPA follows guidance from the IPCC on thaf naseasurements and modeling to validate
emission inventorie§’! y | NBF 2F LI NIAOdzE I NJ AYGSNBad Ay 9t !
data can be used to assess estimates or potentially be incorporated intoleeatoryin a manner consistent
with thisInventoryNB LJ2 NIi Q& G NJ yaLJl NByOe 2F AGa OF t Odz I GA2
attribute emissions and removals from remote sensing to anthropogenic sources, as defined by the IPCC
report, versus natural sources and sinks.

The2019 Refinement to the IPCC 2006 Guidelines for National Greenhouse Gas InV#P€tieX)19) Volume
1 General Guidance and Reporting, Chapter 6: Quality Assurance, Quality Control and Verification notes
emission estimates derived froatmospheric concentration measurements can provide independent data s
as a basis for comparison with inventory estimates. Z0E9 Refinemenprovides guidance on conducting suc
comparisons (as summarized in Table 6.2 of IPCC [2019] Volume 1, Chapter 6)vates$ gaidance on using
such comparisons to identify areas of improvement in national inventories (as summarized in Box 6.5 of |
[2019] Volume 1, Chapter 6). Further, it identified fluorinated gases as particularly suitable for such comp
duetheir limited natural sources, their generally long atmospheric lifetimes, andumelérstood loss
mechanismswhich makes it relatively more straightforward to model their emission fluxes from observed |
quantities Unlike emissions of GOCH, and NO, emissions of fluorinated greenhouse gases are almost
exclusively anthropogenic, meaning that the fluorinated greenhouse gas emission sources included in thi
Inventory account for the majority of the total U.S. emissions of these gases detectable imtbepdiere.This
evaluation approach is also useful for gases and sources with larger uncertainties in availableupmttom
inventory methods and data, such as emissions af @Hich are primarily from uncertain biological (e.g.,
enteric fermentation) and fgitive (e.g., natural gas production) activities.

In thisinventory EPAncludesthe resultsfrom current and previousomparisons between fluorinated gas

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

67 Seehttp://www.ipcc-nggip.iges.or.jp/meeting/pdfiles/1003_Uncertainty%20meeting report.pdf
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emissions inferred from atmospheric measurements and fluorinated gas emissions estimated based on b
up measurements and modeling. These comparisons, performed for HFCssaaspBEtively, are described
under the QA/QC and Verification discussions in Chapter 4, SectidnSub2titution of Ozone Depleting
Substances and 46ZElectricaEquipmentin the IPPU chapter of this report.

Consistent with the2019 Refinementa key element to facilitate such comparisons is a spataibyicit (or
gridded) emissions inventory as an input to inverse modeling. To improve the ability to compare methane
emissions from the nationdével greenhouse gas inventory with observatizassed emission estimates, a tear
of researchers from U.S. EPA, SRON Netherlands Institute for Space Research, Harvard University, and
Berkely National Laboratory developed a time series of annual anthropogeni@mesemissions maps with
0.1° x 0.1° (~10km x 10km) spatial resolution and monthly temporal resolution for the contiguous United
States®® The gridded methane inventory is designed to be consistent wititiSe EPMventory of U.S.
Greenhouse Gas Emissions and Sisfimates, which presents national totals for different source ty{j&he
development of thigyridded inventory is consistent with the recommendations contained in two National
Academies of Science reports examining greenhouse gas emissions data (National Research Council 20
National Academies of Sciences, Engineering, and Medicine 2018).

Finally, in addition to use of atmospheric concentration measurement data for comparison with Inventory
information from topdown studies is directly incorporated in the Natural Gas Systems calculations to qual
emissions from certain well blowoetvents.

In addition, based on the national QA/QC plan for limeentory some sector, subsector and categspecific

QA/QC and verification checks have been applied. These checks follow the procedures outlined in the national
QA/QC plan, tailoring the procedures to the specific documentation and data files associateddvitthial

sources. For each greenhouse gas emissions source or sink category includethuretitay a minimum of

general or Tier 1 QC analysis has been undertaken. Where QC activities for a particular category go beyond the
minimum general checks and include categspgcific checks (Tier 2) or include verification, further explanation is
provided within the respective source or sink category text. Similarly, responses or updates based on comments

from the expert, public and the international technical expert reviews (e.g., UNFCCC) are also addressed within the

respective source or sink category sectian each sectoral chapter and Annex 8.

The quality control activities described in the U.S. QA/QC plan occur throughout the inventory process; QA/QC is
not separate from, but is an integral part of, preparing theentory Quality contrat in the form of both good
practices (such as documentation procedures) and checks on whether good practices and procedures are being
followedrt is applied at every stage of inventory development and document preparation. In addition, quality
assurance occurs during tlegpertreview and thepublicreview, in addition to the UNFCCC expert technical

review. While all phases significantly contribute to improving inventory quality, the public review phase is also
essential for promoting the openness of the inventory development process and the transyaséthe inventory
methods and underlying inputata sources

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

68 seehttps://www.epa.gov/ghgemissions/ugriddedmethaneemissions
69 seenttps://www.epa.gov/ighgemissions/inventorys-greenhousegasemissionsand-sinks
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1.7 Uncertainty Analysis

Emissions and removals calculated for the U.S. Inventory reflect best estifoatgeenhouse gas source and sink
categories in the United Statesd are continuously revised and improved as new information becomes available.
Uncertainty assessment is an essential element of a complete and transparent emissions inventory because it
helps inform and prioritize Inventory improvements. For the U.&eniory, uncertainty analyses are conducted for
each source and sink category as well as for the uncertaiasissciated with the overall emission (current and

base year) and trends estimates. These analyses reflect the quantitative uncertainty in the emission (and removal)
estimates associated with uncertainties in their input parameters (e.g., activity dat&Bsdand serve to evaluate

the relative contribution of individual input parameter uncertainties to the overall Inventory, its trends, and each
source and sink category.

The overall level and trend uncertainty estimates for total U.S. greenhouse gas emissions was developed using the
IPCC Approach 2 uncertainty estimation methodology (assuming a Normal distribution for Approach 1 estimates),
which employs a Monte Carkiochastic simulatiotechnique. The IPCC provides good practice guidance on two
approaches Approach 1 and Approach 2o estimating uncertainty for both individual and combined source
categories. Approach 2 quantifies uncertainties based on a distributiomisfségons (or removals), builip from

repeated calculations of emission estimation models and the underlying input parameters, randomly selected
according to their known distributions. Approach 2 methodology is applied to each individual source and sink
caegory wherever data and resources are permitted and is also used to quantify the uncertainty in the overall
Inventory and its Trends. Source and sink chapters in this report provide additional details on the uncertainty
analysis conducted for each souraed sink category. See Annex 7 of this report for further details on the U.S.
process for estimating uncertainty associated with the overall emission (base and current year) and trends
estimates. Consistent with IPCC (IPCC 2006), the United States hagaffmts to continue to improve the

overall Inventory uncertainty estimates presented in this report.

The United States has also implemented many improvements over the last several years to reduce uncertainties
across the source and sink categories and improve Inventory estimates. These improvements largely result from
new data sources that provide more@gate data and/or increased data coverage, as well as methodological
improvements. Following IPCC good practice, additional efforts to reduce Inventory uncertainties can occur
through efforts to incorporate excluded emission and sink categories (see Ayniexprove estimation methods,

and collect more detailed, measured, and representative data. Indivithtehory chapters and Annex 7 both
describe current ongoing and planned Inventory and uncertainty analysis improvements. Consistent with IPCC
(2006), the United States has ongoing efforts to continue to improve the catapemific uncertainty estimates
presented in this report, largely prioritized by considering improvements categories identified as significant by the
Key Category Analysis.

Estimates of quantitative uncertainty for the total U.S. greenhouse gas emissions in 1990 (base year) and 2022 are
shown below irTablel-5and Table 16, respectively. fie overall uncertainty surrounding the Total Net Emissions

is estimated to be6 to +6percent in 1990 aneb to +6 percent in2022.When the LULUCHector is excluded from

the analysis the uncertainty is estimated to 13¢o0 +4 percent in 1990 ane2 to +4 percent in2022.
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Tablel-5: Estimated Overall Inventory Quantitative Uncertainty for 1990 (MMT £&qg. and
Percent)

1990
Emission Uncertainty Range Relative to Greenhouse C Standard
Estimate Estimate Meanb Deviatior?
Gas (MMT CQ
Eq.) (MMT CQEq.) (%) (MMT CQEq.)
Lower Upper Lower Upper
Bound Bound Bound Bound
CQ 5,131.€ 5,008.2 5,348.2 -2% 4% 5,098.2 88.0
CHyd 871.7 731.3 948.4 -16% 9% 701.5 56.3
NoOd 408.2 349.7 513.0 -14% 26% 434.8 41.6
PFC, HFC, SBnd NE 125.5 108.6 152.9 -13% 22% 207.3 11.6
Total Gross Emissions 6,536.¢ 6,354.3 6,792.8 -3% 4% 6,441.8 113.3
LULUCF Emissiéns 57.9 55.2 61.9 -5% 7% 68.7 1.7
LULUCF Carbon Stock Change
Flux (1,034.7 (1,296.1 (845.3) 25% -18% (957.3) 116.7
LULUCF Sector N&btab 976.7 (1.237.9 (787.8 27% -19% (888.6) 116.7
Net Emissions (Sources and 55602 5247.C 58822 6% 6% 55533 1614

Sinks)

aThe lower and upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower
corresponding to 28 percentile and the upper bound corresponding to 97dercentile.

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

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

dThe overall uncertainty estimates did not take into account the uncertainty in the GWP values,fob@ldnd high GWP
gases used in the Inventory emission calculations for 1990.

¢ LULUCF emissions include the @hktl NO emissions reported fgreatlands remaining peatlands, forest fires, drained
organic soils, grassland fires, armhstal wetlands remaining coastal wetlandsj €Missions fromland converted to coast:
wetlands land converted to flooded landndflooded land remaining flooded land; and®lemissions from forest soils ai
settlement soils.

fLULUCEF carbon stock change is the net C stock change from the following categories: forest land remaining forest
converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, |
converted tograssland, wetlands remaining wetlands, land converted to wetlands, settlements remaining settleameht
land converted to settlements. Since the resulting flux is negative the signs of the resulting lower and upper bounds
reversed.

9The LULUCF sector net total is the net sum of alb@# NO emissions to the atmosphere plus net carbon stock chang

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

Tablel-6: Estimated Overall Inventory Quantitative Uncertainty for 2DBMMT CQ Eq. and
Percent)

2022 Emission Uncertainty Range Relative to Greenhou Standard
Estimate Gas Estimate Mean® Deviatior?
Gas (MMTCQEg.)) (MMTCQEq.) (%) (MMTCQEq.)

Lower Upper Lower Upper
Bound  Bound Bound  Bound

CQ 5,053.C 4,937.2 52577 -2% 4% 5,095.2 81.9
CHd 7024 604.3 803.1 -14% 14% 703.8 52.0
N,Od 389.7 324.6 490.2 -17% 26% 399.5 42.3
PFC, HFSF, and NE¢ 198.1 182.8 217.5 -8% 10% 199.5 9.0
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Total Gross Emissions 6,3432 6,190.3 6,604.8 -2% 4% 6,397.9 106.3

LULUCF Emissiéns 67.5 64.3 73.2 -5% 8% 68.6 23
LULUCF Carbon Stock Changé Flu (921.8 (1,158.9 (748.7) 26% -19%  (957.5) 105.3
LULUCF Sector Net Tcotal (854.3 (1,090.3) (680.5 28% -20% (888.9 105.3
Net Emissions (Sources and Sinks) 5488.¢ 5,216.2 5,801.9 -5% 6% 5,509.0 150.6

aThe lower and upper bounds for emission estimates correspond to a 95 percent confidence interval, with the lower |
corresponding to 28 percentile and the upper bound corresponding to 97gercentile.

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

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

d The overall uncertainty estimates did not take into account the uncertainty in the GWP val@4,fbbO and high GWP
gases used in the Inventory emission calculation2@@2

e LULUCF emissions include the, @htl NO emissions reported fgreatlands remaining peatlands, forest fires, drained
organic soils, grassland fires, arwhstal wetlands remaining coastal wetlands; €Missions fromland converted to coaste
wetlands land converted to flooded land, and flooded land remaining flooded;land NO emissions from forest soils ar
settlement soils.

fLULUCEF carbon stock change is the net C stock change from the following categories: forest land remaining forest |
converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, |
converted tograssland, wetlands remaining wetlands, land converted to wetlands, settlements remaining settlement:
land converted to settlements. Since the resulting flux is negative the signs of the resulting lower and upper bounds
reversed.

9 The LULUCEF sector net total is the net sum of alb@# NO emissions to the atmosphere plus net carbon stock changt
Notes: Total emissions (excluding emissions for which uncertainty was not quantified) are presented without LULUCI
emissions are presented with LULUCF. Totals may not sum due to independent rounding. Parentheses indicate net
sequestration.

The uncertainty for 2022 is similar to the uncertainty for 1990, though slightly lower. There have been some
improvements in significant categories which do not necessarily reduce uncertainties as also acknowledged in the
IPCC 2006 IPCC GL, p. 3.13 (mgrpvements to estimates for Agricultural Soil Management over time,

implications of methodological choice). For example,36gercent uncertainty bounds for nitrous oxide emissions

from Agricultural Soil Management were increased frg@® percent to 2Percent in 19900 ¢30 percent to 72 percent

in 2022.Methodological and data quality improvement&re also made for HFCs, PFCsa8& Nisthis year but

the uncertainties for these sources also slightly increased, better representing the limitations of existing emissions
estimates.The methods and data for fossil fuel combustion categories, the most significant source, has not
changed significantly and neither have uncertainties. It is also worth noting that some of the improvements to shift
to use of GHGRP have been in less significategories within the inventory (e.g., for IPP&Y, the overall

uncertainty for latest year reflects thesdfsetting effects and trends within the uncertainty assessment.

In addition to the estimates of uncertainty associated with the current and base year estiriatds, 17 presents

the estimates of inventory trend uncertainty. TR806 IPCC Guidelingsfines trend as the difference in emissions
between the base year (i.e., 1990) and the current year (i.e., 2022ntoryestimates. However, for purposes of
understanding the concept of trend uncertainty, the trend is defined in this Inventory as the percentage change in
the gross emission®( net emissions) estimated for the current year, relative to the gross emission (or net
emissions) estimated for the base ye@he uncertainty associated with this trend is referred to as trend

uncertainty and is reported as betweeBand 8 percent at the 95 percent confidence level between 1990 and
2022. This indicates a range of approximat8lpercent below and percent above the trend estimate ef.3
percent.See Annex 7 for trend uncertainty estimates for individual source and sink categories by gas
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Tablel-7: Quantitative Assessment of Trend Uncertainty (MMT £E9. and Percent)

Base Year 2022 Emissions
Gas Emissiond Emissions| Trend Trend Range
(MMT CQEq.) (%) (%)

Lower Upper

Bound Bound
CcQ 5,131.6 5,053.0 -2% -6% 3%
CH 8717 7024 -19%% -32% 2%
N2O 408.2 389.7 -5% -30% 51%
HFCs, PFCsgSind NE 125.5 198.1 58% 32% 95%
Total Gross Emissiohs 6,536.9 6,3432 -3% -1% 3%
LULUCF Emissidns 57.9 67.5 17% 6% 30%
LULUCEF Carbon Stock Change®Flux (1,034.7) (921.8 -11% -35% 21%
LULUCF Sector Net Tdtal (976.7) (854.3 -13% -37% 21%
Net Emissions (Sources and Sirtks) 5,560.2 5,488.9 -1.3% -8% 8%

aBase Year is 1990 for all sources.

bThe trend rangeepresents a 95 percent confidence interval for the emission trend, with the lower bound corresponding to
2.5 percentile value and the upper bound corresponding to $p6rcentile value.

¢ Totals exclude emissions for which uncertainty was not quantified.

dLULUCF emissions include the; @htl NO emissions reported fgreatlands remaining peatlands, forest fires, drained organic
soils, grassland fires, amdastal wetlands remaining coastal wetlandsy €Missions fronfand converted to coastaletlands

land converted to flooded lanénd flooded land remaining flooded lanand NO emissions from forest soils and settlement

soils

e LULUCF carbon stock change is the net C stock change from the following categories: forest land remaining forest land, land
converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grassland, land
converted tograssland, wetlands remaining wetlands, land converted to wetlands, settlements remaining settleamehts,

land converted to settlements.

fThe LULUCF sector net total is the net sum of alb@#NO emissions to the atmosphere plus net carbon stock changes

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

1.8 Completeness

This report, along with its accompanyi@RTsserves as a thorough assessment of the anthropogenic sources and
sinks of greenhouse gas emissions for the United States for the time series 1990 throdgfti®2eport is

intended to be comprehensive and includes the vast majority of emissions and removals identified as
anthropogenic, consistent with IP@&&thodsandthe Paris Agreement andNFCC@&portingguidelines. In

general, sources or sink categories not accounted for inltivisntoryare excluded because they are not occurring
in the United States and its territories, or because data are unavailable to develop an estimate and/or the
categories were determined to be insignificdhin terms of overall national emissions plbe Paris Agreement
andUNFCCC reporting guidelines.

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

70 see paragraph 32 the Annex to Decision1&8MA.1of the Paris Agreement reporting guidelines on national inventories

thatd G F B A@aA2ya FTNRY | OFGS32NR aKz2dA R 2yfeée 6S O2yaARSNBR Aya
OSyi 2F GKS yleaz2ylf G2GFf DI D Syrdaaazyazr SEOfdzREya@z[![!/Cz 2
GKAOKSOSNI A& f268N® ¢KS G2GFf ylea2ylf F33INB3IFLGS 27F SasaYl GSR
AKFff NBYFAY 0St2¢6 nom LISNI OSyid 2F GKS yle2ylf G204Ff DI D SYA
F @A iGie REFEGE FYyR RSTFlLdzZA G Lt/ / SYA&aaazy FlLOG2NEGd&G2 RSNAGS | A1
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information on completeness and improvements implemented this cyxdesuch improvements are implemented,
new emission and removal estimates are quantified and included ifrmhentory improving completeness of

national estimates. For a list of sources and sink categories not included and more information on significance of
these categories, see Annex 5 and the respective category sections in each sectoral chapter of this report.

1.9 Organization of Report

In accordancevith the Paris Agreement andNFCCC reporting guidelines, timgentoryis grouped into five
sectorspecific chapters consistent with ttiRaris AgreemenCommon Reportingables (CR;T} listed below in
Tablel-8. In addition the U.SInventorysubmission includeshapters on Trends in Greenhouse Gas Emissions,
Other information, and Recalculations and Improvements to be considayesistent with the suggested outline
or national inventory documents submitted under the Paris Agreement and UNFCCC.

Table1-8: CRTIPCC Sector Descriptions

Chapter CRT and Activities Included
UNFCC@PCC Sector)
Energy Emissions of afireenhouse gases resulting from stationary and mobile ener

activities including fuel combustion and fugitive fuel emissions, andemangy
use of fossil fuels.
Industrial Processes and  Emissions resulting from industrial processes and product use of greenhou
Product Use gases.
Agriculture Emissions from agricultural activities except fuel combustion, which is
addressed under Energy.

Land Use, Landse Emissions and removals 63, and emissions dH, andN.O from land use,
Change, and Forestry land-use changeand forestry.
Waste Emissions from waste management activities.

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

Chapter/CRTIPCC SectoOverview of emissions and trends for eg@RTIPCC defined sector.

CR Source or Sink Categaripescription of category pathway and emission/removal trends based on IPCC
methodologies, consistent witthe Paris Agreement andNFCCC reporting guidelines.

Methodology and TimeSeries Consistencyescription of analytical methods (e.g., fr@®06 IPCC Guidelines
country-specific methods) employed to produce emission estimates and identification of data references, primarily
for activity data and emission factors, and a discussion of-8grées consistency.

Uncertainty. A discussion anguantification of the uncertainty in emission estimates.

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

Recalculations Discussioi discussion of any data or methodological changes that necessitate a recalculation of
LINS@A2dza @8SIFNERQ SyrAaarzy SadAaAylrdiSaz FyR G4KS AYLI O

Planned ImprovementsA discussion on any categesyecific planned improvements, if applicable.

71 see paragraph 50 in the Annex to Decision 18/CMA.1
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Special attention is given ©Q from fossil fuel combustion relative to other sources because of its share of
emissions and its dominant influence on emission trends. For example, each energy consumisg eadtor

(i.e., residential, commercial, industrial, and transportation), at athe electricity generation sector, is
described individually. Additional information for certain source categories and other topics is also provided in
several Annexes listed Tablel-9.

Tablel1-9: List of Annexes

ANNEX 1 Key Category Analysis
ANNEX 2 Methodology and Data for Estima@gEmissions from Fossil Fuel Combustion

2.1. Methodology for Estimating Emissions@® from Fossil Fuel Combustion

2.2. Methodology for Estimating the Carbon Content of Fossil Fuels

2.3. Methodology for Estimatin@arbon Emitted from No&nergy Uses of Fossil Fuels

ANNEX 3 Methodological Descriptions for Additional Source or Sink Categories

3.1. Methodology for Estimating Emissions@ifi, N.O, and Indirect Greenhouse Gases from Stationary
Combustion

3.2. Methodology for Estimating EmissionsG@ifi, N,O, and Indirect Greenhouse Gases from Mobile

Combustion and Methodology for and Supplemental Information on Transport&@ated Greenhouse
Gas Emissions

3.3. Methodology forEstimating Emissiafrom Commercial Aircraft Jet Fuel Consumption

3.4. Methodology for Estimatin€H, Emissions from Coal Mining

3.5. Methodology for Estimatin€H and CQ Emissions from Petroleum Systems

3.6. Methodology for Estimatin@H, Emissions from Natural Gas Systems

3.7. Methodology for Estimatin@Q andN>O Emissions from Incineration of Waste

3.8. Methodology for Estimating Emissions from International Bunker Fuels used by the U.S. Military
3.9. Methodology for Estimating HFC and Flssions from Substitution of Ozone Depleting Substances

3.10. Methodology for Estimatin@H, Emissions from Enteric Fermentation

3.11. Methodology for Estimatin@H, andN,O Emissions from Manure Management

3.12. Methodology for Estimatin§l,O EmissionsCH Emissions and Soil Organic C Stock Changes from
Agricultural Lands (Cropland and Grassland)

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

3.14. Methodology for Estimatin@H Emissions from Landfills

ANNEX 4 IPCC Reference Approach for Estim@@ngmissions from Fossil Fuel Combustion

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

ANNEX 6 Additional Information

6.1. Global Warming Potential Values

6.2. Ozone Depleting Substance Emissions

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

6.5. Chemical Formulas

ANNEX 7 Uncertainty

7.1. Overview

7.2. Methodology and Results

7.3. Reducing Uncertainty

7.4. Plannedmprovements

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 Repdptingram (GHGRP) in Inventory
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2. Trends In Greenhouse Gas Emissions
and Removals

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

In 2022,total gross U.S. greenhouse gas emissions w&4362million metric tons of carbon dioxide equivalent
(MMT CQEQq.)! TotalgrossU.S. emissiondecreasedy 3.0 percent from 1990 to 2022, down from a high of 45.
percent above 1990 levels in 20@3ross enissiondncreasedrom 2021 to 2022 by @.percent(14.4MMT CQ
Eq). Net emissions (i.e., including sinks) w&r489.0MMT CQ Eq. in 2022. Overall, net emissidnsreasedoy
1.3percent from 2021 to 2022 and decreadeyl16.7 percent from 2005 levels, as shownTiable 21. Between
2021 and 2022, the increase in total greenhouse gas emissions was driveyg lar@n increase in Gemissions
from fossil fuel combustioacross most endise sectorgluein partto increased energy use frothe conthued
rebound ofeconomic activity after the height of the COVIP pandemicTheCQ emissions from fossil fuel
combustion increased hi.0percent from2021to 2022 including &.0 percent increase in residential sector
emissions, 8.9 percent increase in commercial sector emissions, 0.1 percent decrease in transportation sector
emissions, 2.6 percent increase in industrial emissions, and 0.6 percent decrease in electric ptawer sec
emissionsCarbon sequestration in the Land Use, L-&ls# Change, and Forestry (LULUCF) sector offset 14.5
percent of total emissions in 2022.

Figure 21 andFigure 22 illustrate the overall trend in total U.S. emissions and sgikee 1990by gasand by
annual perceragechanges relative to the previous year.

1 The grosemissions total presented in this report for the United States excludes emissions and sinks from removals from
LULUCEF. The net emissions total presented in this report for the United States includes emissions and sinks from ramovals fro
LULUCF.

Trends 2-1



Figure2-1: U.S. Greenhouse Gas Emissions and Sinks by Gas
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Figure2-2: Annual Percentage Change in Gross U.S. Greenhouse Gas Emissions Relative to
the Previous Year
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Emissions and Sinks by Gas

Figure 23 illustrates the relative contribution afachgas to total gross U.§reenhouse gasmissions ir2022, in

CQ equivalents (i.e., weighted by global warming potential). The primary greenhouse gas emitted by human
activities in the United States is &@presenting 79 percent of total greenhouse gas emissions. The largest
source of C@ and of overall greenhouse gas emissioms fossil fuel combustion, primarily from transportation
and power generation. Methane (@Hmissions account for Mlpercentof emissions. The major sources of
methane include enteric fermentation associated with domestic livestock, ahgas systems, and decomposition
of wase in landfills. Agricultural soil management, wastewater treatment, stationary sources of fuel combustion,
and manure management are the major sources g ldmissions. Ozone depleting substance (ODS) substitute
emissions were the primary contributor to aggregate hydrofluorocarbon (HFC) emissions. Perfluorocarbon (PFC)
emissions were attributable primarily ftuorochemical production andlectronics manufacturing=lectrical
equipmentaccounted for most sulfur hexabride (SE) emissions. Nitrogen trifluoride (B)Femissions were
approximately evenly split between electronics manufacturing and fluorochemical production

Figure2-3: 2022 Gross Total U.S. Greenhouse Gas Emissions b{P&aentages based on
MMT CQEq.)

3.1%
HFCs, PFCs, SFs and NF3

Note: Emissions and removals fratdLUCEre excluded fronthe figure above.

From 1990 to 2022, total emissions of &@creased by 1.5 percent (78.6 MMTAEQ.), total emissions of
methane (Chk) decreased by 19.4 percent (169.3 MMT2EQ), and total emissions of nitrous oxide@)
decreased by 4.5 percent (18.4 MMT2AEQ.). During the same period, emissions of fluorinated gases including
HFCs, PFCsgS&hd NErose by 57.9 percent (72.7 MMT €kxy.). Rapidly growing emissions of H&h®@se this
trend, overwhelming decreases @missions of PFCs and.3bespite being emitted in smaller quantities relative to
the other principal greenhouse gases, emissions of HFCs, PE@sdI¥Eare significant because many of them
have extremely high global warming potentials (GWPs), and, in the cases of RF&y] 8lk, very long
atmospheric lifetimes. U.S. greenhouse gas emissions were partly offset by carbon semrestrmanaged
forests, trees in urban areas, agricultural soils, landfilled yard trimmings, and coastal wetlands. These were
estimated to offset 14.5 percent (921.8 MMT £EQ9,.) of total gross emissions in 2022.

Table 21 provides information on trends in emissions and sinks from all U.S. anthropogenic sources and sinks in
weighted units of MMT C{Eq., while unweighted gas emissions and sinks in kilotons (kt) are provideblm
2-2.
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Table2-1: Recent Trends in U.S. Greenhouse Gas Emissions andgida(MMT CQ Eq.)

Gas/Source 1990]  2005] 2018 2019 2020 2021 2022
(efe) 5131.6f 6,126.9] 5,362.2 5,2345 4,689.0 5,017.2 5,053.0
Fossil Fuel Combustion 4,752.2f 5,744.1] 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Transportation 1,468.9f 1,858.6f 1,813.1 1,816.6 15728 1,753.5 1,751.3
Electric Power Sector 1,820.04 2,400.1f 1,753.4 1,606.7 1,439.6 1,5409 1,531.7
Industrial 876.5 847.6 810.5 809.8 762.0 780.5 801.1
Residential 338.6 358.9 338.9 342.9 314.8 318.0 334.1
Commercial 228.3 227.1 246.3 251.7 229.3 237.5 258.7
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6
Non-Energy Use of Fuels 99.1 125.0f 118.4 106.5 97.8 111.6 102.8
Cement Production 335 46.2 39.0 40.9 40.7 41.3 41.9
Iron and Steel Production &

Metallurgical Coke Production 104.7 70.1 429 43.1 37.7 41.9 40.7
Natural Gas Systems 32.4 26.3 32.8 38.5 36.7 35.8 36.5
Petrochemical Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8
Petroleum Systems 9.6 10.2 34.8 45.5 28.9 24.1 22.0
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6
Incineration of Waste 12.9 13.3 13.3 12.9 12.9 125 12.4
Lime Production 11.7 14.6 13.1 12.1 11.3 11.9 12.2
Other Process Uses of Carbonates 7.1 8.5 7.9 9.0 9.0 8.6 10.4
Urea Consumption for NeAgricultural

Purposes 3.8 3.7 6.1 6.2 5.8 6.6 7.1
Urea Fertilization 24 3.5 4.9 5.0 51 5.2 5.3
Carbon Dioxide Consumption 1.5 1.4 4.1 4.9 5.0 5.0 5.0
Liming 4.7 4.4 2.2 2.2 2.9 2.4 3.3
Coal Mining 4.6 4.2 3.1 3.0 2.2 25 25
Glass Production 2.3 24 2.0 1.9 1.9 2.0 2.0
Soda AstProduction 1.4 1.7 1.7 1.8 15 1.7 1.7
Titanium Dioxide Production 1.2 1.8 15 1.3 1.3 15 15
Aluminum Production 6.8 4.1 15 1.9 1.7 15 14
Ferroalloy Production 2.2 1.4 2.1 1.6 1.4 1.6 1.3
Zinc Production 0.6 1.0 1.0 1.0 1.0 1.0 0.9
Phosphoric Acid Production 1.5 1.3 0.9 0.9 0.9 0.9 0.8
Lead Production 0.5 0.6 0.5 0.5 0.5 0.4 0.4
Carbide Production and Consumption 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Abandoned Oil and Gas Wells + + + + + + +
Substitution of Ozone Depleting

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

[ 1¢j 871.7 795.4 7715 754.3 735.3 720.5 702.4
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6
Natural Gas Systems 218.8 210.1 190.3 188.7 180.3 174.6 173.1
Landfills 197.8 147.7 126.3 128.7 124.1 122.0 119.8
Manure Management 39.1 55.0 67.7 66.7 66.9 66.4 64.7
Coal Mining 108.1 715 59.1 53.0 46.2 447 43.6
Petroleum Systems 49.4 48.2 59.0 52.2 53.3 48.6 39.6
Wastewater Treatment 22.7 22.7 21.4 21.1 21.0 20.7 20.8
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9
Stationary Combustion 9.7 8.8 9.6 9.8 8.0 8.0 8.6
Abandoned Oil and Gas Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5
Abandoned Underground Coal Mines 8.1 7.4 6.9 6.6 6.5 6.3 6.3
Mobile Combustion 7.2 4.3 2.8 2.9 25 2.6 2.6
Composting 0.4 2.1 2.5 25 2.6 2.6 2.6
Field Burning of Agricultural Residues 0.5 0.6 0.6 0.7 0.6 0.6 0.6
Anaerobic Digestion at Biogas Faciliti¢ + + + + + + +
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Carbide Production and Consumption + + + + + + +
Ferroalloy Production + + + + + + +
Iron and Steel Production &

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

N2O¢ 408.2 419.2 439.5 416.4 391.2 398.2 389.7
Agricultural Soil Management 288.8 294.1 333.4 315.6 292.1 298.0 290.8
Stationary Combustion 22.3 30.5 25.1 22.2 20.5 22.0 24.7
Wastewater Treatment 14.8 18.1 21.2 21.6 22.3 22.1 21.9
Manure Management 13.4 15.2 16.6 16.8 16.9 17.1 17.0
Mobile Combustion 38.4 37.0 17.7 19.1 16.1 16.8 16.7
Nitric Acid Production 10.8 10.1 8.5 8.9 8.3 7.9 8.6
N.O from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Adipic Acid Production 135 6.3 9.3 4.7 7.4 6.6 2.1
Composting 0.3 15 1.8 1.8 1.8 1.8 1.8
Caprolactam, Glyoxal, and Glyoxylic

Acid Production 15 1.9 1.3 1.2 1.1 1.2 1.3
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3
Electronics Industry + 0.1 0.2 0.2 0.3 0.3 0.3
Field Burning oAgricultural Residues 0.2 0.2 0.2 0.2 0.2 0.2 0.2
Natural Gas Systems + + + + + i 0.2
Petroleum Systems + + + + + + +
International Bunker Fuels 0.8 0.9 1.0 0.9 0.5 0.6 0.8

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

Substances 0.3 99.5 157.9 162.1 166.2 172.6 178.1
Fluorochemical Production 47.3 221 5.7 5.7 3.8 4.0 4.3
Electronics Industry 0.2 0.2 0.3 0.3 0.3 0.4 0.3
Magnesium Production androcessing 0.0 0.0 0.1 0.1 0.1 + +

PFCs 39.5 10.2 7.4 7.3 6.6 6.3 6.7
Fluorochemical Production 17.5 4.0 2.9 3.0 2.5 2.6 3.0
Electronics Industry 2.5 3.0 29 2.6 25 2.6 2.7
Aluminum Production 19.3 3.1 1.4 1.4 1.4 0.9 0.8
Sk and PFCs from Other Product Use 0.1 0.1 0.2 0.2 0.2 0.1 0.2
Substitution of Ozone Depleting

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

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

+ Does not exceed 0.05 MMT £KQ.
NO (Not Occurring)
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aEmissions from biomass and biofuel consumption are not included specifically in Energy sector totals. Net carbon flu
changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

bEmissions from international bunkérels are not included in totals.

¢ LULUCF emissions of4add NO are reported separately from gross emissions totals. LULUCF emissions includge the
and NO emissions reported for peatlands remaining peatlands, forest fires, drained osgalsicgrassland fires, and coast
wetlands remaining coastal wetlands; £#tissions from land converted to coastal wetlands, flooded land remaining
flooded land, and land converted to flooded land; an®Nmissions from forest soils and settlement soils. Ref@atde
2-8for a breakout of emissions and removals for LULUCF by gas and source category.

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

e LULUCEF carbon stock change is thecagbonstock change from the following categories: forest land remaining forest l¢
land converted to forest land, cropland remaining cropland, land converted to cropland, grassland remaining grasslat
converted to grassland, wetlands remaining wetlardad converted to wetlands, settlements remaining settlements, an
land converted to settlements. Refer Table2-8 for a breakout of emissions and removals for LULUCF by gas and soul
category.

fThe LULUCF sector net total is the net sum of all LULUGIRECNO emissions to the atmosphere plus LULUCF net carb
stock changes.

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

Table2-2: Recent Trends in U.S. Greenhouse Gas Emissions andbyiidey kt)

Gas/Source 1990 2005| 2018 2019 2020 2021 2022
Cca 5,131,650/ 6,126,864 5,362,191 5,234,488 4,688,969 5,017,202 5,053,019
Fossil Fuel Combustion 4,752,23215,744,134| 4,988,198 4,852,631 4,341,710 4,654,265 4,699,403
Transportation 1,468,94441,858,552¢ 1,813,135 1,816,636 1,572,820 1,753,546 1,751,286
Electric Power Sector 1,819,9514 2,400,057 1,753,432 1,606,721 1,439,566 1,540,933 1,531,680
Industrial 876,468 847,64 810,472 809,807 761,986 780,453 801,064
Residential 338,568 358,89 338,940 342,905 314,795 318,034 334,065
Commercial 228,293 227,13 246,297 251,749 229,264 237,528 258,733
U.S. Territories 20,010 51,857 25,923 24,813 23,279 23,772 22,575
Non-Energy Use of Fuels 99,104f 124,98 118,382 106,474 97,757 111,624 102,808
Cement Production 33,484f 46,194 38,971 40,896 40,688 41,312 41,884
Iron and Steel Production &
Metallurgical Coke
Production 104,740fF 70,082 42,863 43,095 37,724 41,873 40,672
Natural Gas Systems 32,427 26,312 32,768 38,525 36,719 35,780 36,470
Petrochemical Production 20,075 26,882 27,200 28,483 27,926 30,656 28,788
Petroleum Systems 9,585 10,2108 34,777 45,498 28,937 24,140 21,967
Ammonia Production 14,404 10,234 12,669 12,401 13,006 12,192 12,610
Incineration of Waste 12,900I 13,254 13,339 12,948 12,921 12,476 12,357
Lime Production 11,700 14,552 13,106 12,112 11,299 11,870 12,208
OtherProcess Uses of
Carbonates 7,103 8,472 7,938 8,973 9,012 8,583 10,384
Urea Consumption for Nen
Agricultural Purposes 3,784 3,653 6,113 6,150 5,805 6,600 7,053
Urea Fertilization 2,417 3,504 4,936 5,034 5,132 5,229 5,327
CarbonDioxide Consumption 1,472 1,375 4,130 4,870 4,970 4,990 5,000
Liming 4,690 4,351 2,240 2,203 2,887 2,387 3,268
Coal Mining 4,606 4,169 3,139 2,992 2,197 2,455 2,474
Glass Production 2,263 2,402 1,989 1,940 1,858 1,969 1,956
Soda Ash Production 1,431 1,655 1,714 1,792 1,461 1,714 1,704
Titanium Dioxide Production 1,195 1,755 1,541 1,340 1,340 1,474 1,474
Aluminum Production 6,831 4,142 1,455 1,880 1,748 1,541 1,446
FerroalloyProduction 2,152 1,392 2,063 1,598 1,377 1,567 1,327
Zinc Production 632 1,030 999 1,026 977 1,007 947
Phosphoric Acid Production 1,529 1,342 937 909 901 874 840
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Gas/Source 1990 2005 2018 2019 2020 2021 2022
Lead Production 516 553 527 531 450 439 428
CarbideProduction and

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

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

Processing 129 4 2 2 3 3 3
Biomass andiodiesel

Consumptioh 237,942' 245,421 335,971 333,057 295,695 303,014 305,417
International Bunker Fuéls 103,63 113,32 124,279 113,632 69,638 80,180 98,241

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

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

Residues 19 23 22 23 22 22 22
Anaerobic Digestion at Bioga

Facilities + + + 1 + + +
Carbide Production and

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

Metallurgical Coke

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

NoOF 1,540 1,582 1,658 1571 1,476 1,503 1,471
Agricultural Soil Management 1,090 1,110 1,258 1,191 1,102 1,124 1,097
Stationary Combustion 84 115 95 84 78 83 93
Wastewater Treatment 56 68 80 81 84 83 83
Manure Management 50 57 63 63 64 65 64
Mobile Combustion 145 140 67 72 61 63 63
Nitric Acid Production 41 38 32 34 31 30 33
N2O from Product Uses 14 14 14 14 14 14 14
Adipic Acid Production 51 24 35 18 28 25 8
Composting 1 6 7 7 7 7 7
Caprolactam, Glyoxal, and

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

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

HFCs M M M M M M M
Substitution of Ozone

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

Processing 0 0 + + + + +

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

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

Depleting Substances + + + + + + +
Electrical Equipment + + 0 + + + +
{Chw 2 1 + + + + +
Electrical EQuipment 1 1 T + + + +
Magnesium Production and
Processing + + + + + + +
Electronics Industry + + + + r + +
Sk and PFCs from Other
Product Use + + + + + + +
Fluorochemical Production + + + + + £ +
bCi + + + + + + +
Electronicdndustry + + + + + + +
Fluorochemical Production + + + + + + +

+ Does not exceed 0.5 kt.

M (Mixture of multiple gases)

NO (Not Occurring)

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

bEmissions from international bunker fuels are not included in totals.

¢LULUCF emissions of LULUCFaG®HNO are reported separately from gross emissions totals. Ref€alde 28 for a
breakout of emissions and removals for LULUCF by gas and source category.

d Small amounts of PFC emissions from this source are included under HFCs due to confidential business informatior

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

Emissionsand Sinkdoy UNFCCOPCC Sector

Emissions and removals of all gases can be summed from each source and sink category into a set of five sectors
defined by theParis Agreement andNFCC@&portingguidelines and methodological framework provided by the
Intergovernmental Panel on Climate Change (IPEIQ)re 24 and Table 23 illustrate that over the33-year period

of 1990 t02022 total emissions from the Energy and Waste sectlersreasedy 3.4 percent(181.2MMT CQEQq.)
and29.3percent(69.1MMT CQEQq), respectively. Emissions from Industrial Processes and Product Use and
Agriculture grew by.9percent(14.4MMT CQEq.) and/.7 percent(42.2MMT CQEgq.), respectively. Over the

same period, totatarbonsequestration in the LULUCF sedlecreasedy 12.5percent(122.5MMT CQ), and

emissions from the LULUCF sector increasetidfypercent(9.6 MMT CQEQq.).
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Figure2-4: U.S. Greenhouse Gas Emissions and Sinks by IPCC Sector
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Table2-3: Recent Trends in U.S. Greenhouse Gas Emissions and SibReREyCTPCC
Sector/Category (MMT C£EQ.)
UNFCC@PCC Sector/Category 1990| 2005 2018 2019 2020 2021 2022
Energy 5381.00 6,3495 55700 54224 48626 51733 5,199.8
Fossil Fuel Combustion 4,752.28 5744.1F 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Natural Gas Systems 251.2 236.5 223.0 227.3 217.0 210.4 209.7
NonEnergy Use of Fuels 99.1 125.0 118.4 106.5 97.8 111.6 102.8
Petroleum Systems 59.0 58.5 93.8 97.8 82.3 72.8 61.6
Coal Mining 112.7 75.6 62.2 56.0 48.3 47.1 46.1
Stationary Combusticn 32.0 39.3 34.7 32.0 28.5 30.1 33.3
Mobile Combustion 45.6 41.3 20.5 21.9 18.7 19.4 19.3
Incineration of Waste 13.3 13.6 13.7 13.3 13.3 12.8 12.7
Abandoned Oil and Gas Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5
Abandoned Underground Coal Mines 8.1 7.4 6.9 6.6 6.5 6.3 6.3
Biomass and Biodiesel Consumption 237.9 245.4 336.0 333.1 295.7 303.0 305.4
International Bunker Fuéls 104.6 114.3 125.3 114.6 70.3 80.9 990.1

Industrial Processes and Product Use 368.8 371.3 367.2 371.9 367.9 381.6 383.2
Substitution of Ozone Depleting

Substances 0.3 99.5 157.9 162.1 166.2 172.7 178.1
Cement Production 33.5 46.2 39.0 40.9 40.7 41.3 41.9
Iron and Steel Production &

Metallurgical Coke Production 104.8 70.1 42.9 43.1 37.7 419 40.7
Petrochemical Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6
Lime Production 11.7 14.6 13.1 12.1 11.3 11.9 12.2
Other Process Uses of Carbonates 7.1 8.5 7.9 9.0 9.0 8.6 104
Nitric Acid Production 10.8 10.1 8.5 8.9 8.3 7.9 8.6
Fluorochemical Production 70.9 30.0 8.7 9.3 6.9 7.1 7.8

o
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Urea Consumption for NeAgricultural
Purposes 3.8 3.7 6.1 6.2 5.8 6.6 7.1
Electrical Equipment 24.7 11.9 5.0 6.1 5.9 6.0 5.1
Carbon Dioxid€onsumption 15 1.4 4.1 4.9 5.0 5.0 5.0
Electronics Industry 3.3 45 4.8 4.5 45 4.8 4.7
N2O from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Aluminum Production 26.1 7.2 29 3.3 3.2 25 2.2
Adipic Acid Production 13.5 6.3 9.3 4.7 7.4 6.6 2.1
Glass Production 2.3 2.4 2.0 1.9 1.9 2.0 2.0
Soda Ash Production 1.4 1.7 1.7 1.8 15 1.7 1.7
Titanium Dioxide Production 1.2 1.8 15 1.3 1.3 15 15
Ferroalloy Production 2.2 1.4 2.1 1.6 1.4 1.6 1.3

Caprolactam, Glyoxal, and Glyoxylic
Acid Production 15 1.9 1.3 1.2 1.1 1.2 1.3
Magnesium Production and Processir 5.7 3.0 1.1 1.0 0.9 1.2 1.2
Zinc Production 0.6 1.0 1.0 1.0 1.0 1.0 0.9
Phosphoric Aciéroduction 15 1.3 0.9 0.9 0.9 0.9 0.8
Sk and PFCs from Other Product Use 1.4 15 0.9 0.8 0.7 0.5 0.8
Lead Production 0.5 0.6 0.5 0.5 0.5 0.4 0.4
Carbide Production and Consumption 0.3 0.2 0.2 0.2 0.2 0.2 0.2
Agriculture 551.1 581.8 642.4 620.1 599.7 604.8 593.4
Agricultural Soil Management 288.8 294.1 3334 315.6 292.1 298.0 290.8
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6
Manure Management 52.5 70.2 84.3 835 83.8 83.6 81.7
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9
Urea Fertilization 2.4 3.5 4.9 5.0 5.1 5.2 5.3
Liming 4.7 4.4 2.2 2.2 2.9 2.4 3.3
Field Burning of Agricultural Residues 0.7 0.8 0.8 0.9 0.8 0.8 0.8
Waste 235.9 192.0 173.2 175.8 171.7 169.2 166.9
Landfills 197.8 147.7 126.3 128.7 124.1 122.0 119.8
Wastewater Treatment 375 40.7 42.5 42.7 43.2 42.7 42.7
Composting 0.7 3.6 4.3 4.3 4.4 4.4 4.4
AnaerobidDigestion at Biogas Facilitie + + + + + + +
Total Gross EmissiofgSources) 6,5636.9| 7,494.6] 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2
LULUCF Sector Net Tctal (976.7)1 (907.7) (915.5) (863.6) (904.4) (9106) (8542)
Forest Land (1,069.0 (960.2)f (963.8) (907.3) (946.6) (924.2) (872.0)
Cropland 40.4 2.9 14.2 12.0 20.5 2.9 3.4
Grassland 59.8 46.7 54.9 54.3 45.8 36.0 39.6
Wetlands 44.0 41.2 38.9 38.9 38.8 38.8 38.8
Settlements (51.9) (38.1) (59.7) (61.4) (63.0) (64.1) (64.1)
Net Emission (Sources and Siriks) 5560.2f 6586.9 5,837.3 5,726.6 5,097.4 54182 5489.0

+ Does not exceed 0.05 MMT £I3).

aIncludes ClHand NO emissions from fuel combustion.

bEmissions from biomass abibfuel consumption are not included specifically in summing Energy sector totals. Net car
fluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

¢Emissions from international bunker fuels are not included in totals.

d Total emissions without LULUCF.

€ LULUCF emissions of £&2idd NO are reported separately from gross emissions totals. LULUCF emissions include the
and NO emissions reported fopeatlands remaining peatlandfrest fires, drained organic soils, grassland fires, and
coastal wetlands remaining coastal wetlandsj €Missions from land converted to coastal wetlarittspded land
remaining flooded land, and land converted to flooded laadd NO emissions from forest soils and settlement soils. Re
to Table 28 for a breakout of emissions and removals for LULUCF by gas and source category.

fNet emissions with LULUCF.

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

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

Emissions from energglated activities come from two main categoridgdirect emissions associated with fuel

use (i.e., fossil fuel combustion, nemergy use of fossil fuels and waste combustiany 2) fugitive emissions

mainly from coal, natural gas, and oil production. Energy emissions also include some categories that are not
added toEnergy sector totals but are instead presented as memo items, including international bunker fuels and
biomass emissions. Energglated activities, primarily fosdillel combustion, accounted for the vast majority of

U.S. Ce&emissionsrom 1990 through2022 Fossil fuel combustion is the largest source of eneetpted

emissions, with Cfbeing the primary gas emitted (séégure 25). Due to their relative importance, fossil fuel
combustionrelated CQemissions are considered in detail in the Energy chapter (see Chapter 3).

In 2022 83.0percent of the energy used in the United States on a Btu basis was produced through the combustion
of fossil fuels. The remainirky.0percent came from other energy sources such as hydropower, biomass, nuclear,
wind, and solar energy. A discussion of specific trends related ta@Dother greenhouse gas emissions from

energy use is presented here with more detail in the Energy chapter. Eredeggd activities are also responsible

for CH and NO emissions40.2percent and10.8percent ofgrosstotal U.S. emissions of each gas, respectively)
Table2-4 presents greenhouse gas emissions from the Energy chapter by source and gas.

Figure2-5: Trends in Energy Sector Greenhouse Gas Sources
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2 The contribution of energy ne@Q emissions is based on gross totals so excludes LULUCF methgnen(Chitrous oxide
(N:O) emissions. The contribution of enengyfated CHand NO including LULUCF r@©Q emissions, is 37.1 percent and 9.8
percent, respectively.
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Table2-4: Emissions from Enerdyy GagMMT CQ Eq.$

Percent

Change

Since

Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
CcQ 4,910.9f 5,923.1f 5,190.6 5,059.1 4,520.2 4,840.7 4,875.5 -0.7%
Fossil Fuel Combustion 4,752.2) 5,744.1f 4,988.2 48526 4,341.7 4,6543 4,699.4 -1.1%
Transportation 1,468.9)| 1,858.6f 1,813.1 1,816.6 15728 11,7535 1,751.3 19.2%
Electricity Generation 1,820.0f 2,400.1)| 1,753.4 1,606.7 1,439.6 15409 15317 -15.8%
Industrial 876.5 847.6 810.5 809.8 762.0 780.5 801.1 -8.6%
Residential 338.6 358.9 338.9 342.9 314.8 318.0 3341 -1.3%
Commercial 228.3 227.1 246.3 251.7 229.3 237.5 2587 13.3%
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6 12.8%
Non-Energy Use of Fuels 90.1 125.0 118.4 106.5 97.8 111.6 102.8 3.7%
Natural Gas Systems 324 26.3 32.8 38.5 36.7 35.8 36.5 12.5%
Petroleum Systems 9.6 10.2 34.8 45.5 28.9 24.1 22.0 129.2%
Incineration of Waste 12.9 13.3 13.3 12.9 12.9 125 12.4 -4.2%
Coal Mining 4.6 4.2 3.1 3.0 2.2 25 2.5 -46.3%
Abandoned Oil and Gas Wel + + + + + + + 13.0%
BiomassWood 215.2 206.9 220.0 217.7 190.6 192.5 195.3 -9.2%
International Bunker Fuéls 103.6 113.3 124.3 113.6 69.6 80.2 98.2 -5.2%
BiofuelsEthanot 4.2 22.9 81.9 82.6 71.8 79.1 79.6 1783.2%
BiofuelsBiodiesed 0.0 0.9 17.9 17.1 17.7 16.1 15.6 100.0%
BiomassvISW# 18.5 14.7 16.1 15.7 15.6 15.3 14.9 -19.8%
CH 409.0 358.5 336.2 321.7 305.3 2933 2824 -31.0%
Natural Gas Systems 218.8 210.1 190.3 188.7 180.3 174.6 173.1 -20.9%
Coal Mining 108.1 71.5 590.1 53.0 46.2 44.7 43.6 -59.6%
Petroleum Systems 49.4 48.2 59.0 52.2 53.3 48.6 39.6 -19.8%
Stationary Combustion 9.7 8.8 9.6 9.8 8.0 8.0 8.6 -10.8%
Abandoned Oil and Gas Wel 7.8 8.2 8.4 8.5 8.5 8.6 8.5 8.8%
Abandoned Underground 8.1 7.4 6.9 6.6 6.5 6.3 6.3 -21.8%

Coal Mines

Mobile Combustion 7.2 4.3 2.8 2.9 2.5 2.6 2.6 -63.8%
Incineration of Waste + + + + + + + -17.9%
International Bunker Fuéls 0.2 0.1 0.1 0.1 0.1 0.1 0.1 -51.8%
N.O 61.2 67.9 43.2 41.6 371 39.2 41.9 -31.5%
Stationary Combustion 22.3 30.5 25.1 22.2 20.5 22.0 24.7 10.6%
Mobile Combustion 38.4 37.0 17.7 19.1 16.1 16.8 16.7 -56.5%
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3 -17.9%
Natural Gas Systems + + + + + + 0.2 3,204.7%
Petroleum Systems + + + + + + +  282.0%
International Bunker Fuéls 0.8 0.9 1.0 0.9 0.5 0.6 0.8 1.4%
Total 5,381.0f 6,349.5] 5,570.0 54224 4,862.6 5,173.3 5,199.8 -3.4%

+ Does not exceed 0.05 MMT £¥;.

aEmissions fronbiomassand biofuel consumption are not included specifically in Energy sector totals. Net carbon flux:
from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

bEmissions from international bunker fuels are not included in totals. These values are presented for inforrpatioosds
only, in line with the2006 IPCC Guidelineke Paris Agreement and tHdNFCCC reporting obligations.

Note: Totals may not sum due to independent rounding.

3The full time series data is available in Common Reporting Tables (CRTSs) included in the U.S. Paris Agreement and UNFCCC
submission and in CSV format availablétats://www.epa.gov/ghgemissions/inventorys-greenhousegasemissionsand
sinks
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Fossil Fuel Combustion GBmissions

As the largest contributor to U.S. greenhouse gas emissiondr@@®fossil fuel combustion has accounted for
approximately74.6percent of C@equivalent total gross emissions on average across the time series. Within the
United States, fossil fuel combustion accounted98rOpercent of C@emissions ir2022 Emissions from this
source category include G@ssociated with the combustion of fossil fuels (coal, natural gas, and petroleum) for
energy use. Fossil fuel combustion-@@issiongdecreasedy 1.1 percent(52.8MMT CQ Eq) from 1990 t02022

and were resporible for most of the decrease in national emissions during this period. Similaggnti€sions

from fossil fuel combustion have decreased®y2percent(1,044.7MMT CQEq) since 2005. Frora021to

2022 these emissionmcreasedoy 1.0 percent (45.MMT CQEqQ).

Historically, changes in emissions from fossil fuel combustion have been the main factor influencing U.S. emission
trends.Changes in G@missions from fossil fuel combustion since 1990 are affected by manytdamgand
shortterm factors, including population and economic growth, energy price fluctuations and market trends,
technological changes, carbon intensity of energy fuel choared seasonal temperatures. On an annual basis, the
overall consumption and mix of fossil fuels in the United State$uflies in response to changes in general
economic conditions, overall energy prices, the relative price of different fuels, weather, and the availability of
non-fossil alternatives. For example, coal consumption for electric power is influenced by fagthraghe

relative price of coal and alternative sources, the ability to switch fuels, and ldegartrends in coal markets.
Fossil fuel combustion G@missions also depend on the type of fuel consumed or energy used and its carbon
intensity. Produaig a unit of heat or electricity using natural gas instead of coal, for example, reduges CO
emissions because of the lowesrboncontent of natural gasseeTable 312in Chapter 3 for more detail on
electricity generation by sourcnd seeTable A19in Annex 2.1 for more detail on tlearboncontent coefficient

of different fossil fuels).

Overall CQemissions from electric power generatidecreased by 36.gercentfrom 2005 t02022(seeFigure
2-7), reflecting the continued shift in the share of electric power generation from coal to natural gas and
renewables since 200&arbon dioxide emissions from coal combusfienelectric power generation gradually
increased between 1990 and 2007, then began to decrease at a faster rate from 220&%&arbon dioxide
emissions from natural gas combustifor electric power generation remained relatively constant, with a slight
increase between 1990 and 20QBen began to consistently increase between QGihd 2022.

Petroleum use is another major driver of £#nissions from fossil fuel combustion, particularly in the
transportation sector, which has represented the largest source afe@@ssions from fossil fuel combustion since
2017. Emissions from petroleum consumption for transportatiogluding bunker fuels) decreaseg 0.1 percent
from 2021to 2022 Fuel economy dfght-duty vehicles is an important factam transportation sector CO
emissions trendsThe decline in new ligkduty vehicle fuel economy between 1990 and 2004 reflected the
increasing market share of lighuty trucks, which grew from abo@9.6percent of new vehicle sales in 1990 to
48.0percent in 2004. Starting in 2005, average new vehicle fuel economy began to increase whiatygi T
grew only modestly for much of the period and has slowed the rate of increase-amig&sions.

Trends in C&emissions from fossil fuel combustion by emsk sector are presented ifable 25 and Figure 26

based on the underlying U.S. energy consumer data collected by the U.S. Energy Information Administration (EIA).

Figure 27 further describes trends in direct and indirect £&issions from fossil fuel combustion by ensk

sector. Estimatesof G YA daA2ya FNRBY F2aaAiAf FdzSt O2Ydziz80A8SPGBRNB: Ol
based on total fuel consumption and appropriate fuel properties described bélow.

f Transportaton9 L ! Q& ¥FdzSt O2yadzyYLWiAz2y RIEGF F2NJ 6KS (NI yaLkRN
primary purpose is transporting people and/or goods from one phykication to another.

f ElectricPowe® L! Q& ¥FdzSf O2yadzyLiAz2y Rl GomposetoNdedirkiGongt SOG NRA O
and combineeheat-and-power (CHP) plants within the North American Industry Classification System
(NAICS) 22 category whose primary business is to sell electricity, or electricity and heat, to the public.

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

1 Industry.EIA statistics for the industrial sector include fossil fuel consumption that occurs in the fields of
YIydzFlF QlidzZNAy 35S | ANROdz G dzNBX YAYAYy3ATI yR 02y aidNUHzOGA 2
consist of all facilities and equipment usext producing, processing, or assembling goods. (EIA includes
generators that produce electricity and/or useful thermal output primarily to supporsib@ industrial
activities in this sector.)

f Residentiald L! Q& ¥FdzSt O2yadzyLiAz2y RIFGEFE F2NJ GKS NBAARSYyGAL
households.

 Commercial® L! Qa FdzStf O2yadzylLJiAzy RIF G T 2paviding Bcilieg YY S NOA | f
and equipment from private and public organizations and businesses. (EIA includes generators that
produce electricity and/or useful thermal output primarily topgport the activities at commercial
establishments in this sector.)

Table2-5: CQ Emissions from Fossil Fuel Combustion by Efs# Sector (MMT C&q.)

EndUse Sector 1990] 2005] 2018 2019 2020 2021 2022
Transportation 1,472.0 1,863.3I 1,817.9 1,821.4 1,576.9 1,758.6 1,757.4
Combustion 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3
Electricity 3.0 4.7 4.8 4.8 4.1 5.0 6.1
Industrial 1562.9 1,584.0 1311.8 1275.3 1,171.8 1,225.6 1,238.0
Combustion 876.5 847.6 810.5 809.8 762.0 780.5 801.1
Electricity 686.4 736.3 501.3 465.5 409.8 445.1 437.0
Residential 931.3 1,2149 981.2 926.7 860.1 890.3 899.4
Combustion 338.6 358.9 338.9 342.9 314.8 318.0 334.1
Electricity 592.7 856.0 642.3 583.7 545.3 572.2 565.3
Commercial 766.0 1,0301 851.3 804.4 709.6 756.1 782.0
Combustion 228.3 227.1 246.3 251.7 229.3 237.5 258.7
Electricity 537.7 803.0 605.0 552.7 480.3 518.5 523.3
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6
Total 4,752.2 5,744.1 4,988.2 4,852.6 43417 4,654.3 4,699.4
Electric Power 1,820.00  2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7

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

Notes: Combustiomelated emissions from electric power are allocated based on aggregate national electricity use by ¢
end-use sector. Totals may not sum due to independent rounding.
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Figure2-6: Trends in C&Emissions from Fossil Fuel Combustion by Efs# Sector and Fuel
Type
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Note: Fossil fuel combustion for electric power also includes emissions of less than 0.5 MEJ. €@m geothermabased
generation.Although not technically a fossil fugleothermal energyelated CQ@emissions are included for reporting
purposes. The source of €@ noncondensable gases in subterranean heated water.
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Figure2-7: Trends in EndUse Sector Emissions of €f@m Fossil Fuel Combustion
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Electric power was theecondargestend-useemitter of CQin 2022(surpassed by transportation in 2017);
electric power generators use8D.5percent of U.S. energy from fossil fuels and emitB2d6 percent of the C®

from fossil fuel combustion iB022 CQ emissions from the fossil fuel combustion in the electric power sector
decreased by 0.6 percent between 2021 and 2022 dushmges in the mix of electric generation resources
Between2021and 2022 overalklectricity generation increaskby 3 percent coal electricity generatiodecreased

by 10.2percent, natural gas generatidncreasecby 4.0 percent, and renewable energy generatimereasecby

7.6 percent.Changes in electricity demand and the carbon intensity of fuels used for electric power generation
have a significant impact on €€missions. Carbon dioxide emissions from fossil fuel combustion from the electric
power sector havelecreasedy 15.8percent since 1990, and the carbon intensity of the electric power sector, in
terms of CQEQ. per QBtu input, has decreased2d¥y6percent during that same timeframe. This decoupling of
electric power generation and the resulting £¥issions is shown below Figure2-8.
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Figure2-8: Electric Power Generation (Billion kwh) and Emissions (MM7 E20)
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Electric power C£emissions can also be allocated to the arsk sectors that use electricity, as presented able
2-5. With electricity C@emissions allocated to endse sectors, the transportation engse sector represents the
largest source of fossil fuel combustion emissions accounting, 7&7.4MMT CQEq. in20220r 37.4percent of
total CQ emissions from fossil fuel combustioa 0.1 percent decrease since 20Zhe industrial endise sector
accounted for26.3percent of C@emissions from fossil fuel combustion when including allocated electricity
emissionsan increase of 1.0 percent since 20Blom?2021to 2022, total energy usén the industrial sector
increasediy 1.8 percent due to an increase in total industrial production and manufacturing oufhe
residential and commercial engse sectors accounted fa9.1and 16.6percent, respectively, of G@missions
from fossil fuel combustion when including allocated electricity emissions. Both of thesasengkctors were
heavily reliant on electricity for meetintguildingrelated energy needs, with electricity use for lighting, heating, air
conditioning, and operating appliances contribut®® 9and66.9percent of enissions from the residential and
commercial enelise sectors, respectivelifrom 2021 to 2022, an increase in heating degree dagpércent)
increased energy demand for heating in the residential and commercial sectors; dl8meacent increase in
cooling degree days compared to 20Btreased demand for air conditioning in the residential and commercial
sectors.As a resultCQ emissions from the residential and commercial ergg sectorsvhen including allocated
electricity emissionfncreased by D and 3.4 percent since 2021, respectively.

Electric Power Generation (billion kWh)
Total Emissions (MMT COz E

o
Ul

o

Other Energy Sector Trends

Energy sector emissiomscreased by 0.percent since2021anddecreased by 3.gercent since 1990. Other
notabletrends in emissions from energy source categoriégyre 26 andFigure 27) over the33-year period from
1990 through2022included the following:
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1 Emissions (GHCQ, and NO) from oil and gas systerdecreasecdy 13.0percent (388 MMT CQEq.)
since 1990 andecreasedy 4.2 percent (118 MMT CQEq.) from 2021 to 2022. Natural gas systems CH
emissions havdecreasedy 209 percent (457 MMT CQ Eq.) since 1990, due to a decrease in emissions
from the distribution, transmission and storage, processing, and exploration segments. The decrease in
distribution emissions is due mainly to reduced emissions from pipeline and distribution stationdeeks,
the decrease in transmission and storage emissions is due mainly to reduced compressor station
emissions (including emissions from compressors and leaks). Over the same time period (i.e., since 1990),
methane emissions from the natural gas productiegment increased due to increased gathering and
boosting emissions. Between 2021 and 2022, methane emissions from natural gas Jjstesased.8
percent, due to a decrease in emissions from production segment pneumatic controllers. Petroleum
systems ClHemissionglecreasedyy 198 percent (98 MMT CQEQq.) since 1990 and Bpercent
between 2021 and 2022. This decrease is due primarily to decreases in emissions from offshore platforms,
tanks, and pneumatic controllers. Carbon dioxide emissions from natural gas and petroleum systems
increased by 34 percent (164 MMT CQ) from 1990 to 2022 and decreased b$ Bercent between
2021 and 2022. Thiadrease since 1990 is due primarily to increases in the production segment, where
emissions from associated gas flaring, tanks, and miscellaneous production flaring have increased over
time. The decrease in emissions between 2021 and 2022 and is alsoichagily to the production
segment, where flaring emissions decreased for associated gas and tanks.

1 Methane emissions from coal mininigcreasedy 59.6percent 64.4MMT CQEq.) from 1990 through
2022and by2.3percent betweer2021and 2022primarily due to a decrease in the number of active
mines and annual coal production oveetthi990 to 2022ime period.Between 2021 and 2022, the
number of mines and coal production increased.

9 Nitrous oxide emissions from mobile combustion decreaseB8@&§percent(21.7MMT CQEq.) from
1990 through?2022 and by 0.7 percent (0.1 MMIQ Eq) between 2021 and 202primarily as a result of
national vehicle criteria pollutant emissions standards and emission control technologiestogadn
vehicles.

1 Nitrous oxide emissions from stationary combustion weretthied largest source of anthropogenic®
emissions ir2022 accounting fo6.3 percent of NO emissions an@.4 percent of total gross U.S.
greenhouse gas emissions2f22 Stationary combustion emissions peaked in 2007 and have steadily
decreased since then.

1 Carbon dioxide emissions from nenergy uses of fossil fudlscreasedoy 3.7 percent 3.7 MMT CQEQq.)
from 1990 through2022but decreasedy 7.9 percent (8.8IMT CQEQq.) betweer2021and 2022
Emissions from noenergy uses of fossil fuels wet®2.8MMT CQEQq. in2022 which constituted?.0
percent of total national C£emissionsapproximately the samproportion as in 1990.

9 Carbon dioxide emissions from incineration of waséereasedslightly by4.2 percent 0.5MMT CQEQq.)
from 1990 through2022 as the volume of scrap tires and other fossitboncontaining materials in
waste decreased. Emissiodecreased.9percent(0.1MMT CQEqg.) betweer2021and2022 consistent
with trends across the time series.

Industrial Processes and Product Use

Greenhouse gases can be generated and emitted by industry in two different ways. First, they are generated and
emitted as the byproducts of many namergyrelated industrial activities. For example, industrial processes can
chemically or physically trarsin raw materials, which often release waste gases such as@H) NO, and

fluorinated gasege.g., HF@23). In the case of byproduct emissions, the emissions are gendogtad industrial
process itself, and are not directly a result of energy consumed during the process.

Second, industrial manufacturing processes and use bycendumers also release HFCs, PFGsas#-NEand
other manmade compounds. In addition to the use of HFCs and some PFCs as substitutes for ozone depleting
substances (ODS), fluorinated compounds such as HFCs, RFRE, 8/d others are also emitted through use by
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a number of other industrial sources in the United States. These industries include the electronics industry,
electrical equipmentand magnesium metal production and processing. In additie®, iBlused in and emitted by
the electronics industry and anesthetic and aerosol applicatiBREs and S&re emitted from other product use,
and CQis consumed and emitted through various enske applications

Emission sources in the Industrial Processes and Product Use (IPPU) chapter accoén@grtfoent of U.S.

greenhouse gas emissions2@22 Emissions from the IPPU sedimreasedoy 3.9 percent from 1990 t®022

The use of HFCs as substitutes for ODS is the largest source of emissions in this sector, contributing 46.5 percent of
IPPU emissions in 2022 and driving growth since 19@0n 2021 to 202Zptal emissions from IPPidcreased).4

percent betweer?021and 2022 Despite the sectoral increase emissionsemissions from adipic acid production
decreased by almost 70 perceetnissions from ferroalloy production decreased by over 10 percent, and

emissions from aluminum production, petrochemical production and zinc production decreased by between 5 and
10 percent Figure 29 presents greenhouse gas emissions from IPPU by source category.

Figure2-9: Trends in Industrial Processes and Product Use Sector Greenhouse Gas Sources
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Table2-6: Emissions from Industrial Processes and Product Use (MMAJIEQQ

Percent

Change

1990 2005 2018 2019 2020 2021 2022 Since 1990

Ca 213.7 195.9 164.4 168.2 160.7 168.8 168.9 -20.%%

Cement Production 335 46.2 39.0 40.9 40.7 41.3 41.9 25.1%
Iron and Steel Production &

Metallurgical Coke Production 104.7 70.1 42.9 43.1 37.7 41.9 40.7 -61.2%
Iron and Steel Production 99.1 66.2 41.6 40.1 354 38.6 37.7 -62.0%
Metallurgical Coke Productior 5.6 3.9 1.3 3.0 2.3 3.2 3.0 -47.3%

Petrochemical Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8 43.4%
AmmoniaProduction 14.4 10.2 12.7 12.4 13.0 12.2 12.6 -12.5%
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7.6
5.1
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49.9%
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-17.1%

-13.7%
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-48.9%

-38.5%
-45.2%

-67.8%
-21.7%
-45. ™6
-20.2%

-0.4%
-84.5%

-10.5%
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282.9%

70,357.0%
-90.9%
74.0%

100.0%
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7.8%
-96.1%
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100.0%
-99.2%
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-79.4%

-80.0%
47.0%
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Sk and PFCs from Other Produ
Use 1.3 1.3 0.8 0.6 0.5 0.4 0.6 -53.0%
Fluorochemical Production 5.8 3.3 + + + + + -100.0%
NR 0.3 1.0 0.7 1.1 1.3 1.1 1.1 238.3%
Electronics Industry + 0.4 0.5 0.5 0.6 0.6 0.6 1313.8%
Fluorochemical Production 0.3 0.6 0.1 0.6 0.7 0.5 0.5 72.7%
Total 368.8 371.3 367.2 371.9 367.9 381.6 383.2 3.9%

+ Does not exceed 0.05 MMT £¥D;.

NO (Not Occurring)

aSmall amounts of PFC emissions from this source are included undeditF@sconfidential business information
Note: Totals may not sum due to independent rounding.

IPPU sector emissions increased 0.4 percent since 2021 and 3.9 percent since 1990. Some significant trends in U.S.
emissions from IPPU source categories over thge&8 period from 1990 through 2022 included the following:

1 HFC and PFC emissions resulting from the substitution of@©@Schlorofluorocarbons [CFCGsRreased
from small amounts in 1990 t78.1MMT CQ Eq. in2022(an increase of 70,35Fercent).

1 Combined C&and CHemissions from iron and steel production and metallurgical coke production
decreasedy 2.9 percent from2021to 2022to 40.7MMT CQEq. and declined overall IB1.2percent
(64.1MMT CQEq.) from 1990 througB022, due to restructuring of the industry. The trend in the United
States has been a shifiward fewer integrated steel mills and more electric arc furnaces (EAFs). EAFs use
scrap steel as their main input and generally hibweer on-site emissions.

9 Carbon dioxide emissions from petrochemical productimreasedy 43.4percent between 1990 and
2022,from 20.1MMT CQEqg. t028.8MMT CQEq.The increase in emissions is largely driven by the
production of ethylene more than doubling over that period.

1 Carbon dioxide emissions from ammonia producti@ve decreasetly 12.5 percent (1.8AMT CQEQq.)
since 1990. Ammonia production relies on natural gas as both a feedstock and a fuel, and as such, market
fluctuations and volatility in natural gas prices affect the production of ammonia from year to year.
Emissions from ammonia production have gased since 2016, due to the addition of new ammonia
production facilities and new production units at existing facilities. Agricultural demands continue to drive
demand for nitrogen fertilizers and the need for new ammonia production capacity.

I Carbon dioxide emissions from cement production increased by 25.1 percent (8.4 MNEG C@®om
1990 through 2022. Emissions rose from 1990 through 2006 and then fell until 2009, due to a decrease in
demand for construction materials during the economic recession. Since 20168nr@3ions from
cement production have risen by 33.2 percent.

1 HFCPFCSK, and NEemissiondrom fluorochemicalproductiondecreasedy 89.0percent(63.2MMT
CQ Eq.) from 1990 to 2022 due to a reduction in the EB@mission ratérom HCF&2 production(kg
HFG23 emitted/kg HCF22 produced)the imposition of emissions controls at production facilities, and a
decrease in Skroduction due to the cessation of production at the majos @eduction facility in 2010

1 PFC emissions from aluminum productiecreasedy 96.1percent(18.5MMT CQEg.) from 1990 to
2022 due to both industry emission reduction efforts alegver domestic aluminum production.

1 Skemissions fronelectrical equipmentecreasedy 79.4percent(19.6MMT CQEQq.) from 1990 to
2022due toa sharp increase in the price ofe$8lEring the 1990s anthdustry emission reduction efforts.

Agriculture

Agricultural activities contribute directly to emissions of greenhouse gases through a variety of processes,
including the following source categories: enteric fermentation in domestic livestock, livestock manure
management, rice cultivation, agricultursdil management, liming, urea fertilization, and field burning of
agricultural residues. Methanand N2O are the primary greenhouse gases emitted by agricultural actiyitigs

Trends 2-21



small amounts of CQalso emitted® Carbon stock changes from agricultural soils are included in the LULUCF
sector.

In 2022 agricultural activities were responsible for emission5§28.4MMT CQEq., or9.4 percent of total U.S.
greenhouse gas emissions. Agricultural soil management activities, such as the application of synthetic and organic
fertilizers, deposition of livestock manure, and growingjihg plants, were the largest contributors to
agricultural-related emissions4@.0percent) and were the largest source of U.20Nmissions i2022, accounting

for 74.6percent. Methane emissions from enteric fermentation and manure management represgitéd

percent andd.2 percent of total Clemissions fom anthropogenic activities, respectively,26822 Carbon dioxide
emissions from the application of crushed limestone and dolomite (i.e., soil liming) and urea fertilization
represented0.2 percent of total C@emissions from anthropogenic activitidgiigure 210 and Table 27 illustrate
agricultural greenhouse gas emissions by source and gas.

Figure2-10: Trends in Agriculture Sector Greenhouse Gas Sources
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5The contribution of agriculture ne@Q emissions is based on gross totals and excludes LULUCF methgnen@hitrous
oxide (NO) emissions. The contribution of agricultures@Hd NO including LULUCF nr@©Q emissions, is 40.5 percent and
483 percent, respectively.
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Table2-7: Emissions from Agriculture (MMT G€&q.)

Percent
Change
Since
Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
(e]e) 7.1 7.9 7.2 7.2 8.0 7.6 8.6 21.0%
Urea Fertilization 2.4 3.5 4.9 5.0 51 5.2 53 120.4%
Liming 4.7 4.4 2.2 2.2 2.9 2.4 3.3 -30.3%
CH 241.7 264.4 285.0 280.2 282.4 281.8 276.8 14.5%
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6 5.2%
Manure Management 39.1 55.0 67.7 66.7 66.9 66.4 64.7 65.3%
Rice Cultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9 -0.4%
Field Burning of Agricultural
Residues 0.5 0.6 0.6 0.7 0.6 0.6 0.6 14.4%
N2O 302.3 309.5 350.2 332.6 309.2 315.3 308.0 1.9%
Agricultural SoiManagement 288.8 294.1 3334 315.6 292.1 298.0 290.8 0.7%
Manure Management 13.4 15.2 16.6 16.8 16.9 17.1 17.0 27.2%
Field Burning of Agricultural
Residues 0.2 0.2 0.2 0.2 0.2 0.2 02  155%
Total 551.1 581.8 642.4 620.1 599.7 604.8 593.4 7.7%

Note: Totals may not sum due to independent rounding.

Agriculture sector emissiordecreased by 1.percent since2021andincreased by 7.percent since 1990. Some
significant trends in U.S. emissions from Agriculture source categéigaé¢ 210) over the33-yeartime series
from 1990 through2022included the following:

il

Agricultural soils are the largest anthropogenic source of agricutelgged emissions andf N2O
emissions in the United States, accounting®dr6percent of NO emissions and.6 percent of total
emissions in the United States2022 Annual NO emissions from agricultural soils fluctuated between
1990 and2022 and overall emissions wefe7 percent(2.0MMT CQ Eq) higher in2022than in 1990.
Yearto-year fluctuations are largely a reflection of annual variation in weather patterns, synthetic
fertilizer use, and crop production.

Enteric fermentation is the largest anthropogenic source of €&hissions in the United States.2022
enteric fermentation Clemissions wer@7.4percent of total Cklemissionswhich represents an
increaseof 5.2 percent(9.5MMT CQ Eq.) since 1990. This increase in emissions from enteric
fermentation from 1990 t@®2022generally follows the increasing trends in cattle populations. For
example, from 1990 to 1995, emissions increased and then generally decreased from 1996 to 2004,
mainly due to fluctuabns in beef cattle populations and increased digestibility of feed for feedlot cattle.
Emissions increased from 2005 to 2007, as both dairy and beef populations increased. Research indicates
that the feed digestibility of dairy cow diets decreased dutimg period. Emissions decreased again from
2008 to 2014 as beef cattle populations again decreased. Emissions increased from 2022 to
consistent with an increase in beef cattle population over those same yeakemissions from enteric
fermentationdecreased by 2.percent(3.9MMT CQEq.)from 2021 to 2022, howevelargely driven by

a decrease in beef cattle populatians

Manure managemenis the fourth largest anthropogenic source of4&iHd NO emissionsn the United
States and accounted for 13.8 percent of Agriculture sector emissions in 2022. Emissions from manure
management increased by 55@rcent between 1990 and022 This includes an increase of 65.3 percent
(25.6MMT CQEQq) for CHand an increase of 27.2 percent (384T CQ Eq) for NO.The majority of

the increase observed in €emissiongesulted from swine and dairy cattle manure, where emissions
increasedoy 37.2and 108.7percent, respectively, from 1990 @022 From2021to 2022, CH emissions

from manure managemerdecreased by.6 percent, mainly due to minor shifts in the animal populations
and the resultant effects on manure management system allonatio
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1 Liming and urea fertilization are the only sources of @fissions reported in the Agriculture sector. All
other CQ emissions and removals (e.g., carbon stock changes from the management of croplands) are
includedin the LULUCF sector. Liming emissionseasedy 36.9percent relative ta2021anddecreased
by 30.3percent(1.4MMT CQEQ) relative to 1990, while urea fertilization emissiansreasecby 1.9
percent relative ta2021and 120.4percent(2.9MMT CQ Eq) relative to 1990.

Land Use, Lantlse Change, and Forestry

When humans alter the terrestrial biosphere through land use, changes in land use, and land management
practices, they also influence the carbon stock fluxes on these lands and cause emissiorsnaf I§8. Overall,
managed land is a net sink for &l@arbonsequestration) in the United States. The primary driver of fluxes on
managed lands is from management of forest lands, but also includes trees in settlements (i.e., urban areas),
afforestation, conversion of forest lands to settlements and croplattdlsmanagement of croplands and
grasslands, flooded lands, and the landfilling of yard trimmings and food scraps. The main drivers for net forest
sequestration include net forest growth, increasing forest area, and a net accumulatianbaihstocks in

harvested wood pools. The net sequestratiorséttlementsremainingsettlements is driven primarily byarbon

stock gains in urban forests (i.eettlementtrees) through net tree growth and increased urban area, as well as
longterm accumulation otarbonin landfills from additions of yard trimmings and food scraps

The LULUCF sectord@22resulted in a net increase tarbonstocks (i.e., net GOemovals) 0921.8MMT CQ
Eq. Table 28).6 This represents an offset @#.5percent of total (i.e., gross) greenhouse gas emissio2922
Emission®f CH and NO from LULUCF activities 2022were 67.6 MMT CQEQ. and represented.2 percent of
net greenhouse gas emission&etween 1990 an@022, total netcarbonsequestration in the LULUCF sector
decreased byL0.9 percent, primarily due to a decrease in the rate of natbonaccumulation in forests and
croplandremainingcropland, as well as an increase in@@issions frontand converted tosettlements.

Floodedlandremainingfloodedland was the largest source of £¢issions from LULU@Rd the fifth largest
source overall of net GH¢missionsn 2022 totaling44.2MMT CQEq. (,579kt of CH). Forest fires were the
secondlargest source of GHemissions from LULUCF2022 totaling9.1MMT CQEq. 827kt of CH). Forest fires
were the largest source of20 emissions from LULUCR022, totaling5.7MMT CQ Eq. 2kt of NeO).Figure
2-11andTable 28illustrate LULUCF emissions and removals by-leedcategory and gas.

6 LULUCF carbon stock chaigéhe netcarbonstock change from the following categoriésrest land remaining forest land,
land converted to forest land, cropland remaining croplaadd converted to cropland, grassland remaining grasslzmd,
converted to grasslandyetlands remaining wetlangd$and converted to wetlandsettlements remaining settlementand
land converted to settlements

7 LULUCF emissions include the, @htl NO emissions reported fqreatlands remaining peatlandforest fires, drained
organic soils, grassland fires, armhstal wetlands remaining coastal wetlan@4 emissions fronflooded land remaining
flooded land land converted to flooded lanéndlandconverted to coastal wetlandand NO emissions from forest soils and
settlement soils.
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Figure2-11: Trends in Emissions and Removals (Net €El0x) from Land Use, Lardse

Change, and Forestry
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Table2-8: U.S. Greenhouse Gas Emissions Rednovals (Net Flux) from Land Use, Leuske
Change, and Forestry (MMT ¢Bq.)

Percent
Change
Since
LandUse Category 1990f 2005 2018 2019 2020 2021 2022 1990
Forest Land Remaining Forest Land (968.8)[| (860.1)§ (863.4) (807.0) (846.3) (823.9) (771.7) -20.3%
Changes in Forest Carbon St@cks (974.8)F (876.0)f (873.5) (813.2) (862.0) (844.2) (787.0) -19.3%
Non-CQ Emissions from Forest
Fire® 5.8 15.4 9.7 5.7 15.3 19.9 14.8 153.9%
N2O Emissions from Forest Sbils 0.1 0.4 0.4 0.4 0.4 0.4 0.4 455.1%
NonCQ Emissions from Drained
Organic Soifs 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.0%
Land Converted to Forest Land (100.2)f (100.2)§ (100.4) (100.3) (100.3) (100.3) (100.3) 0.1%
Changes in Forest Carbon Stécks (100.2)f (100.2)f (100.4) (100.3) (100.3) (100.3) (100.3) 0.1%
Cropland Remaining Cropland (5.00 (31.6) (17.8) (19.4) (8.8) (32.0) (31.7) 529.0%
Changes in Mineral and Organic St
Carbon Stocks (5.00f (31.6)f (17.8) (19.4) (8.8) (32.0) (31.7) 529.0%
Land Converted t&Cropland 45.4 34.5 31.9 31.4 29.3 34.9 35.1 -22.7%
Changes in all Ecosystem Carbon
Stocks 45.4 34.5 31.9 314 29.3 34.9 351 -22.7%
Grassland Remaining Grassland 24.6 24.9 29.7 28.9 171 115 140 -43.1%
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Changes in Mineral ardrganic Soil
Carbon Stocks 24.4 24.1 28.6 28.5 16.1 10.6 134 -45.2%
Non-CQ Emissions from Grassland
Fire® 0.2 0.8 1.1 0.3 11 0.9 0.6 184.1%
Land Converted to Grassland 35.3 21.8 25.2 254 28.7 24.5 256 -27.3%
Changes in altcosystem Carbon
Stocks 35.3 21.8 25.2 254 28.7 24.5 25,6 -27.3%
Wetlands Remaining Wetlands 36.8 39.4 38.2 38.1 38.1 38.1 38.1 3.6%
Changes in Organic Soil Carbon
Stocks in Peatlands 1.1 1.1 0.7 0.6 0.6 0.5 0.6 -45.7%
Non-CQ Emissions from Peatlands
Remaining Peatlands + + + + + + +  -47.0%
Changes in Biomass, DOM, and S«
Carbon Stocks in Coastal Wetlanc (10.8)f (10.1)f (11.12) (11.1) (11.1) (11.1) (11.1) 2.8%
CH Emissions from Coastal
Wetlands Remaining Coastal
Wetlands 4.2 4.2 4.3 4.3 4.3 4.3 4.3 3.4%
N>O Emissions from Coastal
Wetlands Remaining Coastal
Wetlands 0.1 0.2 0.1 0.1 0.1 0.1 0.1 14.9%
CH Emissions from Flooded Land
Remaining Flooded Land 42.3 44.0 44.2 44.2 44.2 44.2 44.2 4.7%
Land Converted to Wetlands 7.2 1.8 0.7 0.7 0.7 0.7 0.7 -90.3%
Changes in Biomass, DOM, and St
Carbon Stocks in Land Converted
to Coastal Wetlands 0.5 0.5 (+) (+) (+) (+) (+)  -97.0%
CH Emissions from Land Converte
to Coastal Wetlands 0.3 0.3 0.2 0.2 0.2 0.2 0.2 -38.9%
Changes in Land Converted to
Flooded Land 3.6 0.6 0.3 0.3 0.3 0.3 0.3 -91.7%
CH Emissions from Land Converte
to Flooded Land 2.9 0.4 0.2 0.2 0.2 0.2 0.2 -92.6%
Settlements Remaining Settlements (109.1)f (115.2)§ (131.0) (131.5) (131.8) (132.3) (132.3) 21.2%
Changes in Organic Soil Carbon
Stocks 9.9 10.1 14.4 14.6 15.1 15.4 154 56.0%
Changes in Settlement Tree Carbo
Stocks (96.6)f (117.0)f (134.4) (135.6) (136.7) (137.8) (138.5) 43.4%
N2O Emissions from Settlement
Soil§ 2.1 3.1 2.4 25 25 25 25 22.8%
Changes in Yard Trimming and For
ScrapCarbon Stocks in Landfills (24.5}F (11.9) (13.4) (13.1) (12.8) (12.5) (11.8) -52.0%
Land Converted to Settlements 57.2 77.1 71.4 70.2 68.8 68.2 68.2 19.1%
Changes in all Ecosystem Carbon
Stocks 57.2 77.1 71.4 70.2 68.8 68.2 68.2 19.1%
LULUCF Carbon Stockangé (1,034.7)] (976.6)f (978.3) (921.6) (972.8) (983.4) (921.8) -10.9%
LULUCF Emissidns 58.0 68.9 62.8 58.0 68.4 72.9 67.6 16.5%
CH 53.1 58.5 55.5 52.5 59.3 62.1 58.4 10.0%
N>O 4.8 10.3 7.3 5.5 9.1 10.7 9.1 88.3%
LULUCF Sector Net Tdtal (976.7)| (907.7) (915.5) (863.6) (904.4) (910.6) (854.2) -12.5%

+ Absolute value does not exceed 0.05 MMT EQ

a|ncludes the net changes to carbon stocks stored in all forest ecosystem pools (estimatesdadhafstock changes from
drained organic soils from bofierestlandremainingforestland andand converted toforestland) and harvested wood

products.

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

forest land.
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d Estimates includ€H, and NO emissions from drained organic soils on both forest land remaining forest land and land
converted to forest land. Carbon stock chanffesn drained organic soils are included with the forest land remaining fo
land forest ecosystem pools.

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

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

9 Estimates includ€H, and NO emissions from fires on both grassland remaining grassland and land converted to gras

h Estimates include XD emissions from N fertilizer additions on both settlements remaining settlements and land conve
to settlements because it is not possible to separate the activity data at this time.

" LULUCEF carbon stock change includescantyonstock gains and losses from all land use and-laselconversion
categories.

I LULUCF emissions subtotal includes thea®id NO emissions reported for peatlands remaining peatlands, forest fires,
drained organic soils, grassland fires, and coastal wetlands remaining coastal wetlapeisii€lidns fronflooded land
remaining flooded land, and land converted to flooded land, and land converted to coastal wetlandsarcNsions

from forest soils and settlement soils. Emissions values are included huszncategory rows.

kThe LULUCF sector net total is the net sum of all LULUGIRECNO emissions to the atmosphere plus LULUCF net carl
stock changes in units of MMT &Ex).

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

Overall ChHand NO emissions from LULUGE&creased by 7.Bercent from2021andincreased by 16.percent
since 1990 while total net sequestratigdecreased byL0.9percent since 1990 angl.3 percent from2021 Other
trends from 1990 t®022in emissions from LULUCF categorigégyre 211) over the33-yearperiod included the
following:

1 Annual carbon sequestration by forest land (i.e., anmaabonstock accumulation in the five ecosystem
carbonpools and harvested wood products filmrestland remainingforestlandandland converted to
forestland) haglecreasedy 17.5percent since 1990. This is primarily due to decreassetionstock
gains inand converted toforestland and the harvested wood products pools witfanestland
remainingforestland.

1 Annualcarbonsequestration fronsettlementsremainingsettlements (which includes organic soils,
settlement trees, and landfilled yard trimmings and food scraps)iaeasedoy 21.2percent over the
period from 1990 t2022 This is primarily due to an increase in urbanized land area in the United States
with trees growing on it.

1 Annual emissions fronand converted tosettlementsincreasedoy 19.1percent from 1990 to 202due
primarily tocarbonstock losses frorforestland converted tosettlements and mineral soilsarbonstocks
from grasslandconverted tosettlements.

Waste

Waste management and treatment activities are sources afd@dd NO emissions (seeigure 212 and Table 29).
Overall, emission sources accounted for in the Waste chapter genet&&dMMT CQEq, or 2.6 percent of total
U.S. greenhouse gas emissions in 2022022, landfills were the largest source of waste emissions, accounting
for 71.8 percent of wasteelated emissions. Landfills are also th&d-largest source of U.S. anthropogenicaCH
emissions, generating 119.8 MMT £E®|. and accounting for 17.1 percent of total U.Ss &Hissions in 2028.
Additionally, wastewater treatment generated emissions of 42.7 MMTEZPOand accounted for 25.6 percent of
waste emissions, 3.0 percent of U.Ss€Hissions, and 5.percent of U.S. O emissions in 2022. Emissions of
CH and NO from composting are also accounted for in this chapter, generating emissions of 2.6 MM{.@0d
1.8 MMT C®Eg., accounting for 1.5 and 1.1 percent of Waste sector emissions, respediivabrobic digestion

8 Landfills also store carbon, due to incomplete degradation of organic materials such as wood products and yard trimmings, as
described in the Land Use, Ladde Change, and Forestry chapter.
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at biogas facilities generated €émissions ofess than 0.03AMT CQ Eq., accounting fdess than 0.0%ercent of
emissions from the Waste sector.

Figure2-12: Trends in Waste Sector Greenhouse Gas Sources
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Table2-9: Emissions from Waste (MMT G€q.)
Percent
Change
Since
Gas/Source 1990 2005 2018 2019 2020 2021 2022 1990
CH 220.9 172.4 150.2 152.4 147.6 145.3 143.2 (35.2%)
Landfills 197.8 147.7 126.3 128.7 124.1 122.0 119.8 (39.4%)
Wastewater Treatment 22.7 22.7 214 211 21.0 20.7 20.8 (8.4%)
Composting 0.4 2.1 25 25 2.6 2.6 26 504.8%
Anaerobic Digestion at
Biogas Facilities + + + + + + + 1,109.3%
N>O 15.1 195 23.0 23.4 24.1 23.9 23.7 57.4%
Wastewater Treatment 14.8 18.1 21.2 21.6 22.3 22.1 21.9 48.2%
Composting 0.3 15 1.8 1.8 1.8 1.8 1.8 504.8%
Total 235.9 192.0 173.2 175.8 171.7 169.2 166.9 (29.3%)

+ Does not exceed 0.05 MMT £Ej.
Note: Totals may not sum due to independent rounding.

Waste sector emissiordecreasedyy 14 percent sinc&2021and29.3percent since 1990. Sonmotabletrends in
U.S. emissions froWaste source categoriefigure 212) over the33-year period from 1990 through022

included the following:

1 Net CHemissions from landfilldecreasedy 78.0MMT CQ Eg. 89.4percent), with small increases
occurring in interim years. This downward trend in emissiariacided withincreased landfill gas

2-28 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 19907 2022



collection and control systems, and a reduction of decomposable materials (i.e., paper and paperboard,
food scraps, and yard trimmings) discarded in municipal solid waste (MSW) landfills over the time series.

1 CHand NO emissions from wastewater treatmedécreasedy 8.4 percent(1.9MMT CQEq.) and
increasedoy 48.2percent 7.1 MMT CQEQq.), respectively. Methane emissions from domestic wastewater
treatment have decreased since 1999 due to decreasing percentages of wastewater being treated in
anaerobic systems, including reduced use ofida septic systems and central anaerobic treatrn
systems. B emissions from wastewater treatment processes gradually increased across the time series
as a result of iareasing U.S. population and protein consumption.

1 Combined CHand NO emissions from composting have increase®®¥.8 percen(3.7MMT CQEQq)
since1990. The growth in composting since the 1990s is attributable to primarily four factors: (1) the
enactment of legislation by state and local governments that discouraged the disposal of yard trimmings
and food waste in landfills; (2) an increase in yaimhming collection and yard trimming dreqff sites
provided by local solid waste management districts; (3) an increased awareness of the environmental
benefits of composting; and (4) loans or grant programs to establish or expand composting infrastructure

2.2 Emissionand Sinkdy Economic
Sector

In addition to the Paris Agreement and UNFCCC reporting sectors and methods defined by the IPCC, this report
also characterizegrossemissions according to commonly used economic sector categoemsidential,

commercial, industry, transportation, electric power, and agricultimeissions from U.S. Territories are reported

as their own enelise sector due to a lack of specific consumption data for the individualsadectors within

U.S. TerritoriesSeeBox 21 for more information on how economic sectors are defined. For more information on
trends in the LULUCF sector, see Se@idn

Using this categorization, transportation activities accounted for the largest portioa f28cent) of total U.S.
greenhouse gas emissions2022 Emissions from electric power accounted for the second largest po2i8 (
percent), while emissions from industry accounted for the tHandjest portion 22.9percent) of total U.S.

greenhouse gas emissions2022 Emissions from industry have in general declined over the past decade due to a
number of factors, including structural changes in the U.S. economy (i.e., shifts from a manufacaseéoigto a
servicebased economy), fuel switchingad efficiency improvements.

The remainin@3.8percent of U.S. greenhouse gas emissions were contributethlmrder of magnitudethe
agriculture, commercial, and residential sectors, plus emissions from U.S. Territories. Activities related to
agriculture accounted fot0.0percent of emissions; unlike other economic sectors, agricultural sector emissions
were dominated by BD emissions from agricultural soil management and €hissions from enteric

fermentation, rather than Cgfrom fossil fuel combustiorAn increasing amount afarbon is stored in agricultural
soils each year, but thisarbonsequestration is assigned to the LULUCF sector rather than the agriculture
economic sectorThe commercial and residential sectors accounted for rougldpercent and6.2 percent of
greenhouse gas emissions, respectively, and U.S. Territories accountedi feréent of emissiongmissions

from these sectors primarily consisted of &issions from fossil fuel combusticBarbon dioxide was also
emitted and sequestered (in the form ofrbon) by a variety of activities related to forest management practices,
tree planting in urban areas, the management of agricultural soils, landfilling of yard trimmings, and changes in
carbonstocks in coastal wetland$able 210 presents a detailed breakdown of emissions from each of these
economic sectors by source category, as they are defined in this répgure2-13 shows the trend in emissions

by sector from 1990 t@022
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Figure2-13: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors
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Note: Emissions and removals from Land
Territories.

se, dselChange, arfebrestry are excluded from figure above. Excludes U.S.

Table2-10: U.S. Greenhouse Gas Emissions Allocated to Economic Sectors (MMEQCahd
Percent of Total irR022

Percent of
Total
Sector/Source 1990 2005 2018 2019 2020 2021 2022 Emission3
Transportation 1521.4) 1,9659f 18716 18746 16253 18055 1,801.5 28.4%
CQfrom Fossil Fuel
Combustion 1,468.94 1,858.6f 1,813.1 1,816.6 15728 1,7535 1,751.3 27.6%
Substitution of Ozone
Depleting Substances + 63.1 35.5 34.0 325 31.2 29.6 0.5%
Mobile Combustioh 40.6 34.1 13.7 15.1 12.2 12.7 12.2 0.2%
NonEnergy Use of Fuel 11.8 10.2 9.2 8.8 7.8 8.0 8.4 0.1%
Electric Power Industry ~ 1,880.2f 2,457.4f 1,799.2 1,650.8 1,482.2 15844 15775 24.9%
CQ from Fossil Fuel
Combustion 1,820.04 2,400.1f 1,753.4 1,606.7 1,439.6 15409 1,531.7 24.1%
Stationary Combusticn 18.7 27.7 23.1 20.2 18.9 20.4 22.9 0.4%
Incineration of Waste 13.3 13.6 13.7 13.3 13.3 12.8 12.7 0.2%
Other Process Uses of
Carbonates 3.6 4.2 4.0 45 4.5 4.3 5.2 0.1%
Electrical Equipment 24.7 11.9 5.0 6.1 5.9 6.0 5.1 0.1%
Industry 1,723.3] 1,587.3fF 15419 15318 14359 14558 1,4525 22.9%
CQ from Fossil Fuel
Combustion 833.1 796.8 770.7 770.1 722.9 740.7 761.8 12.0%
Natural Gas Systems 251.2 236.5 223.0 227.3 217.0 210.4 209.7 3.3%
NonEnergy Use of Fuel 83.9 107.2 108.9 97.4 89.9 103.5 94.3 1.5%
Petroleum Systems 59.0 58.5 93.8 97.8 82.3 72.8 61.6 1.0%
Coal Mining 112.7 75.6 62.2 56.0 48.3 47.1 46.1 0.7%
Cement Production 335 46.2 39.0 40.9 40.7 41.3 41.9 0.7%
Iron and Steel
Production 104.8 70.1 42.9 43.1 37.7 41.9 40.7 0.6%
Substitution of Ozone
Depleting Substances + 8.0 31.9 33.1 33.9 32.2 33.4 0.5%
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Petrochemical

Production 20.1 26.9 27.2 28.5 27.9 30.7 28.8 0.5%
Landfills (Industrial) 12.2 16.1 18.7 18.8 18.9 18.9 18.9 0.3%
Ammonia Production 14.4 10.2 12.7 12.4 13.0 12.2 12.6 0.2%
Lime Production 11.7 14.6 13.1 12.1 11.3 11.9 12.2 0.2%
Nitric Acid Production 10.8 10.1 8.5 8.9 8.3 7.9 8.6 0.1%
Abandoned Oil and Gas

Wells 7.8 8.2 8.4 8.5 8.5 8.6 8.5 0.1%
Fluorochemical

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

Non-Agricultural

Purposes 3.8 3.7 6.1 6.2 5.8 6.6 7.1 +%
Abandoned

Underground Coal

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

Carbonates 3.6 4.2 4.0 4.5 45 4.3 5.2 +%
Carbon Dioxide

Consumption 15 1.4 4.1 4.9 5.0 5.0 5.0 +%
Electronics Industry 3.3 4.5 4.8 4.5 4.5 4.8 4.7 +%
N2O from Product Uses 3.8 3.8 3.8 3.8 3.8 3.8 3.8 +%
Stationary Combustidn 4.8 45 3.9 3.8 3.6 3.6 35 +%
AluminumProduction 26.1 7.2 2.9 3.3 3.2 2.5 2.2 +%
Adipic Acid Production 135 6.3 9.3 4.7 7.4 6.6 2.1 +%
Glass Production 2.3 2.4 2.0 1.9 1.9 2.0 2.0 +%
Soda Ash Production 1.4 1.7 1.7 1.8 15 1.7 1.7 +%
Titanium Dioxide

Production 1.2 1.8 15 1.3 1.3 15 15 +%
Ferroalloy Production 2.2 1.4 2.1 1.6 1.4 1.6 1.3 +%
Caprolactam, Glyoxal,

and Glyoxylic Acid

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

and Processing 5.7 3.0 1.1 1.0 0.9 1.2 1.2 +%
Zinc Production 0.6 1.0 1.0 1.0 1.0 1.0 0.9 +%
Phosphoric Acid

Production 15 1.3 0.9 0.9 0.9 0.9 0.8 +%
Sk and PFCs from Othe

Product Use 1.4 15 0.9 0.8 0.7 0.5 0.8 +%
Lead Production 0.5 0.6 0.5 0.5 0.5 0.4 0.4 +%
Carbide Production and

Consumption 0.3 0.2 0.2 0.2 0.2 0.2 0.2 +%
Agriculture 595.9 634.3 683.5 661.0 640.0 645.9 634.0 10.0%
N2O from Agricultural

Soil Management 288.8 294.1 333.4 315.6 292.1 298.0 290.8 4.6%
Enteric Fermentation 183.1 188.2 196.8 197.3 196.3 196.5 192.6 3.0%
Manure Management 525 70.2 84.3 83.5 83.8 83.6 81.7 1.3%
CQ from Fossil Fuel

Combustion 43.4 50.8 39.8 39.7 39.1 39.8 39.3 0.6%
RiceCultivation 18.9 20.6 19.9 15.6 18.6 18.3 18.9 0.3%
Urea Fertilization 2.4 35 4.9 5.0 5.1 5.2 5.3 0.1%
Liming 4.7 4.4 2.2 2.2 2.9 2.4 3.3 0.1%
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Mobile Combustioh 1.4 1.6 1.2 1.2 1.2 1.2 1.2 +%
Field Burning of
Agricultural Residues 0.7 0.8 0.8 0.9 0.8 0.8 0.8 +%
Stationary Combusticn 0.1 + 0.1 0.1 0.1 0.1 0.1 +%
Commercial 447.0 418.9 453.5 462.6 436.9 443.7 463.7 7.3%
CQ from Fossil Fuel
Combustion 228.3 227.1 246.3 251.7 229.3 237.5 258.7 4.1%
Landfills (Municipal) 185.5 131.6 107.7 109.9 105.2 103.1 100.9 1.6%
Substitution of Ozone
Depleting Substances + 21.4 58.5 59.8 60.8 61.9 62.9 1.0%
Wastewater Treatment 30.9 33.6 35.0 35.1 35.6 35.1 35.0 0.6%
Composting 0.7 3.6 4.3 4.3 4.4 4.4 4.4 0.1%
Stationary Combustidn 1.5 1.5 1.7 1.7 1.6 1.6 1.7 0.0%
Anaerobic Digestion at
Biogas Facilities + + + + + + + +%
Residential 345.6 371.2 376.8 384.2 358.0 369.6 391.3 6.2%
CQ from Fossil Fuel
Combustion 338.6 358.9 338.9 342.9 314.8 318.0 334.1 5.3%
Substitution of Ozone
Depleting Substances 0.2 7.0 31.9 35.1 39.0 47.3 52.2 0.8%
Stationary Combustidn 6.8 5.3 6.0 6.2 4.2 4.2 5.0 0.1%
U.S. Territories 23.4 59.7 26.3 25.1 234 23.9 22.7 0.4%
CQ from Fossil Fuel
Combustion 20.0 51.9 25.9 24.8 23.3 23.8 22.6 0.4%
Non-Energy Use of Fuel 3.4 7.6 0.2 0.2 0.1 0.1 0.1 +%
Stationary Combustidn 0.1 0.2 0.1 0.1 0.1 0.1 0.1 +%
Total Gross Emissions
(Sources) 6,536.9] 7,494.6] 6,752.7 6,590.1 6,001.8 6,328.8 6,343.2 100.0%
LULUCF Sector Net Tota  (976.7) (907.7) (915.5) (863.6) (904.4) (9106) (8542) (13.5%)
Net Emissions (Sources
and Sinks) 5560.2f 6,58.9] 58373 5,726.6 50974 54182 5,489.0 86.5%

+ Does not exceed 0.05 MMT £X3. or 0.05 percent.

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

bIncludes ClHand NO emissions from fuglombustion.

¢The LULUCF sector net total is the net sum of all LULUGIRECNO emissions to the atmosphere plus LULUCF net carhc
stock changes.

Notes: Total gross emissions presented are without LULUCF. Total net emissions are presented with LULUCF. Totals
sum due to independent rounding. Parentheses indicate negative values or sequestration.

Box2-1: Methodology for Aggregating Emissions by Economic Sector

In presenting theeconomicsectors in the annudhventory of U.S. Greenhouse Gas Emissions and tBieks
Inventoryexpands upon the standard sectors commonrfporting under the Paris Agreement and the
UNFCCC. Discussing greenhouse gas emissions relevantgpdgific economic sectomproves
O2YYdzyAOFGA2y 2F GKS NBLRZNIQa FAYRAYIAD

Theelectric power economic sector includes ¢GH and NO emissions from the combustion of fossil fuels tt
are included in the EIA electric power sector. Carbon dioxidg a@tl NO emissions from waste incineration
are included in theslectric power economic sector, as the majority MiSWis combusted in plants that produce
electricity. Theelectric power economic sector also includess 86m electrical equipmentand a portion of CO
from other processuses ofcarbonates (from pollution control edpment installed in electric power plants).

Thetransportationeconomic sector includes €@&missions from the combustion of fossil fuels that are incluc
in the EIA transportation fuedonsuming sector. (Additional analyses and refinement of the EIA data are ful
explained in the Energy chapter of this report.) Emissions eA@¢NO from mobile combustion are also
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apportioned to thetransportation economic sector based on the EIA transportationdoasuming sector.
Emissions of ODshibstitutesare apportioned to théransportation economic sector based on emissions fron
refrigerated transport and motor vehicle asonditioning systems. Finally, &&mnissions fronmon-energyuses
of fossilfuels identified as lubricants for transportation vehicles are included irirdr@sportation economic
sector.

Theindustry economic sector includes £&missions from the combustion of fossil fuels that are included in
EIA industrial fuetonsuming sector, minus the agricultural use of fuel explained below. ThendHhO
emissions from stationary and mobile combustion are also apportioned tinthestry economic sector based
on the EIA industrial fuelonsuming sector, minus emissions apportioned todbeculture economic sector.
Emissions of ODS substituta® apportioned based on their specific engeswithin the source category, with
most emissions falling within thiedustry economic sector. Finally, £&thissions from industrial landfills and
CH and NO from industrial wastewater treatment are included in tinelustry economic sector.

Additionally, all proceseelated emissions from sources with methods considered within the IPCC IPPU se
are apportioned to thendustry economic sector. This includes the proeedated emissions (i.e., emissions
from the actual process to make the material, not from fuels to power the plant) from activities seemast
production,iron andsteel production andmetallurgicalcoke production, andammoniaproduction.

Additionally, fugitive emissions from energy production sources, sucatasal gassystems,coal mining, and
petroleumsystems are included in th@dustry economic sector. portion of CQ from other processuses of
carbonates (from pollution control equipment installed in large industrial facilities) is also included in the
industry economic sector. Finally, all remaining €@issions frormon-energyuses offossilfuels are assumed
to be industrial in nature (besides the lubricants for transportation vehicles specified above) and are attrib
to the industry economic sector.

Theagricultureeconomic sector includeSQ emissions from the combustion of fossil fuels that are based or
supplementary sources of agriculture fuel use data, because EIA includes agriculture equipment in the in
fuel-consuming sector. Agriculture fuel use estimates are obtained from @garinent of Agriculture survey
data, in combination with EIA Fuel Oil and Kerosene Sales (FOKS) dag9(Etfvough 202R Agricultural
operations are based on annual energy expense data from the Agricultural Resource Management Surve
(ARMS) conductebly the National Agricultural Statistics Service (NASS) of the USDA. NASS collects infor
on farm production expenditures including expenditures on diesel fuel, gasoline, LP gas, natural gas, and
electricity use on the farm with the annual ARMS. A AgDblication (USDA/NAS823 shows national totals,
as well as seleet States and ARMS production regions. These supplementary data are subtracted from tt
industrial fuel use reported by EIA to obtain agriculture fuel use. Carbon dioxide emissiorfe$sinfuel
combustion, and CHand NO emissions from stationary and mobile combustion, are then apportioned to th
agriculture economic sector based on agricultural fuel use.

The other IPCC Agriculture emission source categories apportioned &gfticelture economic sector include
N20 emissions fromagriculturalsoils, CHfrom enteric fermentation, CkHland NO frommanuremanagement,
CH from rice cultivation, CQ emissions fromiiming andureaapplication, and ClHand NO fromfield burning of
agriculturalresidues.

Theresidentialeconomic sector includes @@missions from the combustion of fossil fuels that are included
the EIA residential fuetonsuming sector. Stationary combustion emissions af&@d NO are also based on
the EIA residential fuetonsuming sectolEmissions of ODS substituta® apportioned to theesidential
economic sector based on emissions from residentiatairditioning systems. 40 emissions from the

FLILIX AOFGA2Y 2F FSNIAEAT SNE (2 RS JSds@indbdedifthe/ R 6 (
residential economic sector.

Thecommercial economic sector includes £#nissions from the combustion of fossil fuels that are includec
the EIA commercial fuglonsuming sector. Emissions ofs@Hd NO from mobile combustion are also
apportioned to thecommercial economic sector based on the EIA commercialdoresuming sectofEmissions
of ODS substituteare apportioned to thecommercial economic sector based on emissions from commercia
refrigeration/air-conditioning systems. Public works sources, including direcfr@id municipal landfills, CH
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from anaerobic digestion at biogas facilities «@Hd NO from domestic wastewater treatment, and
composting, are also included in tktemmercial economic sector.

Emissions with Electricity Distributed to Economic Sectors

It is also useful to view greenhouse gas emissions from economic sectors with emissions related to electric power
distributed into enduse categoriesgi.e., emissions frorthe electric powersectorare allocated to the economic
end-usesectors in which the electricity is use&pr example, genhouse gas emissions from some economic
sectors, i.e., commercial and residential and industrgrease substantially when indirect emissions from

electricity enduse are included, due to the relatively large shafelectricity use by buildingg5 percentof the
electricity generated in th&nited Statedor heating, ventilation, and air conditioning; lighting; and appliances

etc.)? and use of electricity for powering industrial machinery

The generation, transmission, and distribution of electriditgctly accountedor 24.9percent of total U.S.
greenhouse gas emissions2@22 Electric poweirelated emissionslecreasedy 16.1percent since 1990 mainly
due to fuel switching in the electric power sector. Fraf21to 2022, electric powetrelated emissionslecreased
by 0.4 percent Between2021and 2022 the consumption of natural gasd petroleumfor electric power
generationincreasedby 7.6 percentand 18.9 percent, respectivelwhile the consumption of coalecreasedy
6.4 percent Hectric powerrelated emissions are still lower than ppandemic 2019 level§.able 211 provides a
detailed summary of emissions from electric powelated activities.

From2021to 2022 electricity sales to the residential ense sectoincreasedy 2.6 percent Electricity sales to
the commercial endise and industrial sectoiacreasedoy 4.7 percentand2.0 percent respectively. Overall,
from 2021to 2022 the amount of electricity retail sales (in kWhgreasedy 3.2 percent.

Table2-11: Electric PoweRelated Greenhouse Gas Emissions (MM©E EQ)

Gas/Fuel Type or Source 1990 2005 2018 2019 2020 2021 2022
(efe) 1,836.4| 241754 1,770.7 1,624.2 1,457.0 1557.7 15492
Fossil Fuel Combustion 1,820.04 2,400.1y 1,753.4 1,606.7 1,439.6 15409 1,531.7
Coal 1,546.5f 1,982.8] 1,152.9 973.5 788.2 910.1 851.5
Natural Gas 175.4 318.9 577.9 616.6 634.8 612.8 659.3
Petroleum 97.5 98.0 22.2 16.2 16.2 17.7 20.5
Geothermal 0.5 0.5 0.4 0.4 0.4 0.4 0.4
Incineration of Waste 12.9 13.3 13.3 12.9 12.9 125 12.4
Other Process Uses of Carbonates 3.6 4.2 4.0 45 4.5 4.3 5.2
CH 0.5 1.0 1.4 14 1.4 14 1.3
Stationary Sourcés 0.5 1.0 1.4 1.4 1.4 1.4 1.3
Incineration of Waste + + + + + + +
N2O 18.6 27.1 22.1 19.1 17.9 19.4 21.9
Stationary Sourcés 18.2 26.7 21.7 18.8 17.5 19.0 21.6
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3
Sk 24.7 11.8 5.0 6.1 5.9 6.0 5.1
Electrical Equipment 24.7 11.8 5.0 6.1 5.9 6.0 5.1
CR + + + + + + +
Electrical Equipment + + + + + + +
Total 1,880.2 24574 1,799.2 16508 1,4822 15844 15775

+ Does not exceed 0.05 MMT £X3).

9 Seehttps://www.nrel.gov/inews/features/2023/nrelresearcheireveathow-buildingsacrossthe-united-statesdo-and-could
use-energy.html#:~:text=Buildings%20are%20responsible%20for%2040,buildings%20stock%20is%20also%20essential

2-34 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 19907 2022


https://www.nrel.gov/news/features/2023/nrel-researcher-reveal-how-buildings-across-the-united-states-do-and-could-use-energy.html#:~:text=Buildings%20are%20responsible%20for%2040,buildings%20stock%20is%20also%20essential
https://www.nrel.gov/news/features/2023/nrel-researcher-reveal-how-buildings-across-the-united-states-do-and-could-use-energy.html#:~:text=Buildings%20are%20responsible%20for%2040,buildings%20stock%20is%20also%20essential

aIncludes only stationary combustion emissions related to the generation of electricity.
Note: Totals may not sum due to independeotinding.

To distribute electricity emissions among economic-esd sectors, emissions from the source categories

assigned to the electric power sector were allocated to the residential, commercial, industry, transportation, and
agriculture economic sectorsaccoydd G2 Sl OK SO02y2YAO aSOG2ND&R026;KIF NBE 2F NI
USDA/NAS3H)23. These source categories includex@0m fossil fuel combustion, Gldnd NO from stationary

combustion, incineration of waste, other process uses of carbonates SEfrom electrical equipment. Note that

only 50 percent of theemissions fronother process uses of carbonates were associated with electric power and

distributed as described; the remainimgnissions from ther processuses ofcarbonates were attributed to the

industry economic endise sectof?

When emissions from electricity use are distributed among these economicgmdectors2022emissions from
industrial activities account for the largest share of total U.S. greenhouse gas emig28idipe(cent), followed
closely by emissions from transportatia28(5percent). Emissions from the commercial and residential sectors
also increase substantially when emissions from electricity are incl(idegland 15.3percent, respectively)n all
economic enelise sectors except agriculture, £4acounst for more than/8 percent of greenhouse gas emissions,
primarily from the combustion of fossil fuelBable 212 presents a detailed breakdown of emissions from each of
these economic sectors, with emissions from electric power distributed to tikégore 214 shows the trend in
these emissions by sector from 19902022

Figure2-14: U.S. Greenhouse Gas Emissions \itactricity-Related Emissions Distributed to
Economic Sectors
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Note: Emissions and removals from Land Use, {s&Change, and Forestry are excluded from figure above. Excludes U.S.
Territories.

Table2-12: U.S. Greenhouse Gas Emissions by Economic Sector and Gas with Electricity
Related Emissions Distributed (MMT €BEq.) and Percent of Total 2022

Emissions by Gas 1990' 2005' 2018 2019 2020 2021 2022 Percent
Industry 2397.3) 23029} 20171 19748 18235 18778 1,872.9 295%
Direct Emissions 17233 1587.3] 15419 15318 14359 14558 14525 22.9%

10 Emissions were not distributed to U.S. Territories, sinceetaetric powersector only includes emissions related to the
generation of electricity in the 50 states and the District of Columbia.
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CcQ 1,1738] 1,136.4] 11107 11183 10369 10711 1,080.8 17.0%
CH 413.3 371.2 352.2 337.7 323.3 311.3 299.8 4.7%
N2O 35.7 29.8 30.3 26.0 27.6 26.8 23.6 0.4%
HFCs, PFCsg8Rd NR 100.6 49.8 48.6 49.8 48.1 46.5 48.3 0.8%
ElectricityRelated 674.0 715.6 475.3 443.0 387.6 422.0 4203 6.6%
efe} 658.3 704.0 467.7 435.9 381.0 414.9 412.8 6.5%
CH 0.2 0.3 0.4 0.4 0.4 0.4 0.3 +%
N.O 6.7 7.9 5.8 5.1 4.7 5.2 5.8 0.1%
Sk 8.8 35 1.3 1.6 1.5 1.6 1.4 +%
Transportation 1,524.6 1,970.8' 1,876.5 18795 16295 1,8106 1,807.8 28.5%
DirectEmissions 1521.4f 19659F 18716 18746 16253 18055 18015 28.4%
cQ 1,480.8 1,868.7 1,822.3 1,8255 1,580.6 1,761.6 1,759.7 27.7%
CH 6.4 3.1 17 1.7 1.4 15 15 +%
N.O 34.3 31.0 12.1 13.4 10.7 11.2 10.7 0.2%
HFC% + 63.1 35.5 34.0 325 31.2 29.6 0.5%
ElectricityRelated 3.1 4.8 4.9 4.9 4.2 5.2 6.3 0.1%
CcQ 3.1 4.8 4.8 4.9 4.1 5.1 6.2 0.1%
CH ar ar oh 1P 1P Tr 1P +%0
N2O + 0.1 0.1 0.1 0.1 0.1 0.1 +%
Sk + + + + + + + +%
Residential 958.0f 11,2477 1,035.9 984.0 919.5 958.0 973.5 15.3%
Direct Emissions 345.6 371.2 376.8 384.2 358.0 369.6 3913 6.2%
cQ 338.6 358.9 338.9 342.9 314.8 318.0 334.1 5.3%
CH 5.9 45 5.1 5.3 3.6 3.6 4.3 0.1%
N.O 0.9 0.8 0.8 0.8 0.6 0.6 0.7 +%
Sk 0.2 7.0 31.9 35.1 39.0 47.3 52.2 0.8%
ElectricityRelated 612.4 876.5 659.1 599.7 561.5 588.4 582.2 9.2%
ca 598.1 862.2 648.6 590.1 551.9 578.5 571.8 9.0%
CH 0.2 0.3 0.5 0.5 0.5 0.5 0.5 +%
N.O 6.1 9.7 8.1 6.9 6.8 7.2 8.1 0.1%
Sk 8.0 4.2 1.8 2.2 2.2 22 1.9 +%
Commercial 1,002.50f 1241.1f 1,0743 1,030.5 931.5 9768 1,002.6 15.8%
Direct Emissions 447.0 4189 453.5 462.6 436.9 443.7 463.7 7.3%
ca 228.3 227.1 246.3 251.7 229.3 2375 258.7 4.1%
CH 203.6 150.9 125.9 127.8 122.9 120.5 118.5 1.9%
N2O 15.1 19.4 22.8 23.2 23.9 23.7 23.6 0.4%
HFCs + 21.4 58.5 59.8 60.8 61.9 62.9 1.0%
ElectricityRelated 555.5 822.2 620.8 567.8 494.6 533.2 539.0 8.5%
CcQ 542.6 808.9 611.0 558.7 486.2 524.2 529.3 8.3%
CH 0.1 0.3 0.5 0.5 0.5 0.5 0.4 1%
N.O 55 9.1 7.6 6.6 6.0 6.5 7.5 0.1%
Sk 7.3 4.0 17 21 2.0 2.0 1.7 1%
Agriculture 631.1 672.6 722.7 6963 674.4 681.6 663.6 105%
Direct Emissions 595.9 634.3 683.5 661.0 640.0 645.9 634.0 10.0%
CcQ 50.5 58.7 47.0 46.9 47.1 47.4 47.9 0.8%
CH 241.9 264.6 285.2 280.4 282.6 282.0 277.0 4.4%
N2O 303.5 311.0 351.3 333.7 310.3 316.4 309.1 4.9%
ElectricityRelated 35.2 38.3 39.2 35.2 34.4 35.7 297 0.5%
CcQ 34.3 37.7 38.6 34.7 33.8 35.1 29.2 0.5%
CH + + + + + + + +%
N2O 0.3 0.4 0.5 0.4 0.4 0.4 0.4 4%
Sk 0.5 0.2 0.1 0.1 0.1 0.1 0.1 1%
U.S. Territories 23.4 59.7 26.3 25.1 23.4 23.9 22.7 0.4%
Total Gross Emissions
(Sources) 6,536.9] 7494.6] 6,752.7 6590.1 6,001.8 6,328.8 6,3432 100.0%
LULUCEF Sector Net Tétal (976.7)f  (9077) (915.5) (863.6) (904.4) (9106) (8542) (13.5%
Net Emissions (Sources
and Sinks) 5560.2] 658.9f 58373 57266 50974 54182 5/489.0 86.5%
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+ Does not exceed 0.05 MMT £E3j. or 0.05 percent.

aPercent of total (gross) emissions excluding emissions from LULUGE year2022

bIncludes primarily HFC34a.

¢The LULUCF sector net total is the net sum of all LULUGIRECNO emissions to the atmosphere plus LULUCF net carl
stock changes.

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

Industry

Theindustryeconomicsector includes C£missions from fossil fuel combustion from all manufacturing facilities,
in aggregate, and with the distribution of electricitylated emissionge.g., powering industrial machinery)
accountd for 29.5percent of U.S. greenhouse gas emissiorZi22 This enelse sector also includes emissions
that are produced as a byproduct of the nenergyrelated industrial process activities. The variety of activities
producing these nownergyrelated emissions includes €émissions from petroleum and natural gas systems,
fugitive CHand CQemissions from coal mining, byproduct £issions from cement production, and HFC, PFC,
Sk, and NEbyproduct emissions from the electronics industry, to name a few.

Since 1990industrysector emissions have declined 2y.9percent. The decline has occurred both in direct
emissions and indirect emissions associated with electricity use. Structural changes within the U.S. economy that
led to shifts in industrial output away from energyitensive manufacturing products to lesaergyintensive

products (e.g., shifts from producing steel to computer equipment) have had a significant effect on industrial
emissions.

Transportation

When electricityrelated emissions are distributed to economic emsk sectors, transportation activities
accounted for28.5percent of U.S. greenhouse gas emissiorZ022 The largest sources of transportation
greenhouse gas emissionsA@22were lightduty trucks, which include sport utility vehicles, pickup trucks, and
minivans 86.5percent); mediummand heavyduty trucks 22.9percent); passenger cars (2(percent); commercial
aircraft (7.2 percent); pipelines (8.percent);ships and boats (8 percent); other aircraft (2.0 percentiand rail
(2.0percent). These figures include direct:COH, and NO emissions from fossil fuel combustion used in
transportation, indirect emissions from electricity use, and emissions frormemangy use (i.e., lubricants) used in
transportation, as well as HFC emissions from mobile air conditioners and refrigerategdraallocated to these
vehicle types.

From 1990 to 2022, total transportation emissions from fossil fuel combustion increasEddhpecentdue, in

large part, to increased demand for trav€rom 2021 to 202Z2missionslecreasedy 0.1percent Vehicle miles
traveled ¥MT) by lightduty motor vehicles (passenger cars and ldhty trucks)increasedoy 46.7percent from
1990 to2022as a result of a confluence of factors including population growth, economic growth, urban sprawl,
and periods of low fuel price3he primary driver of transportaticrelated emissions was @@®om fossil fuel
combustion, which increased .4 percent from 1990 to 2022 when including electricitihisrisein CQ

emissions, combined with a@ncreasein HFCs from close to zero emissions in #®®P.6MMT CQ Eq. in2022,

led to an increase in overall greenhouse gas emissions from transportation activiti8spercent.

The decline in new ligkduty vehicle fuel economy between 1990 and 2004 reflected the increasing market share
of light-duty trucks, which grew from approximately B$ercent of new vehicle sales in 1990 to@percent in
2004.Starting in 2005, average new vehicle fuel economy began to increase whitduiyh¢MT grew only
modestlybetween 2005 and 2013ightduty VMT grew by less than one percent or declined each year between
2005 and 2013hen grew at a faster rate until 2016 6percent from 2014 to 2015, and®percent from 2015 to
2016). Since 2016, the rate of ligthity VMT growth has slowed to one percenmtlesseach yearAverage new
vehicle fuel economy has increased almost every year since 2005, whitduilyhtruck market share decreased to
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330 percent in 2009 and has since varied from year to year betweehadts 63.1percent. Lightduty truck
market share was abo@3.1percent of new vehicles in model ye2®22(EPA20238).

Table 213 provides a detailed summary of greenhouse gas emissions from transportatated activities with
electricityrelated emissions included in the totals. Historically, the majority of electricity use in the transportation
sector was for rail transport. hieever, more recently there has been increased electricity use iroad electric

and plugin hybrid vehiclesDespite this increase]raost all of the energy used for transportation was supplied by
petroleumbased products, with more than half being related to gasoline consumption in automobiles and other
highway vehicles. Other fuel uses, especially diesel fuel for freight trucks tafnéljéor aircraft, accounted for the
remainder.Indirect emissions from electricity are less than 1 percent of diregssiondn the transportation

sector. For amore detailed breakout of emissions by fuel type by vehicle see Ta@BimAnnex 3.

Figure2-15: Trends in TransportatiofiRelated Greenhouse Gas Emissions
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Table2-13: TransportationrRelated Greenhouse Gas Emissions (MM©E EQ)
Gas/VehicleType 1990 2005 2018 2019 2020 2021 2022
Passenger Cars 648.4 564.4 398.7 395.5 341.7 374.2 369.5
cQ 622.2 521.1 386.5 384.2 331.9 365.0 361.0
CH 3.8 1.2 0.3 0.3 0.3 0.3 0.2
N2O 22.5 13.3 2.5 2.6 2.0 1.9 1.7
HFCs 0.0 28.8 9.4 8.4 7.6 7.0 6.6
LightDuty Trucks 302.4 659.3 720.6 711.7 615.3 6717 660.2
CcQa 292.1 614.0 699.0 690.1 596.2 654.0 644.5
CH 15 1.0 0.6 0.6 0.5 0.5 0.5
N.O 8.7 14.0 4.6 5.6 4.4 4.2 3.8
HFCs 0.0 30.2 16.4 15.4 14.2 13.0 11.4
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Medium- and HeavyDuty Trucks 234.5 391.0 406.5 409.3 386.7 417.0 413.1
ofe} 233.1 386.2 397.9 400.3 377.8 407.7 403.6
ChH 0.5 0.2 0.1 0.1 0.1 0.1 0.1
N.O 1.0 15 2.8 3.0 2.7 3.0 3.1
HFCs 0.0 3.2 5.6 5.8 6.1 6.3 6.3

Buses 13.3 17.8 24.9 25.3 24.0 26.1 26.3
CcQ 13.2 17.5 24.3 24.7 23.4 25.6 25.7
CH + + + + + + +
N2O 0.1 0.1 0.2 0.2 0.2 0.2 0.2
HFCs 0.0 0.2 0.4 0.4 0.4 0.4 0.4

Motorcycles 3.4 5.0 7.4 7.5 6.7 7.5 7.6
ofe} 34 4.9 7.3 7.4 6.6 7.4 7.4
CH + + + + + + +
N-O + + 0.1 0.1 0.1 0.1 0.1

Commercial Aircraft 110.8 133.8 130.7 137.8 92.0 120.0 130.8
CcQ 109.9 132.7 129.6 136.7 91.3 119.0 129.7
CH 0.0 0.0 0.0 0.0 0.0 0.0 0.0
N.O 0.9 1.1 1.1 1.1 0.7 1.0 1.1

Other Aircraft 78.0 59.5 44.6 45.6 31.0 35.5 37.0
CcQ 77.3 59.0 44.2 45.2 30.7 35.1 36.7
Ch 0.1 0.1 + + + + +
N-O 0.6 0.5 0.4 0.4 0.2 0.3 0.3

Ships and Boats 47.0 455 41.1 40.0 32.2 50.7 49.9
CcQ 46.3 44.3 36.9 35.5 27.5 45.4 44.4
CH 0.4 0.5 0.5 0.4 0.4 0.5 0.5
N-O 0.2 0.2 0.2 0.2 0.1 0.3 0.3
HFCs 0.0 0.5 3.6 3.9 4.2 4.5 4.8

Rail 39.0 51.4 42,5 39.7 34.2 355 35.6
CcQ 38.5 50.8 41.9 39.1 33.7 34.9 35.0
Ch 0.1 0.1 0.1 0.1 0.1 0.1 0.1
N.O 0.3 0.4 0.3 0.3 0.3 0.3 0.3
HFCs 0.0 0.1 0.1 0.1 0.1 0.1 0.1
Other Emissions from Electric

Powet 0.1 0.1 0.1 0.1 0.1 0.1 0.1

Pipelines 36.0 32.8 50.3 58.3 58.0 64.4 69.3
CcQ 36.0 32.8 50.3 58.3 58.0 64.4 69.3

Lubricants 11.8 10.2 9.2 8.8 7.8 8.0 8.4
CcQ 11.8 10.2 9.2 8.8 7.8 8.0 8.4

Total Transportation 1,524.6 1,970.8)f 1,876.5 1,879.5 1,629.5 1,8106 1,807.8

International Bunker Fuéls 54.7 44.6 32.4 26.2 22.7 22.7 25.3

Ethanol C® 4.1 21.6 78.6 78.7 68.1 75.4 75.0

Biodesel CQ 0.0 0.9 17.9 17.1 17.7 16.1 15.6

+ Does not exceed 0.05 MMT £I3).

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

b Consists of emissions from jet fuel and aviation gasoline consumption by general aviation and military aircraft.

¢ Fluctuations in emission estimates are associated with fluctuations in reported fuel consumption and may reflect isst
data sources.

ThGKSNJ SYAdaaazya FNRY St SOGNRO LIR6SNI FNB | NBadzZ d-to2 T
a0SIrYéeé StSOGNRO LReSNI LI FydGaosr St SOGNROFE SljdzAa LIYSyd:
control equipment installed in electric power plants).

€ CQ estimates reflect natural gas used to power pipelines, but not electricity. While the operation of pipelines produce
and NO, these emissions are not directly attributed to pipelines in the Inventory.

fEmissions from International Bunker Fuels include emissions from both civilian and military activities; these emissior
not included in the transportation totals.
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9 Ethanol and biodiesel G@stimates are presented for informational purposes only. See Section 3.11 and the estimate
LULUCHKsee Chapter 6), in line with IPCC methodological guidanceepodting obligations under the Paris Agreement al
the UNFCCC, for more information on ethanol and biodiesel.

Notes: Passenger cars and lighity trucks include vehicles typically used for personal travel and less than 8,500 Ibs;
medium and heavyduty trucks include vehicles larger than 8,500 Ibs. HFC emissions primarily refleE34=Cotals may
not sum dueto independent rounding.

Residential

The residential endise sectorjncludingelectricity-related emissions, accoued for 15.3percent of U.S.

greenhouse gas emissions2@22. This sectds heavily reliant on electricity for meeting energy needs, with
electricity use fobuildingrelated activities likdighting, heating, air conditioning, and operating appliances. The
remaining emissions welargely due to the direct consumption of natural gas and petroleum products, primarily
for heating and cooking needs. Emissions from the residential sector have generally been increasing since 1990,
and annual variations are often correlated with shtatm fluctuations in energy use caused by weather

conditions, rather than prevailing economic conditions. In the long term, the residential sector is also affected by
population growth, migration trends toward warmer areas, and changes in housing and baitttibgtes (e.g.,

larger sizes and improved insulation). A shift toward eneffigient products and more stringent energy

efficiency standards for household equipment has also contributed to recent trends in energy demand in
household.

Commercial

The commercial endse sectorjncludingelectricity-related emissions, accousd for 158 percent of U.S.

greenhouse gas emissions2@22. Like the residential sector ithigavily reliant on electricity for meeting energy
needs, with electricity use fdsuildingrelated activities likdighting, heating, air conditioning, and operating
appliances. The remaining emissions were largely due to the direct consumption of natural gas and petroleum
products, primarily for heating and cooking needs. Eneelgted emissions from the commercial sector have
generally been increasing since 1990, and annual variations are often correlated witheshoftuctuations in

energy use caused by weather conditions, rather than prevailing economic conditions. Decreasagymelated
emissions in the commercial sector in recent years can be largely attributed to an overall reduction in energy use
driven by a reduction in heating degree days and increases in energy efficiency.

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

Agriculture

The agriculture endise sector accouet for 10.5percent of U.S. greenhouse gas emissiorZ0@22when
electricityrelated emissions are distributed, and includes a variety of processes, including enteric fermentation in
domestic livestock, livestock manure management, and agricultural soil managem223ragricultural soil
management was the largest source ofNemissions, and enteric fermentation was the largest source of CH
emissions in the United States. This sector also includes small amounts eh@Sions from fossil fuel

combustion by mtorized farm equipment such as tractotadirect emissions from electricity use in agricultural
activities (e.g., powering buildings and equipment) are about 5 percent of direct emissions.

Box2-2: Trends in Various U.S. Greenhouse Gas Emisdtaiated Data

Total (gross) greenhouse gas emissions can be compared to other economic and social indices to highlig
changes over time. These comparisons include: (1) aggregate energy use, becausestaiedactivities are
the largest sources of emissions; éMergy useper capita as a measure of efficiend®) emissions per unit of
total gross domestic product as a measure of national economic activity; and (4) emissions per capita.
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Table2-14 provides data on various statistics related to U.S. greenhouse gas emissions normalized to 19¢
baseline year. These values represent the relative change in each statistic since 1990. Greenhouse gas ¢
in the United States haw#ecreasedat an average annual rate ofipercent since 1990although changes fronr
year to year have been significantly larg€his growth rate is slightly slower than that for total energy use,
overall gross domestic product (GDP) and national populationTabk2-14 and Figure2-16). The direction of
these trends started to change after 2008hen greenhouse gas emissions, total energy use and associatel
fossil fuel consumption began to peak. Greenhouse gas emissions in the United Statdedraasedat an
average annual rate @f.9 percent since 2005nce 2005, GDP, and national population, generally continue:

increaseand energy use has decreased slightigting 2020 was impacted by the CONMMDpandemic.

Table2-14: Recent Trends in Various U.S. Data (Index 1990 = 100)

Avg. Annual  Avg. Annual

Change Change

Variable 19901 2005) 2018 2019 2020 2021 2022 Since 1998 Since 200%
Greenhouse Gas

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

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

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

Populatiors 100 118 130 131 132 132 133 0.9% 0.7%

a Average annual growth rate.

b Gross total GWHweighted values.

¢ Energycontentweighted values (EI12024).
d GDP in chained 2@Mollars (BER024).
eU.S. Census Burea20@4).

Figure2-16: U.S. Greenhouse Gas Emissions Per Capita and Per Dollar of Gross Dome

Product
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Source: BEA024), U.S. Census BuredD24), and gross emissiastimates in this report.
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2.3 Precursor Greenhouse Gas Emissions
(CO, NQ NMVOCs, and SD

The reporting requirements of thearis Agreement and tHéNFCCE request that information be provided on
emissions of compounds that are precursors to greenhouse gases, which include carbon monoxide (CO), nitrogen
oxides (NG, nonmethane volatile organic compounds (NMVOCSs), and sulfur dioxidg (B@se gases are not
RANBOG 3aINBSYyK2dzaS Il aSasz odzi Oy AYyRANBOGEE@ AYLI OG 9 NJ
other greenhouse gases (e.g., tropospheric ozone) and atmospheric aerosol (e.g., particulate sulfate). Carbon
monoxide igproduced when carboitontaining fuels are combusted incompletely in energy, transportation, and
industrial processes, and is also emitted from practices such as agriculturatdpamd waste disposal and

treatment. Anthropogenic sources of nitrogen oxides (i.e., NO ang &l® primarily fossil fuel combustion (for

energy, transportation, industrial process) and agricultural burning. Anthropogenic sources of NMVOCs, which
include hundreds of organic compounds that participate in atmospheric chemical reactions (propame,buta

xylene, toluene, ethane, and many othersdre emitted primarily from transportation, industrial processes, oil

and natural gas production, waste practicegriaultural burning, and noindustrial consumption of organic

solvents. In the United States, 8© primarily emitted from coal combustion for electric power generation and the
metals industry.

As noted above and summarized in Chapter 6 of IPCC (2021), these compounds can have important indirect effects
on9 | NIKQ& NI} RAIFGAGS ol flyOSd C2 N SnbHe predenSesof shidightfeadit® y & o6 S
formation oftropospheric ozone, a greenhouse gas. Concentrations of NMVO&gsaamdGCO can also impact the
abundance and lifetime of primary greenhouse gases. This largely occurs by altering the atmospheric
concentrations of the hydroxyl radical (OH), which is the main sink for atmasp@e. For example, NO

emissions can lead to increases moOncentrations and subsequent OH production, which will increase the

amount of OH molecules that are available to destroy. @iHcontrast, NMVOCs and CO can both react directly

with OH, leading to lower OH concentrations, a longer atmospheric lifetime Hfa@H a decrease in GO

production (i.e., CO+0%l CQ). Changes in atmospheric gtdn also feedback on background concentrations of
tropospheric Q. Other indirect impacts include the formation of sulfate and nitrate aerosol from emissionsxof NO

and SQ, both of which have a net negative impact on radiative forcing.

Since 1970, the United States has published triennial estimates of emissions of CRMWOCs, and SCEPA

2023), which are regulated under the Clean Air Act. Emissions of each of these precursor greenhouse gases has
decreased significantly since 1990 as a result of implementation of Clean Air Act programs, as well as technological
improvements!2 Precursor emission estimates for this report for 1990 throagB2were obtained from data

LlJzo f AGKSR 2y 9t!1 Qa bliA2yIlf 9YA&&AA2YyA Ly@SyiG28§F 0O6b9LO
ForTable 215, NEdreported emissions of CO, N&Q, and NMVOCs are recategorized from NEI Emissions

Inventory System (EIS) source categories to those more closely aligne@patting sectors and categories under

the Paris Agreement and tHéNFCCC, based on the crosswalk detailed in AnneXd@b® 215 shows that fuel

combustion accounts for the majority of emissions of these precursors. Industrial protessds as the

manufacture of chemical and allied products, metals processing, and industrial uses of solentdso

significant sources of CO, N@nd NMVOCs. Precursor emissions from Agriculture and LULUCF categories are
estimated separately and therefore are not taken from EPA (a8D23

11 Seeparagraph 51 of Annex to 18/CMA.1 available online at:
https://unfccc.int/sites/default/files/resource/CMA2018 03a02E.pdf

12 More information is available online atttps://www.epa.gov/cleanair-act-overview/progresscleaningair-andimproving
peopleshealthandhttps://gispub.epa.gov/neireport/2017/
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Table2-15. Emissions of NQCO, NMVOCs, and S@®t)

Gas/Activity 1990 2005| 2018 2019 2020 2021 2022
NO« 22,896 19,754 8,064 7,639 6,879 6,996 6,589
Energy 21,966 18,863 7,384 7,048 6,235 6,308 5,964
IPPU 774 672 461 440 393 403 389
Agriculture 16 18 17 18 17 18 19
LULUCF 56 149 130 61 158 190 142
Waste 84 51 73 73 76 76 75
({0) 133,549' 76,691 38,656 36,234 38,911 41,677 38,853
Energy 124,713 64,455 30,760 30,349 28,427 28,845 28,173
IPPU 4,099 1,701 1,022 1,011 855 902 897
Agriculture 407 480 433 468 446 480 501
LULUCF 3,301 8,877 5,259 3,224 7,841 10,107 7,939
Waste 1,028 1,178 1,182 1,182 1,342 1,343 1,343
NMVOCs 20,918) 12,708} 8,987 8,804 9,040 9,454 9,325
Energy 13,067 8,694 5,506 5,444 5,306 5,568 5,442
IPPU 6,982 3,668 3,119 2,996 3,366 3,508 3,505
Agriculture + 194 206 208 196 206 206
LULUCF NA NA NA NA NA NA NA
Waste 870 152 156 157 173 172 172
SQ 20,924 13,1088 2,001 1,676 1,471 1,621 1,522
Energy 19,400} 12,312 1,643 1,344 1,173 1,315 1,229
IPPU 1,488 776 335 309 266 274 261
Agriculture + 0 0 0 i aF +
LULUCF NA NA NA NA NA NA NA
Waste 36 20 23 23 33 32 31

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

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

Source: (EPA 2023a) except for estimates from forest fires, grassland fires, and field burning of agricultural residigs.
categories from EPA (2023a) are aggregated into sectorsardories reported under the Paris Agreement and the
UNFCCC as shown in Tabl8ES
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3. Energy

Energyrelatedactivities were the primary sources of U.S. anthropogenic greenhouse gas emissions, accounting for
82.0percent of totalgrossgreenhouse gas emissions on a carbon dioxide)(€fivalent basis i80221 This
included96.5 40.2, and10.8LIS NO Sy i 2 F Adirkethany (CK, ardl viittbas oxide (3D) emissions,

respectively? Energyrelated CQ@emissions alone constitutefls.9percent oftotal grossU.S. greenhouse gas

emissions from all sources on a£&quivalent basis, while the neBQ emissions from energgelated activities
represented a much smaller portion of totglossnational emissionsy(1percent collectively).

Emissions from fossil fuel combusticontribute the vast majority of energyelated emissions, with G®eing the
primary gas emitted (seEigure 31 andFigure 32). Globallyapproximately33,500million metric tons (MMT) of
CQ were added to the atmosphere through the combustion of fossil fuels ir2 28which the United States
accounted for approximately4 percent3 Due to their relative importance over time (sBegure 32), fossil fuel
combustionrelated CQemissions are considered in more detail than other enerigted emissions in this report
(seeFigure 33).

Fossil fuel combustion also emits £2iHd NO. Stationary combustion of fossil fuels was seeondargest source

of NeO emissions in the United States and mobile fossil fuel combustion wdstthiargest source. Energglated
activities other than fuel combustion, such as the production, transmission, storage, and distribution of fossil fuels,
also emit greenhouse gases. These emissions consist primarily of fugifieenSkions from natural gas systems,

coal mining, and petroleum systems.

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

2 The contribution of energy ne@Q emissions is based on gross totals so excludes LULUCF methgren(Chitrous oxide
(N;O) emissions. The contribution of enengglated methane (CHl and (NO) including LULUCF nr@@ emissions, is 37.1
percent and 9.8 percent respectively.

3 Global C@emissions from fossil fuel combustion were taken from International Energy Agdabgl energyelated CQ
emissions, 202Available athttps://www.iea.org/reports/co2emissionsn-2022(IEA 2022).
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Figure3-1: 202 Energy Sector Greenhouse Gas Sources
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MMT CO:z Eg.

8,000 [ Incineration of Waste Commerical Fossil Fuel Combustion M Industrial Fossil Fuel Combustion
1 U.S Territories Fossil Fuel Combustion Residential Fossil Fuel Combustion M Transportation Fossil Fuel Combustion
I Non-Energy Use of Fuels M Fugitive Emissions M Electric Power Fossil Fuel Combustion

7,000 o "2 8 e W

e floanmnmihanl
N T YL EINGg e XA o
NERE LSS HEEmS S 5 g .

e a8 a2 o W e B oS BT8R
o dAw o - s gy T W T Q
ST ] A ~ » ~
N [ ] [ ] [ ] B —
- || B [ | "~

[ ]

5,000

4,000

3,000

2,000

1,000

0
O = N M T N W N 0 00 - N M YT N W NN 0O OO A N M T NnowY ™~ oo 0 -
a o o 9o o o oo 0o OO0 0 0 0 oo oo o oo Q9o A4 A A4 A A4 A A4 A4 4 = N
ao o o o000 OO O O O O O O C O OC O O O O O O O O o o O O
— = A = A A A H = = AN NN NN AN AN NN NN AN NN AN NN AN NN NN

115,200

2022

3-2 Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990i 2022



Figure3-3:
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Table 31 summarizes emissions from the Energy sector in units of MMIEGOwhile unweighted gas emissions
in kilotons (kt) are provided imable 32. Overall, emissions due to energglated activities weré,199.8MMT CQ
Eq. in20224 a decreaseof 3.4 percent since 1990 and ancreaseof 0.5 percent since2021 The increase in
emissionsgn 2021 and 202%as due tocontinuedrebounding activity levels after the coronavirus (COVYSD
pandemic reduced overall demand for fossil fuels across all sectors inl20&fer term trends are driven by a
number of factors including a shift from coal to natural gas and renewables in the electric power sector.

Table3-1: CQ, CH, and NO Emissions from Energy (MMT £&3y.)

Gas/Source 1990 2005 2018 2019 2020 2021 2022
CQ 4,910.9 5,923.1 5,190.6 5,059.1 4,520.2 4,840.7 4,875.5
Fossil Fuel Combustion 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
Transportation 1,468.9 1,858.6 1,813.1 1,816.6 1,572.8 1,753.5 1,751.3
ElectricityGeneration 1,820.0 2,400.1 1,753.4 1,606.7 1,439.6 1,540.9 1,531.7
Industrial 876.5 847.6 810.5 809.8 762.0 780.5 801.1
Residential 338.6 358.9 338.9 342.9 314.8 318.0 334.1
Commercial 228.3 227.1 246.3 251.7 229.3 2375 258.7
U.S. Territories 20.0 51.9 25.9 24.8 23.3 23.8 22.6
NonEnergy Use of Fuels 99.1 125.0 118.4 106.5 97.8 111.6 102.8
Natural Gas Systems 324 26.3 32.8 38.5 36.7 35.8 36.5
Petroleum Systems 9.6 10.2 34.8 455 28.9 24.1 22.0
Incineration of Waste 12.9 13.3 13.3 12.9 12.9 125 12.4
Coal Mining 4.6 4.2 3.1 3.0 2.2 25 25
Abandoned Oil and Gas Well: + + + + + + +
BiomassWood* 215.2 206.9 220.0 217.7 190.6 192.5 195.3
International Bunker Fuéls 103.6 113.3 124.3 113.6 69.6 80.2 98.2
BiofuelsEthanot 4.2 22.9 81.9 82.6 71.8 79.1 79.6

4 Following the current reporting requirements under the UNFCCC, this Inventory report preserguB@lent values based
on theIPC@ifth Assessment RepdAR5) GWP values. See Chapter 1, Introduction for more information.
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Gas/Source 1990 2005 2018 2019 2020 2021 2022
BiofuelsBiodiesed 0.0 0.9 17.9 17.1 17.7 16.1 15.6
BiomassMSW2 18.5 14.7 16.1 15.7 15.6 15.3 14.9

CH 409.0 358.5 336.2 321.7 305.3 293.3 282.4
Natural Gas Systems 218.8 210.1 190.3 188.7 180.3 174.6 173.1
Coal Mining 108.1 715 59.1 53.0 46.2 44.7 43.6
Petroleum Systems 49.4 48.2 59.0 52.2 53.3 48.6 39.6
Stationary Combustion 9.7 8.8 9.6 9.8 8.0 8.0 8.6
Abandoned Oil and Gas Well: 7.8 8.2 8.4 8.5 8.5 8.6 8.5
Abandoned Underground Co: 8.1 7.4 6.9 6.6 6.5 6.3 6.3

Mines
Mobile Combustion 7.2 4.3 2.8 29 25 2.6 2.6
Incineration of Waste + + + + + + +
International Bunker Fuéls 0.2 0.1 0.1 0.1 0.1 0.1 0.1

N2O 61.2 67.9 43.2 41.6 37.1 39.2 41.9
Stationary Combustion 22.3 30.5 25.1 22.2 20.5 22.0 24.7
Mobile Combustion 38.4 37.0 17.7 19.1 16.1 16.8 16.7
Incineration of Waste 0.4 0.3 0.4 0.4 0.3 0.4 0.3
Natural Gas Systems + + + + + + 0.2
Petroleum Systems + + + + + + +
International Bunker Fuéls 0.8 0.9 1.0 0.9 0.5 0.6 0.8

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

+ Does not exceed 0.05 MMT £K3).

aEmissions from biomass and biofuel consumption are not included specifically in summing energy sector totals. N
carbon fluxes from changes in biogenic carbon reservoirs are accounted for in the estimates for LULUCF.

bEmissions from international bunker fuels are not included in tofeigse values are presented for informational
purposes only, in line with th2006 IPCC Guidelinasd Paris Agreement andNFCCC reporting obligations.

Note: Totals may not sum due to independent rounding.

Table3-2: CQ, CH, and NO Emissions from Energy (kt)

Gas/Source 1990 2005 2018 2019 2020 2021 2022
CQ 4,910,861 5,923,075 5,190,611 5,059,075 4,520,249 4,840,748 4,875,487
Fossil Fuel Combustion 4,752,2328 5,744,134} 4,988,198 4,852,631 4,341,710 4,654,265 4,699,403
NonEnergy Use of Fuels 99,104f 124,988) 118,382 106,474 97,757 111,624 102,808
Natural Gas Systems 32,427 26,312 32,768 38,525 36,719 35,780 36,470
Petroleum Systems 9,585 10,210 34,777 45,498 28,937 24,140 21,967
Incineration of Waste 12,900 13,254 13,339 12,948 12,921 12,476 12,357
Coal Mining 4,606 4,169 3,139 2,992 2,197 2,455 2,474
Abandoned Oil and Gas Well 7 7 8 8 8 8 8
BiomassWood* 215,186/ 206,901f 220,003 217,690 190,554 192,509 195,338
International Bunker Fuéls 103,634) 113,328)f 124,279 113,632 69,638 80,180 98,241
BiofuelsEthanot 4,227 22,943 81,917 82,578 71,848 79,064 79,593
BiofuelsBiodiesel 0 856 17,936 17,080 17,678 16,112 15,622
BiomassMSWa 18,534 14,722 16,115 15,709 15,614 15,329 14,864
CH 14,607 12,804 12,007 11,490 10,903 10,476 10,084
Natural Gas Systems 7,813 7,505 6,795 6,741 6,439 6,235 6,183
Coal Mining 3,860 2,552 2,110 1,892 1,648 1,595 1,558
Petroleum Systems 1,765 1,723 2,108 1,865 1,904 1,737 1,415
Stationary Combustion 345 313 344 351 285 286 307
Abandoned Oil and Gas Well 279 294 301 302 303 306 303
Abandoned Underground 288 264 247 237 232 224 225
Coal Mines
Mobile Combustion 258 154 101 102 91 92 93
Incineration of Waste + + + + + + +
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Gas/Source 1990 2005 2018 2019 2020 2021 2022

International Bunker Fuéls 7 5 4 4 3 3 3
N20O 231 256 163 157 140 148 158
Stationary Combustion 84 115 95 84 78 83 93
Mobile Combustion 145 140 67 72 61 63 63
Incineration of Waste 2 1 1 1 1 1 1
Natural Gas Systems + + + + + + 0.6
Petroleum Systems + + + + + + +
International Bunker Fuéls 3 3 4 3 2 2 3

+ Does not exceed 0.5 kt.

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

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

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

Emissions estimates reported in the Energy chapter from fossil fuel combustion and fugitive sources include those

from all 50 states, including Hawaii and Alaska, and the District of Columbia. Emissions are also included from U.S.
Territories to the extenthey are known to occur (e.g., coal mining does not occur in U.S. Territories). For some

sources there is a lack of detailed information on U.S. Territories including sormé@amissions from biomass

combustion. As part of continuous improvement efforts, EPA reviews this on an ongoing basis to ensure emission

sources are included across all geographic areas including U.S. Territories if they are occurring. See Annex 5 for
morey F2NXI GA2Y 2y 9t!1 Qa | dasSaavySyéntogT G(KS &2dz2NOSa y20 Ay

Each year, some emission and sink estimates inrthentoryare recalculated and revised with improved methods
and/or data. In general, recalculations are made to the U.S. greenhouse gas emission estimates either to
incorporate new methodologies or, most commonly, to update recent historical data. These improigeanen
implemented consistently across the previdus/ @ S ytima $&Be® @e., 1990 t2021) to ensure that the trend
Aa | OO0dzNT G So Y S anverdodfricl(ids,dpdakeyl meihkdiogies doSdoriydiztion and workover
emissions estimates and transmission compressor station actieity both natural gas systems and petroleum
systemsa shift ofall product supplied of natural gasolia&d unfinished oilso crude oil transfers for the time
seriesandchanges to the noenergy use of fossil fuel methodology (ewgpdates to some of the datand
updatedmethodology for the amount of NEU HGEheimpact of these recalculations averagadiecrease of 0.2
MMT CQEg.(less than 0.percert) per year across the time series. For more information on specific
methodological updates, please see the Recalculations Discussion section for each categochaptars

Box3-1: Methodological Approach for Estimating and Reporting U.S. Emissions and

wSY20lfasxs AyOfdZRAYy3I wStFrGA2yaKALI G2 9t !

Consistent with Article 13.7(a) of the Paris Agreement and A#tidle) of the UNFCCC as well as relevant
decisions under those agreementie emissions and removals presented in this report and this chapter are
organized by source and sink categories and calculated using internationally accepted method0b6tihieCC
Guidelines for National Greenhouse Gas Inventories (2006 IPCC Guidstidiéi®nally, the calculated
emissions and removals in a given year for the United States are presentedrim@odormat in line with the
reporting guidelines for the reporting of inventories undee Paris Agreement and the UNFGCC¢ K St |
use of consistent methods to calculate emissions and removals for their inventories helps to ensure that t
reports are comparable. The presentation of emissions and removals provided in the Energy chapter do 1
preclude alternative examations(e.g., economic sectorsiRather, this chapter presents emissions and
removals in a common format consistent with how Pastée to report their nationahventories under the
Paris Agreement and the UNFCCC. The report itself, and this chapter, follows this common format, and
an explanation of the application of methods used to calculate emissions and removals from-exiategt
activities.

9ySNHE 5L Gk TNBY 9t! Qa DNBSYyK2dzaS DFa wSLRNIAY:
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9t ! Qa DNBSyYyK2dzaS DI a )wéatadethdd thg dhta présBnidlih this ldventoy are
complementaryThelnventorywas used to guide the development of the GHGRP, particularly in terms of s
and coverage of both sources and gases. GH&RP dataset continues to be an important resource for the
Inventory, providing not only annual emissions information, but also other annual information, such as aci
data and emission factors that can improve and refine national emission estimadesesuals over time. GHGR
data also allow EPA to disaggregate national inventory estimates in new ways that can highlight digferenc
across regions and stdategories of emissions, along with enhancing application of QA/QC procedures an
assessment of uncertainties.

EPA uses annual GHGRP data in a number of Energy sector categories to improve the national estimate
presented in this Inventory consistent with IPCC guidel{sesBox 33 of this chapter, and Sectior¥3
Incineration of Waste3.4 Coal Mining3.6 Petroleum Systemsind 3.7Natural Gas System&Methodologies
dZaSR Ay 9t! Q&4 DI Dwt FFNB O2yaradsSyd 6AGK Lt/ / 3c
facilities collect detailed information specific to their operations according to detailed measurement stand;
ltshouldbenotedth i G KS RSTAYAGA2Ya YR LINPGAAAZ2YA F2NJ
those used in the Inventory in meeting tikaris Agreement andNFCCC reporting guidelines. In line with the
Paris Agreement andNFCCC reporting guidelines, the Inventory report is a comprehensive accounting of
emissions from fuel types identified in the IPCC guidelines and provides a separate reporting of emission
biomass.

In addition to using GHGRP data to estimate emissions (Se&t®hgineration of Waste3.4 Coal Mining3.6
Petroleum Systemsnd 3.7Natural Gas Systems), EPA also uses the GHGRP fuel consumption activity d¢
the Energy sector to disaggregate industrial ers# sector emissions in the category of@@issions from
fossil fuel combustion, for use in reporting emissions in Common Repdelrgs(CRTs{see Box 33). The
industrial enduse sector activity data collected for theventory(EIA2024) represent aggregated data for the
industrialenddza S ASO02NX 9t ! Q& DI Dwt O2ff SOGa& Ay Rdza il N
within the industrial eneuse sector. Therefore, GHGRP data are used to provide a more detailed brefikout
total emissions in the industrial engse sector within that source category.

As indicated in the respective Planned Improvements secfimnsource categories in this chapter, EPA
continues to examine the uses of faciligvel GHGRP data to improve the national estimates presented in tl
Inventond { SS ! yYSE ¢ FT2NJ Y2NB Ay T2IN¥rtoiyA 2y 2y dza$S 2

3.1 Fossil Fuel CombustiolCRT Source
Category 1A)

Emissions from the combustion of fossil fuels for energy include the greenhouse gas€4-&nd NO. Given

that CQ s the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total

emissions, C£emissions from fossil fuel combustion are discussed at the beginning of this section. An overview of
CH and NO emissions from the combustion of fuels in stationary sources is then presented, followed by fossil fuel

50n October 30, 2009, the U.S. Environmental Protection Agency (EPA) published a rule requiring annual reporting of

greenhouse gas data from large greenhouse gas emission sources in the United States. Implementation of the rule, codified at

40CFRPart98,4 NBFSNNBR (G2 la 9t! Qa DNBSyK2dzaS DFra wSLR2NIAY3

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

Methodologies for estimating G@missions from fossil fuel combustion differ from the estimation of &idl NO
emissions from stationary combustion and mobile combustion. Thus, three separate descriptions of
methodologies, uncertainties, recalculations, and planned improvements are provided at the end of this section.
Total CQ CH, and NO emissions from fossil fuel combustion are presentetiable 33 and Table 4.

Table3-3: CQ, CH, and NO Emissions from Fossil Fuel Combustion (MMTE EQ)

Gas 1990| 2005 2018 2019 2020 2021 2022
CcQ 4,752.2 5,744.1 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4
CH 16.9 13.1 12.5 12.7 10.5 10.6 11.2
N.O 60.8 67.6 42.8 41.2 36.7 38.9 41.4
Total 4,829.9' 5,824.8 5,043.4 4,906.6 4,388.9 4,703.7 4,752.0

Note: Totals may not sum due to independent rounding.

Table3-4: CQ, CH, and NO Emissions from Fossil Fuel Combustion (kt)

Gas 1990 I 2005 2018 2019 2020 2021 2022
CQ 4,752,232 5,744,134 4,988,198 4,852,631 4,341,710 4,654,265 4,699,403
CH 602 467 445 453 376 379 401
N.O 229 255 161 156 138 147 156

CQ from Fossil Fuel Combustion

Carbon dioxide is the primary gas emitted from fossil fuel combustion and represents the largest share of U.S. total
greenhouse gas emissions. Carbon dioxide emissions from fossil fuel combustion are pres€atdd 85. In

2022 CQemissions from fossil fuel combustigrcreasedoy 1.0 percent relative to the previous year (as shown in
Table 36). Theincreasen CQ emissions from fossil fuebmbustionwas a result of 4.8 percentincreasein fossil
fuel energy use. This increase in fossil Rrergy usevas due primarily tahe continuedreboundin economic
activity after the COVH29 pandemicCarbon dioxide emissions from natural gasreasedoy 84.8MMT CQEq.,
a5.2percentincreasefrom 2021 In a shiftfronf | & i & S ICO&rdssicindNBny ¢dal consumptiatecreased
by 58.6MMT CQEgq., 8.1 percentdecreasdrom 2021 Both theincreasen natural gasnddecreasen coal
consumption and emissions #022are observed across all sectoEEmissions from petroleum use alswreased
19.0MMT CQEgq. 0.9 percent) from2021to 2022 In2022, CQ emissions from fossil fuel combustion were
4,699,4MMT CQEq., orl.1percentbelowemissions in 1990 (sé€kable 35).”

7 An additional discussion of fossil fuel emission trends is presented in the Trends in U.S. Greenhouse Gas Emissions chapter.
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Table3-5: CQEmissions from Fossil Fuel Combustion by Fuel Type and Sector (MMBEQQO

Fuel/Sector 1990| 2005 2018 2019 2020 2021 2022
Coal 1,719.8] 2,113.7] 1,211.6 1,028.1 835.6 957.4 898.8
Residential 3.0 0.8 NO NO NO NO NO
Commercial 12.0 9.3 1.8 1.6 1.4 1.4 1.4
Industrial 157.8 117.8 54.4 49.4 43.0 43.0 43.0
Transportation NO NO NO NO NO NO NO
Electric Power 1,546.5 1,982.8f 1,152.9 973.5 788.2 910.1 851.5
U.S. Territories 0.5 3.0 2.6 3.6 3.1 29 2.9
Natural Gas 998.6 1,166.2 1,592.0 1,649.2 1,615.7 1,622.1 1,706.8
Residential 237.8 262.2 273.8 275.5 256.4 258.6 272.0
Commercial 142.0 162.9 1925 192.9 173.5 180.4 192.3
Industrial 407.4 387.8 493.5 501.5 489.7 501.2 510.4
Transportation 36.0 33.1 50.9 58.9 58.7 65.2 70.2
Electric Power 175.4 318.9 577.9 616.6 634.8 612.8 659.3
U.S. Territories NO 1.3 3.3 3.8 2.6 3.9 2.7
Petroleum 2,033.3] 2,463.8] 2,184.2 12,1749 1,890.0 12,0744 2,093.4
Residential 97.8 95.9 65.1 67.4 58.4 594 62.1
Commercial 74.3 54.9 52.0 57.2 544 55.7 65.1
Industrial 311.2 342.0 262.6 258.9 229.3 236.3 247.6
Transportation 1,432.9 1,825.5F 1,762.2 1,757.7 15142 16884 1,681l.1
Electric Power 97.5 98.0 22.2 16.2 16.2 17.7 20.5
U.S. Territories 195 47.6 20.1 175 175 17.0 17.0
Geothermat 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 4,752.2f 5,744.1] 4,988.2 4,852.6 4,341.7 4,654.3 4,699.4

NO (Not Occurring)

a Although not technically a fossil fuel, geothermal energiated CQemissions are included for reporting
purposesThe source of COs noncondensable gases in subterranean heated water.

Note: Totals may not sum due to independent rounding.

Trends in C&emissions from fossil fuel combustion are influenced by many-terg and shoriterm factors. On

a yearto-year basis, the overall demand for fossil fuels in the United States and other countries generally
fluctuates in response to changes in generalrexmic conditions, energy prices, weather, and the availability of
non-fossil alternatives. For example, in a year with increased consumption of goods and services, low fuel prices,
severe summer and winter weather conditions, nuclear plantutes, and lower precipitation feeding

hydroelectric dams, there would likely be proportionally greater fossil fuel consumption than a year with poor
economic performance, high fuel prices, mild temperatures, and increased output from nuclear and hyttimelec
plants. The2021to 2022trends reflectongoingimpacts of the COVHDO pandemic which generally led to a

reduction in demand for fossil fuels in 2020, but an increase in demand as actieititsued torebound in2022

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

Carbon dioxide emissions also depend on the source of energy and its carbon intensity. The amathudroh
fuels varies significantly by fuel type. For example, coal contains the highest amaambohper unit of useful
energy. Petroleum has roughly 75 percent of tagbonper unit of energy as coal, and natural gas has only about
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55 percent8 Table 36 shows annual changes in emissions during the last five years for coal, petroleum, and
natural gas in selected sectors.

Table3-6: Annual Change in GEmissions and Total 2022 €BEmissions from Fossil Fuel
Combustion for Selected Fuels and Sectors (MMTE E§ and Percent)

Sector Fuel Type 2018 to 2019 2019 to 2020 2020 to 2021 2021 to 2022 Total 2022|
Transportation Petroleum -4.5 -0.3%| -243.5 -13.9%| 174.2 11.5% -7.2 -0.4% 1,681.1
Electric Power Coal -179.3 -15.6%| -185.4 -19.0%| 121.9 155% -58.6 -6.4% 851.5
Electric Power Natural Gas 38.7 6.7% 18.2 3.0% 221 -3.5% 46.5 7.6% 659.3
Industrial Natural Gas 8.0 1.6% -11.8 -2.4% 11.4 2.3% 9.2 1.8% 510.4
Residential Natural Gas 1.7 0.6% -19.1 -6.9% 2.3 0.9% 13.3 5.2% 272.0
Commercial Natural Gas 0.4 0.2% -19.5 -10.1% 6.9 4.0% 11.9 6.6% 192.3
Transportation All Fuels 35 0.2%| -243.8 -13.4%| 180.7 11.5% 2.3  -0.1% 1,751.3
Electric Power All Fuelg -146.7 -8.4%| -167.2 -10.4%| 101.4 7.0% 9.3 -0.6% 1,531.7
Industrial All Fuelg -0.7 -0.1% -47.8  -5.9% 18.5 2.4% 20.6 2.6% 801.1
Residential All Fuels 4.0 1.2% -28.1 -8.2% 3.2 1.0% 16.0 5.0% 334.1
Commercial All Fuels 55 2.2% 225 -8.9% 8.3 3.6% 21.2 8.9% 258.7
All SectorgP All Fuels -135.6 -2.7%| -510.9 -10.5%| 312.6 7.2% 45.1 1.0% 4,699.4

a|ncludes sector and fuel combinations not shown in this table.
bIncludes U.S. Territories.
Note: Totals may not sum due to independent rounding.

As shown inTable 36, recent trends in C£&emissions from fossil fuel combustion sho®.& percentdecrease
from 2018 to 2019, 40.5percentdecreasdrom 2019 to 2020, &.2 percentincreasefrom 2020 to 2021and a
1.0 percentincreasefrom 2021 to 2022These changes contributed to an oveta8 percentdecreaseén CQ
emissions from fossil fuel combustion fra18to 2022

The overalR021to 2022trends were largely driven by the gradual recovery from the C&¥Ipandemic, which

saw reduced economic activity in 20@80d caused changes in energy demand and supply patterns across different
sectors. Theontinuedrecovery from the COVHDO pandemidiasgenerally led tancreasedenergy use and

emissions across all economic sectexsept electric poweand transportationfrom 2021to 2022 The decrease in
emissions from 2021 to 2022 from electric power was due to the reduction in coal consumption for electricity
generation, in a return to a prpandemic trend in declining cefited power generation.

Recent trends in G@missions from fossil fuel combustion are largely driven by the electric power sector, which
until 2017 has accounted for the largest portion of these emissibhs.types of fuels consumed to produce
electricity have changed in recent yeaEdectric power sector consumption of natural gas primarily increased due
to increased production capacity as natural -giasd plants replaced codired plants and increased electricity
demand related to heating and cooling needs (EIA 2018; EA8apJ otal net electric power generation from all
fossil and norossil sourceslecreasedyy 1.3 percent from 2018 to 2019jecreasedy 2.9 percent from 2019 to
2020,increasedby 2.7 percent from 2020 to 2021andincreasedoy 30 percent from 2021 to 2022E1A2024).
Carbon dioxide emissions from the electric power sedexreasedrom 2021to 2022by 0.6 percent due to
increasedproduction and use ofiatural gas and decreased production and use of fayaglectric power
generation.Carbon dioxide emsions from coal consumption for electric power generatiesreasedy 26.1

percent overall sinc2018 including a &4 percentdecreasdrom 2021 to 2022.

Petroleum use in the transportation sector is another major driver of emissions, representing the largest source of
CQ emissions from fossil fuel combustion2022 Emissions from petroleum consumption for transportation have
decreasedy 4.6 percent since2018and are primarily attributed to 4.4 percentdecreasdén VMT over the same

8 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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time period As 0f2017, the transportation sector is the largest source of national&@ssiongwhereas in prior
years, electric power was the largest source sector.

In the United States83.0 percent of the energy used @022was produced through the combustion of fossil fuels
such as petroleum, natural gas, and coal (Bgire 34 andFigure 35). Specifically, petroleum supplied the

largest share of domestic energy demands, accounting7qrercent of total U.S. energy used2022 Natural gas

and coal followed in order of fossil fuel energy demaighificanceaccounting for approximatel§s percent and
10percent of total U.S. energy used, respectively. Petroleum was consumed primarily in the transportation end
use sector and the majority of coal was used in the electric power sector. Natural gas was broadly consumed in all
end-use sectors except transpation (seeFigure3-6) (E1A20249. The remaining portion of energy used?in2?2

was suppliedy nuclear electric poweB(percent) and by a variety of renewable energy sour@g=fcent),

primarily wind energy, hydroelectric power, solar, geothermal and biomas2(24g.°

Figure3-4: 2022 U.S. Energy Use by Energy Source
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geothermal energy, biomass, solar energy, and wind energy.
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Figure3-6: 2022CQ Emissions from Fossil Fuel Combustion by Sector and Fuel Type
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aAlthough nottechnically a fossil fuel, geothermal enengfated CQemissions are included for reporting purposes. The
source of Ce@is noncondensable gases in subterranean heated water.

Fossil fuels are generally combusted for the purpose of producing energy for useful heat and work. During the
combustion process, thearbonstored in the fuels is oxidized and emitted ass@@d smaller amounts of other
gases, including GHarbon monoxide (CO), and narethane volatile organic compounds (NMVQ¥sJhese

other Gcontaining norRCQ gases are emitted as a byproduct of incomplete fuel combustion, but are, for the most
part, eventually oxidized to G@ the atmosphere. Therefore, as per IPCC guidelinessassumedhat all of the
carbonin fossil fuels used to produce energy is eventually converted to atmospheric CO

Box3-2: Weather and NorFossil Energy Effects on gEInissions from Fossil Fuel

Combustion Trends

The United States iR022experienced aolderwinter overall compared t@021, with a 79 percent increase in
heating degree dayslthough 202heating degree days wetz3 percentbelownormal (seeFigure 37). Along
with a colder winter, 2022 experienced a warmer summer, with cooling degree days 16.9 pevogshormal
and 4.3 percent higher compared 2021 (seeFigure3-8) (EIA2024a).** Warmer summers and colder winters
can lead to increased energy use to heat and cool building spaces in the residential and commerciall$ecto
combination of colder winter andzarmersummer conditionsn 2022 as compared to 202d4d to an overall
increasen directemissions from fossil fuel combustion in ttesidential and commercialectorsof 5.0and 8.9
percent respectively.

10 see the sections entitled Stationary Combustion and Mobile Combustion in this chapter for information-Gas
emissions from fossil fuel combustion.

11 Degree days are relative measurements of outdoor air temperature. Heating degree days are deviations of the mean daily
temperature below 65legreesFahrenheit, while cooling degree days are deviations of the mean daily temperature above 65
degrees FahrenheitHeating degree days have a considerably greater effect on energy demand and related emissions than do
cooling degree days. Excludes Alaska and Hawaii. Normals are based on data from 1991 through 2020. The variation in these
normals during this time pertbwas® 16 percent and 27 percent for heating and cooling degree days, respectively (99 percent
confidence interval).
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Figure3-7: Annual Deviations from Normal Heating Degree Days for the United States
(19702022, Index Normal = 100)
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Figure3-8: Annual Deviations from Normal Cooling Degree Days for the United States
(197;2022, Index Normal = 100)
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