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Executive Summary

¢KS {GFLGS 2F 1 FgFrA"A Ad O2YYAUGGSR (G2 NBRdAzOAY3I Al A
STFTF2NIa G2 YSIFadaNBE F'yR NBRdzOS aidl 64S6ARS ANBSYK?2dzi
passed OG HonX {Saamamart[ logdDGE2Folnl IFA HMnTOE G2 S&adlof
framework and requirements to address GHG emissions. The law sought to achieve emission levels at or

0St26 16l A"AQa mdpn DI D SYA&daA2y&a o6& WHydzZd NBE mX
theState2 ¥ | F 6 A~ A RS@OSt2LISR ailidS6ARS DID SYArAaarzy i
YSSG G(KS Syraairzya GFNBSGZ | I ¢1-68.1vias dmendddynR@4thr G A 35

establish a facilifevel GHG emissions cap for large exissitagionary sources with potential GHG

emissions at or above 100,000 tonfsCQ Eqg.per year. In recent years, further GHG emissions goals

have beenset. Act238 { Saa A2y [2025Act 28F of 2022} established a goal for the level

of statewide GHG emissions to be at least 50 percent below 2005 levels by the year 2030, and that the
measurement of GHG emissions for the year 2005 include emissions from airglan$s, Session

[ I 6a 2 T2018(Adk 150f2048),establisheca statewide carbon nehegative goal by 2045. In an
STFF2NI G2 GNFX Ol LINRBINBaa (26 NR | OKASGAyYy3a (GKS adl
report presents updated990, 2005, 2007, 2010, 2015, 2016, 2017, 22089, 2020, and 2021

emissions estimatesemissions estimates developed #2022 and emission projections for 2025, 2030,

2035, 2040, and 2045.

Based on the analysis presented in this report, net GHG emissions (excluding aviation) in 2020 are
estimatedto have beerlower than net GHG emissions (excluding aviation) in J@®8uant to Act 23%

Net GHG emissions (including aviation) in 2030 are projected to be greater than the target emissions
level of 50percentbelow 2005 levels (including aviatigmjrsuant to Act 238and in 2045 are projected

to be greater than the target of netegative levelpursuant to Act 15While the development of future
inventory reports as well as ongoing quantitative assessment of uncertainties will further inform

g K S KS Nwill ntegt thé 2030 and 2045 statewide targets, this report finds that ¢ Imattha

2020 target, but given existing policiegnticipated adoption of technologieand economic

expectationsg is notexpected to meet the 2030 and 2045 targets.

Background

Greenhouse gasdgap heat in the atmosphere by absorbing infrared radiation and thereby warm the
planet. These gases include carbon dioxide) Gfethane (Ch), nitrous oxide (BD),

Lt is best practice to review GH&nission estimates for prior years and revise these estimates as necessary to
account for updated activity data and improved methodologies or for emission factors that reflect advances in the
field of GHG accounting

2Net emissions account for both GHG emissions and carbon sinks.
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hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluogdef@mitrogen trifluoride

(NR). The amount of warming caused by each GHG depends on how effectively the gas traps heat
(radiative efficiencyand how long it stays in the atmosphgtgetime). The Intergovernmental Panel on
Climate Change (IPCC) developed the Global Warming Potential (GWP) concept to compare the ability of
each GHG to trap heat in the atmosphere relative to the reference gagJRC 2014%pecifically,
GWPsgneasure how much enerdiie emissions ol ton of gas will absorb relative tb ton ofCQ over a
specified time period. Thereforehtoughout this reportthe relative contribution of each gas is shown

in million metric tons of carbon dioxide equivalent (MMT.EQ. The GWP values used in this report

are from thelPCifth Assessment RepqAR5) [PCQ013, assuming a 169ear time horizor?.

Inventory Scope and Methodology

The GHG emission estimates presented in this report include anthropd@aris emissions and sinks

for the state of Hawai for 1990, 2005, 2007, 2010, 2015, 2016, 2017, 2018, 2019, 2020, 2021, and 2022
from the following four sectorsEnergy; Industrial Processes and Product Use (IPPU); Agriculture,
Forestry, and Other Land Use (AFOLU); and Waste, and primarily serve the federal mandatory GHG
reporting requirements in accordance with 40 Code of Federal Regulations (CFR) 98 (EPARR21
report includes orisland GHG emissions only. Lifecycle emission estimates are not inciuntdgl

emissions occurring within the physical boundaries of the islands that constitute the State ofiHawai

For example, all emissions estimated for the agriculture sector, such as farming activities, represent on
island emissions only, such as direct emissions from the fuel, energy, and farming operations, but
exclude upstream emissions from the productidrfeel used by the farming equipment, or the

emissions related to the manufacturing of fertilizers and pesticides.

As it is best practice to review GHG emission estimates for prior years, this report includes revised

estimates forl990, 2005, 2007, 2010, 2015, 2016, 2017, 2018, 2019, 2020, and2d2kwly

developed estimates fa2022 ICF relied on the best available activity data, emission factors, and
methodologies to develop emission estimates presented in this report. Activity data varies for each

source or sink category; examples of activity data used include fuel consumptincewreiles traveled,

raw materid processed, animal populations, crop production, land area, and waste landfilled. Emission

factors relate quantities of emissions to an activity (2B24b. Key guidance and resources included

the 2006 IPCC Guidelines for National Greenhouse Gas Inverimeiz819 Refinements to the 2006

IPCC Guidelines for National Greenhouse Gas Inventbgés®{ ® 9V PFANRYYSy il f t NRGS

3 Recent decisions under the Paris Agreement and the UNFCCC require Parties toyess TP values from

the IPCC Fifth Assessment Report (AR5) for calculatingdC@alents in their national reporting (IPCC 2013) by

the end of 2024. This reflects updated science and ensures that greenhouse gas inventories are comparable. This
report uses AR5 10¢ear GWPs for comparability with the national inventory and alignment with UNFCCC best
practices.

4 Anthropogenic greenhouse gas emissions are those that originate from human activity.

SpRYSAaGA0O AYGSNRGIGS | OGABGAGASE 2NARIAYL Gdre/alboinckided ih g A~ A
| I & linkehtarytotals.
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https://www.ipcc-nggip.iges.or.jp/public/2006gl/
https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/
https://www.ipcc.ch/report/2019-refinement-to-the-2006-ipcc-guidelines-for-national-greenhouse-gas-inventories/
https://www.epa.gov/ghgreporting

(EPA) Greenhouse Gas Reporting Program (GHBBRP)t ! Ifentory of U.S. Greenhouse Gas
Emissions and Sinks: 192022 and9 t ! Q&4 {41 &GS Ly @Syid2NE ¢22f o{L¢CO

Quality Assurance and Quality Control (QA/QC)

ICAmplemented anumber of quality assurance and quality control measures during the process of
developing this inventory to ensure inventory accuracy as well as to improve the quality of the inventory
over time. This includes the evaluation of the quality and relevandataf inputs; proper management,
incorporation, and aggregation of data in a series of Excel workbooks; review of the numbers and
estimates; and clear documentation of the results and methods. As part of these activities,
representativegrom the Department of Health (DOH) as well as a group of other government entities
reviewed the result§ ICF incorporated theatnments and feedback provided by the reviesaminto

this report.

Uncertainty of Emission Estimates

Uncertainty is a component of each calculated result; thus, some degree of uncertainty in GHG
estimates is associated with all emission inventories. This uncertainty (e.g., systematic error) can be
attributed to several factors such as incomplete data,artainty in the activity data collected, the use

of average or default emission factors, the use of national data where-sgaeific data were

unavailable, and uncertainty in scientific understanding of emission pathways. For some sources (e.g.,
CQ emissions from fuel combustion), emissions are relatively well understood, and uncertainty is
typicallylow and largely dependent on the accuracy of activity data. For other sources (e.gndHO
emissions from wastewater and €€émissions from agricultural soil carbon), emission estimates
typically have greater uncertainty.

The intent of an uncertainty analysgsnotto dispute the validity of thénventory estimates which are
developed using the best available activity data, emission factors, and methodologies available

but rather to guide prioritization ofimprovements tahe accuracy of futurénventories(EPA2024b. For

this report, quantitative uncertainty estimates for statewide emissions were developed using the IPCC
Approach 2 uncertainty estimation methodology, which is considered the more robust approach of the
two approaches provided by IPCC. Uncertainties in the emissicnlationgor sourcesn the AFOLU
sector are driving the overall uncertainty for total emissiodsacertainties in the emission calculations

for sources and sinka the AFOLU sector are driving the overall uncertainty for net emissions.

Emission Results

NnHnHHE G201 f DI D S Y0.3HMT200&]. Neyemisdioas; vihichitake iGd\aBcount
carbon sinks, wer&7.83MMT CQ Eq. Emissions from the Energy sector accounted for the largest

6 The review team included representatives from the Hawépartment of Business, Economic Developn&nt
Tourism (DBEDT), Division of Consumer Advocacy (DCA), and Public Utilities Commission (PUC).
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https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2022
https://www.epa.gov/ghgemissions/inventory-us-greenhouse-gas-emissions-and-sinks-1990-2022
https://www.epa.gov/statelocalenergy/state-inventory-and-projection-tool#:~:text=EPA%27s%20State%20Inventory%20Tool%20%28SIT%29%20is%20an%20interactive,an%20existing%20inventory%20or%20complete%20a%20new%20inventory.

LRNIA2Y 2F (201t SyYAaairzya Awhenlekclading Sinksthe IPRUf f 2 6 SR 0
sector, and the Waste sectdfigure EQ below illustrates the emissions results for the new inventory

year by sector.

DI D 9YAaaAh and Reladve ContBbOtibreolSedtdr y Of dzRA y 3

FigureEQAY | I 6+ A" A HAHH
25
70 Waste
AFOLU  IPPU  1.9%
15
o
L
(3}
S 10
= Energy
s 88 4%
=
5
0
5

mEnergy WAFOLU (Sources) mIPPU  mWaste  mAFOLU (Sinks)

Note: Emissions estimates include aviation emissions.
Carbon dioxide was the largest single contributor to statewide GHG emissions in 2022. HFCs and PFCs

were the second largest contributor, followed closely by methane, nitrous oxide, and sulfur
hexafluoride Figure EQ shows emissions for the new inventory year, by gas.
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D 9YAaaAzya oe DI a

FigureEQY | I g A" A HAHH DI
25
N0
CH:  16% SF,
20 3.5% <0.1%

-
on

MMT CO, Eq.
=]

-9

mCO, CHy HFCs & PFCs uN,0O u5F, mC Sinks

Notes: Totals may not sum due to independent roundPer.centages represent the percent of total emissions

excluding sinks and including aviation

Emissions Trends
¢20rf DID SYraaizya Ay 1 FglA~" A adSIRAfte AyONBlIasSR

decrease from 2007 to 2022. Net emissions followed a similar tieigdre ES below shows emissions
for each inventory yeaiStatewide emissions and sinks by se@nd source categorpr all inventory

years are availabliem Tablel-1.
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FigureESY | I g1 A~ A 9YAaaxrBgfa ¢NBYyRa oaad¢ /h
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30
25
=
o 20 —
W r'd ~
C()\I (’ \\
P L L L L L T R kKt -
- '--..,.__._'—.-q
E \".--.
= 10
5
0
O - NO T OO0 -ANNMTWOMMODDDO~NMTW OSSO O —AN
OO0 OO0 000000000 «—T™ ™™™ ™™™ ™ ™ AN NN
OO OO0 o000 0000000000000 00000000
T T T T T T e AN AN AN AN AN I T I AT I I A I I AT DN AN DN D A

Notes: Emission estimates include sinks a@lwinesticaviation emission€Emissions estimates were calculafed
1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were
developed through linear interpolation.

Figure EQY | | ¢ | Bmis&ion®hy Bector (Including Sinks and Aviaglomys GHG emissions by
sector (including sinks and aviatidoy each inventory yeak y° | IImgall ikventosly years, emissions
from the Energy sector accounted for the largest portion (more @& percent) of total emissions in

I FglA~Ad 'a GKS fIFNBSad a2dz2NOS 2F SyAaaaizya Ay ||
emissions trends, accounting for 81.4 percent of the emissions increase from 1990 to 2007 and 87.5
percent of reducions between 2007 and 2022. Transportation emissionkich increased between

1990 and 2007, and then decreasdough 2022t accounted for the largest share of Energy sector
emissions in all inventory years. Stationary combustion emissiaféch similarly increased between
1990 and 2007, before decreasitigough2022t arethe second largest share of Energy sector
emissions. This trend is driven by emissions from energy indugtiessric power plants and petroleum
refineries) as well as industrial and commercial emissidhg decrease in energy emissions is largely
due to reduced fuel consumption acrosssalbsectors which is driven by increased energy efficiency
and the growth of renewable energy.

The year 1990 marked peak emissions from AFOLU sources during the time period evaluated; emissions
from AFOLU sources decreased by atzu@percent between 1990 and 2023imilarly for the Waste

sector, the year 1990 marked peak emissions during the time period evaluated and emissions decreased
by about60.7 percent between 1990 and 2022. Emissions from the IPPU sector have steadily increased
since 1990 and were more than four times higher in 2022 compared to 1990 levels. The increase in IPPU
emissions isttributable to the growth in HFC and PFC emissions from substitution of ODS; there is no
longercementpNRB RdzOG A2y Ay | | g | dietticaltrahsyhiBsiobaridisiriBufiod faa F NR Y
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decreased over the time period 1990 to 202astly, carbon removals from AFOLU sinks have also

increased since 1990, growing by roughly@rcent between 1990 and 2022.

Figure E®IY | I ¢ | ErissionB by Bector (Including Sinks and Aviation)
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Notes: Emission estimates include sinks dothesticaviation emission€Emissions estimates were calculafed

1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were

developed through linear interpolation.

Additionally, countyevel emissions were estimated 8022 In 2022, Honolulu County accounted for
the largest share of net GHG emissions.8percent), followed by Maui County153 LIS NOSy (i 0 =
LIS NI S4/8iparcEnt) Mgrd&Rinfofmhatiah Snfemigsidrazify(c@untybcan be

| 2dzyié oy dc
found in Sectior?.3.

Emission Projections

Theprojectionsanalysis uses a combination of tdpwn and bottomup approaches to develop

baseline projections of statewide and coudgvel GHG emissions for the years 2025, 2030, 2035, 2040,
and 2045. The projections for several sources (residential, commerciahdumstrial energy use,

domestic and international aviation, neanergy uses, composting and wastewater treatment) are based
on either a longrange forecast for gross state/county product or future population (including visitor

arrivals), usig the 2022 statewide GHG inventory as a starting p&8atrcespecific approaches were

taken for several smatlategories For example, electricity sales forecasts were used to project GHG
emissions for electrical transmission and distribution. Emissions for agriculture, forestry, and other land

use (AFOLU) categories and landfill waste are projected by forecasting atzteitysing historical

trends and published information available expectedfuture trends. Bottorup approaches are used

”Maui County includes emissions frdfalawacCounty.
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for GHG emitting sources with substantial federal and state policy intervention (energy industries,
substitution of ozone depleting substances, and transportation). Due to policies that affect these
sources, projected economic activities are only one congmb of future GHG emissions. Therefore, a
more comprehensive sectoral approach was used to develop baseline projections for these emission
sources.

Figure ES showsnet GHGmissiondor the current inventory yeaand projected inventory year

under different scenariadn addition to the baseline scenaritiree major points of uncertaintynamely
world oil pricesrenewable energy deployment, and ground transportation technology adoptvene
assessed by modeling six alternate scenarios for statewide GHG emissions in 2025, 2030, 2035, 2040,
and 2045 Alternate Scenario 1A and aBe based on warld oil prices. This alternate scenario looks at

both high (Alternate Scenario 1A) and low (Alternate Scenario 1B) future oil price patiiaysate
Scenario 2A and 28e baed onrenewable energy deploymenilternate Scenario 2A assumes a more
aggressive path for renewable energy deployment than the BasBliraario Alternate Scenario 2B
projectsrenewable energy deployment based on the rate of deployment since Zli&nate Scenario

3A and 3Bare based onmpund transportation technology adoption. Tlikernate scenario creates a

high EV adoption scenario (Alternate Scenario 3A) and a low EV adoption scenario (Alternate Scenario
3B)l I g6 A" A DI D SYAadaizya T2 Nbjectpdsoistatewids @rissionsiandh = | Y R
sinks by seor for 2025, 2030, 2035, 2040, and 2045 are summarizdble ES.

FigureESY | I g1 A~ A bSid DI D 9 YA aEg) @gluding S ardl Aviafiod)y & daa¢ / hH
20
18
o = Alternate Scenario 1A
w 18
(@) Alternate Scenario 1B
QO 14
E Alternate Scenaric 2A
12
=
@ 10 Alternate Scenarioc 2B
o
w g Alternate Scenaric 3A
0
=
w s Alternate Scenario 3B
©
< 4 =B aseline Scenario
2

2022 2025 2030 2035 2040 2045

Note: Emission estimates includgnks anddomesticaviationemissions
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TableE]Y | g A~ A DI D 2003 2020\ &y 2022%rdRiojectpipsby Sector under the Baseline
Scenario for 2025, 2030, 2035, 2040, and 2045 (MM Eq.) (Including Sinks, Excluding Aviation)

Historical Emissions Projections

Sector | 1990| 2005 2020 2022 2025 2030 2035 2040 2045
Energy 20.25| 22.72| 14.66| 17.95| 17.69 | 15.92| 14.08| 13.25 11.52
IPPU 0.18 0.50| 0.76| 0.85 0.80 0.66| 0.44| 0.28 0.26
AFOLSources) 1.47| 1.10 1.10 1.11| 1.03| 0.98| 0.93| 0.89| 0.85
AFOLU (Sinks) (2.40)| (2.50)| (2.43)| (2.48) (2.44)| (2.41)| (2.44) (2.52)| (2.60)
Waste 1.01| 098 041, 0.40| 0.36| 0.35| 0.34| 0.33 0.32
Total Emissions (Excluding

Sinks) 22.90| 25.29 16.93| 20.32 1989 | 17.91| 1579 | 1474 12.95
Net Emissions (Including

Sinks) 20.51| 22.78 14.50| 17.83 1745 1551 | 1334 1223 1035
Aviatior? 5.11| 7.16| 3.17| 567 6.10 6.24| 6.32| 6.38 6.40
Net Emissions (Including

Sinks, Excluding Aviatioh) | 15.40| 15.62| 11.33 12.16| 1135| 926 7.02| 5.85| 3.94

alnventory year 2022 is included as it is used as the starting point of emissions projections.
bEmissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines.
¢Domestic aviation and military emissions, which are reported under the Energy sector, are excluded from
HawaiA Q& DI D SYAaaiazy NBRdAzOGA2Yy 3J2Ff Sadlof AaKSR Ay ! Oi
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration

Relative to 2022, total emissions under the baseline scenario are projected to gradually decrease
through 2025, with more significant reductions expecthtbugh2045. Over the same period, net
emissions, which take into account carbon sinks and are relevant for tracking progress toward the 2030
GHG target pursuant to Act 238 of 2022, are also expected to follow a similar downward trend, with
slightdecreasdrom 2022to 2025 followed by moresubstantial decreases throu@®45. When

excluding aviation, net emissions are projected to decrease at a faster rataeadiibtionslower in

2030, 2045, and 2050

Hawai ai GHG Goal s Progress

Progress Towards 2020 GHG G&cluding aviation, 1990 statewide GHG emissions were estimated to
be 15.40MMT CQEq., which represents the 2020 emission target (statewide GHG emissions must be at
or below this levefor all years 2020 and beyohdi\snet GHG emission@xcluding aviatiopwere 11.33

MMT CQEgq. in 202012.25 in 2021, and2.16 in 2022this report finds thatl | & lcdnfindes to meet

the 2020statewide GHG emissions targset by Act 234 of 2007.

Figure E® shows net GHG emissions (including sinks, excluding aviation) iniHawtdie inventory
years presented in this report as well as GHG emission projections for 2025, 2030, 2035, 2040, and 2045
and the 2020 statewide target.
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Figure E®SY | | ¢ | GHG Emi&siBn$ Estimates and Projections (MM B) (Including Sinks, Excluding
Aviation )
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Note: Emission estimates include sinks but exclddmesticaviationemissions

Progress Towards 2030 and 2045 GHG Gdalsl5 of 2018 establisheda netnegativeGHG emissions

target to be achieved by 2045. In 202t 238 established the interim target of achieving a 50 percent

reduction from 2005et emissiondoy 2030 Currently, that target is 11.39 MMT €Exy., but may

continue tochange with future updates to the 20@#nissions estimateNet emissiongincluding sinks)

for year 2030 are projected to be betweéA 23¢ 1639 MMT CQEq. in 2030, an.00¢ 1129 MMT

CQEQ.in2045. Assucth, KA & NBLIZ2 NI FAYyRa OGKFaG 1FglFrA~ A Aa Odz2NNB
2045 statewide emissions targetset byAct 238 02022 and Act 15 of 2018 respectively.

Figure ES shows net GHG emissions (including aviation) in Hefwaithe inventory years presented in
this report; GHG emission projections by scenario; and the 2030 and 2045 statewide.targets
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Figure ESY 1 I 6 A~ A bS{ DI D 9YA&AAA2Y & »E(hdudinglSBks and Wviation)NE 2 8 O i A
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1.Introduction

The State of Hawais committed to reducing our contribution to global climate change and has taken

efforts to measure and reduce statewide greenhouse gas |@H@sions. In 2007, the State of Hawai

LJ 3aSR ! OG Honm 6! OG wWon 2F wnnt0 G2 SadlroftAiakKk GKS
GHG emissions. The law sought to achieve emission levels at or belowHg&wai mdpdpn DI D SYAaa
January 1, 2020 (excluding emissions from airplanes). In 2008, the State ofi Haweloped statewide

GHG emission inventories for 1990 and 2007. To help Hameét the emissions target, Hawiai

Administrative Rules (HAR), Chapter6Dl1 was amended in 2014 &stablish a facilitfevel GHG

emissions cap for large existing stationary sources with potential GHG emissions at or above 100,000

tonsof CQ Eq.per year.In recent years, further GHG emissions goals have beeAse238, Session

[F6a 2F 1|61 A~ A )establisheda go@l for the deyel of statewide EHG emissions to
be at least 50 percent below 2005 levels by the year 2030, and that the measurement of GHG emissions
for the year 2005 include emissions from airplanes. A&t 15{ Sa aA 2y [201&Act18a | | g A~ A

2018, establisheda statewide carbon nemegative goal by 204%n an effort to track progress toward
F OKAS@AyYy 3 (i ROB0, and 2045 SHG@ reductionmdals, this report presents upd£@d,
2005,2007, 2010, 2015, 2016, 2012018, and 2012020 and 2023 emissions estimates f&022 and
emission projections for 2025, 2030, 2035, 2040 and 2045.

Excluding aviation, 1990 statewide GHG emissions were estimatedlis.4eMMT CQ Eq.? which

represents the 2020 emission targedt by Act 234 of 200Gtatewide GHG emissions mustditeor

below this levefor all years 2020 and beyohdNet GHG emissiolgexcluding aviation) wer1.33

MMT CQEgq. in 202012.25 in 2021, and 12.16 in 20ZRus,i KA & NX LJ2 NIi dodtiguBsdto 0 K G |
meetthe statewide GHG emissions target set by Act 234 of 2007.

Act 15 of 2018 aims to achieve carbon-negative emission levels 2045.Act 238 of 2022 sets an

interim target at 50 percent of 2005 net emissions or 11.39 MBI Eq. (including sinks and aviation)

by 2030.Net GHG emissior{cluding sinks and aviation) are projected to be betwee®938.16.86

MMT CQEgq. in 2030, and 6.0811.37 MMT CgEq. in 2045The baseline goal (set in Act 238 of 2022)

could change with future updates to the 2005 emission estimates, but it is not likely to change

significantly! & &dzOKX GKA&a NBLR2NI FAYR&a GKFG IFégFA~" A A& O
statewide emissions targets.

81t is best practice to review GHG emission estimates for prior years and revise these estimates as necessary to
take into account updated activity data and improved methodologies or emission factors that eflentces in

the field of GHG accounting

9 Net emissions account for both GHG emissions and carbon sinks.
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1.1 Background

Greenhouse gases trap heat in the atmosphere by absorbing
infrared radiation and thereby warm the planet. These gases
include carbon dioxide (G methane (CH, nitrous oxide
(N:O), hydrofluorocarbons (HF perfluorocarbons (PFEs
sulfur hexafluoride (S); and nitrogen trifluoride (Ngr. While
some of these gases occur naturally in the environment, hum
activities have significantly changed their atmospheric
concentrations. Scientists agree that it is extremely likely that
most of the observed temperature increase since 1950 is due
anthropogenicor humancaused increases in GHGs in the
atmosphere (IPCC 281

The amount of warming caused by each GHG depends on hc
effectively the gas traps heat and how long it stays in the
atmosphere. The Intergovernmental Panel on Climate Chang
(IPCCdeveloped the Global Warming Potential (GWwéncept
to compare the ability of each GHG to trap heat in the
atmosphere relative to the reference gas, QB CC 2().
Throughout this report the relative contribution of each gas is
shown in million metric tons of carbon dioxide equivalent (MV
CQ Eq.).Recent decisions on common metrics adopted at the
27" United Nations Famework Convention on Climate Change
(UNFCCOonferenceof Parties (COP27¢quire Parties to use
100year GWP values from thECJ-ifth Assessment Report
(AR5)IPCC 2013The GWP values used in théport, assuming
a 100year time horizon, @& summarized ifmablel-1.

Tablel-1: AR5Global Warming Potentials
(GWPs) used in this Report

Gas GWP |
CQ 1
CH 28
N2O 265
HFG23 12,400
HFG32 677
HFCG125 3,170
HFC1l34a 1,300
HFCl43a 4,800
HFC152a 138
HFC227ea 3,350
HFC236fa 8.060
HFCG4310mee 1,650
Ch 6,630
Gh 11,100
CiFuo 9,200
GsFa 7,910
Sk 23,500
Nk 16,100

Note: This inventoryses GWPs with a 18@ar
time horizonin accordance wittMandatory

GHG Reporting5PA 2024).

SourcelPCifth Assessment RepaARS5)

(2013).

The persistence of excess GHGs in the atmosphere has had, and continues to have, significant impacts
across the globe. Global climate is being altered, with a net warming effect of the atmosphere and
ocean that is causingjaciers and sea ice levels to decrease, global mean sea levels emdss

increase in extreme weather ever@@®CC 2(). In an effort to better understand the sources and

drivers of GHG emissions and to mitigate their global imgachmunitiesand organizations at all

levelg includng federal governments, state and local jurisdictions, multinational firms, and local
enterprises develop GHG inventories. A GHG inventory quantifies emissions and sinks for a given
jurisdictional or organizational boundary. The results of these invesgpwhich are continually
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improved over timeo reflect advances in the field of GHG accountarg,then used to inform
strategies and policies for emission reductions, and to track the progress of actions over time.

1.2 Inventory Scope

The Climate Impact of Black Carbon

Beyond GHGs, other emissions are known to contribute to climate change. For exdaqke, b
carbon is an aerosol that forms during incomplete combustion of certain fossil fuels (primarily ¢
and diesel) and biomass (primarily fuel wood and crop wa&teyent research suggests that black
OFNb2y KIFIa& | LRAAGADS NIRAFGAGS FT2NDOAYy3I oe
warming when deposited on ice and snd&#PA2024h IPCC 203). Black carbon also influences
cloud development, but the direction and magnitude of this forcing is an area of active researct
2024b. There is nsingle accepted method for summarizing the range of effects of loiadion
emissions on the climate or representing these effects and impacts in terms of carbon dioxide
equivalenta A Ay AFAOlI yi aOASYUGAFTAO dzy OSNI I Ayi(iASa
(IPCC 2013Althoughliterature increasingly recognizes black carbon as a major heat source for
planet (Ramanathan andarmichae008, Bond et al. 2013}t is notwithin the scope of a GHG
inventoryto quantify blackcarbon climate impacts.

The GHG emission estimates presented in this Technical Support Document include anthrepogenic
GHG emissions anmatural and anthropogenic sinksvithin the state of Hawai for 1990, 2005, 2007,
2010, 2015, 2016, 2017, 2018, 2019, 2020, 2021, and 2022 from the following four sectors:

1 Energy including emissions frostationary combustion, transportation, incineration of waste
for energy purposesand oil and natural gas systems.

9 Industrial Processes and Product Use (IPRhkluding emissions from cement production,
electrical transmission and distribution, and substitution of ozone depleting substances.

9 Agriculture, Forestry, and Other Land Use (AFQlin¢luding emissions from agricultural
activities, land use, changes in land use, and land management practices. Specifically, this
includes emissions from enteric fermentation, manure management, agricultural soil
management, field burning of agriculturasidues, urea application, agricultural soil carbon,
and forest fires, as well as emissions sequestration from landfilled yard trimmings and food
scraps, urban trees, and forest carbon.

1 Waste including emissions from waste management and treatment activities such as landfills,
composting, and wastewater treatment.

WegKS GSNY Gl yiKNRLRISYAOZE Ay GKAA O2yiSEGEI NBFSNBR (2
result of humaractivities or are the result of natural processes that have been affected by human activities (IPCC

2006)

UegKS aAyl OFLI OAGe SyO2YLIl aasSa 020K aylddz2NI ¢ FyR albydfl
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This report includes stateriginated GHG emissions only. Lifecycle emission estimates are not included

¢ only emissions originating within the physical boundaries of the islands that constitute the State of
Hawali. For example, all emissions estimated for the agriculture sector, such as farming activities,
represent onisland emissions only, such as direct emissions from the fuel, energy, and farming
2LISNF GA2y&as odzi SEOf dzRS dzLJa (i Nifoin e poduktibriiok faeyused 2 O O dzNN.
by the farming equipment, or the emissions related to the manufacturing of fertilizers and pesticides.
This inventory was developed in accordance with2086 IPCC Guidelines for National Greenhouse Gas
Inventorie® and the2019 Refinements to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories, to ensure completeness and allow for comparability of results with other inventories. The
inventory accounts for GHG emissions and removals that take place within the physical boundary of the
state. While Hawéaiimports a range of goods and products that contribute to the generation of GHG
emissions outside of the state, these emissions are outside the scope of this inventory and therefore are
not reflected in this report. For emissions that are within the scopthis report, results are presented

by source and sink category and gappendix Aprovides a summary of all IPCC source and sink
categories as well as the reason for any exclusions from this analysis

As it is best practice to review GHG emission estimates for prior years, this report includes revised
estimates foiprevious inventory yearand newly developed estimates for 2022. Jrevious inventory
yearestimates were updated to account for updated activity data and methods, and to ensure time
series consistency across all inventory years. Changes in emission estimates f&ff2heventory
report estimates are largely due to the following:

1. Updatestol | ¢ Isgecifit data for wastewater treatment plants (WWTP) (e.qg., flow rates and
BOR National Pollutant Discharge Elimination System [NPDE&S3gection6.3.

2. Updatesta | ¢ IspeCifit data for annual area burned in wildfires, soil emissions, urban tree
cover, and the distribution of crop and grasslands by coud#gSections.6, 5.7, and5.9.

3.V LRFGSa G2 118l A" A ALISOATAO RkedbdctionsSlai®Ez KA ad2N

4. Incorporation of emissions from the consumption of renewable natural gas (RNG) produced by
the Honouliuli Wastewater Treatment PlaigeeSections3.1and3.7.

5. A new State Energy Data System (SEDS) category for other petroleum products consumed by the
transportation sector was added with biodiesel consumed by the transportation sector, as the
new category was determined to only represent biodiesel consumptiorisandt duplicative of
other biodiesel consumption already incorporated in the invent@geSections3.2and3.6.

6. The Chlemission factor for jet fuel was updated to match updates to the U.S. Greenhouse Gas
Inventory. Across thémeseries the Emission Factor is now zeBeeSection3.2

12The2006 IPCC Guidelinage inventory guidelines from the IPCC. These guidelines are still widely in use, as they
largely reflect the most upo-date scientific information for estimating emissions.

BThe2019Refinements to the 2006 CC Guidelin@se the most recent inventory guidelines from the IPCC. They
reflect the most upto-date scientific information for estimating emissions, but do not include updates or
refinements for each sector. These refinements have been incorporated into emissionktian methodologies.
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Updatestothd ®{ ® 9y @FA NRBY Y Sy (i (EPAIhvsidRoiy §f0iE ARegnhdue EysO e Q a
Emissions and Sinks: 199022 (hereafter referred to as the U.S. Inventoaf¥o resulted in some minor
updates compared to the 2021 report for the sectors that utilize data from the U.S. Inventory, such as
agricultural soil carbon, substitution of ozone depleting substances (ODS), and electric transmission and
distribution. Thee and other updates that impacted emission estimates are discussed on a 4xtrce
source basis in theubsequent sections of this repoAppendix BBummarizes the changes made to
emission estimates since the 2021 inventory repagpendix Gdditionally summarizes the effort
undertaken to investigate and implement areas for improvement that were identsfiecethe 2017

inventory report.

1.3 Methodologies and Data Sources

ICF relied on the best available activity data, emission facnsmethodologies to develop emission
estimates presented in this report. Activity data varies for each source or sink category; examples of
activity data used include fuel consumption, vehiaides traveled, raw material processed, animal
populations, cop production, land area, and waste landfilled. Emission factors relate quantities of
emissions to an activity (ERA24b.

Key guidance and resources included 20806 IPCC Guidelines for National Greenhouse Gas Inventories,
2019 Refinements to the 2006 IPCC Guidelines for National Greenhouse Gas Inveritorie®,a
Greenhouse Gas Reporting Program (GHGRP 9nwventéryof U.S. Greenhouse Gas Emissions and
Sinks: 199@022 yR 9t ! Qa {dF 4§ Ly@Syia2Ne ¢22f o{L¢

The2006 IPCC Guidelineighlight the standard methodological approaches adopted by the United

States and all other Annex 1 (developed) countries that are signatories to the United Nations Framework
Convention on Climate Change (UNFC&€appropriate and feasible, emissions and removals from
source and sink categories included in this report were estimated using methodologies that are
consistent with the2006 IPCC Guidelindthe methodologies used to estimate emissions align with the
Lt/ / G¢CASNE | LILINRPFOKI gKAOK A& I dz&aS¥TdzZ FTNI YSg2N]
availability and resources, while maintaining transparency and consistency. For most sourgg&kand s
categories, the2006 IPCC Guidelinesggest three tiersTier 1 is the most basic; Tier 2 provides an
intermediate approach; and Tier 3 is the most resotirtensive (requiring highly specific activity data
inputs). Specific data sources and methodologies used to develop estimates are discussed for each
sourceand sink category in the subsequent sections of this report. Where applicable, refinements to the
methodologies and emission factors from the IPCC Guidelines were updated to refl@étlthe

Refinements to the 2006 IPCC Guidelines for National GreenBasdaventories.

1.4 Quality Assurance and Quality Control (QA/QC)

ICF implemented aumber of quality assurance and quality control measures during the process of
developing this inventory to ensure inventory accuracy as well as to improve the quality of the inventory
over time. This includes the evaluation of the quality and relevandaiaf inputs; proper management,
incorporation, and aggregation of data in a series of Excel workbooks; review of the numbers and
estimates; and clear documentation of the results and methods.
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Evaluation of Data Input#\s described in the section above, the best available data and methodologies
were used to develop the emission estimates presented in this report. This was ensured by referencing
data sources used in recent analyses and reports of similar detail and cotyiéeg., the U.S.

Inventory), reassessing the relevancy and accuracy of data inputs used to develop previous inventory
reports, and conducting targeted data comparisons across multiple data sources.

Data ManagementlCF used aeries of Excel workbooks to compile and analyze the inventory results.
These spreadsheets are clearly labeled and linked, as appropriate, to make them easy to navigate. The
calculations are transparent to support errohecking and updating.he spreadsheets incorporate
automatederror checks to facilitate QA/Q®@rior to the finalization of this repoitCF conducted

multi-level review process was to ensure the accuracy of all results that were transcribed from the
workbooks into this report. This review involved (1) updating all links within the workbooks to ensure
they link to the latest version of each spreadshd@) reviewing each workbook for #REF errors, (3)

cross walking all numbers and figures in the workbooks against the information presented in this report,
(4) confirming the descriptions provideul the text of this report are consistent with the data presented

in the tables and figures within the report, and (5) and confirming statistics that are cited in multiple
sections of this report are consistent throughout the document.

Review of EstimatefCF reviewed the results of this work against other available data sets and emission
SadAYlLIGSad L/ C Ffaz2z dzAaASR 9t! Qa {GlFGS Ly@Syidz2Ne
F2NI I F gl A~ A dzaAy3a RSTI dz (0 @I e2028mventory &d BRinvdrlior]l B R
projections for 2025, 2030, and 2045The results of this comparison are presented and discussed in
Appendix KIn addition, the results were reviewed by representatives from the Department of Health
(DOH as well as a group of other government entittekCF then incorporated theomments and

feedback provided by the review team into this report.

Documentation of Resultds documented in this report, all assumptions, methodologies, and data
sources used to develop the emission estimates are clearly described. This transparency allows for
replication and assessment of these results.

1.5 Uncertainty of Emission Estimates

Uncertainty is a component of each calculated result; thus, some degree of uncertainty in GHG
estimates is associated with all emission inventories. This uncertainty (e.g., systematic error) can be
attributed to several factors such as incomplete data,artainty in the activity data collected, the use

of average or default emission factors, the use of national data where-spaeific data were

unavailable, and uncertainty in scientific understanding of emission pathways. For some sources (e.g.,
CQ emissions from fuel combustion), emissions are relatively well understood, and uncertainty is
expected to be low and largely dependent on the accuracy of activity data. For other sources (e.g., CH

142021 is the most recent inventory year available in the SIT as of Decembér 202
% The review team included representatives from tHawaii Department of Business, Economic Developngnt
Tourism (DBEDT), Division of Consumer Advocacy (DCA), and Public Utilities Commission (PUC).
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and NO emissions from wastewater and £¢nissions from agricultural soil carbon), emission

estimates typically have greater uncertainBarameter uncertaing, as quantified in this report, arises

from the potential bias or lack of accurate, complete, or representative input data such as emission
factors, activity data, and inherent variabiligppendix brovidesadditional detail on the methodology

used to develop the quantitative uncertainty results as well as a discussion on limitations of the analysis
The information presented in these sections should be evaluated as potential focus areas for
improvement for future inventory reports

The intent of an uncertainty analysis is not to dispute the validity of the inventory estimatbih

were developed using the best available activity data, emission factors, and methodologies awailable
but rather to guide prioritization of improvements the accuracy of future inventorie€PA2024b.

The uncertainty analysis determines the quantitative uncertainty associated with the emission source
and sink estimates and evaluates the relative contribution of the input parameters to the uncertainty
associated with each source or sink category estimakés analysis helps to inform apdoritize
improvements for the source and sink category estimation processes and highlights opportunities for
changes to data measurement, data collection, and calculation methodologies to reduce uncertainties.
Overallit is important to recognize that some level of uncertainty exists with all GHG estimates and the
data used to generate such estimates, and these uncertainties vary between sector, source, and gas.

For this report, uncertainty estimates for statewide emissions were developed using the IPCC Approach
2 uncertainty estimation methodology, which is considered the more robust approach of the two
approaches provided by IPCIhis methodology is discussed in more detaippendix 1 Overall and
sectorlevel uncertainty estimates aummarized below iffablel-2. Uncertainties in the emission
calculations for sources in the AFOLU sector are driving the overall uncertainty for total emissions.
Uncertainties in the emission calculations for sources and sinks in the AFOLU sector are driving the
overall uncertainty fonet emissions.

Source categorevel uncertainty results and a discussion of specific factors affecting the uncertainty
associated with the GH@nissionestimates for eaclemissionsource and sink category are provided in
the subsequent sections of this repdft.

16 Uncertainty was quantified for eagmissionsource and sink category. Uncertaimyd-use cases (such as
stationary combustion and transportation) were not quantifiedt are discussed qualitatively @Thapter 3.
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Tablel-2: Overall Estimated Quantitative Uncertainty (MMTQ Eq. and Percent)

2022 E_missio Uncertainty Rang.e Relative to Emission Mear? Starldfird
Estimate Estimate® Deviatior?
(MMT CO (MMT CQEq.) (percent)
Eq)) Lower Upper Lower Upper (MMT CQEq.)
Bound® Bound Bound Bound

Energy 17.5 17.1 18.0 -2.2% 2.8% 17.6 0.2
IPPU 0.8 0.8 0.9 -3.6% 7.7% 0.8 0.0
AFOLUYSources) 1.4 (1.4) 4.1| -194.3%| 180.0% 14 14
AFOLUSInks) (2.4) (2.8) (2.0) 17.1%| -16.5%| (2.4) 0.2
Waste 0.4 0.4 0.43 -5.3% 5.4% 0.4 0.0
Total Emissions 20.2 174 22.9 -13.8% 13.7% 20.2 14
Net Emissions 17.8 14.9 20.6 -16.0% 15.6% 17.8 14

2The uncertainty estimates correspond to a 95 percent confidence interval, with the lower bound corresponding
to 2.5" percentile and the upper bound corresponding to 97gercentile.

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

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

1.6 Organization of Report
The remainder of this report is organized as follows:

f Chapter 2Emissios Resultsc Summarize022A y @Sy 1 2 N2 NB adz Ga F2N GKS
trends in GHG emissions and sinks across the inventory years since 1990, and emissions by
county.

Chapters3 through 6 describe the detailed emission results by source category for each sector, including
a description of the methodology and data sources used to prepare the inventory, and key uncertainties.
Chapter specific information is detailed:

1 Chapter 3EEnergyc Presents GHG emissions that occur from stationary and mobile energy
combustion activities.

1 Chapter 4industrial Processes and Product Use (IPPB)yesents GHG emissions that occur

from industrial processes and product use.

1 Chapter 5:Agriculture, Forestry and Other Land Uses (AFQd_Bjesents GHG emissions from
agricultural activities, land use, changes in land use, and land management practices.

1 Chapter 6 Wastec Presents GHG emissions from waste management and treatment activities.
Describes the detailed emission results by source category, including a description of the
methodology and data sources used to prepare the inventory, and key uncertainties.

1 Chapter 7 Emission Projectiong Presents projections for statewide GHG emissions and sinks
for 2025, 2030, 2035, 2040, and 2045 under a baselinesixadternate scenarios. Countgvel

=
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projected GHG emissions and sinks for 2@280, 2035, 2040, and 2045 under the baseline
scenario are also provided.
1 Chapter 8GHG Reduction Goal ProgresProvides an assessment of statewide progress
relative to the statewide GHG emissions limit based on the emission estimates developed.
1 Chapter 9Referenceg Lists the sources of data and other information used in the
development of this report.

Appendices

1 Appendix AIPCC Source and Sink Categogéxovides a summary of all IPCC source and sink
categories and the reason for any exclusions from this analysis as well as a summary of which
source and sink categories are included in the inventory totals.

1 Appendix BUpdates to the Historical Emission Estimates Presented in2B22Inventory
Report¢ Summarizes changes in emission estimates relative to tB& id@entory report.

1 Appendix Cinventory Improvementsg Summarizes the effort undertaken to investigate and
implement areas for improvemernhat were identified in the 2P1 inventory report.

1 Appendix D:County Emission®Methodology ¢ Summarizes the methodology used to quantify
I gl A~AQa DID SyrAaaizya oe Oz2dzyieod

1 Appendix Ei | ¢ FA#imMinistrative Rule(HAR Facility Datag Summarizes annual GHG
emissions from HAR affected facilities for 2012022

1 Appendix FActivity Datag Summarizes by sector the activity data used to develop the
inventory presented in this report.

1 Appendix GEmission Factorg Summarizes by sector the emission factors used to develop the
inventory presented in this report.

1 Appendix HODS EmissionsSummarizes for informational purposes estimated emissions from
21 2yS RSLIX SGAy3 adzmadlyO0Sa oh5{0v F2NJ GKS &adlds

1 Appendix l:Uncertaintyg Provides a summary of the methodology used to develop the
quantitative uncertainty results as well as a discussion on limitations of the uncertainty analysis

1 Appendix JEmission Projections Methodology Summarizes the methodology used to project
emissions for 2025, 2030, 2035, 2040, and 2045 by source and sink category, and includes a
discussion of key uncertainties and areas for improvement.

1 Appendix KComparison of Results with the State Inventory Tool and Projection Tool
/ 2YLI NB&a SYrAaarazy SadAayrisSa F2NI I FgFA~A ISYSNI
Tool against the results of ti#021 inventory and the emission projections for 2025, 2030, and
2045.

1 AppendixL: FullEmission®ata Seriesg Provideghe full emissions data series by sector and by
countyfor 1990, 2005, 2007, 2010, and 2043022

Introduction 20



2. Emissions Results

This chapter summariz€922A y Sy 2 NB NBadzZ ¢a F2NJ dKS adlrasS 2F% 11
sinks across the inventory years since 1990, and emissions by county. Inventdz@32igrthe most
recent year for which a full inventory has been developed.

2.1 Overview of 2022 GHG Emissions

LY HAHHE G201 f DI D 283RNMMTECOEY Met emyssiohs; whichitakd intasaScdBit

carbon sinks, wer&7.83MMT CQEq. Emissions from the Energy sector accounted for the largest
LRNIA2Y 2F (201t SYAaairzya Awenebexcldindgsinks3he®PPU f 26 SR 06
sector, and the Waste sectdfigure2-1 below illustrates the emissions results for the new inventory

year by sector.

Figure2-1Y | I 6 A" A HNnHH DI D 9YAaarzya o6& {SOG2NJ oLy Of dzRAY 3
25
Waste
20 AFOLU  IPPU 1.9%
(Sources)

42%
5.5%

15

10
Energy

88.4%

MMT CO,Eq.

m Energy mAFOLU (Sources) wIPPU mWaste wAFOLU (Sinks)

Notes: Emissions estimates include aviation emissi@escentages represent the percent of total emissions
excluding sinks and including aviation.

Carbon dioxide was the largest single contributor to statewide GHG emissions irHE22 and PFCs
were the second largest contributor, followed closely by methane, nitrous oxide, and sulfur
hexafluoride Figure2-2 shows emissions for the new inventory year by gas.
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Figure2-2Y | | g A" A HnHH DID 9YAAdaA2z2ya oé DI a
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Notes:Totalsmaynot sumdueto independentrounding. Percentages represent the percent of taalissions
excluding sinks and including aviation.

2.2 Emission Trends

¢2Grt DI D SYAaarazya Ay | gl A~ A axpefdnéng andoveralyy ONB I & SR
decreasdrom 2007 to 2022Net emissions followed a similar trenfls theEnergy sector ithe largest
a2dzNOS 2F SYAaaraz2ya Ay | | ¢lakdmapr divErloiaiEsideoveralll KAy (K

emissiondrends. The overall missiondeclinesobserved from 2007 onwarchanlargelybe attributed to
factors such as emissions standards in vehmfeincreased fuel priceghe increase in total emissions
between 2020 and 2022 was driven largely by an increase dei@iSsions from fossil fuel combustion
across most endise sectors due in part to increased energy use from the contineleound of
economic activity after the height of the COMI® pandemicFigure2-3 below shows total and net GHG
emissions for each inventory year compileetween 1990 and 2022
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2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were developed
through linear interpolation.

Trends by Sector

In all inventory years, emissions from the Energy sector accounted for the largest portion (more than 85
LISNODSyYy G0 27F G2 lahd tHeréfardis dngajdradrivar yf the dverall riiigsions trends.
Transportation emissionswhich have decreased since 2@0&ccounted for the largest share of Energy
sector emissions in all inventory years. Transportation emissions are primarily dridemiegtic

aviation and ground transportation emissior&ationary combustion emissioage the second largest

shae of Energy sector emissions. Stationary combustion emissions are driven by emissions from energy
industries(electric power plants and petroleum refineries) as well as industrial and commercial
emissions The decrease in energy emissions is largely due to reduced fuel consumption across all
subsectorgiue to increased energy efficiency and the growth of renewable en&ggewable energy
sources solar, wind, geothermal, biomass, and hydropowéiave contributed an increasing share of
0KS ail lefddigity deneshtimintthe past decade

The year 1990 marked peak emissions from AFOLU sources during the time period evaineted:;

then, emissions from AFOLU sour¢esre significantlglecreased between 1990 and 20Z&milarly for

the Waste sector, the year 1990 marked peak emissions during the time period evalitdimded by
substantial declindetween 1990 and 2022n contrast, enissions from the IPPU sector have steadily
increased since 1990 and were more than four times higher in 2022 compared to 1990 levels. The
increase in IPPU emissions is attributable to the growth in HFC and PFC emissions from substitution of
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h5{T GKSNB Aa y2 t2y3ISNI/SYSyld t NRPRdAzOGA2Y Ay || &l
Distribution has decreased over the time period 1990 to 2Q23tly, carbon removals from AFOLU sinks
have alseeen a slighincrease since 1990.

Figure2-4 below shows emissions for each inventory year by sector. Emissions by smargearfor all
inventory yearsare summarized idppendix LFurther discussion regarding trends specific to each
sector and for source categories are included in the Energy (CHgpi&PU (Chaptel), AFOLU
(Chapters), and Waste (Chapté) chapters.

Figure2-4Y 1 I 6+ A" A DI D 9YA&daAirzya o0& {SOG2NJ oLyOtdzRAY3I {Ayla
— e [ 1ET QY AFOLU (Sources) Waste
= |PPU g AFOLU (Sinks) —@ = Total Emissions
30
25
52(}
ON
015
[
= 10
=
5
0 ® - =
[ . @ o — === =0—0—=0
-5
O = N M S W O MNNW0OO O d AN M T W OO O A N M <T W O~V OO O
QO O O O O 0 O 0O 0 C O 0 O O O o O O O ™ o = =~ v~ o =+ = = < N N N
O O OO OO OO OO O O O OC OC OC O OC O OC O C O O O OO OO OO o oo o o O
™ A A A A H A d NN NN NN NN NN N AN NN NN AN NN NN

Notes: Emission estimates include sinks @winesticaviation emission€Emissions estimates were calculafed
1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were
developed through linear interpolation.

Trends by Gas

In all inventory years, G@ade up the vast majority of emissions. As &@he primary gas emitted

from fossil fuel consumption, trends in €€nissions are consistent with Energy sector emission trends,
increasing between 1990 and 2007 and decreasing between 2007 andQib#2.gases, including

methane, HFCs & PFG§, andN;O are also critical due to thehigh global warming potential.

Methane emissions followed a decreasing trajectory between 1990 and 2022. Emissions of HFCs and
PFCs grew substantially from 1990 to 2022, whilee®issions decreased over the same period.
Emissions of YD similarly decreased between 1990 and 2007 and continue to decrease slightly between
2007 and 2022, largely due to forest fir€sgure2-5 shows enissions for each inventory year by gas.
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Notes: Emissions estimates includemesticaviationemissions buexclude sinksEmissions estimates were
calculatedfor 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here,
were developed through linear interpolation.

2.3 Emissions by County

In2022, Honolulu County accounted for the largest share of net GHG emisalo8pdrcent), followed

by Maui County (153LISNDSy (0 X 1868 NOSY [ 8 dzy (i §¥ RepefdentyiTieA / 2 dzy (i @
majority of emissioné all four countieswere generated within thenergy sectarFigure2-6 shows the

breakout of net emissions by county in 1990, 2005, 2@0710,and2015to 2022. Emissions by county

for all inventory yearsire available il\ppendix LThis appendiglsodisplays county level data for the
sulbsectorswithin each sectofor all inventory years.

Emissions from the Energy sector accounted for the largest portion of the total emissions from each
county in all inventory years. Emissions from AFOLU sources accounted for the second largest portion of
emissions from all countieBigure2-7 showsnet emissions by county and sector in 2022.

The methodology used to develop estimates of emissions and sequestration vatiesgoyrceor sink.

For some sources, counlgvel activity data were available to build botteap county level emissions

estimates. For other sources, only staéwel activity data were available, requiring emissions to be

apportioned to each county using data suchpapulation or vehicle miles traveled (VMAppendix D

adzYYlI NAT Sa (GKS YSiK2R2f 238 dzaSR (G2 ljdzZd ydiArTe 11Fgl A

17 Maui County includes emissions frdtalawacCounty.
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Figure2-6: Net GHG Emissions by County (Excluding Sinks and Including Aviation)
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Notes: Emissions estimates represent total emissions excluding sinks and indladiggticaviation emissions.
Emissiongstimates were calculatefbr 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

Figure2-7: Net GHGEmissions by County and Seciar2022(Including Sinks and Aviation)
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Note: Emissions estimates include sinks and aviation emissions.
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3. Energy

Thischapter presents GH@&nissions that result from energglated activities, primarily fuel

O2YodzalA2y F2NJ NI yaLR2NIFdGA2Yy FyR 3ISYSNIGAzy 2F S
emissions are estimated from the following sources: stationary combustion (IPCC Sategeries

1A1, 1A2, 1A4, 1A5), transportation (IPCC Source Category 1A3), incineration donaseegy

purposegIPCC Source Category 1Ald)andnatural gas system&IPCC Source Category 1B2), and

non-energy uses (NEUs) (IPCC Source Category@Bissions from international bunker fuels (IPCC

Source Category 1: Memo Items) and €@issions from wood biomass and biofuel consumption (IPCC

Source Categories 1A) are also estimated
part of this analysis; however, these
emissions are not included in the totals,
consistent with IPCC (2006) guidelines.

Figure3-1: 2022Energy Emission@b)by SourceIncluding
Aviation)

Oil and Natural Gas Systems Non-Energy

In 2022, emissions from the Energy sector '"C"ﬁ,ﬁ‘;“ of  05% gf‘j/s
were17.95MMT CQEq., accounting for 1.5%

88.4percent of Hawdi Q & eriigsions.
Emissions from transportation accounted
for the largest share of Energy sector

emissionsacross the timeseriegigure3-1 Sl
. L. Combustion
andFigure3-2 show emissions (% and MM 41.4%

T rtati
CQ Eq.) from the Energy sector by source ran;(?.%wf o

for 2022.

Notes: Totalsmaynot sumdueto independentrounding.
Percentages represent the percent of energy emissions
including aviation.

¥ The state of Hawaidoes not have any natural gas exploration, productmrrocessing. Sources of emissions

in the natural gas systems category include fugitive emissions from propane and synthetic nattrahgasssion

and distribution

¥ Non-energy uses of fuels include use of fossil fuel feedstocks for industrial and transportation applications that
do not involve combustion, including production of lubricants, asphalt, and road oil.

201PCC Source Categories for which emissions were not estimated for the stéwvaii include:fugitive

emissions fronsolid fuels (1B1) and G@ransport injectionand geologicaktorage (1C)Appendix Aprovides
information on why emissions were not estimated for these IPCC Source Categories.

Industrial Processes and Product Use (IPPU) 27



Figure3-2: 2022 Energy Emissions by Source (M®I® Eq.) (Including Aviation)

Incineration of Waste I 0.25

Energy as a Portion
of Total Emissions

Qil and Natural Gas | 0.10

Non-Energy Uses ‘ 0.04

0 2 e 6 8 10 12

MMT CO, Eq.
Notes: Biogenic G@missions from wood biomass and biofuel consumption are not included in emission totals, as
per IPCC (2006) guidelines. Aviation emissions are included in emission totals. Totals may not sum due to
independent rounding.
Figure3-3 shows energy sector emissions by source and year (including aviation) for all inventory years
inl I ¢ IRelatied®o 1990, emissions from the Egesector in 2022 wer@wer by roughly11.3
percent.In general, sector emissidrends followtrends in transportatioremissions, as transportation
accounts for theanajority of energy sector emissiongransportation emissions are largely driven by
domestic aviation and ground transportation emissions, which together account for roughly 82.8
percent of transportation emissiorend41.2percent of overall statewide emissianEhe next largest
contributor, gationary combustion, is primarilgriven by emissions from energy industries (electric
power plants and petroleum refineries) as well as industrial and commercial emissions.

The general decline in emissions from 2019 to 2020 is largely due to the impacts that the coronavirus
(COVIEL9) pandemic had on travel and economic activities; the increase in emissions in from 2020 to
2022 is due to continued rebound of economic actiaitier the height of the pandemi&missions by
source and year are summarizedTiablel-3.
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Figure3-3: Energy Sector Emissions by Source and Year (MX&TEQ.) (Including Aviation)
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Notes: Emission estimates includimmesticaviationemissionsEmissions estimates were calculafied 1990,
2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were developed
through linear interpolation.

The remainder of this chapter describes the detailed emission results by source category, including a
description of the methodology and data sources used to prepare the inventory. Femitifydata for

A 2 4 oA x

I F oA~ A ! RYAYAAQGNT GA esSre wdeiddl inppendin B AdtivityFdStdand R T+ OA £ A

emission factors used in the analysis are summarizégpendix Fand Appendix Grespectively

21 HARaffected facilities refers to large existing stationary sources with potential GHG emissions at or above
100,000 tonof CQEq.peryearl | g+ A~ A | RY A Chapatér MBO(IL %ex@I8desnuniichal Waste
combustion operations and conditionally exempts municipal solid waste landfills.
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3.1 Stationary Combustion (IPCC Source Categories 1A1, 1A2,
1A4, 1A5)

Fossifuels are burned to generate enerfpr a variety
of stationary sources, including electric power plants, Figure3-4: Stationary CombustiorSector
industrial facilities, commercial businesses, and homesContributionsto Statewide Total Gross Emissions
When fossil fuels are combusted, they release, @3,
and NO emissions. In 2022, emissions from stationary
O2Yo0dzalGA2Y ANAMMMTE®GREQ, A 6 S|
accounting fort1.4percent of Energy sector emissions

and36.6 percent of statewid¢otal emissions (excluding Stationary

sinks) as shown irfrigure3-4. Combustion
Other Sources of 36.6%

Stationary combustion emissions can be broken out by Emissions

economic sectofi.e., energy industrieé§ residential, 63.4%

commercial, and industrial)The contribution of each
economic sectoto the energy sectoemissionsand
overall statavide emissionare presented imable3-1.

Table3-1: Share ofStationary Combustion Emissiorns 2022
(%) by Economic Subsector

: Shareof Stationary Combustion Shareof StatewideTotal
Economic Sector . .
Emissions Emissions
Energy Industries 85.™% 31.%%
Residential 7.4% 2.7%
Commercial 6.0% 2.2%
Industrial 0.9% 0.03%

Relative to 1990, emissions from stationary combustion in 2022 \eerer by roughlyl2.2percent.

This trend is largely driven by emissions from residual fuel consumption associated with energy

industries, which decreased from 1990 to 2022. Emissions from energy industries followed an

inconsistent trend, fluctuating betweef.37 and8.33MMT CQ Eqg. over the time period. Similarly,

emissions from the residential sector followed an inconsistent trend, fluctuating bet@®&rand 0.09

MMT CQEg. over the time perioet.Emissions from the commercial secfluctuated over the

timeseries and2022 emissions werg7 percentbelow 1990 emissions leveligure3-5 presents
SYAaaArz2ya FNRY adldAaz2ylNeE O2YodzaldAz2y Ay2015t061 A~ A 0O
2022.The full timeseries of emissions by economic sector andugafund inTablel-4.

22 Energy industries includes both electric power plants (i.e., facilities that generate electricity for the residential,
commercial, and industrial economic sectors) and petroleum refineries.
2 All inventory years are available Appendix L
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Figure3-5: GHG Emissions from Stationary Combustion by Economic Sector and Year Q@MEL.)
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Notes:Emissions estimates were calculafied 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

Methodology

Withi KS SEOSLIiA2Y 2F SYA&aarz2y SadAYhemdsionefomi | Ay SR
stationary combustion were calculated using an IPCC (2006) Tier 2 methodology. Emissions were
calculated using the following equatitin

O00a Qi i QEGOIAE ¢ i ocntr]()stp—c

where
Fuel Consumption = total amount of fuel combusted (Billion British Thermal Units or Bbtu)
Guel = fuel specific Carbon Content Coefficient (Ibs C/Bbtu)
44/12 = conversion of carbon to GO

Methane and MO emissions were calculated using an IPCC (2006) fiethbdology. Emissions were
calculated using the following equatitn

24 All CQ emissionshave been converted to MMTQ Eq.based on the conversion factor for pounds to MMT,
which is0.00045359 IBMMT.
25 AllCH and NO emissionshave been converted to MMTQ Eq.based on the GWPs providauTable 11.

Industrial Processes and Product Use (IPPU) 31



0 0we WOOA QI | QEROIGE ¢ i 6an OO ¢
where,

Fuel Consumption = total amount of fuel combusted (Billion British Thermal Units or Bbtu)
ERel = emission factor of Gldnd NO by fuel type (MT gas/Bbtu)

Carbon content coefficients for estimating £#issions, which are specific to each fuel type, were
taken from the U.S. Inventory (EPA 2024b). Methane aléynission factors were obtained from the
2006 IPCC Guidelin@BCC 2006) for fossil fuels, wood biomass, ethamal biodiesel

Fuel consumption databyerdtrda S &S OG2NJ 6SNB 200 AySR FTNRBRY 9ySNHe@
Energy Data System (SEDS) (EIA 2024b) for alP§Earssome fuel types, consumption data were not

available in SEDS and were obtained from additional data sources. Specifically, fuel gas and naphtha
O2yadzYLliAzy 6SNB O2ftft SOGSR o0& G4KS I FglA~A 5SLI NILY
Tourism (DBEDAD08a) for 2007/ Fuel gas and naphtha consumption estimates for 208k set

equal to2007 estimates. For 2010, and 2015 to 2022;, @8, and NO emissions from fuel gas and

YILKGIGKEFE O2yadzYLJiAzy 6SNB 20 0 FaiyiSIRO ORIA Na& Qdefae DA NPWwE  OF
emissions data had already been converted by EPA infee@@valent units, using AR3WPvalues.

The ratio of ARBWPvalues to ARGWPvalues was applied to these values to convert them inte-CO

equivalent units in AR6WPvalues. Methane and J® emissions from biodiesel consumption at the

I FglAAlLY 9f SOGNRO /2YLIye o619/ h0X 1FgFA~"A 9f SOUGNR
/ 2YLI ye 6a9/ho gSNB SadAYFIGiSR olFladSR 2y 0A2RASaSt
2 NBK2dzaS 65.95¢ Haunlo FYyR IFéFA™ 5SLINIYSyd 27

Emissions from petroleum refineries are included in the inventory through both the Industrial and Oil

and Gas sectors. Stationary combustion at refineries is captured in the Industrial sector using SEDS data,
which reflects product supplied and includeglfused by refineries. Fugitive emissions from refining
processes (e.g., flares, leaks, and tanks) are included under the Oil and Gas sector using GHGRP subpart
Y data.

Changes in Estimates since the Previous Inventory Report
Changes that were implemented relative to the 2021 inventory report include the following:

26 Motor gasoline consumption obtained from EIA (2024a) includes blended ethanol. Pure ethanol consumption
obtained from EIA (2024a) was subtracted from motor gasoline prior to estimating emissions. Natural gas
consumption obtained from EIA (2024a) inclut®d$G. RNG consumption obtained fr@ity & County of Honolulu

(2022 and?024) was subtracted from natural gas prior to estimating emissions.

27 As DBEDT is the conduit of this data but not the source of this data, DBEDT cannot ascertain the data's accuracy.
Use of this data was at the discretion of the authors of this report.

28 Carbon dioxide emissions from wood biomass and biofuels consumption are reported in Settion
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1 Emissions from the consumption of RNG were incorporated into the inventory. As of 2018, this
wbD A& LINRPRdAzZOSR o6& G(KS 1 2y2df AdzfA 22¢t FyR Ol L
Ayili2 GKSAN a2yiKSGAO yI GdzNT fee Bresa2068]. Stédting iR A & G NJR
HAM@PEZ wbD O2yadzYLIiAz2y AY |1 gl A~"A A& AyOf dzRSR
9L!' Qa {95{d ¢KSNBT2NB>X wbD O2yadzyLliAzy A& 4&dz
residential and commercial sectors to avdiguble counting. It is assumed that RNG is
consumed half by the residential sector and half by the commercial sector based on
conversations with City & County of Honolulu (2024). This methodological change impacts 2018
through 2021 historical estimates.

1 The percentage of neanergy use consumption by fuel type was updated to reflect changes
made in the U.S. Greenhouse Gas Inventory.-dlergy use consumption is subtracted from
consumption for energy use, which impacts historical estimates.

1 Inthe 2021 inventory report, the Gldmission factor associated with natural gas was
inadvertently applied to industrial propane for the years 2005 and 2016 through 2021. The
correct emission factor associated with petroleum was applied for these years in the 2022
inventory.

1 The CQ CH, and NO emission factors were updated to reflect the same significant figures as
the values publicly available in the U.S. Inventory (EPA 2024b). This resulted in very slight
changes across th@meseries

> O

The resulting changes in historical emission estimates are preseniebla3-2.

Table3-2: Change in Emissions from Stationary Combustion Relative to the 2021 Inventory Report (MM T
Eq.)

Emission Estimates 2020 2021
2021 Inventory Report 8.47 9.56 9.37 8.09| 8.16| 8.33| 7.29| 7.44
This Inventory Report 8.47| | 956| | 9.37| | 8.09| 8.16| 8.32| 7.29| 7.44
Percent Change +% +% +% +%|  +%| (+%)| (+%)| (+%)

+ Does not exceed 0.05 percent. (+) Does not exe@€& percent.

Uncertainties
Uncertainties associated with stationartgnsumption estimates include the following:

T 9YAaaAirzya FTNRY FdzSf 3Jlra FyR yIFLKGIEKI O2yadzyLiA?2
starting in 2010. Data on fuel gas and naphtha consumption in 2007 were collected by DBEDT.
DBEDT data on fuel gas and naphtha consumption was not available for 2008/DBEDT
data is usedo estimate emissions in 2008s DBEDT is the conduit of this data but not the
source, there is uncertainty associated with data collected by DBEDT.
1 Emissions from fuel gas and naphtha consumption in the energy industries sector farzD10
2015 through 20251 K & 6 SNB 206 G A Yy S R 20249HoYhot heludeednissibhsDwt 6 9
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from facilities that are below the reporting threshold of 25,000 metric tons of carbon dioxide
equivalent (MT C&Eq.) per year.

To estimate uncertainty associated with emissions from stationary combustion, uncertainties associated

with all input variables were assessed. Uncertainty was estimated quantitatively around each input

variable based on IPCC (2006) and expert judgmentertiicty ranges for activity data were developed

using the2006 IPCC Guidelingse to lack of available information from EIA. @96 IPCC Guidelines

provide default uncertainty bounds for activity data based on the type of energy data system from

whichthe activity data were obtained. Because SEDS is a robust national dataset based on data from
thousands of industrd LISOA FA O adzaNwSeaz GKSasS RIFEGlI ¢gSNB | aadzyS
aldlradAradAaort aeaidSvyay { dzNISeitdinties WdreluSed fArids enalgsk.S KA IK S
This value may change as additional analysis is conducted in the future.

The following parameters contributed the most to the quantified uncertainty estimates: (1) CO

emission factor for coal consumption in the energy industries sector, (2¢1@Bsion factor for residual

fuel consumption in the energy industries sector, and (3) residual fuel consumption in the energy

industries sector. The results of the quantitative uncertainty analysis are summarizatlas-3.

Emissions from stationary combustion were estimated to be betweéBand7.55MMT CQEq. at the

95 percent confidence level. This confidence level indicates a range of approxioraglgrcent below

andone percent above the emission estimate 14 MMT CQ Eq.

Table3-3: Quantitative Uncertainty Estimates for Emissions from Stationary Combustion

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
7.44 7.40 7.55 -1% 1%

aRange of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval
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3.2 Transportation (IPCC Source Category 1A3)

Emissiongrom transportation result from the
combustion of fuel for ground, domestic marine,
domestic aviation, military aviation, and military
(nonraviation) transportation. Ground
transportation includes passenger cars, light truck
motorcycles, and heawguty vehicles (i.e., trucks
and buses). In 2022, emissions from transportatio
FOGABAGASEA AY | | GEQ} ™ A
accounting for 5& percent of Energy sector
emissionsand 49.8 percent of statewid®tal
emissiongexcluding sinkshs shownn Figure3-6.
The ontributions ofeach enduse sectoto energy
sector andstatewide emissions angresented in
Table3-4.

Figure3-6: Transportation Sector Contribution to
Statewide Total Gross Emissions

Other Source of
Emissions 49.8%
50.2%

Transportation

Table3-4: Share ofTransportation Emissiongno)by
EndUse Sector

Share ofTransportation Share of Statewide Tota

EndUse Sector

Emissions Emissions
Domestic Aviation 85.7% 24.1%
GroundTransportation 7.4% 17.1%
Military Aviation 6.0% 3.8%
Domestic Marine 0.9% 3.2%
Military NonAviation 1.8% 1.6%

Relative to 1990, emissions from transportation in 2022 were lower by 9.1 pefmngsions from

ground transportation increased from 1990 to 2007, generally decreased from 2007 to 2020, and then
generally increased from 2020 to 2022. Domestic aviation transportation increased from 1990 to 2005,
decreased from 2005 to 2010, and increa$mm 2010 to 2019, before decreasing in 2020 and
increasing again from 2020 to 2022. The emissions trends from ground and domestic aviation
transportation are largely due to a similar trend in consumption of motor gasoline, diesel fuel, and jet
fuel kercsene. Emissions from domestic marine and military transportation fluctuated across the
timeseriesand followed a similar trend in consumption of residual fuel, diesel fuel, and jet fuel
keroseneFigure3-7presentsS YA a 34 A2y a& FNRY (NI yausRdedior farA®Y, Ay | | &t
2005, 2007, and 2018 to 20ZPhe full timeseries of emissions can be foundatlelL-5 and Tablel-6
extracts emissions from electric vehicles over the timeseries for informational purposes only.
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Figure3-7: Transportation Emissions by Exdse Sector and Year (MMJQ Eq.) (Including Aviation)
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Notes: Emission estimates includi®mesticaviation emissiong€Emissions estimates weoalculatedfor 1990,
2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were developed
through linear interpolation.

Domestic vs. International Aviation and Marine

Consistent with IPCC (2006), the following approach is used to determine emissions from the
transportation sector:

LY Of dZRSR Ay | I gHA A (LNFFSyLE22NNE (G201 (1230 A @)
fightsfromO Kdz G2 al dzAi0 YR R2YSaidAO AyiaSNERGLI
from Honolulu to Los Angeles).

T9aGAYIFGSR o6dzi 9EOf dzZRSR AnN#eYcorhbusfidn isedifor L y &S
AYOGSNYFGA2y Lt FEAIKGA YR YFENRYS @2el 3Sa
Hong Kong).

f NotEstimated! £ £ GNJ yALRNIFGAZ2Y T OGABAGASE GKI i
Angeles to Honolulu, travel from Tokyo to Honolulu).

Methodology

Calculating C@emissions from all transportation sourcdgxceptEV$
Carbon dioxide emissions were estimated using the following equation, consistent with IPCC (2006):

—

T
C

000G i QEOGQE €1 0an OWHE ¢ i 641 00Q¢ ¢

©

where
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Fuel Consumption = total energy consumption by fuel type (Bbtu)

IBF Consumption = total consumption of international bunker fuels by fuel type (Bbtu)
Guel = total mass of carbon per unit of energy in each fuel (Ibs C/Bbtu)
44/12 = conversion otarbon to C@

Carbon content coefficients for estimating £#nissions, which are specific to each fuel type, were
taken from the U.S. Inventory (EPA 2024b). Fuel consumption data for transportation were obtained
FNRY 9L! Qa {95{ 0*IThese datanwere availabfezatNah agfrégate &l biEHuel type.
9L! Qa {s4@i$§ysedRdcausi coveisthe entiretimeseriesisreliable and well documentedind
represents the data inputs needéed follow IPCQ & | LJaiNRtimadirig fuel consumption emissians
Disaggregated transportation data collected by DBEDT (2008a, 2024b) were used to allocate
transportation fuel consumption from EIA (2024a) for diesel fuel, lubricants, motor gasoline, propane,
residual fuel, and natural gas, and ethanol into marine andigadransportation for each fuel type.
Aviationgasoline is assumed to all be used for aviation.

Aviation gasoline and naphtHgpe jet fuel for military were obtained from EIA (2019) for all years prior
t02017°5 A Sa St FdzSf | yR NBaARdzZ f FdzStf O2yadzYLliaAzy oSN
Liquids dataset through 2020 (EIA 2024c). Data for the years 2021 and 202%eivegeiato 2020

while awaiting data replacement from the EIA. Aviation gasoline and nagitiegjet fuel were

assumed to be consumed for aviation purposes, while diesel and residual fuel were assumed to be

consumed for noraviation purposes. These values werbtsacted from the aggregate transportation

aviation gasoline, diesel fuel, and residual fuel consumption data from EIA (2024a) prior to estimating
emissions for the other subcategori&s.

9L! Qa {95{ F2ft26a Iy dzZJRIGSR YSGK2R2 fleReRj@fud 2 NJ (G KS
consumption for 2010 onwards. While conversations with EIA indicated that this update produces more
accurate fuel estimates, EIA did not make this atipent for years prior to 2010, and therefore updated

fuel consumption for 2010 onwards in EIA SEDS is not compatible with the estimates for years prior to

2010 (EIA 2024b). Etévised these estimates using data from the U.S. Bureau of Transportation

Statistics which is not available prior to 2010. This revision impacts fuel consumption for domestic and

military aviation, as well as aviation international bunker fuels for thes&890, 2005, and 2007. To
maintaintimeseriesconsistency, jet fuel consumption was bawsted for the years 1990 to 2009 using

the overlap splicing technique as prescribed by IPCC 2006. There is a high correlation between post

2010 estimates developagsing the 2020 data publication and the 2018 data publication methodology

2 Diesel fuel consumption data obtained from EIA (2024a) includes blended biodiesel within the transportation

sector. Biodiesel consumed by the transportation sector was subtracted from diesel fuel consumption from EIA to

estimate pure diesel consumption.

30 Unpublishednmilitary fuel consumption data frorBEDS for 2017 through 2022 were not available, therefore

consumption for these fuel types weset equalto 2016 data.

B9 Ll {95{ OoHnunl0v R2Sa y2i AyOf dzRS I-type jetyfuelcimsumigtionO 2 y & dzY LJ
in 1990 obtained from EIA (2024c) was assumed to be excluded from SEDS.

Industrial Processes and Product Use (IPPU) 37



GKAOK Fff2¢6a TFT2NJ GKA& GSOKYyAljdzS (G2 6S dz&aSR® ¢KS
(IPCC 2006) as described by equation 5.1:

. . p w
w W -
E a p o
where
Yo = recalculated jet fuel kerosene consumption (Bbtu)
Xo = the original SEDS jet fuel kerosene consumption estimate (Bbtu)
Yi, Xi = estimates of jet fuel kerosene consumption prepared using the new
and previous used SEDS methodology for years 22008 (Bbtu)
m, n = years in which the overlap of SEDS data were occurring ¢Z20118)

For 1990 and 2007, kerosettype jet fuel consumption data for military were collected by DBEDT
(2008a). These values were used with the unadjusted SEDS jet fuel consumption data to develop an
estimate of the fraction of emissions from military aviatihis fraction was used to subtract military
aviation consumption from total transportation jet fuel consumption data from EIA (2024a); emission
estimates for military are reported separately. For 2010 and 2012822, total transportation jet fuel
consumption data from EIA (2024a) were allocated to military transportation anemititary
transportation using the 2007 proportional breakout, as estimates for military jet fuel consumption
were not available forhtese years.

For all years, aviation and marine fuel consumption were categorized as either domestic or international
consumption for the purposes of estimating emissions from international bunker fuels. The
methodologyused to apportion aviation and marine fuel consumption into domestic or international
consumption is discussed 8ection3.6.

Calculating ClHand NO emissions from highway vehicléexcept EVs)

Methane and MO emissions from highway vehicles are dependent on numerous factors, such as engine
type and emissions control technology. Consistent with the IPCC (2006) Tier 2 methodology, the
following equation was used to calculate &dd NO emissions from highway vehicles:

0 0wnE LOOG QI | Q&kI"YOO

where
VMT = Vehicle MileJraveled by vehicle type, fuel, model year and control
technology (mi)
ER = Emission Factor by vehicle type and control technology (k@riO/mi)

32 Prior research has shown that the DBEDT and SEDS data developed using the method employed prior to the
2019 update were closely aligned and thus could be compared, Appendix € éf I A "(2021p h |
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For 2005, 2010, and 2015 to 2022, vehicle miles traveled (VMT) estimates by functional class (e.g.,

interstate, local, other freeways and expressways, other principal arterial, minor arterial, etc.) for the
a0Fa4S 2F 1FéF A~ A 6 SNB IXK@G A Yy RRATYNEYI NI S 26¢70R8S MICEl 2 1!
Statistics (FHWA 2005; 2010; 2015 to 2022). The distribution of annual VMT by vehicle type for each

Fdzy OliAz2zylf Oflaa F2NJGKS adlrasS 2F 1Fgl A~ AT gKAOK
2022), washen used to calculate VMT by vehicle type. For 1990 and 2007, VMT estimates by vehicle

G8LS 6SNB LINPOARSR o6& GKS I gl A~ A S5SLIASIMSYd 27F ¢
amount of VMT blectric vehicles (EVea)as subtracted fronthe FHWA vehicle types passenger cars

and light trucksThis is becauséVsely on electric motors instead of internal combustion engines and
GKSNBEF2NE> R2 y2i LINE R dzO8MT/byEySs dalguRitedaiccording toihte LIA LIS SY
methodologydetailedin the Calculating VMBy electric vehiclesection belowVehicle age distribution

by model year, as well as control technologies and emission factors by vehicle type for all years, were

obtained from the U.S. Inventory (EPA 202#b).

Calculating VMT by electric vehicles
VMT byEVswere estimated using the following equation:

Da'QOO B RNOQO N O Qe &

Wb QWO Qd QO
where
ElectricityConsumption =Total electricityconsumptionper vehicletype (kWh)
kWh per mile = Average kWh consumed per mile

Electricityconsumption data for Battery Electric Vehicles (BEVs) andrPkdgorid Electric Vehicles

0t1 9+a0 6SNB 20 ltoleys@dcorEidtdhdy with the fain d4tdsbufce used

throughout Energy sector calculatio(®BIA 2024p C dzNII KSNJ | R2dza iYSy ia 6SNB YI R
on electricity consumptiorasoutlined in theCalculating C8) CH}, and N2O emissions from electric

vehiclessection belowElectricity consumption data for BEVs and PHEVs were further disaggregated
amongpassenger cars and light trucks based on the ratio of passenger cars to lighfonuBkEs/s and
PHEVscalculated usingrileagedatafor the most popular types of BEVs and PHEWse United States

from iSeeCar§SeeCars 2023This mileage data was ustmldisaggregatelectricity consumption

based on the assumption that a consistent amount of electricity is consumed per mile driven.

Miles per gallon of gasoline equivaleMRGGe) for all four vehicle typgsassenger car BEV, passenger
car PHEV, light truck BEV, and light truck PME¥g§calculated by taking the average ofmlakes and
models per vehicle typand year availabldfrom DOEDOE2024). Bymultiplyingthe inverse of MPGGe

BoYAAAAZ2Y FILOl2NA o0& GSKAOES GeLIS | yR EORsodMBdrsfal SOKyYy 2 f 2 :
CH and NO for OnRoad Vehiclgs ®
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per vehicle type (gallons of gasoliequivalentper mile) bythe standard cowersion value 083.7

kWh/gallon published by the EPA, the fuel efficiency valaeeconverted into units of kWhs/mileePA

20246. Then, theelectricity consumptiorper vehicle typavas divided byhe corresponding fuel

efficiency in units of kWhs/mile to obtain the VMT per vehicle type. Fingdlssenger car BEV and

passenger car PHEV VMT were added to obtain total VMT by electric passenger cars, and light truck BEV
and lighttruck PHEV VMT were added to obtain total VMT by electric light trucks.

Calculating CiHand NO emissions from nothighway vehicles
Methane and MO emissions from nehighway vehicle¥ were estimated using the following equation,
consistent with the IPCC (2006) Tier 1 methodology:

O00nEWOOGQI | Qe i 0 00
where
Gon Highway = total amount of fuel combusted on-highway vehicles by fuel type (Bbtu)
Ger = total amount of international bunker fuels combusted by fuel type (Bbtu)
EF = emission factor for nehighway vehicles (kg Gbrr N.O/Bbtu)

Default emission factors for estimating emissions from-haghway vehicles were obtained from the
U.S. Inventory (EPA 2024b). This source was used becauz@gOséPCC Guidelings not include
updated emission factors for ndmighway vehicles.

Calculating ClHand NO emissions from alternative fuel vehicléexcept EVs)
Methane and MO emissions from alternative fuel (i.e., biodiesel and ethanol) vehicles were estimated
using the following equation, consistent with the IPCC (2006) Tier 1 methodBlogy:

0 Owe WOOG QI | QEGOIAE ¢ i 6an O ¢
where,

Fuel Consumption = total amount of biodiesel or ethanol combusted (Bbtu)
Ekuel = emission factor of Glnd NO by fuel type (kg Gldr NbO/Bbtu)

Methane and MO emission factors were taken from IPCC (2006) for ethandbiadiesel. Biodiesel

consumed by the transportation sector and ethanol consumed by the commercial and industrial sectors
was estimated based on consumption data obtained from EIA (2024a). Biodiesel consumed by energy
AYRAzZZGNR Sas & 2 onomidBas WardhdlBeYDBEDTRE62¢50R 19106 A~ A 5 h|
(2020), was subtracted from the SEDS biodiesel consumption total to estimate the amount of biodiesel

34 Non-highway vehicles are defined as any vehicle or equipment not used on the traditional road system,
excluding aircraft, rail, and watercraft. This category includes snowmobiles, golf carts, riding lawn mowers,
agricultural equipment, and trucks used faff-road purposes, among others.

35 Carbon dioxide emissions from wood biomass and biofuels consumption are reported in Settion
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consumed by the transportation sectdtthanol consumed by the transportation sector was estimated
based on consumption data obtained from EIA (2024a), allocated into marine and ground transportation
using disaggregated transportation data collected by DBEDT (2008a, 2024b).

Calculating Cg CH, and NO emissions from electric vehiclessNFORMATIONAL ONLY
Q0,, CH, and NO emissiondrom EVswere estimated using the following equatioconsistent with the
IPCC (2006) Tier 1 methodology

6 0M aHe WOOE QI | QEBTE QOO B 0OHIQG & oo ¢
where,

ElectricityConsumptiors Total electricityconsumptionper vehicletype (kwh)
EF = Emission factokg CQ, CH, or NO/kWh)

Electricity consumption datand the number of registered vehicléesr BEVaind PHEVs were obtained
from the EIR SED%0 ensure consistency with the main data source used throughout Energy sector
calculationgEIA 2024b)This electricity consumption dat@ere converted frommillion kilowatt hours

to kWh bymultiplyingby 1,000,000. This registered vehicles datae converted fronthousands of
registered vehicleto total vehicles by multiplyingy 1,000. Notehat the ElAonly publishes the

number of registered vehicles for lighuty stock andestimates kWibased on the number of registered
BSKAOf Sad ¢ K §yisSoltlingarAppesdix B EIBckit \Zehicle Consumption @HI24a).

EIX) SEDS8oesnot containannual counts of registerel@Vsrior to 2016. However, according to the
Hawalii DOT Motor Safety dat&Vswvere drivenin | ¢ lad\éarlyas201@ | g A~ A ).5h ¢ HAHRN
Although the H ¢ | DOT #lata does not cover pg®13, the number oEVsSn 2013 was very smatht

only 338 EVscompared to4,030 in2015 supporting thecurrentassumption that ndeVswere driven in
Hawaii in 2010.Data from before 2010 requires additional researchefine and confirm the
assumptionTherefore, annual counts of registered BEVs and PHEVs irir@f1&IA) SEDSvere
estimatedby apportioning 2016 E@ASEDS data usitige ratio of 2015 to 201&VsSromthe H g1 A~ A
DOT dataAdditionally,EIXQ SEDS did not contain anndgV and PHEkectricity consumption prior to
2018. AnnuaBEV and PHElectricity consumption for the years 2015 through 2017 were estimated by
apportioning tt2 & S BBEW aN&PRIEXhicle counts by th&018ratio of BEV and PHEMhicle

counts toelectricity consumption.

Finally, enissions werestimatedby multiplying kwh consumption @nnually variablédawali-specific
CQ, CH, and NO total output emission ratekggaskWh), from EPAGRIQEPA20241). These
emissions arestimatedonly for informationalpurposesand are not added to overall transportation or
energy sector emission$he GHG emissions from electricity consumption is covered alinaloy
stationary combustion energy industries subsecBecausetie Hawdi inventory is ajeneratiorbased
GHGinventorythat estimates emissions created by the power sector, emissions éteantricity
consumption (e.g., by electric vehicles) would be double cour@tG emissions from electricity used
in electric vehicles provide a comparison of the general GHG emisgignitudes across vehicle types.
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Changes in Estimates since the Previous Inventory Report
Changes that were implemented relative to the 2021 inventory report include the following:

1 The CHEmission Factor for jet fuel was updated to match updates made in the U.S. Greenhouse
Gas Inventory. Across thieneseries this Emission Factor is now zero. According to the U.S.
DNESYyK2dzaS DIa LYy@Syiz2NEZ awSOSyid NBaSINOK AYyR
typically net consumers of methane (Santoni et al., 2011). Methane is emitted at low power and
idle operatia, but at higher power modes aircraft engines consume methane. Over the range of
engine operating modes, aircraft engines ast consumers of methane on average. Based on
this data, Cllemissions factors for jet aircraft were changed to zero to reflect the latest
SYraairzya GSadAiay3a RIGI o¢

1 Inthe 2022 inventory, a new SEDS category for other petroleum products consumed by the
transportation sector was added with biodiesel consumed by the transportation sector. This
new SEDS category only represents biodiesel consumption for the state offitangdds not
duplicative of other biodiesel consumption already being incorporated in the inventory.
Biodiesel consumption is subtracted from diesghsumption, which impacts transportation
sector emissions estimates slightly. Consumption data for this new SEDS category is available
starting in 2021, which only impacts 2021 historical estimates.

1 Inthe 2021 Inventory report, the disaggregated transportation data collected by DBEDT (2008a,
2024b) were applied incorrectly to allocate motor gasoline and lubricants consumption in 2010
through 2021 from EIA (2024a). A small portion of motor gasolireimadvertently classified as
water instead of ground transportation. A small portion of lubricants was inadvertently
classified as air and water instead of ground transportation, and a small portion of lubricants
consumption was inadvertently removed fraime analysis. The disaggregation of motor
gasoline and lubricants consumption has been corrected in the 2022 inventory.

1 The CQ CH, and NO emission factors were updated to reflect the same significant figures as
the values publicly available in the U.S. Inventory (EPA 2024b). This resulted in very slight
changes across th@meseries

1 Inthe 2022 inventoryannualVMT by EVs was subtracttdm the FHWA VMT data improve
the accuracy of emissions estimates on-road vehicles with internal combustion enginé3Q,

CH, and NO emissions were also calculated for EVs as an informational itemlinlthg I A © A
inventory.

The resulting changes in historical emission estimates are preseniebia3-5.

Table3-5: Change in Emissions from Transportation Relative to the 2021 Inventory Report (@MEQ.)

Emission Estimates 1990 l 2005 l 2007 l\ 2017 2018 2019 2020 2021

Ground

2021 Inventory Report 3.71 5.04 5.14 4.16| 4.10| 4.05| 3.13| 3.53
This Inventory Report | 3,71 5.04 5.14 4.16| 4.10| 4.05| 3.13| 3.50
Percent Change ) | W] [ | [ 0 %] %) (%) (1.0%)
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Emission Estimates
DomesticMarine

2021 Inventory Report | 1,53 0.37 2.81 0.49| 0.40| 0.63| 0.34| 0.52
This Inventory Report | 153 0.37 2.81 0.49| 0.40| 0.63| 0.34| 0.52
Percent Change (+%) +% (+%) (+%)| 0.2%| 0.1%| (+%)| (+%)
Domestic Aviation
2021 InventoryReport 3.70 6.14 4.87 461| 4.78| 4.96| 2.73| 4.59
This Inventory Report | 3.69 6.13 4.86 461| 4.78| 4.96| 2.73| 4.58

Percent Change (0.1%)| | (0.1%)| | (0.1%)| | (0.1%)| (0.1%)| (0.1%)| (0.1%)| (0.1%)
Military Aviation
2021 Inventory Report

(MMT CQEQq.) 1.42 1.03 0.80 0.85| 0.86| 0.88| 0.45| 0.67
This Inventory Report 1.42 1.03 0.80 0.85| 0.86| 0.88| 0.45| 0.67
Percent Change (0.1%)| | (0.1%)| | (0.1%)| | (0.1%)| (0.1%)| (0.1%)| (0.1%)| (0.1%)

Military Non-Aviation
2021 Inventory Report

(MMTCQEq.) 0.77 0.02 0.79 0.20| 0.32| 0.16| 0.32]| 0.32
This Inventory Report | 0,77 0.02 0.79 0.20| 0.32| 0.16| 0.32| 0.32
Percent Change (+%) +% (+%) +%|  (+%)| (+%)| +%| +%
Total

2021 Inventory Report

(MMT CQEq.) 11.14| | 12.59| | 14.40| | 10.31| 10.46| 10.69| 6.96| 9.63
This Inventory Report | 11.13| | 12.58| | 14.40| | 10.31| 10.46| 10.69| 6.96| 9.59
Percent Change (+%) (+%) (+%) (+%)| (0.1%)| (0.1%)| (+%)| (0.4%)

+ Does not exceed 0.05 percent. (+) Does not exe@€& percent.

Uncertainties
Uncertainties associated with transportation estimates include the following:

1 There are uncertainties around the data collected by DBEDT and SEDS data; while significant
effort has been made to validate each dataset and make a determination regarding which
dataset has lower uncertainty, this remains an area of uncertainty.

9 Data collected by DBEDT were used to disaggregate SEDS fuel consumption data from EIA into
air, ground, and marine transportation. There is uncertainty associated with the disaggregation
of the DBEDCollected data by fuel type and eagse sector; howevesince this uncertainty is
only applicable to the apportioning of data, uncertainty surrounding the overall emission
estimates for the transportation sector are unaffected. Also, since the data collected by DBEDT
are not used to apportion aviation sectasrtsumption, net emissions excluding aviation are not
impacted by this uncertainty.
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9 Due to a SEDS methodology change for years prior to 2010, SEDS ktypsgatfuel for
1990, 2005, and 2007 was back casted to remain compatible with data for years after and
including 2010.

1 Keroseneype jet fuel consumption for military was not available from EIA. For 1990 and 2007,
the analysis used kerosettgpe jet fuel consumption data for military as collected by DBEDT. As
DBEDT is the conduit of this data but not the source, theragsmtiainty associated with data
collected by DBEDT. The 1990 data collected by DBEDT were used to disaggregate the jet fuel
consumption from EIA into military or nemilitary for 1990. The 2007 data collected by DBEDT
were used to disaggregate the jet fumdnsumption from EIA into military or nemilitary for
2005, 2007, 201Gnd 2015through 2021 This resulted in some uncertainty.

9 There areuncertainties around th data on electricity consumption by BEVs and PHEVs from
9L!' Qa {95{d ¢KAA RFGF 61 & SadAYIFIGSR o6& 9L! ol a
following the methodology outlined iAppendix D Electric Vehicle Consumption (EIA 2024
There are also uncertainties around tlataand methodologysed to calculate VMT by EVs
based on the annual electricity consumption, including beadkulatingelectricity consumption
for the year 2015disaggregahg annual VM Dy passenger carand light trucksand converting
annual electricity consumption into annual VMT using MPGGe aver@geaverage, VMT by
EVs made up around 0.5% of total VMTttemassociated uncertainties do not have a large
impact on the overall transportation sector emission estimates.

To estimate uncertainty associated with emissions from transportation, uncertainties associated with all

input variables were assessed. Uncertainty was estimated quantitatively around each input variable

based on IPCC (2006) and expert judgment. Unceytaamtges for activity data were developed using

the 2006 IPCC Guidelingge to lack of available information from EIA. 7@®6 IPCC Guidelingvide

default uncertainty bounds for activity data based on the type of energy data system from which the

activity data were obtained. Because SEDS is a robust national dataset based on data from thousands of
industryd LISOAFTAO adzaNBSeasx GKSaS RIEGF 6SNB | aadzYySR (2 1
{ dZNIBSea¢ O 6STA2NE O ¢ KeS wdehuSeld Brithis andlysys TrBis valde mdnCiasge i | A Y
as additional analysis is conducted in the future.

The following parameters contributed the most to the quantified uncertainty estimates: (1) CO
emission factor for jet fuel kerosene, (2) motor gasoline consumption, (3) jet fuel kerosene
consumption, (4) percent of total aviation consumption subtracted for international bunker fuels, and
(5) CQemission factor for motor gasoline. The results of the quantitative uncertainty analysis are
summarkedin Table3-6. Emissions from transportation were estimated to be betw8etD and10.61
MMT CQEg. at the 95 percent confidence level. This confidence level indicates a range of
approximatelyfour percent below andive percent above the emission estimate .12 MMT CQEg,.
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Table3-6: Quantitative Uncertainty Estimates for Emissions from Transportation

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
10.12 9.70 10.61 -4% 5%

a2Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
Note: Uncertainty estimates include aviation emissions.

3.3 Incineration of Waste for Energy Purposes (IPCC Source
Category 1Ala)

Municipalsolid waste (MSW) emits @H, and NO emissions when combusted. In 2022, emissions

from the incineration of wastéor energy purposed y | | ¢ F0R6MMT @@ B4Saccounting for

1.5percent of Energy sector emissiomsd 1.3 percent of statewidmtal emissions (excluding sinks)

LY mdppnz a{2 gFa 02Y0dzaliSR Ay I FgFA~ A G Gg2 T OA
Recovery (HPOWER) plant and the Waipahu Incinerator. The Waipahu Incinerator ceased operations in

the early 1990s. As a result, emissions from the incineratfomastefor energy purposed y | | 61 A~ A
decreased between 1990 and 2007. Between 2007 and 2016 emissions increased due to expansions in

Ht h2 9wQa LINRPOS&aaiAy3d OF LI OAGeT Syraarzya GKSy RSON
from 2017 to 2021, and slightly decreasing agaif022.TableL-7 summarizes emissions from the

incineration of wastdor energy purposed y | | ¢ | A “the endiré tim@deries T 2 NJ

Methodology

2010 and 2015 2022

Emissionsforthedd h2 9w LI I yG F2NJ wamn FyYR Hamp G2 HAaHH 6SN
(EPA 2024c). This includes Haoogenic C@ CH, and NO emissions and biogenic Cihd NO

emissions.

1990, 2005, and 2007

Waipahu Incineratorior the Waipahu Incinerator, GGCH, and NO emissions were calculated using
the IPCC (2006) Tier 1 methodology. For €fissions, this approach uses waste composition data (i.e.,
the percent of plastics and synthetic materials) and their respective carbon content to determine
emissions from the combustion of these materials, as described in the following equation:

6006 i Q8 & wOwQd wd @06 "®O O

36 Consistent with the U.S. Inventory (EPA 2024b), emissions from waste incineration are reported under the
Energy sector because the waste is used to produce energy.
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where,

CQ Emissions = CQemissions in the inventory year

MSW = total amount of Municipabolid Waste incinerated

WFR = fraction of waste type/material of component i in the MSW
dm; = dry matter content in the waste incinerated

Ck = fraction of carbon in the dry matter (total carbon content)
FCF = fraction of fossil carbon in the total carbon

Ok = oxidation factor

[ = type of waste incinerated

For CHemissions, this Tier 1 approach uses the waste input to the incinerator and a default emission
factor, as described in the following equation:

0004 Qi | QOew0 O
where,

CH Emissions = CHemissions in the inventory year
W = amount of incinerated waste
EF = CH emission factor

For NO emissions, this Tier 1 approach uses the waste input to the incinerator and a default emission
factor, as described in the following equation:

0 004 Qi i Q&0 "0
where,

N>O Emissions= NO emissions in the inventory year
W = amount of incinerated waste
EF = NO emission factor

Data on the quantity of waste combusted at the Waipahu Incinerator was provided by Steve Serikaku,
Honolulu County Refuse Division (Serikaku 2008). Emission factors and the proportion of plastics,

synthetic rubber, and synthetic fibers inthe waste streal8 NB (G { Sy FNRBY (GKS ! of{ o
Inventory Toolg, Solid Waste Module (EPA 2024d).

H-POWER planEor the HPFOWER plant, emissions were calculated using a Tier 3 methodology

consistent with California Air Resources Board (CARB) guidance for Mandatory GHG Emissions Reporting
(Hahn 2008) for the years 1990, 2005, and 2007. This methodology is bebeveartore accurate than

the IPCC methodology and attributes a specific ratio of carbon emissions to account for biogenic and
anthropogenic sources based on carbon isotope measurements at the facility. This approach utilizes
facility-specificsteam output data from HPOWER to estimate g@H, and NO emissions from the

combustion of refusalerived fuel (RDF) which is processed from MSW, as described in the following
equation:
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where
Emissions = GHG emissions in the inventory year
Heat = heat output at a given facility
ER = default emission factor for GHG i

[ = type of GHG emitted (GCQCH, and NO)

Facilityspecific information for the HHOWER plant for 1990, 2005, and 2007 was obtained directly from
Covanta Energy, which operates thd®@WER facility. This data included steam generation, refuse
derived fuel (RDF) composition, biogenic carbon rafigsd, consumption data, and G@nd NO

emissions (Hahn 2008).

Changes in Estimates since the Previous Inventory Report

No changes were made to emissions from the incineration of wiastenergy purposesince the 2021
inventory report.

Uncertainties

To estimate uncertainty associated with emissions from waste incineration, uncertainties associated
with all input variables were assessed. Uncertainty was estimated quantitatively around each input
variable based on the U.S. Inventory (ER24b and expert judgment. The quantified uncertainty
estimated for norbiogenic C@emissions for POWER facility contributed the vast majority to the
guantified uncertainty estimates. The remaining input variables had a minor impact on the overall
uncertainty of thissource category.

The results of the quantitative uncertainty analysis are summarizédlie3-7. Emissions from waste
incineration were estimated to be betwedn24 and0.30 MMT CQEq. at the 95 percent confidence
level. This confidence level indicates a range of approximatght percent below and.3 percent
above the emission estimate 626 MMT CQEQg.

Table3-7: Quantitative Uncertainty Estimates for Emissions from Waste Incineration

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
amelel=p) Lower Bound  Upper Bound  LowerBound Upper Bound
0.26 0.24 0.30 -8% 13%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
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3.4 Oil and Gas Operations (IPCC Source Category 1B2)

Refineryactivities release GOCH, and NO to the atmosphere as fugitivamissions, vented emissions,

and emissions from operational upsét$rior to 2020, two refineries, Par West and Par East,

2LISNF GSR AY 1 I8 A~A (GKFEG O2yiNARodziSR G2 (KSasS SYa
operations in 2020, with some equipment still running and generating emissions until they were fully

shut down in 2022 (Widlansky 2024). In addition, fDigitive emissions occur frothe distribution and
transmissiorof propane and synthetic natural gas alguigelines. In 2022, emissions from oil and
yIEGdz2NF £ 3l a aeadsSvya AKg., dctodnting forh0.5 peschidbof Endrgyssectara ¢/ h
emissionsand 0.5percent of statewiddotal emissions (excluding sink&elative to 1990, emissions

from oil and natural gas systems in 2022 were lower by roughf/p&fcent. This decrease is attributed

to a reduction in crude oil throughput over this timenmod. TableL-8 summarizes emissions from oil

FYR yIFGdzNIf 3+ a &acossthetimeseniéd | + g A~ A o0& 3 a

Methodology

Refinery emissions for 2010, 20132022

9YAaaAz2ya FNRY 2Af |yR 3L a aeaidsSvya FT2N uwunmn FyR H
(EPA 2024c). This includes Aaoagenic Cg) CH, and NO fugitive emissions from petroleum refining

YR K@RNRISY LINPRAzOGAZ2Y F2NJ I I gFA~"AQa G2 NBTFAYSN

Refinery emissions for 1990, 2005, and 2007

Emissions from oil and gas systems for 1990 and 2007 were estimated by scaling 2010 emissions data
FNRBY 9t! Qa DI Dwt 69t! wHnunOO o0l aSR 2iy1980mE NI GA2 2
2007for the two refineries relative to 201@.his methodology assumes that emissions are proportional

to the amount of crude oil processed005 estimates areetequalto 2007 emissiongithout any

further scaling adjustments. Data on the amount of crude oil refined was obtained from reports

collected by DBEDAS well as direct correspondence with the refinery owners (DBEDT 2008b; Island

Energy Services 2017; Par Petroleum 2017).

Fugitive emissions from natural gas distribution and transmission pipelines

37 The state of Hawaidoes not have any natural gas exploration, productmrgrocessing. Sources of emissions

in the natural gas systems category include fugitive emissions from propane and synthetic nattrahgasssion

and distribution

38The Par West Refinery was previously known as the Island Energy Services Refinery and, prior to that, as the

/| KSONRY t NRPRdzOG& /2YLIl ye 1l oA~ A wWSTAYSNET GKS tI N 9l &i
gKAOK @l a LINBJA 2 dza indepehdgn? Engrgy IPetroléurid Refiety.g | A ~

3% Emissions from fuels combusted at refineries are included in under the stationary combustion source category.
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Emissions from natural gas distribution and transmission pipelines for all inventory years were
estimated using théollowing equatior®:

0 '00a Qi i Q&e i 00O 0 00O

where,
Maistribution = pipeline miles used for natural gas distribution by material type
Miransmission = pipeline miles used for natural gas transmission
PLRateria = distribution pipeline leak factor for @by material type (mscf/milgear)
PLRFansmission = transmission pipeline leak factor for khscf/mileyear)

Distribution miles data by material for both main and service lines, as well as transmission miles data,
were obtained from DOT's Pipeline and Hazardous Materials Safety Administration (PHMSA) database
(DOT 2022b) and pipeline leak factors were obtainethfthe U.S. Inventory (EPA 2024b).

Changes in Estimates since the Previous Inventory Report
No changes were made to emissions from oil and gas systems since the 2021 inventory report.

Uncertainties

CdAAGADBS SyYAraairzya FTNRBY LISGNRESdzy NBFAYAYI FT2N Mm@
GHGRP. These emissions were instead estimated based on annual throughput for each refinery. For
well-controlled systems the primary source of emissions agitifte equipment leaks, which are

independent of system throughputs (IPCC 2000). As a result, there is uncertainty associated with using
throughput as a estimatefor emissions in 1990, 2005, and 2007. Additionally, annual throughput for

the Par West Refary was not available for 1990; for the purposes of this analysis, it was assumed that

1990 throughput was consistent with 2007 levels. Lastly, annual throughput for the Par West Refinery

and Par East Refinery was not available for 2005; for the purpddks @nalysis, it was assumed that

2005 throughput was consistent with 2007 levels. Fugitive emissions from natural gas distribution and

OGNl yavYAaaarzy NBE RAAFIINBIAFIGSR 06& LIALISEAYS YI 0SNR
onthematerial®@ LIS& Ay Of dZRSR Ay (GUKS G20KSNJ YIFGSNARITf&aég O G
pipeline leak rate was applied to the distribution services, other materials, and as a result, there is

uncertainty associated with these emissions.

To estimate uncertainty associated with emissions from oil and gas operations, uncertainties associated
with all input variables were assessed. Uncertainty was estimated quantitatively around each input
variable based on expert judgment. The quantifiedant&inty estimated for C&emissions for the Par

East Refinergontributed the vast majority to the quantified uncertainty estimates. The remaining input

40 All CH emissions are converted tdMT CQ Eg.based on the GWPs provid@uTable 11 and the conversion
factor for thousand standard cubic feet to MMT, which is 0.00000001926 mscfIMMT
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variables had a minor impact on the overall uncertainty of this source category. The results of the
guantitative uncertainty analysis are sumrizad inTable3-8. Emissionfrom oil and natural gas
systems were estimated to be betwe@il0and0.10 MMT CQEq. at the 95 percent confidence level.
This confidence level indicates a range of approximdtdlyercent below and.1 percent above the
emission estimate 0.10 MMT CQEg.

Table3-8: Quantitative Uncertainty Estimates for Emissions from Oil and Natural Gas Systems

Uncertainty Range Relative to Emissions Estinfate
(MMT CQEq.) (percent)
Lower Bound Upper Bound Lower Bound Upper Bound

0.10 0.10 0.10 -0.1% 0.1%
a2Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

2022 Emissions Estimate

(MMT CQEQq.)

3.5 Non-Energy Uses of Fossil Fuels (IPCC Source Category 1A)

In addition to being combusted for energy, fossil fuels are astsumed fornosfS Y SNH& dzaSa Ay
9YAaaArzya YIeé 200dz2NJ RdzZNAy3d GKS YIydzFl Ol dzNE 2F |
non-energy uses include coal, diesel fuel, propane, asphalt and road oil, lubricants, and waxes. In 2022,
emissons fromnorS Y SNH@& dzaSa 2 F TFodMMTEQEqy, actoundirg fof Oeragr® NB n ©
of Energy sector emissioasd 0.2percent of statewiddotal emissions (excluding sink3hese

emissions are included under the Energy sector, rather thaiRR& sector, consistent with the U.S.

Inventory (EPR024b)and in compliance witlPCC Guideline$he methods for calculating emissions

from fossil fuel combustion and NEU emissions both rely on a carbon balance approach, which considers
the total amount of fossil fuels used for energy and NETAblel-9 summarizes emissions from non
SySNHe dzaSa 27F HhdeSdthietimegerigsl g A~ A o0& 3l a

Methodology
Carbon dioxide emissions were estimated using the following equation, consistent with IPCC42006):
TT

6006 | QEOGAE ¢ i 60N OQEEE i 6apo Q¢ 0c p o

41 As depicted in Figure-3 of the US Inventory, NEU and energy emissions are estimated through a mass balance
of carbon flows (i.e., carbon inputs and outputs). Both emission sources use the same initial fuel consumption
values from SEDS and are summarized in the same sector. Emissicgysoaredr under the Energy chapter to

provide a complete carbon balance and avoid double counting with IPPU for related activities. To maintain a
complete carbon balance and a transparent approach for calculating carbon emissions freanergy uses of

fosdl fuels, the entire calculation of carbon storage and emissions is conducted withiotihenergyuses

category under Energy.

42 Methane and NO emissions from neenergy uses are not estimated, consistent with IPCC Guidance (2006) and
the U.S. Inventory (EPA 2024b).
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where

Fuel Consumption = total consumption by fuel type and enuse sector (Bbtu)

NEU Consumption % = percentage ohon-energy use of fuel consumption (percent)

Guel = total mass of carbon per unit of energy in each fuel (Ibs C/Bbtu)
44/12 = conversion of carbon to GO

Gstored = carbon storage factor by fuel type (percent)

The percentage of neanergy use consumption by fuel type were obtained from the U.S. Inventory

69t! HAHNOUL YR FLIWXASR G2 G2aGFf O2yadzvYLliAzy @It dz
SEDS (EIA 20248 arbon content coefficients for estimating £#issions, which are specific to each

fuel type, were taken from the U.S. Inventory (EPA 2024b). The percentage of C storeeirermpn

uses of fuels were also obtained from EPA (2024b).

Changes in Estimates since the Previous Inventory Report
Changes that were implemented relative to the 2021 inventory report include the following:

1 The percentage of neanergy use consumption by fuel type were updated for historical years
to match updates made in the U.S. Greenhouse Gas Inventory.

1 Inthe 2021 Inventory report, the carbon storage factor from 2017 was inadvertently applied to
propane in 2005 and 2018 through 2021. While the propane carbon storage factor does not vary
significantly yeato-year, it is annually variable. The correct anhcarbon storage factor has
been applied to theéimeseriesin the 2022 inventory.

1 The CQ CH, and NO emission factors were updated to reflect the same significant figures as
the values publicly available in the U.S. Inventory (EPA 2024b). This resulted in very slight
changes across th@meseries

The resulting changes in historical emission estimates are preseniebla3-9.

Table3-9: Change in Emissions from Ndinergy Uses Relative to the 2021 Inventory Report (MEX® Eq.)

Emission Estimates 1990 [J] 2005 ] 2007 ] 2017 2018 2019 2020 2021

2021 Inventory

Report 0.04 0.04 0.04 0.04| 0.04| 0.03| 0.03| 0.03
This Inventory Repory  0.04 0.04 0.04 0.05| 0.05| 0.04| 0.04| 0.04
Percent Change (0.5%) 0.1%| | (0.3%)| | 13.1%| 21.8%]| 21.8%| 30.2%| 18.7%

Bl 2yadzYLIiAz2zy @FfdzSa F2N ¥dzSta AyOf dzRSR Ay (KS028pil GAZ2Y I ]
were adjusted to subtract nomenergy uses.
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Uncertainties
Uncertainties associated with nemergy use estimates include the following:

1 Nonenergy use C{emission factors are not available from the U.S. Inventory @ERAD,
therefore industrial sector emission factors, by fuel type are used.
1 Nonenergy use estimates are based on t$&cific storage factors. The storage factor for
feedstocks is based on an analysis of f®rgn storage and emissions. Rather than modeling the
total uncertainty around each process, the current analysis addsessly the storage rates,
YR lFaadzySa aGkKIFG €&t / GKFG Aa y2id atiz2NBR Aa S
specific norenergy use storage factors and processes.

To estimate uncertainty associated with emissions from-anargy uses, uncertainties associated with

all input variables were assessed. Uncertainty was estimated quantitatively around each input variable
based on IPCC (2006) and expert judgment. Theafimitpparameters contributed the most to the
guantified uncertainty estimates: (1) industrial lubricant consumption, (2) transportation lubricant
consumption, and (3) industrial LPG consumption.

The results of the quantitative uncertainty analysis are summarizédlhe3-10. Emissions from noen
energy uses were estimated to be betwe@®2 and0.040 MMT CQEgq. at the 95 percent confidence
level. This confidence level indicates a range of approximagghercent below and..4 percent above
the emission estimate d3.039MMT CQEg.

Table3-10: Quantitative Uncertainty Estimates for Emissions from NEnergy Uses

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  LowerBound Upper Bound
0.0 0.029 0.40 -25% 1.4%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

3.6 International Bunker Fuels (IPCC Source Category 1. Memo
Items)*

Internationalbunker fuels (IBFs) are defined as marine and aviatiohl @St 2NAIAY I GAy3 Ay
ending in a foreign country. According to IPCC (2006), emissions from the combustion of fuels used for
international transport activities, or international bunker fuels, should not be included in emission

totals, but instead should be reported separately. International bunker fuel combustion producgs CO

CH, and NO emissions from both marine and aviation fuels. In 2022, emissions from international

0dzy 1 SNJ FdzSt a Ay | |,Bd:, WHichis 465 ptcennicnvihan 1898 I¢velgTablel-10

adzYYlF NAT S& SYraarzya FTNRBY Abydgasdidédthe tinfegeties 06 dzy' 1| SNJ ¥ dz

44 This source category is not included in inventory totals in accordance with IPCC (2006) guidance.
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Methodology
Carbon dioxide emissions were estimated using the following equation, consistent with IPCC (2006):

e e r e, r r o, Ll LA ./ 14 3 r r r b L r 3 T T
O000a™Qi i QeEOAE €1 60 anooQeE ¢ 0e
where
IBF Consumption = total consumption of international bunker fuels by fuel type (Bbtu)
Guel =total mass of carbon per unit of energy in each fuel (Ibs C/Bbtu)
44/12 = conversion of carbon to GO

Methane and MO emissions were calculated using an IPCC (2006) Tier 1 methodology. Emissions were
calculated using the following equation:

0 One WOOAG QI | QEGOIE €1 6an Ve ¢
where,

IBF Consumption = total amount of International Bunker Fuel combusted (Bbtu)
ERel = emission factor of Gldnd NO by fuel type (MT/Bbtu)

Carbon dioxide emission factors were obtained from the U.S. Inventory (EPA 2024b), whitel CkD
emission factors were obtained from IPCC (2006). The following sections describe how IBF consumption
was derived for aviation and marine bunker fuel.

Aviation Bunker Fuel

Aviation bunker fuel consumption was calculated based on the estimated amount of jet fuel used for
international trips in each year. Aircragpecific fuel efficiency estimates (miles/gal) and mileage data

were used to calculate the ratio of domestic téemational fuel consumption to allocate jet fuel

consumption estimates from SEDS (EIA 2024b) into domestic and international bunker fuel

consumption9 L! Q& {95{ F2ff2¢a | yS¢g YSiklev@pifrlae | yR NB(
consumption for 201@nwards (EIA 2024b). This change impacts fuel consumption for domestic and

military aviation, as well as aviation international bunker fuels. The method employed techatlSEDS
consumption data prior to 2010 is describedSection3.2.

The annual fuel efficiency for each aircraft type for both domestic and international flights was

OF £ OdzAf F ISR dzAAy3a ! ANIAYS 5FGF LyO®wQa@2foAnsualtuelC2 NY n
efficiencies per aircraft type were calculated by dividamgual miles traveled by annual gallons
O2yadzYSR® LYyGSNYyFraGAz2yIlf FfA3IKGA FNB (K2asS t1Fr06St SR

S ANI AYS 5 ( FuellSitiStostatas€ ARV 990 ta 2022) is a cleaned andrigsatly version othe
samedata availabldrom BTS 1990 t02022).
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efficiencies by aircraft type were then multiplied by the total distance traveled by year for domestic and
AYGSNYFGA2y T T ABDKatkealcBldiditdalgéllons oyisAmeBTS 1990 tg 2032 A
Thatpercentage of international consumption out of total consumption (i.e., international and domestic
consumptionywas multiplied by totalnotY A f A GF NB 2S00 FdzSf O2y #odeBIAGA2Y AY
(2019 and 2024a), to calculate aviation international bunker fuel consumption.

Owa € &
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where
IBF Consumption = total consumption of international bunker fuels from jet fuel (Bbtu)
Jet Fuel = total jet fuel consumption from SE[Bbtu)
Jet Fuel = military jet fuel consumption (Bbtu)
Gallons ' 3rtt2ya O02yadzYSR F2NJI AYUSNYIF GAZ2Y I §
Gallons ' 3rtt2ya 02y adzySR F2NJ R2YSaidAO (NARL

Marine Bunker Fuel

Marine bunker fuel consumption was calculated based on the estimated amount of diesel and residual

fuel consumption used for international trips. Fuel consumption is included for both vessels flying

American and foreign flags. For all inventory years ext8p0, marine bunker fuel consumption for

I FglA~A gl a 200FAYySR RANBOGtfe FTNRBY (GKS / Syadza . daN.
1990, marine bunker fuel consumption for all international traveling vessels was estimated by applying
theavera 2F Hnnc FYR HAanT 1 FgFA~A YFENRYS 0o6dzy1 SN FdzS¢
I FglA"A YIENRYS o0dzy{ SN FdzSt0 G2 FLIWRNIAZY | o{ ® O2y
used to account for annual fluctuations in consumption. Nationatine bunker fuel consumption was

obtained from the U.S. Inventory (EPA 2024b).

Changes in Estimates since the Previous Inventory Report

The C@emission factors were updated to contain the same number of decimals as are publicly available
in the U.S. Inventory (EPA 2024b). This resulted in very slight changes actossskées The
resulting changes in historical emission estimatespaesented inTable3-11 and Table3-12.

Table3-11: Change in Emissions from Marine Bunker Fuels Relative to the 2021 Inventory Report (MbEQGO

Emission Estimates 1990 [J] 2005 ] 2007 | 2017 2018 2019 2020 2021

2021 Inventory Report  0.11 0.79 0.05 0.12) 0.20| 0.11| O0.11 0.08
This Inventory Report| 0.11 0.79 0.05 0.12| 0.20| 0.11| 0.11| 0.08
Percent Change 0.0% 0.0% 0.0% +%|  (+%)| (+%)| (+%) (+%)

+ Does not exceed 0.05 percent. (+) Does not exe@@& percent.
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Table3-12: Change in Emissions from Aviation Bunker Fuels Relative to the 2021 Inventory Report (MMT CO
Eq.)

2018 2019 2020 2021

2021 Inventory Repor{ 1.45 1.44 1.04 164| 1.57| 153 0.57| 0.32
This Inventory Report| 1.45 1.44 1.04 164| 157 1.53| 057 0.32
Percent Change 0.0% 0.0% (+%) 0.0%| 0.0%| 0.0%| 0.0%| 0.0%

(+) Does not exceed.05 percent

Uncertainties
Uncertainties associated wiihternational bunker fuel estimates include the following:

1 Due to a SEDS methodology change for years prior to 2010, SEDS ktypsgetfuel for
1990, 2005, and 2007 was back casted to remain compatible with data for years after and
including 2010. Jet fuel consumption was then disaggregated into domestiotandiational for
all years.

1 Kerosenetype jet fuel consumption for military was not available from EIA. For 1990 and 2007,
the analysis used kerosettgpe jet fuel consumption data for military as collected by DBEDT. As
DBEDT is the conduit of this data but not the source, therbs@sumcertainty associated with
data collected by DBEDT. The data collected by DBEDT were used to disaggregate total jet fuel
consumption from EIA into military or nemilitary for all years. Nomilitary jet fuel
consumption was then disaggregated intonaestic and international for all years.

9 There is some uncertainty associated with estimating jet fuel consumption for international trips
based on the international flight to total flight fuel efficiency ratio. This approach was used
because data on jet fuel consumption for international tripgfo IA Y GAY 3 AY | F gl A~ A
available.

9 There is some uncertainty with estimating marine bunker fuel consumption in 1990 due to a lack
of available data and use of tlerage of 2006 and 2007 data to apportiotal U.S.
consumption.

1 Uncertainties exist with the reliability of Census Bureau (DOC 2008 and 2018) data on marine
vessel fuel consumption reported at U.S. customs stations due to the significant degree-of inter
annual variation, as discussed further in the U.S. Inventory 2BP4Y.

To estimate uncertainty associated with emissions from international bunker fuels, uncertainties

associated with all input variables were assessed. Uncertainty was estimated quantitatively around each

input variable based on IPCC (2006) and expert judgniémtertainty ranges for activity data were

developed using th€006 IPCC Guidelingsge to lack of available information from EIA. 7996 IPCC
Guidelinegprovide default uncertainty bounds for activity data based on the type of energy data system

from which the activity data were obtained. Because SEDS is a robust national dataset based on data

from thousands of industrg LISOA FA O addzZNBSeéasx (KSasS RIEGEFE gSNB | aad
aldldAradaAaort aeaidSvyay { dzNioriertainties @érdiuSed dNtBsanalgsicS KA 3K S
This value may change as additional analysis is conducted in the future.
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The following parameters contributed the most to the quantified uncertainty estimates: (1) percent of
total aviation consumption for international bunker fuels, (2) jet fuel consumption, and (321GGsion
factor for jet fuel. The results of the quantitative uncertainty analysis are summariZeabie3-13.
Emissions from international bunker fuels were estimated to be betwkéhand0.93MMT CQEq. at

the 95 percent confidence level. This confidence level indicates a range of approxinigtelcéant

below and12 percent above the emission estimate @83 MMT CQEQg.

Table3-13: Quantitative Uncertainty Estimates fodEmissions from International Bunker Fuels

Uncertainty Range Relative to Emissions Estinfate
(MMT CQEgq.) (percent)
Lower Bound Upper Bound Lower Bound Upper Bound
0.83 0.74 0.93 -11% 12%
a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

2022 Emissions Estimate

(MMT CQEQq.)

3.7 CO;from Wood Biomass and Biofuel Consumption (IPCC
Source Categories 1A)%

Ethanol biodiesel, and other types of biomass release @@issions when combusted?*® According to

IPCC (2006), since these emissions are biogenieri€sions from biomass in combustion should be

estimated separately from fossil fuel €énissions and should not be included in emission totals. This is

to avoid doublecounting of biogenic G@missions from the AFOLU sector. In 2022, €&ssions from

g22R 0A2Ylaa FyR 0A2FdzSt 02 yCa&n whichi®51.0 peytentldwgrl A~ A &
than 1990 levelsTablel-11 summarizes C{emissions from wood biomass and biofuel consumption in

| I ¢ ladrdsshthe timeseries

Methodology

Biofuels
Carbon dioxide emissions from biofuel (ethanol or biodiesafbustion were calculated using the
following equation:

6006 Qi i "QEOEAE "AERNT 6 & n 0AWGE 00

46 This source category is not included in inventory totals in accordance with IPCC (2006) guidance.

Y9QUKIFYy2f A& 0f SYRSR gAGK Y2G2N) 3Fraz2ftAyS +ad 2Af NBFTAYSNID
supply in 2006.

481n addition to C@ small amounts of CHind NO are also emitted from biomass sources. Unlike éfilssions

from biomass, these Gldnd NO emissions are not accounted for in a separate process, and thus are included in

the stationary combustion and transportation source categories and are counted towards total emissions.

Industrial Processes and Product Use (IPPU) 56



where

Biofuel Consumption = total volumes of ethanol and biodiesel combusted (gal)

HHMiofuel = Default high heat values of ethanol and biodiesel (Million Btu or
MMBtu/gal)

Eiofuel = Ethanoland biodiesekpecific default C£emission factors (kg
CQ/MMBLtu)

Carbon dioxide emissions from RNG combustion were calculated using the following equation:
0000 Qi i QEYNI®EET 6 an o0W ¢

where,

RNG Consumption = total amount of RNG combusted (Bbtu)

ERne = RNG gas default €émission factor (Ib GIMMBtu)
Biogenic carbon dioxide emissions from the incineration of waste at tROWER plant for 2010 and
Hamp (2 HnAnHH BSNB 200GFAYSR RANBOGEE FTNRBY 9t! Qa DI
Wood Biomass
Carbon dioxide emissions from wood biomass combustion were calculated using the following equation:

0004 | QéEEie Qe ADEET OGN 00O ¢

where,

Wood Biomass Consumption = total amount of wood biomass combusted (Bbtu)

ERiood biomass = Wood biomass defau@Q emission factor (Ib CAMMBtu)

Ethanol biodiesel, and wood biomass consumption data were obtained from SEDS (EIA 2024b) for all

years. RNG consumption data was obtained from City & County of Honolulu (2024) and City & County of
Honolulu (2022) and assumed to be consumed 50% by the residesttal &and 50% by the commercial
sector(City & County of Honolulu 2024arbon dioxide combustion emission factors for ethanol and

biodiesel were obtained from the U.S. Inventory (EPA 2024b), and carbon dioxnteistion emission

factors for wood biomass and RNG consumption were obtained from U.S. EPA (EPA 2024a). Biogenic
OFNb2y RAZEARS Syraaarazya FTNRBY (G(KS AyOAySNIidAzy 27
2024c).

Changes in Estimates since the Previous Inventory Report
Changes that were implemented relative to the 2021 inventory report include the following:
1 A new SEDS category for other petroleum products consumed by the transportation sector was
added with biodiesel consumption consumedthg transportation sector. This new SEDS

category was determined to contain only biodiesel consumption for the state of Hamdiwas
not duplicative of other biodiesel consumption already being incorporated in the inventory.
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Consumption data for this new SEDS category is available starting in 2021. Therefore, this
methodological change only impacts 2021 historical estimates.

1 Emissions from the consumption of RNG was incorporated into the inventory. As of 2018, this
wbD A& LINRPRdAzZOSR o6& GKS 1 2y2dzZ AdztA 22¢t FyR Ol L
Ayili2 GKSAN a28yUiKSGAO yI GdzNT f e PBreésa2018). BheréforeR A & (i NRA ©
this methodological change impacts 2018 through 2021 historical estimates.

1 Theemission factofor CQ emissions from wood biomass was updated.

The resulting changes in historical emission estimates are presenieabla3-14.

Table3-14: Change in C£Emissions from Wood Biomass and Biofuel Consumption Relative to the 2021
Inventory Report (MMT C€EQ.)

2021 Inventory Report  2.43 0.59 0.88 128 1.30| 1.25| 1.16| 1.15
This Inventory Report| 2.43 1.04 0.88 128, 130, 125 1.16| 1.18
Percent Change 0.0% 74.8% 0.0% 0.0% +%| 0.2%| 0.1%| 2.7%

+ Does not exceed 0.05 percent.

Uncertainties

There are uncertainties around the data collecteddBEDT and SEDS data; while significant effort has
been made to validate each dataset and make a determination regarding which dataset has lower
uncertainty, this remains an area of uncertainffe current dataset excludes the Mahipapa Biomass
Facility, the inclusion of this facility is a priority improvement to be researched for future inventories.

To estimate uncertainty associated with £#nissions from wood biomass and biofuel consumption,
uncertainties associated with all input variables were assessed. Uncertainty was estimated
guantitatively around each input variable based on IPCC (2006) and expert judgment. The following
parameters catributed the most to the quantified uncertainty estimates: (:Pdwer plant biogenic

CQ emissions, (2) transportation ethanol consumption, and (3) €&xssion factor for ethanol.

The results of the quantitative uncertainty analysis are summarizédlie3-15. Carbon dioxide
emissions from wood biomass and biofuel consumption were estimated to be betivé@and1.31
MMT CQEgqg. at the 95 percent confidence level. This confidence level indicates a range of
approximatelyl0 percent below and.0 percent above the emission estimate b9 MMT CQ Eq.

Table3-15: Quantitative Uncertainty Estimates for Emissions from Wood Biomass and Biofuel Consumption

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
1.19 1.08 1.31 -10% 10%

a@Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
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4.Industrial Processes and Product Use (IPPU)

Thischapter presents GHG emissions that occur

from industrial processes and product use (IPPl Figure 41: 2022IPPU Emission@o)by Source
C2NJ GKS &adrdsS 2F 1l gl
are estimated from the following sources: Electrical
cement production (IPCC Source Category 2A1 Transmission
. . L and Distribution
electrical transmission and distribution (IPCC 1.3%

Source Category 2G1), and substitution of ozon
depleting substances (IPCC Source Category 2

In 2022, emissions fromme IPPU sector were
0.85 MMT C®&Eq., accounting for 4.2 percent of

G20Ff 1 F6FA~ A SYAAaaA?z

substitution of ozone depleting substances

accounted for the majority of emissions from the Substitution of
. Ozone Depleting

IPPU sector, representing 98.7 percentiPU Substances

emissionsand 4.1 percent of statewidmtal 98.7%

emissions (excluding sink3)he remaining..3
percent ofIPPUemissions are from electrical
transmission and distribution. Clinker productior
AY 1FgkFA" A OSIFASR AY
emissions from cement prodtion in 2022 were
zero.Figure4-1 and Figured-1 show emissions (%
and MMT C@Egq.) from the IPPU sector by source for 2022.

491PCC Source Categories for which emissions were not estimated for the state éflin&lddé:lime production
(2A2),glassproduction (2A3)pther processuses ofcarbonates (2A4)chemicalindustry (2B)metal industry (2C),
electronicsindustry (2E), Snd PFCs fromther productuses (2G2)and NO fromproductuses (2G3)Appendix
Aprovides information on why emissions were not estimated for these IPCC Source Categories.
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Figure4-1: 2022 IPPU Emissions by Source (MMTE E®)

Substitution of Ozone
Depleting Substances

0.84

IPPU as a Portion
of Total Emissions

Electrical Transmission 0.01
and Distribution :

Cement | 0.00 4.2%

00 0.1 02 03 04 05 06 07 08 09
MMT CO, Eg.

Relative to 1990, emissions from the IPPU sector in 2022 were higher by nearly 378.4.p€heent

increase is due entirely to the growth in HFC and PFC emissions, which are used as a substitute for ODS
used primarily in refrigeration and air conditioning. These substitutes have grown steadily in line with
national emissions as ODS are phased odeuthe Montreal Protocol (EPA 2024BLlfur hexafluoride
emissions from electrical transmission and distribution decreased ®p@4cent from 1990 to 2022,

also consistent with national emissions. This decrease is attributed to increasimgc88 am industry

efforts to reduce emissions (EPA 2024hgured-3 below shows IPPU sector emissions by source

category for each inventory year. Emissions by source and year are also summariabkblirl 2.

Figure4-3: IPPU Emissions by Source and Year (MMTEZQ

—g— Substitution of Ozone Depleting Substances Electrical Transmission and Distribution
@ Cement Production —® = |PPU Total

MMT CO, Eq.

O = N MO < 1 O I~ 0 O © «—~ NN O I 0N O~ 00 0 © «— N MO < 10 O™~ 0 O O —
O O O O G 0 0O O O O O O O O 0 0O 0O 0 0O 0O «— «— — - - - - — — — O &N«
g G OO 0O G 6 OO0 6 O O O O O O 0O 0O O O 0O O O o o O O o o o O o o o o
— o o o o — — — — AN AN AN NN NN NN NN NN NN NN NN NN

Notes:Emissiongstimates were calculatefbr 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.
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The remainder of this chapter describes the detailed emission results by source category, including a
description of the methodology and data sources used to prepare the inventory. Activity data and
emission factors used in the analysis are summarizégpendix Fand Appendix Grespectively.

4.1 Cement Production (IPCC Source Category 2A1)

Carbondioxide emissions are released as apbyduct of the clinker production process, an
AYGSNYSRAFGS LINRPRdAzOG dza SR LINAYIF NAf & (2 VYlsiteS LJ2 NIt
AY h™ | Kdz dzyGAf LINBRdzOGA2Y OS brieS(Wurltzgr 2008p.Portlandl F G SNJ &
OSYSyild LINBRdzOGA2Y SYRSR AY 1 I gFA"A AY HAanam 62 dzNI A
OSYSy il LINERdAzOG A 2 yTablel-13summarixzes dmissicBINBm derGedBprdduction in

| I & ladrdssithe timeseries

Methodology

Procesgelated CQemissions from cemengroduction were estimated using IPCC (2006) Tier 2
methodology, planspecific clinker production provided by Hawaiian Cement (Wurlitzer 2008), and
default factors for calcium oxide content and cement kiln dust (CKD) fror20®é IPCC Guidelines
(IPCC 2006). Emissions were calculated using the following equation:

600a6Qi i Q8 ¢i '0"0 6 "0 M
where:
Melinker = weight (mass) of clinker produced, tonnes
ERiinker = emission factor for clinker

CFagement kiln dust= €missions correction factor for cement kiln dust

Changes in Estimates since the Previous Inventory Report
No changes were made to emissions from cement production since the 2021 inventory report.

Uncertainties

The uncertainties around emissions from cement production were not quantitatively assessed because
there is currently no cement production in the state.

4.2 Electrical Transmission and Distribution (IPCC Source
Category 2G1)

Sulfurhexafluoride (Sdf and carbon tetrafluoride (GJFemissions from electrical transmission and

distribution systems result from leaks in transmission equipmentis3ised as an electrical insulator

and interrupter for equipment. Gis mixed with Sfo avoid liquefaction at low temperatures. In 2022,
SYrxaairzya FNRBY StSOGNAROIFT GNIyYyaYAIIMMMEFEQRHEGY R RA &G NR
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accounting for 1.3 percent of IPPU sector emissan$0.1 percent of statewiddotal emissions
(excluding sinksRelative tal990, emissions from electrical transmission and distribution systems in
2022 were lower by 88 percent Nationally, these emissions have decreased over time due to a sharp
increase in the price of S#uring the 1990s and a growing awareness of the environmental impact of
Sk emissions (EPA 2024Bablel-14 summarizes emissions from electrical transmission and
RAAGNAOGdzO A2y akrdsatheSiMeserigsy | F g A~ A

Methodology

9YAaaArz2ya oSNB OFftOdzZ I SR o0& ILILRNIA2YAYy3d ! o{d SY
2F 1ol A~ A StSOGNROAGE al t S& G eand CPémissiodd ditdwieeh O A (i &
taken from the U.S. Inventory (EPA 2024b). National electricity sales data come from the U.S.

5SLI NIYSyd 2F 9ySNH@& 65h90X 9ySNHeée LYyTF2NXIiGA2Y IR
RFGF O02YS TNRBY (KBooK(DBEDS208B)F | ¢+ A~ A 504l

Changes in Estimates since the Previous Inventory Report

National emissions data were recently updated in the U.S. Inventory (EPA 2024b), based on revisions to
NBLZ2NISR KAZG2NAOFKE RFEGFE Ay 9t ! Qa DIsPmigsionsffoR O2 NNB
electrical equipment manufacturing as well as the data used to estimateeorter emissions. As the
SaGAYlFIGSa F2NIIFgFA~ A FINB OFftOdA FiSR 0@ | LILRNIAZ2Y
resulted in a change to the estines.

Compared to the previous inventory from 2021, average annual change-{adbd®alent emissions

from electrical transmission and distribution decreased 0.9 percent over the time period. The resulting
changes in historical emissions estimates are presentdaloes-1.

Table4-1: Change in Emissions froElectrical Transmission and DistributidRelative to the 2021 Inventory
Report (MMT CQEQ.)

Emission Estimates 1090 [J] 2005 ] 2007 | 2017 2018 2019 2020 2021
2021 Inventory Report | 0.08| | 0.03| | 0.03 001 o001| o001 o0.01] 0.01
This Inventory Report 0.08| | 0.03| | 0.03 001 001| 001| o001]| 001
Percent Change 0.0%| | 0.8%| | 0.0%| | (3.6%)| (3.8%)| 0.0%| 0.0%| 0.0%

Uncertainties

The apportionment method was used to estimate emissions from electrical transmission and
RAAUGNAROdzIAZ2Y &d@aAGSYA Ay kgl A~ A AyépiréhhsBsagdt (KS Lt
emissions for Hawaiian utilities were not available. The apportionment method does not account for
state-specific circumstances that may deviate from national trends (e.g., efforts taken by the state, or

utilities within the state, to reduc&kemissions from electrical transmission and distribution systems

beyond the average rate of national emission reductiomBese model uncertainties were not assessed

as part of the quantitative uncertainty analysis.
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To estimate uncertainty associated with emissions from electrical transmission and distribution,

uncertainties associated with three quantities were assessed: (1) U.8e8ffcity transmission and
RAAUGNAROdzIAZ2Y SYAaadA2yaz 6HUO | ®{d St SOGNAOAGe &l fS
estimated quantitatively around each input variable based on expert judgment. Each input variable

contributed relatively egnly to the overall uncertainty of the emissions estimate.

The results of the quantitative uncertainty analysis are summariz&de4-2. Emissions from
electrical transmission and distribution systems were estimated to be betwedrMMT CQEqg. and
0.02 MMT CQEg. at the 95 percent confidence level. This confidence level indicates a range of
approximately30 percent below and 8 percent above the emission estimate of IOMMT CQEq.

Table4-2: Quantitative Uncertainty Estimates for Emissions from Electrical Transmission and Distribution

2022 Emissions Uncertainty Range Relative to Emissions Estinfate
Estimate (MMT CQEq.) (percent)

(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.011 0.01 0.02 -30% 36%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
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4.3 Substitution of Ozone Depleting Substances (IPCC Source
Category 2F)

HFCs an®FCs are used as alternatives to
ODS that are being phased out under the

Figure4-2: 2022 Emissions (%) from ODS SubstitutesSuzCategory

Solvents Fire Extinguishing

Montreal Protocol and the Clean Air Act 1% ~_ [ 1%

N

Amendments of 1990. These chemicals ar
most commonly used irefrigeration and
air conditioning equipment, solvent

cleaning, foam production, fire Other Air-
extinguishing, and aerosols. In 2022, . C"”ggff;“'”g
SYrAaarzya FTNBY hb5/{ Moblle Airs

were 0.84 MMT C£Eq., accounting for
98.7 percent of IPPU sector emissiamsl
4.1 percent of statewidéotal emissions Refrigeration
(excluding sinksNationally, emissions from 40%
ODS substitutes have risen dramatically
since 1990, and now represent one of the
largest sources of GHG emissions from the
IPPU sector (EPA 2024bablel-15
summarizes emissions from HFCs and PFCs

Note: Totalsmaynot sumdueto independentrounding.

that are used as substitutes of ODS in Figure4-3: 2022 Emissions (%) from ODS Substitutes by Gas
I | ¢ ladrdsshthe timeseriedVhile not
included in the inventory totals, estimated HFC-32  HFC-236fa

SYraarz2ya FNRBY hs{ 6% \ <1

presented inAppendix K°

HFC-134a
27%

Methodology

. . HFC-143a
In contrast to source categories in which 17%

emissions are calculated based on

production data or are directly monitored HEC-125
at a small number of point sources, 40%

emissions of HFCs and PFCs can occur fr
thousands of types of equipment from

millions of sources, oluding refrigeration : :
Note: Totalsmavnot sumdueto independentroundina.

50 per IPCC (2006) guidelines, emissions of ODS, which are also GHGs, are not included in this inventory. For
AYF2NNIEGAZ2Y I E LzN1LI2&aSas h5{ SYAaairzya ¢ SNBppéhdxikh YI (SR
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and airconditioning units, aerosols, and solvents. Percentage of emissions fatdory are shown in

Figure4-2.

l'd GKS ylraAazylrft tS@Stsx (GKSasS SyrAaairzya FNB Sadayl
characteristics of equipment currently in use for more than 70 differentesel categories and applies

HFC and PFC leak rates to estimate annual emsdiothe U.S. Inventory (EPA 2024b), emissions are
presented for the following subategories:

1 Mobile airconditioning

Other refrigeration and aiconditioning
Aerosols

Foams

Solvents

Fire extinguishing

¢+ A~ A SYRA A& aA-RoyiditionfidSFsemsv@@ astintated by &ldbortioning national
SYyrxaairzya FTNRBY (KS ! o{d LYy@SyiG2NE 69t! wHnanunoo 02
NEIAAGNI GA2ya FNBY GKS {4 (8.S.%6hiclé regstrationsironbthell . 2 2
Po{d 5SLINIYSY(ld 2F ¢NIYyaLRNIFGA2yYX CSRSNYIf | AJIKgl
from other airconditioning systems (i.e., air conditioning systems excluding mobile air conditioners)

were estimated by apd2 NI A2y Ay 3a yIFdA2yIlf SYAaaizya FNRBY (GKS | «
oFraSR 2y GKS NIGA2 2F (GKS ydzYoSNJ 2F K2dzaSa o6A0GK |
GAGK ANJ O2YyRAGAZ2YSNE Ay (GKS ! yAlkdhRondtineragad @ ¢ KS y
estimated by apportioning the total number of houses with air conditioners in hot and humid climate
NBEIA2ya Ay GKS ! YyAGSR {G1F0S& dzaAAy3 9L! Q&d HANBI HA
(RECS) and U.S. Department ofNEBe®@ Qa4 05h90 DdzARS (G2 5SUOSNNAYyAYy3 [ f
2015; EIA 2013; EIA 2018; EIA 2022). For the remainincpsedpories, national emissions from the U.S.
LYG@SYiu2NE 69t! HAHNOUOL 6SNB | LI NIAZ2Y SRfrom2 | F gk A~ A
DBEDT (2024a) to U.S. population from the U.S. Census Bureau (2023). Percentage of emissions by gas

are shown irFigure4-3.

=A =4 =4 4 =4

Changes in Estimates since the Previous Inventory Report

Changes to emission estimates were minor. National emissions data were updated based on updated
values published by EPA (2024b). Specifically, U.S. emissions estimates were updated based on updates
to the Vintaging Model that is used to calculate emissibos substitutes of ODS. These updates

included revisions to various assumptions in the refrigeration, air conditioning and fire suppression
sectors. Updates were made to various assumptions for unitary air conditioners, window units, and
streaming agentsAdditionally, two new endises were added to the Vintaging Model to represent

multi-split airconditioning units. The impact of these updates had very little effect on total emissions
across theaimeseries(EPA 2024b).
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Compared tothe 2021inventory,the averageannualchangein CQ-equivalentemissiongrom
Substitutionof ODSoverthe time periodis a decreaseof 0.1 percent. The resulting changes in historical
emissions estimates are presentedliable4-3.

Table4-3: Change in Emissions from Substitutes of ODS Relative to the 2021 Inventory Report (MMVHQ.)

Emission Estimates 1990 [J] 2005 JJj 2007 | 2017 2018 2019 2020 2021

2021 Inventory Report + 0.46 0.52 0.79| 0.79| 0.81] 0.75| 0.80
This Inventory Report + 0.46 0.52 0.78| 0.79| 0.80| 0.75| 0.81
Percent Change 0.8% (+%) 0.1% (0.4%)| (0.4%)| (0.8%)| (0.4%)| 0.7%

+ Does not exceed 0.005 MMT (K3p.(+) Does not exceed005 MMT CQE(. or-0.05 percent.

Uncertainties

This emissions estimatecalculated usinghe disaggregatiomf national emissions total As a result, it

Ad AyaSyarain®dGA 1RO | i BpadidactvitieR that hag fedulDinh emissions
reductions.The apportionment method was used instead of the IPCC methodology due to the

complexity of the source category and lack of sufficient data. This approach is consistent with the

I LILINB I OK dzASR Ay 9t ! QG4 Betaiisé emissiodsSigm idétutes & dHS 6 9t !
are closely tied to the prevalence of the products in which they are used, in the absence ef=tadfie

policies that control the use and management of these chemicals, emissions from this source closely
correlate with vehicles registered and population. These model uncertainties wekressessed as part

of the quantitative uncertainty analysis

Toestimate uncertainty associated with emissions from substitutes of ODS, uncertainties associated

with all input variables were assessed. Uncertainty was estimated quantitatively around each input
variable based on expert judgment. The following parametergributed the most to the quantified
uncertainty estimates: (1) U.S. emissions from substitutes of ODS from Aerosols, (2) U.S. emissions from
substitutes of ODS from refrigeration and air conditioning, and (3) U.S. homes in hot and humid climates
with air conditioners.

The results of the quantitative uncertainty analysis are summarizédlihe4-4. Emissions from
substitutes of ODS were estimated to be betweeB0@and 088 MMT CQEqg. at the 95 percent
confidence level. This confidence level indicates a range of approximately four percent beléiweand
percent above the emission estimate of 81dMT CQEq.

Table4-4: Quantitative Uncertainty Estimates for Emissions from Substitutes of ODS

2022 Emissions Uncertainty Range Relative to Emissions Estinfate
Estimate (MMT CQEq.) (percent)

(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.84 0.80 0.88 -4% 5%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
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5. Agriculture, Forestry and Other Land Uses (AFOLU)

Thischapter presents GHG emissions and GHG removals from sinks from agricultural activities, land use,
changes in land use, and land management practices.
Agricultural activities are typically GHG emissions Figure5-1: 2022 AFOLU Emissio(#)by Source
GazdzNDSasé gKAOK SYAi rC (Excluding Sinkgnd AFOLU Removals (%) by Carbon S ¢
Land use, changes in land use, and land managernr J o Field Burning

rea Application

= = A x « A .{ A - & Manure i
. N c of Agricultural
LIN] OUAOSa Yl e SAUKSNJ 0¢S Management <0.1% Rgsidues
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and food scraps, urban trees, and forest carbon are 24.4%
CQ sinks. The remaining AFOLU categories
presented in this chapter are sources of GH&gure Eorcst Carbon
5-1 shows emissions from the AFOLU sector by 128

source, and then by sink, for 2022 (percentages).

Q)¢

Agricultural
Soil Carbon
52.4%

AYY

In 2022, total emissions (excluding sinks) from the

AFOLU sector werk1ll MMT CQEg., accounting

for5.5LISNODSy G 2F G2GFt 1 | 6 Notes:Totalsmaynot sumdueto independentrounding.

Percentages represent the percent®FOLU emissions no
includina emission sinks.

S1IPCC Sourand SinkCategories for which emissions were not estimated for the state bfg linglddé:land
converted toforestland (3B1b)wetlands (3B4)land converted to settlements (3B5b)her land (3B6)biomass
burning ingrassland (3C1chjomassburning inall other land (3C1d)liming (3C2)tice cultivation (3C7gnd
harvestedwood products (3D1)Appendix Aprovides information on why emissions were not estimated for these
IPCGourcecategories.
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Agricultural soil carboaccounted for the largest share of AFOLU emissions, followed by enteric
fermentation, agricultural soil management, forest fires, manure managenees application, and
field burning of agricultural residueBigure5-2 shows emissions from the AFOLU sector by source for
2022(MMT CQEQ).

Figure5-2: 2022 AFOLU Emissions by Source (MMTEZD) (Excluding Sinks)
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Notes: AFLOLU sources represent 5.5 percent of total gross emissions. QMe€lllJ sector net total (including
both sources and sinks)aetsinkl Yy R 2FFaSia tv LISNOSyd 2F G20t 3INRAaAa SYI

Carbon removals by sinks weze&l8 MMT CQE(. in 2022. Therefore, the AFOLU sector resulted in a net
increase in carbon stocks (i.e., netz€&novals) of 1.37 MMT G@&q. in 2022. Forest carbon accounted
for the largest carbon sink, followed by urban trees, and landfilled yard trimmings and food scraps.

Relative to 1990, emissions from AFOLU sources in 2022 were lower by roughly 24.0 percent. Carbon
removals from AFOLU sinks in 2022 decreased by roughly 3.6 percent relative to 1990 sinks. As a result,

net removals (including sources and sinks) from AR@drdased by 47.2 percent in 2022 compared to

Mpphn O0ADPSPI GKAA aASO0G2N & NBNgueESpresentsSARNB U éissldane y G K |
YR NBY2@Ffa o0& &42d2NOS yR aiAyl OFGS3I2NEB Ay 1+ gl A
by category and year are also summarizedableL-16.
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Figure5-3: AFOLU Emissions and Removals by Source andCaitdgory and Year (MMT G@&q.)
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Notes:Emissions estimates were calculatfied 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

The remainder of this chapter describes the detailed emission results by source category, including a
description of the methodology and data sources used to prepare the inventory. Activity data and
emission factors used in the analysis are summarizégpendix Fand Appendix Grespectively.

5.1 Enteric Fermentation (IPCC Source Category 3A1)

Methane isproduced as part of the digestive processes in ruminant animals, which is a microbial
fermentation process referred to as enteric fermentation. The amount afeBititted by an animal

RSLISYRa 020K dzLll2y GKS IyAYIfQad RAISAGAOS aeadsSy:s
2024b). This source includes &&rhissions from enteric fermentation in dairy and beef cattle, sheep,

goats, swine, and horses.

In 2022, ClHemissions from enteric fermentation wefe29 MMT CQ®E(q., accounting for 26.2 percent
of AFOLU sector emissiomsd 1.4percent of statewiddotal emissions (excluding sink3pblel-17
adzYYF NAT S&a SYAaarzya TFNERYacr®ytledingsedesT SNY Sy G A2y Ay

Methodology

The IPCC (2006) Tier 1 methodology was used to estimate emissionsfiaintCEnteric fermentation.
Emissions were calculated using the following equation:

6 004 Qi | Q¢ &R Q@D & Qv IQ 00
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where,

P = animal population (head)
EFRenteric = animaispecific emission factor for GHom cattle, sheep, goats, swine and
horses (kg Ctper head per year)

Animal population data were obtained from various sources, as described below.

f t20LdzZ FGA2Y RIEGF FTF2N) agAyS 6SNB 2001 AySR RANBOI
(USDA) National Agriculture Statistics Service (NASS) (USDA 2024a).

1 Population data for cattle were obtained from the US Inventory through a data request to EPA
(EPA 2024b) and were scaled to the county level using scaling factors developed from USDA
NASS cattle populations. County level cattle population data from USBS Nas released
annually from 1990 to 2012. After 2012, USDA stopped reporting annual county level population
SAGAYlFIGSa F2NIIFgFA"A YR agAGO0OKSR (2 NBLRNIAY
Agriculture, which are released every 5 yearaur@@p scaling factors were interpolated between
2012 and 2017 anset equako 2017 for all years after 2017.

1 Population data for sheep, goats, and horses wabtineddirectly from and estimated using
the USDA Census of Agriculture (USDA 1989, 1994, 1999a, 2004a, 2009, 2014, 2019, and 2024b),
which is compiled every five years. Specifically, population data for 1987, 1992, 1997, 2002,
2007, 2012, 2017, and 2022 were alnted directly from USDA (2009, 2019, and 2024b) while
population estimates for 1990, 2005, 2010, and 2015 to 2021 were interpolated and
extrapolated based on available data.

,SENI @ SyAaarzy FrHOG2NAR F2NI L€t OFraGatsS GeLilsSa | g a
from the U.S. Inventory through a data request to U.S. EPA (EPA 202ébjtant emission factors for
sheep, goats, horses, and swine were also obtained from the U.S. Inventory (EPA 2024b).

Changes in Estimates since the Previous Inventory Report
No changes were made to emissions from enteric fermentation since the 2021 inventory report.

Uncertainties
Uncertainties associated with enteric fermentation estimates include the following:
1 There is uncertainty associated with animal population dBtpulation data for sheep, goats,

and horses are reported every five years in the USDA Census of Agriculture, with the latest data
available in 2017. As a result, population data for these animals were interpolated between

52The U.S. Inventory includes annually variable emission factors for the following cattle types: dairy cows, beef
cows, dairy replacement heifersIZL months, dairy replacement heifers-23 months, other dairy heifers, beef
replacement heifers-11 months beef replacement heifers 123 months, heifer stockers, heifer feedlot, steer
stockers, steer feedlot, beef calves and dairy calves.
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census years to obtain estimates for 1990, 2010, 2015, 2016 and extrapolated fo2 @098
and 2021
9 There is some uncertainty associated with stheel cattle populations. USDA NASS does not
YEAYGFAY RSGFATSR OFGGES RFHGEF o6& F3ASs Oflaaz |
population data by class (e.g., steer stocker, dairy heifer) was aatahrough a data request
to EPAZ0249.
1 Specifically, there is uncertainty associated with the emission factor for beef cattle, as obtained
from the U.S. Inventory, due to the difficulty in estimating the diet characteristics for grazing
members of this animal group (ERB249. In addition, the mission factors for nowattle
animal types, also obtained from the®J Inventoryl NB y2i &LISOATFAO G2 11 &1 A

To estimate uncertainty associated with emissions from enteric fermentation, uncertainties associated
with all input variables were assessed. Uncertainty was estimated quantitatively around each input
variable based on expert judgment and IPCC (2006)tollbeving parameters contributed the most to

the quantified uncertainty estimates: (1) enteric emission factor for beef cows (2yeplicement

heifers emission factor: 224 months and (3sheep emission factoiThe quantified uncertainty

estimated forthe enteric emission factor for beef cows contributed the vast majority to the quantified
uncertainty estimates, while the remaining input variables contributed relatively evenly to the overall
uncertainty of the emissions estimate.

The results of the quantitative uncertainty analysis are summarizédlite5-1. Emissions from enteric
fermentation were estimated to be betwedh25 and0.34 MMT CQEq. at the 95 percent confidence
level. This confidence level indicates a range of approximaéghercent below and.5 percent above
the emission estimate of 0C2MMT CQEQq.

Table5-1: Quantitative Uncertainty Estimates for Emissions from Enteric Fermentation

2022 Emissions Uncertainty Range Relative to Emissions Estinfate
Estimate (MMT CQEq.) (percent)

(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.29 0.25 0.34 -16% 15%

a2Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

5.2 Manure Management (IPCC Source Category 3A2 and 3C6)

The mainGHGs emitted by the treatment, storage, and transportation of livestock manure ar@nGH

N>O. Methane is produced by the anaerobic decomposition of manure. Dis€ceMissions are

produced through the nitrification and denitrification of the organic nitrogen (N) in livestock dung and
urine. Indirect MO emissions result from the volatilization of N in manure and the runoff and leaching of
N from manure into water (EPA 2024b). This category includgar@NO emissions from dairy and

beef catte, sheep, goats, swine, horses, and chickens. In 2022, emissions from mamagement
were0.01 MMT CQEg., accounting for 0.7 percent of AFOLU sector emisaimh¢ess than O.fercent

of statewidetotal emissions (excluding sink$ablel-18 summarizes emissions from manure

Y| yI 3SYSy (acigs thé timgserleS A
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Methodology
The IPCC (2006) Tier 2 method was employed to estimate emissions of hathd¥O using the
following equations:

6004 Qi i Q8 eiYOD Y o 0060 X

where,
P = animal population (head)
TAM = typical animal mass (kg per head per year)
VS = volatile solids excretion per kilogram animal mass (kg VS/1000 kg animal
mass/day)
Bo = maximum methane producing capacity for animal wastéQi / kg VS)
wMCF = weighted methane conversion factor (percent)
0.67 = conversion factor of #CH to kg CH
6 606Qi i BE e QEQEEO YYD 0Q0 oeUu p @ ©OYoY 00 Z—L
where,
WMS = waste management system
P = animal population (head)
TAM = typical animal mass (kg per head per year)
Nex = nitrogen excretion rate (kg N/kg animal mass per day)
Vv = volatilization (percent)
WMS VS = fraction volatile solids distribution by animal type and waste management
system (percent)
Efvwvs = emission factor for waste management system (Kg-N/kg N)
44/28 =conversiorfrom N,O-Nto N,O

Animal population data were obtained from various sources, as described below.

1 Cattle population data at the state level for all years was obtained from the U.S. Inventory and
scaled to the county level using scaling factors developed from USDA NASS cattle populations.
County level cattle population data from USDA NASS was relearadlly from 1990 to 2012.
P'FAOSNI HAMHYE | {5! &A02LIISR NBLR2NIAY3I Fyydzf O2dzyi
switched to reporting county level cattle populations in the Census of Agriculture, which are
released every 5 years. County scalingdectvere interpolated between 2012 and 2017 ased
equalto 2017 for all years after 2017.

1 Swine population data for all years were obtained directly from USDA NASS (USDA 2022a).

9 Chicken population data for 1990 through 2010, for all subgroups except broilers, were obtained
from USDA NASS (USDA 2024c). Chicken population data for 2012, 2017, and 2022 were obtained
from USDA Census of Agriculture (USDA 2014, 2019, and 2024b) atatipapdata for 2015,

2016, and 2018 to 2021 were estimated by extrapolating data available from 2012 and 2017.
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Broiler population data was obtained from the USDA Census of Agriculture for 1997, 2002, 2007,
2017, and 2022 (USDA 1999, 2004a, 2009, 2014, 2019, and 2024b). Population data for 1990 to
1997, 2001 to 2005, 2008 to 2011, 2013 to 2016 were interpolateddasevailable data and
population data for 2015, 2016, and 2018 to 2021 were extrapolated based on historic data.

1 Population data for sheep, goats, horses, and broiler chickens were obtained directly from and
estimated using the USDA Census of Agriculture (USDA 1989, 1994, 1999a, 2004a, 2009, 2014,
2019, and 2024b), which is compiled every five years. Specificgiiylghon data for 1987, 1992,

2007, 2012, 2017, and 2022 were obtained directly from USDA and population estimates for 1990,
2010, 2015, 2016, and 2018 to 2021 were interpolated based on available data.

To calculate CHemissions from manure management, typical animal mass (TAM) and maximum
potential emissions ( by animal for all animal types were obtained from the U.S. Inventory through a
data request to EPA (EPA 2024b). Weighted methane conversion factors (MCFs) for all cattle types,
sheep, goats, horses, swine, and chickgnwaste management systewere obtained from the U.S.
Inventory (EPA 2024b). Volatile solids (VS) excretion bgtesimal type and year for | & lwaré A
obtained from the U.S. Inventory (EPA220).

To calculate PO emissions from manure management, nitrogen excretion (Nex) rates for all animal
typesT 2 NJ | wee bbkaindd from the U.S. Inventory (EPA 2024b). The distributions of waste by
animal in different waste management systems (WM NJ | were bbtainéd from the U.S.

Inventory (EPA 2024b). Weighted MCFs take into account the percent of manure for each animal type
managed in different WMS. Emission factors for the different WMS were obtained fro200&IPCC
GuidelinegIPCC 2006).

The weighted averages of chicken and broiler VS rates, Nex rates, TANfaawiB, based on the
LISNOSyYy Gl 3S 2F SIFOK OKAO]SYysSRBISI Wyt 1 $W I AZ A0 FNREY
population data. Similarly, the weighted averages of swine VS rates, Nex rates, TAMautdrB,

based on the percentage of each swine type from the U.S. Inventory (EPA 2024b), were applied to total

I FglA"A agAYyS LRLMzZEFGA2Y RIFEGE @

Changes in Estimates since the Previous Inventory Report
No changes were made to emissions from manure management since the 2021 inventory report

Uncertainties
Uncertainties associated with manure management estimates include the following:

1 There is uncertainty associated with animal population dBt@pulation data for sheep, goats,
horses, and broiler chickens are reported every five years in the USDA Census of Agriculture,
with the latestdata available in 2017. As a result, population data for these animals were
interpolated between years to obtain estimates for 1990, 2010, 2015 28ié and
extrapolated to obtain estimates for 20819 and 2021 Similarly, chicken population data
(excluding broilers) are available through 2010 from USDA NASS and then from the USDA Census
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of Agriculture for years 2012 and 2017; population estimates for broilers were interpolated to
obtain estimates for 2012016 and extrapolated to obtain estimates for 202819, and 2021
9 There is some uncertainty associated with stheel cattle populations. USDA NASS does not
maintain detailed dataoncattle @ | 3S> OflFaaX YR RASG® !'a I NB3
population data by class (e.g., steer stocker, dairy heifer) was obtained through a data request
to EPAZ0249.
91 Due to different animal groupings in the U.S. Inventory and this inventory, emission factors for
other dairy heifers are proxied to those for dairy replacement heifers.
i There is some uncertainty associated with the manure management emission factors.
Specifically, the static emission factors for Azattle animal types do not reflect potential
changes in animal management practices. In addition, certain emission factors (i.e., Nex rates
for calves and TAM) that were obtained from the U.S. Inventorya2eli & LISOAFAO (2 | |
Finally, according to the U.S. InventorygdBta used to estimate emissions from manure
management are dated (ERA243.

To estimate uncertainty associated with emissions from manure management, uncertainties associated
with all input variables were assessed. Uncertainty was estimated quantitatively around each input
variable based on expert judgment and IPCC (2006). Tlhaviiad) parameters contributed the most to

the quantified uncertainty estimates: (1) the emission factors for dry lot manure systentgpi@!

animal mass for chickepand (3) the Bfor beefcows.

The results of the quantitative uncertainty analysis are summarizédlite5-2. Emissions from manure
management were estimated to be between 090and 0.A3MMT CQEq. at the 95 percent confidence
level. This confidence level indicates a range of approximaggbercent below an®1 percent above
the emission estimate d.01MMT CQEQq.

Table5-2: Quantitative Uncertainty Estimates for Emissions from Manure Management

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.01 0.009 0.013 -19% 21%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

5.3 Agricultural Soil Management (IPCC Source Categories 3C4
and 3C5)

Althoughnitrous oxide is produced naturally in soils through the nitrogen (N) cycle, many agricultural
activities increase the availability of mineral N in soils, which leads to dis€cemissions from

nitrification and denitrification (EPA 2024b). An example of such an activity would be the application of
N fertilizers to agricultural soils. This category includg3 dmissions from synthetic fertilizer, organic
fertilizer, manure N, as well as crop residue inputs from sugarcane, pineapples, sweeegotihger

root, taro, corn for grain, and seed production. In 2022, emissions &gmcultural soimanagement
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were0.15 MMT CQEqg., accounting for 138ercent of AFOLU sector emissi@m&l 0.7percent of
statewidetotal emissions (excluding sink¥pablel-19 summarizegemissions from agricultural soil
YI yI 3SYSy (iacigs thé timgserieS A

Methodology

The IPCC (2006) Tier 1 approach was used to calculatemissions from agricultural soil management.
The overall equation for calculating emissions is as follows:

0 60GQi i QORI RO®AQl | 'VOEQQ WO6 Qi | Q& & i

The following equations were used to calculate direct emissions:

0 DO®AQI i Q¢ i 00 0 00 0 00 0 00
0 00 —
where,
0 0O 0 0 Y 0

50 OQAAINYO | aé @ 6'Q1 ©Qn o

where,

Ne = N inputs to agricultural soils from synthetic fertilizers

No = N inputs to agricultural soils from organic fertilizers

Ncr = N inputs to agricultural soils from crop residues

Nrrp1 = N inputs to agricultural soils from pasture, range, and paddock manure from cattle,
swine, and poultry

Nprp2 =Ninputsto agticultural soiksfrom pasture range, and paddodk manure from sheep,
goats,andhorses

B+ =emissia fador for dired N,O emissiongrom syntheticandorganicfertilizersand
crop residues (kg N,O-N/kg N input)

Ekr = emission factor for directZ® emissions from crop residues (kgoMNN/kg N input)

= S =emissia fador for direct N,O emissiondgrom pasture range,andpaddockmanure
from cattle, swine, and poultry (kg N,O-N/kgNinput)

B =emissia fador for direct N,O emissiondrom pasture range,andpaddockmanure
from sheep goats and horses (kg N,O-N/kgN input)

AGowm = aboveground residue dry matt@vig/hectares)

A = crop area (hectares)

Nac = N content of aboveground residue (kg N/dry matter)

Nec = N content of belowground residues (kg N/dry matter)

Rsceio = Ratio of belowground residues to harvested yield for crop

Yield = fresh weight yield (kg fresh weight harvested/hectares)

DRY = dry matter fraction of harvested product
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Slope = default slope value for Afafor each crop type
Intercept = default intercept value for A{a for each crop type
44/28 =conversiorfrom N,O-Nto N,O

Thefollowing equations were used to calculate indireatissions:

08 QQb 0O6 Qi i QOE DQD ®aQb [ "0t gdé a WO QU QA ©O QE &
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where,

08¢ QQUDOQD | "WiE &dwe a OO QU QBN O WE ¢ 0 0

0 0 00 —
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where,

N: =Ninputsto agiculturalsoilsfrom syntheticfertilizers

No =Ninputsto agiiculturalsoilsfrom orgaricfertilizers

N =Ninputsto agiicultural soilsfrom crop residues

Npep =Ninputsto agiicutural soilsfrom pasture range, and paddodk manure from alll
animals

Lyorr =fraction Nlostthroughvolatilizaion from synthefcfertilizerinputs

Loro =fraction N lostthroughvolatilizaion from organicfertilizerandmanureinputs

Licach =fraction N lostthroughleaching'r unoff from all Ninputs

ol =emissia fador for indirect N,O emissiongrom N volatilization(kgN,O-N/ kg NHsx¢
N+NQgNvolatilized)

Heann =emissiam fador for N,Oemissiorsfrom pasture, range, and paddodk manurefrom
catle, swine and poultry (kg N,O-N/ kg N leached/runoff)

44/28 =conversiorfrom N,O-Nto N,O

Annual sugarcane area and production estimates used to estimate emissions from crop residue N
additions were obtained directly from USDA NASS (USDA 2018b). For other crops (i.e., pineapples, sweet
potatoes, ginger root, taro, and corn for grain), data were obtained directly from and estimated using

the USDA Census of Agriculture (USDA 1989, 1999a12004a, 2009, 2014, 2019, and 2024b), which

is compiled every five years. Specifically, data for 1987, 1992, 1997, 2007, 2012, 2017, and 2022 were
obtained directly from USDA while production estimates for 1990, 2005, 2010, 2015, 2016, and 2018 to
2021 were interpolated and extrapolated based on available data. Pineapple crop production and crop
acreage were not available in the 2007 or 2012 Census of Agriculture, so pineapple data for 2010, 2015,
and 2016, and 2018 to 2022 were estimated by interpotaind extrapolating data between 2002 and

2017 (USDA 2004a and USDA 20R8jcent distribution of waste to various animal waste management
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systemst 2 NJ |, séd-to\eStilnate manure N additions to pasture, range, and paddock soils, were
obtained from the U.S. Inventory (EPA 2024b).

Seed crop acreage for 1990 through 2022 were obtained from the YS$8BA 2004b, 2015, 2022).

Il O0O2NRAY3 G2 GKS !'{5!xs aSSR O2Ny I OO02dzyia F¥2N 208
(USDA 2023). Therefore, crop residue factors for corn for grain from IPCC (2006) were applied to seed
production data to estimate emissions from nitrogen applied from crop residues. Seed crop acreage

data were used to estimate total seed production by using the avepagguction per acre of corn for

grain as a proxy.

Synthetic and organic fertilizer N application data were obtained from the af@waimercial Fertilizers

publication by the Association of American Plant Food Control Officials (AAPFCO 1995 through 2019,

TVA 1991 through 1994, EPA 2023a). Synthetic fertilizer N application data were not available after

2017, so 2018 to 2022 data were extrapolated based entbnd from the last 5 years of available data,

Hamo (2 HamT® ! OO2NRAY3I G2 (KS&asS RIGF &az2dNOSasz 02

Crop residue factors for corn were obtained from @06 IPCC GuidelingBCC 2006). Crop residue

factors for tubers were used for sweet potatoes, ginger root, and taro. No residue factors nor adequate

proxy factors were available for pineapples or sugarcane, so crop residue N inputs from these crops

were not included. Howevweas nearly 100 percent of aboveground sugarcane residues are burned in

I F gl A~AZ GKSNB A& tAGGES ONRBLI NBaARdzZS b AyLdzi TN
(2006) efaults.

Animal population data are used to calculate the N inputs to agricultural soils from pasture, range, and
paddock manure from all animals. Animal population data were obtained from the following sources:

1 Swinepopulation data for aljears were obtained directly from USDA NASS (USDA 2024a).

1 Cattle population data at the state level for all years was obtained from the U.S. Inventory and
scaled to the county level using scaling factors developed from USDA NASS cattle populations.
County level cattle population data from USDA NASS was releasadlly from 1990 to 2012.

' FOSNI HAMHYE ' {5! &02LIISR NBLRZ2NIAYy3I FyydzZt O2dzy
switched to reporting county level cattle populations in the Census of Agriculture, which are

released every 5 years. County scalingdextvere interpolated between 2012, 2017, and

2022.

9 Chicken population data was available from USDA NASS for 1990 to 2010, 2012, 2017, and
2022. Population estimates for 2011, and 2013 to 2016 were interpolated and 2018 t02022
were extrapolated based on available population data. Broiler chicken populzdi@nwere
obtained directly from and estimated using the USDA Census of Agriculture (USDA 1989, 1994,
1999a, 20044, 2009, 2014, 2019, and 2024b).

1 Population data for sheep, goats, and horses were obtained directly from and estimated using
the USDA Census of Agriculture (USDA 1989, 1994, 1999a, 2004a, 2009, 2014, 2019, and
2024b), which is compiled every five years. Specifically, population da280@; 2017, and
2022 were obtained directly from USDA (2009), USDA (2019), and USDA (2024b) respectively,
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while population estimates for 1990, 2005, 2010, 2015, 2016, and 2018 to 2021 were
interpolated based on 1987, 1992, 2007, 2012, 2017, and 2022 data.

Changes in Estimates since the Previous Inventory Report
No changes were made to emissions from agricultural soil management since the 2021 inventory report.

Uncertainties

Uncertainties associated withgricultural soil management estimates include the following:

1 There is uncertainty associated with animal population dBtgpulation data for sheep, goats,
horses, and broiler chickens are reported every five years in the USDA Census of Agriculture,
with the latest data available in 2017. As a result, population data for these animals were
interpolated between years to obtaiestimates for 1990, 2005, 2010, 2015 and 2016 and
extrapolated to obtain estimates for 2018019 and 2021 Similarly, chicken population data
(excluding broilersare available through 2010dm USDA NASS and then from the USDA Census
of Agriculture for years 2012 and 2017; population estimates for broilers were interpolated to
obtain estimates for 2015, 2016 and extrapolated to obtain estimates for 2%, and 2021

9 There is some uncertainty associated with stheel cattle populations. USDA NASS does not
YEAYGlFrAy RSGFAESR RIEGE 2y OFGGES RIGE o0& |3S:Z
population data by class (e.g., steer stocker, dairy heifes) aained through a data request
to EPAZ0249.

1 There is also some uncertainty associated withp area and crop production dat@rop area
and production data from the USDA Census of Agriculture are not reported every year. As a
result, data were interpolated between census years. In particular, pineapple production and
crop acreage data were not available in the 2007 Census afuftgre or 2012 Census of
Agriculture, so data through021were extrapolated using 1997 and 2002 data.

A There is uncertainty associated with the extrapolation of synthetic fertilizer N application data
to 2021as well as the apportioning of fertilizer sales from the fertilizer year (i.e., July previous
year to June current year) to the inventory calendar year (e.g., January to December).

A Crop residue factors were obtained from sources published over 10 years ago and may not
accurately reflect current practices.

A There is uncertainty associated with seed production data since the USDA provides seed
production data only for oushipments of seed. Data on eghipments of seed are not
NELINSaSyGridA@gS 2F G201t aSSR LINPRdxpiodueed AY | | &
are not sold but instead are used for ongoing research or for further propagation before sale
(USDA 1999). Therefore, seed crop acreage data were used to estimate total seed production by
using the average production per acre of corn for graimgroxy. It is also unclear whether
seed producers report fertilizer consumption to AAPFCO.

To estimate uncertainty associated with emissions from agricultural soil management, uncertainties
associated with all input variables were assessed. Uncertainty was estimated quantitatively around each
input variable based on the U.S. Inventory (P24, IPCC (2006), and expert judgment. The following
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parameters contributed the most to the quantified uncertainty estimate$t¢tal fertilizer
consumption in 207; (2)beef cows N excretion ratend (3) totafertilizer consumption 2016

The results of the quantitative uncertainty analysis are summariz&afte5-3. Emissiongrom
agricultural soil management were estimated to be betw@h0and0.26 MMT CQEq. at the 95
percent confidence level. This confidence level indicates a range of approxirBadycent below and
77 percent above the emission estimate@fl5 MMT CQ Eg.

Table5-3: Quantitative Uncertainty Estimates for Emissions from Agricultural Soil Management

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  UpperBound Lower Bound  Upper Bound
0.15 0.10 0.26 -33% 7%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

5.4 Field Burning of Agricultural Residues (IPCC Source
Category 3C1b)

Fieldburning is a method that farmers use to manage the aamsounts of agricultural crop residues

that can be created during crop production. Crop residue burning is a net source afCNO, which

are released during combustion (EPA 20240his source includes ¢ahd NO emissions from

adzZAlF NDFYyS o0dzNYyAYy3d:X gKAOK Aa (GKS 2yfe YIFI22N ONRLI A
2008).There are no largscale burnings of other agricultural products that would make a material

impact on emissions estimates, although Hawaii DOH offers Agricultural Burning Permits to burn green
waste*®. The Hawaiian Commercial & Sugar Company plant closed in December 2016, so sugarcane crop
area and production decreased significantly from 2016 to 2017. In 2022, emissions from field burning of
agricultural residues wereOMMT CQ9 lj > RdzS (2 GKS Of2adaNB 2F (GKS f I
2016.Tablel-20a dzY Y NAT Sa SyAadaaizya FTNRY FASE RacrosdaNg/ Ay 3 2 F
timeseries

Methodology

The IPCC/UNEP/OECD/IEA (1997) Tier 1 approach was used to calcidatd Bl emissions from
field burning of agricultural residues. The IPCC/UNEP/OECD/IEA (1997) method was used instead of the

53 Carbon dioxide is also released during the combustion of crop residue. These emissions are not included in the
inventory totals for field burning of agricultural residues becausef@@ agricultural biomass is not considered a

net source of emissions. This is because the carbon released to the atmosphergfias®e combustion of
agricultural biomass is assumed to have been absorbed during the previous or a recent growing season (IPCC
2006).

54 Additional information on agricultural burning permits can be found here:
https://www.nrcs.usda.gov/sites/default/files/2022 0/9-AgriculturalBurningin-Hawaii. pdf

Agriculture, Forestry, and Other Land Uses (AFOLU) 79


https://www.nrcs.usda.gov/sites/default/files/2022-10/9-Agricultural-Burning-in-Hawaii.pdf

IPCC (2006) approach because it is more flexible for incorporating cesp#cyfic data and therefore is
considered more appropriate for conditions in the United States (EPA 2024b). Emissions were calculated
using the following equation:

00wt UOGQI | Q8EENY 000 O OO 60 60

610 WéE & 0EQBR I QQAY¥Q O
where,
Crop = crop productionannual weight of crop produced (kg)
Rke =residuecrop ratio;amourt of residue produced per unit of crop production
DMF =dry matter fractionamourt of dry matter per unit of biomass
Fragurn =fraction of cropresidueburned amountof residuewhich isburnedper unit
of total residue
BE =burning efficiencythe proportion of pre-fire fuel biomass consumed
CbE =combustion efficiencythe proportion of Cor Nreleasea with resped to the

total amount of Cor N availablein the burnedmaterid
C or N content

of residue =amourt of Cor N per unit of dry matter

Remissions =emissions ratiog CH-C/gCreleasedor g N.O-N/gNrelease (0.005% and
0.0077 respectvely)

Feonversion =conversion factorgonversion of CHs-Cto Cor NoO-Nto N (16/12 and44/28,
respectvely)

Annual sugarcane area and production estimates were obtained directly from USDA NASS (USDA
2024d). The residue/crop ratio and burniefficiency were taken from Kinoshita (1988). Dry matter
fraction, fraction of C and N, and combustion efficiency were taken from Turn et al. (1997). The fraction
of residue burned was taken from Ashman (2008).

Changes in Estimates since the Previous Inventory Report

No changes were made to emissions from field burning of agriculture residues since the 2021 inventory
report.

Uncertainties

CKA& lyFfeara |aadzySa GKFG adaAl NOFyS Aa (GKS 2yfe
burned and that sugarcane burning is no longer practiced as the last sugarcane mill closed in 2016
(Hudson 2008). Therefore, emissions from the field lmgruf crop residues are assumed to be zero.

5.5 Urea Application (IPCC Source Category 3C3)

Urea (CO(N#p) is anitrogen fertilizer that is often applied to agricultural soils. When urea is added to
soils, bicarbonate forms and evolves into.@@d water (IPCC 2006). In 2022, emissions from urea
application wered.001 MMT C®E(., accounting for less th&nl percent of AFOLU sector emissions
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timeseries

Methodology

The IPCC (2006) Tier 1 methodology was used to estimate emissions from urea application. Emissions
were calculated using the following equation:

—
—

60 0aQi i Q8 ¢i0O

o
N

where:

M = annual amount of urea fertilization, metric tons
ERrea = emission factor, metric tons C/metric ton urea
44/12 = conversion of carbon to GO

Fertilizer sales data were obtained from the annQalmmercial Fertilizeyublication by the Association

of American Plant Food Control Officials (AAPFCO 1995 through 2019, TVA 1991 through 1994). AAPFCO
reports fertilizer sales data for each fertilizer year (July through Jah#$torical usage patterns were

used to apportion these sales to the inventory calendar years (January through December). Urea

fertilizer application data were not available after 2016264 7to 2022 were estimated based on 2016

data.

The2006 IPCC Guidelingsfault emission factor was used to estimate the carbon emissions, in the form
of CQ, that result from urea application.

Changes in Estimates since the Previous Inventory Report

No updates were made to emissions from historical urea fertilizer consumption compared to the 2021
inventory.

Uncertainties

There is uncertainty associated with the extrapolation of urea fertilizer application d&@2bvas well
as the apportioning of fertilizer sales from the fertilizer year (i.e., July previous year to June current year)
to the inventory calendar year (e.g., January to December).

To estimate uncertainty associated with emissions from urea application, uncertainties associated with
all input variables were assessed. Uncertainty was estimated quantitatively around each input variable
based on expert judgment. The following parametesstributed the most to the quantified uncertainty

55 Fertilizer sales are reported by fertilizer year, corresponding to the growing season. The 2010 fertilizer year, for
example, runs from July 2009 to June 2010.
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estimates: (1JJrea consumption in 201§2)Urea consumption in 2012nd (3) urea consumption in
2015

The results of the quantitative uncertainty analysis are summariz&afte5-4. Emissions from urea
application were estimated to be betwed&h0007and0.004 MMT CQEq. at the 95 percent
confidence level. This confidence level indicates a range of approxirddtpsrcent below andix
percent above the emission estimate@D01MMT CQEg.

Table5-4: Quantitative Uncertainty Estimates for Emissions from Urea Application

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.001 0.007 0.0014 -44% 6%

+ Does not exceed 0.005 MMT £XD.
a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

5.6 Agricultural Soil Carbon (IPCC Source Categories 3B2, 3B3)

Agricultural soitarbon refers to the change in carbon stock in agriculturalws@iher in cropland or
grasslands that have been converted from other land uses. Agricultural soils can be categorized into
organic soils, which contain more than 12 to 20 percent organimocaby weight, and mineral soils,

which typically contain one to six percent organic carbon by weight (EPA 2024b). Organic soils that are
actively farmed tend to be sources of carbon emissions as soil carbon is lost to the atmosphe&re due
drainage and management activities. Mineral soils can be sources of carbon emissions after conversion,
but fertilization, flooding, and management practices can result in the soil being either a net source or
net sink of carbon. Nationwid@creasedccarbon sequestratioivy agricultural soils idueto

employment of sustainable practices, suchewollment in the Conservation Reserve Program,
conservation tillage practices, increased hay production, and intensified crop production. In 2022,
emissionsrom agricultural soils were 0.58 MMT ¢}, accounting for 52.4 percent of AFOLU sector
emission.9 percent of statewiddotal emissiongexcluding sinks)ablel-22 summarizes emissions
FNRY | INR Odz { deMdssthedirdesefiecs Ay | | g1 A~ A

Methodology

9YAaaArzy SadAyYFdSa FTNRBY || gl Aleval Geda obtaihetframdied dzNI f & 2
1990 to 2022 U.S. Inventory (EPA 2024b). All the emissions and sinks from mineral and organic sources

from land converted to grassland, grassland remaigiragsland, land converted to cropland, and

ONR LI YR NBYFAYAYy3 ONBLX FYR F2NJ GKS adrdisS 2% 1 gl
FNBY | INRKOdzt (dzNT f  &Eleveél émis€idn Mshirgases floryf the U.S5 Inveritoky gEPA G I G S
2024b) develped using the DAYCENT model continue to reflect the best available estimates of
SYAaairzya FNBY FANROdzZ (GdzNI € a2iAft OFNDB2Y AYy 1 Fgl A~
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Changes in Estimates since the Previous Inventory Report

Relative to the 2021 inventory report, agricultural soil emissions were revised based on the latest U.S.
Inventory data through 2022 (EPA 2024/ ditionally, the methodology used to attribute stalevel

soil carbon emissions between counties was revised to calculate the percent of pastureland and
cropland in each county using data from NASS Census (NASS 2024). Dhaistmeical emissions
estimatesare detailed inTable5-5.

Table5-5: Change in Emissions from Agricultural Soil Carbon Relative to the 2021 Inventory R&pdT CQ
Eq.)

Emission

ENEES

2021 Inventory

Report 0.80 0.68 0.67 0.82 0.82 0.82 0.81 0.81
This Inventory
Report 0.76 0.50 0.50 0.54 0.58 0.56 0.58 0.58

Percent Change| (4.2%)| | (26.24 | | (24.5%)| | (33.9%)| (29.4%)| (31.8%)| (29.2%)| (28.3%)

Uncertainties

According to the U.S. Inventory, areas of uncertainty include changes in certain carbon pools (biomass,
dead wood, and litter), which are only estimated for forest land converted to cropland or grassland and
not estimated for other land types converted ¢oopland or grassland (ER824b.

To estimate uncertainty associated with emissions from agricultural soil carbon, uncertainties associated
with all input variables were assessed. Uncertainty was estimated quantitatively around each input
variable based on EP20249 and Selmants et al. (2017). The following parameters contributed the

most to the quantified uncertainty estimates: (1) carbon stock changes in orgaitgdn grassland (from
1990t02022U.S. Inventory estimates), (2) carbon stablanges in mineral soils in grassland (from 1990
t02022U.S. Inventory estimates), and (3) carbon stock changes in organic soils in cropland (from 1990
t02022U.S. Inventory estimates).

The results of the quantitative uncertainty analysis are summarizédlihe5-6. Emissions from
agricultural soil carbon were estimated to be betwe@08and2.99MMT CQ Eq. at the 95 percent
confidence level. This confidence level indicates a range of approxird&eépercent below andt12
percent above the emission estimate@68 MMT CQEq.

Table5-6: Quantitative Uncertainty Estimates for Emissions from Agricultural Soil Carbon

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
058 (2.08 2.99 -457% 412%

a@Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
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5.7 Forest Fires (IPCC Source Category 3Cla)

Forest andshrubland fires (herein referred to as forest fires) emit @B, and NO as biomass is

combusted. This source includes emissions from forest fires caused by lightning, campfire, smoking,

debris burning, arson, equipment, railroads, children, and other miscellaneous activities reported by the
Pacific Fire ExchangeRE) 1990 to 2022) (Trauernicht et al., 2025)n 2022, emissions from forest

fires were 0.08 MMT C(&q., accounting for 7.5 percent of AFOLU sector emisSiadel-23

adzYYlI NAT S48 SYA&&A2Yy A afids@thetifeB8eNd&S &G FANB A Ay | 61 A~ A

Methodology

Emissions from forest fires were estimated by multiplying the area burned for each vegetation class (in
hectares) by an emission factor specific to that vegetation class and moisture scenario. These emission
factors are based on USGS data, which genemteidsion factors for each vegetation class, moisture
scenario, and biomass pool using the Fidstder Wildland Fire Effect Model (FOFEM) (Selmants 2017).
Forest/shrubland area burned was derived by multiplying wildland area burned by a ratio of forestland
area to wildland area. Area burned for years 1990 to 2022 was obtainedHewaii Annual Area

Burned 1904022,published by thd®FETrauernicht et al. 2015Y.he PFE was chosen as the foundation
for calculating wildfire emissions in Hawaii because it provides a complete, statewide dataset released
FyydzZZ ffed ¢KAA RFEGFaShd faz2z KFra GKS o0SyS¥Aad 2F oS
the drastically different ecosystems of the rest of the U.S.. The result is a uniform dataset that can be
NEf ASR dzL2y (-gpecifitNeBtiRated 6f adrek utnéd byawildfires through time, thus
producing a complete and consistent inventory resulither datasets considered include:

1. The DOFAW datasethis dataset was eliminated becaude it has been discontinued. It should
be noted that the DOFAW website sites the PFE for wildfire acreage metrics.

2. NFIRS: This dataset only offers national values and therefore was not a reasonable alternative.

3. [!b5LCw9 5Aaddz2NDlFyOS[] GKA&a RFEGFaSi LINRPOGARSa Sa
for 2001, 2022, and 2023. Due to the large gap in data years, this dataset was eliminated in fvor
2F GKS | yydz fspeciCRFEdstdR | | 61 A~ A

The ratio of total forestland area to wildland area was developed based on data from the National

' 3a20AF0A2y 2F {GFGS C2NBadGSNBE ob! {C0OX 5[bwX YR
estimate of wildland area was obtained, in million acres yfars 1998 and 2002 from the National

Association of State Foresters (NASF 1998 and 2002) and 2010, 2015, 2016, 2018, 2019, 2020, and 2021
from the DLNR (2011, 2015, 2016, 2017, 2018, 2019, 2020, 2021, and 2022). Data for the year 2022 was

56 prescribed fires are also a source of GHG emissions. Prescribed fires are intentional, controlled burning of forests
to prevent wildfires and the spread of invasive forest species. Prescribed fires typically emit less GHG emissions per
acre burned comparetb wildfires. Emissions from prescribed fires are not included in this anadlysito

limitations in data availability anbecause prescribed burning is not a common practide in ¢ | Emissionsfrom

this activity areexpected to be marginal.
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proxied to 2021 as data was not available for a more recent year. 1998 data were used as a proxy for
1990, 2002 data were used as a proxy for 2005 and 2007, and 2016 data were used as a proxy for 2017.

alylrasSR F2NBadflyR INBF RIGF 6SNB 200G4FAySR FNRY
estimates of private forestland in the conservation district were summed with reserve forestland in the
conservation district, forestedatural areas, and wooded farmland in order to generate total managed
F2NBaAaGSR fFyR FINBF Ay |1 FglA" A F2NI MPPAZI HAAPI HAN
included in this analysis per IPCC guidelines because the majority of anthropogenic {SslGheraccur

on managed land (IPCC 2006).

To break down the total forest/shrubland burned into vegetation classes, annual percentages of area
burned by vegetation class and moisture scenario were obtained from USGS (Selmants 2020). These
percentages were available for 1999 to 2019. The averagesitit vegetation class from thisneseries

was applied to the years 1990 through 1998 and 2020 on. The total area burned for each vegetation
class and moisture scenario was then multiplied by the associated emission factor to calculate CO
emissions. Erssion factors for CHand NO emissions were obtained from IPCC (2006).

Changes in Estimates since the Previous Inventory Report

The current Inventory relies on data from the Pacific Fire Exchange as the sole source of data for
reported area burned for years 1990 to 20Q@2auernicht et al., 2015Yhe result of this change are

minor disagreements in emissions magnitude for certain data years as compared to previous inventory
reports. The resulting change historical emissions estimatéspresented inTable5-7.

Table5-7: Change in Emissions from Forest Fires Relative to the 2021 Inventory Report (MMEJQO

Emission Estimates| 1990 [JJ 2005 ] 2007 | 2017 2018 2019 2020 2021

2021 Inventory Repor 0.10 0.03 0.12 0.01| 0.20| 0.04 0.02| 0.21
This Inventory Report 0.02 0.06 0.16 0.01| 0.22] 0.05 0.09| 0.21
Percent Change (79.1%) 74.9% 30.2% 10.0%| 5.9%| 36.5%]| 274.6%| 0.0%

Uncertainties
Uncertainties associated with forest fire estimates include the following:

1 Wildfire acres burned data and the area of wildland under protection were not available for all
inventory years. As a result, estimates for these data were proxied based on the available data.
There is significant annual variability in wildfire acres bdrdata, so 1994 data may not
accurately represent wildfire acres burned in 1990.

9 The ratio of forest and shrubland area is also a source of uncertainty for all inventory years
because the ratios are estimated based on land cover data for years 1999 tr202gh

1 The carbon emissions from each vegetation class and moisture scenario are a source of
uncertainty because they are used to calculate the emission factors for each land class (in CO
Eq.) by taking an average of each moisture scenario.
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9 According to the United States Forest Service (USFS 2019b), emissions from prescribed fires are
SELISOGSR G2 68 YINBAyLtTZ 0650l d&AaS LINBaAaONAROSR od
SYraairzy SadAaAyYlrdiSa FTNRY LINBaONKtOISRa FTHINBRA2 Iyt | |
9YAaaAz2y LYy@Syidu2NER o6b9LUO LINRPINIXYY AYRAOFGS GKIF G
1.92 MMT C@Eg. in 2014 and 0.08 MMT €Bxy. in 2017/ The NEI additionally does not report
Fye SyiAdaaizya FTNRY gAfRTFANBA AY | FéFA~ A Rdz2NARy3
O02YY2Yy AY 1l glFA~"A FTYR GKFG GKS b9L RFGF F2NJ LN
data obtained from DLNR BN data were not used to estimate emissions from forest fires in this
report (SeeAppendix Gor additional discussion)

To estimate uncertainty associated with emissions from forest fires, uncertainties associated with all
input variables were assessed. Uncertainty was estimated quantitatively around each input variable
based on USFS (2019CC (2006), and expert judgment. The following parameters contributed the
most to the quantified uncertainty estimates: @021reported forest area burned, (20211 | ¢ A~ A
private forested area in conservation district, and (¥} emission factor

The results of the quantitative uncertainty analysis are summarizédlihe5-8. Emissions from forest
fires were estimated to be betweeh07and0.10 MMT CQEqg. at the 95 percent confidence level. This
confidence level indicates a range of approximatdyercent below and.6 percent above the

emission estimate 0.08 MMT CQEq.

Table5-8: Quantitative Uncertainty Estimates for Emissions from Forest Fires

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.08 0.07 0.10 -15% 16%

a2Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

5.8 Landfilled Yard Trimmings and Food Scraps (IPCC Source
Category 3B5a)

Under natural conditions, almost all organic material decomposes aerobically, releasing biogenic CO2;
however, this process is prevented when materials are stored in landftgitrimmings (i.e., grass

clippings, leaves, and branches) and food scraps continue to store carbon for long periods of time after
they have been discarded in landfille carbon stored in these products does not completely

decompose in landfillas it would under natural conditions such as composting. Therefore, césbon

removed from the global carbon cycle, stored, and, thus, considered aBneklongterm stored carbon

in Solid Waste Disposal Sites (SWDS) is reported as an informational item under the IPPC guidance in the
Waste secto(EPA 2010Harvested wood products (HWP), including paper and cardboard, wood and

57 Available online athttps://www.epa.gov/airemissionsnventories/nationalemissionsnventory-nei.
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garden, and park waste is equal to the carbon stock change of HWP from domestic consumption

disposed into SWDEPA 2010)The First Order Decay (FOD) model provides a waste composition

option to calculate the longerm stored carbon from HWP in SWDS. As this is the portion of degradable

matter not lost through decayCarbon sequestered from landfilled yard trimmings and food scraps are
considered under the AFOLU sector (rather than the Waste sector), according to the IPCC Guidelines for
National GreenhousB | & LYy @Sy (i2NAS& | yR 9t !Hawaispefific Batal@hild y @Sy ( 2
limited, indicates that not all haested wood products are composted within the Stdte2022,

landfilled yard trimmings sequestered 0.05 MMT.EQ., accounting for 1.9 percent of carbon sinks.
Tablel-24a dzY Y NAT S& OKlFy3aSa Ay OFNbz2y aiéiz201a Ay fFyRTA
across the timeseries

Methodology

9aidAYlIGSa 2F GKS OFNb2y &aSIldzSaidNX A2y Ay fFyRTFALT
ISYySNI GSR dzaAy3d | YSGK2R2f 238 02y aR®4SHidiStaer 6 K (G KS
Inventory Tool calculates carbon stock change from landfilled yard trimmings and food scraps based on

IPCC (2003) and IPCC (2006) Tier 2 methodologies using the following equation:

0 "0p W h p DO ™06 O0YOOO p OYOOO Q
where:
t = theyear for which carbon stocks are being estimated
LFG = the stock of carbon in landfills in year t, for waste i (grass, leaves, branches,
and food scraps)
Win = the mass of waste i disposed in landfills in year n, in units of wet weight
n = theyear in which the waste was disposed, where 1960 < n <t
MG = moisture content of waste i
CS = the proportion of carbon that is stored permanently in waste i
ICC = the initial carbon content of waste i
e = the natural logarithm
k = the first order rate constant for waste i, and is equal to 0.693 divided by the

half-life for decomposition

The State Inventory Tool uses data on the generation of food scraps and yard trimmings for the entire
United States. Additionally, it uses data on the amounts of organic waste composted, incinerated, and
landfilled each year to develop an estimate of tlegd/trimmings and food scraps added to landfills

each year nationwide. State and national population data are then used to scale landfilled yard
trimmings and food scraps down to the state level. These annual additions of carbon to landfills and an
estimated decomposition rate for each year are then used, along with carbon conversion factors, to
calculate the carbon pool in landfills for each year.
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Default values from the State Inventory Tool (EB249 for the composition of yard trimmings (i.e.,

amount of grass, leaves, and branches that are landfilled), food scraps, and their carbon content were

used to calculate carbon inputs into landfills. Waste generation data for each year, also obtained from

the State Inventory Tool (ERA240, were used to calculate the natiosalS @St SadA Yl GSad | |
LJ2 LJdzf F GA2y RIFEGF 6SNB 200FAYySR FTNBY (GKS {aGrasS 27 |

Changes in Estimates since the Previous Inventory Report

wStIFTGAGS (2 GKS Hnum AYy@Syid2NE NBLRNIZ GKS {d1aGS
HAHH | F&gFA~ A S5F4F . 221 FYR !'®o{d LRLIAIFIGAZ2Y SadAiayvl
(2024). The resulting changes in historical sink estimates Fandfilled yard trimmings and food scraps

are presented imable5-9.

Table5-9: Change in Sinks from Landfilled Yard Trimmings and Food Scraps Relative to the 2021 Inventory
Report (MMT CQEQ.)

sink Estimates 1990 ] 2005 ] 2007 ] 2017 2018 2019 2020 2021

2021 Inventory

Report (0.12) (0.05) (0.05) (0.04)| (0.06)| (0.05)| (0.04)| (0.05)
This Inventory

Report (0.12) (0.05) (0.05) (0.04)| (0.06)| (0.05)| (0.04)| (0.05)
Percent Change + + + + + + 0.1%| (0.4%)

+ Does not exceed 0.05 percent.
Note: Parentheses indicate negative valueseguestration.

Uncertainties

The methodology used to estimate carbon sequestration in landfilled yard trimmings and food scraps is
0FaSR 2y (KS |adadzYlLliAzy GKFG GKS LR2NIA2Y 2F & NR
is consistent with national estimateghis emissions estimate is calculated using a populdtased

RAAlI IIANBIALGAZ2Y 2F | yFGA2Yy It SYAaspediigtiendsand t © | &
I I & kspec€ifit activities that may result in emissions reductidfte example, the City ar@bunty of

Honolulu prohibits commercial and government entities from disposing yard trimmings in landfills (City

& County of Honolulu 2005).

LY FTRRAGAZ2YS OGUKSNB INB dzy OSNIFAYGASaE aa20AFGSR ¢
population only. Sequestration in landfilled yard trimmings and food scraps may vary by climate and
composition of yard trimmings (e.g., branches, grassafparticular region in addition to waste

generation, which is assumed to increase with population.

To estimate uncertainty associated with carbon sequestration in landfilled yard trimmings and food
scraps, uncertainties associated with all input variables were assessed. Uncertainty was estimated
guantitatively around each input variable based on expedyment. The following parameters
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contributed the most to the quantified uncertainty estimates: (1) the proportion of carbon stored
permanently in food scraps, (2) 2018 yard trimming generation, (3) and 2017 yard trimming generation.

The results of the quantitative uncertainty analysis are summarizédlie5-10. Sinks from landfilled
yard trimmings and food scraps were estimated to be betwé€ed9and-0.02MMT CQEqg. at the 95
percent confidence level. This confidence level indicates a range of approxifd@sdycent below and
63 percent above the sink estimate €.05MMT CQEg.

Table5-10: Quantitative Uncertainty Estimates for Sinks from Landfilled Yard Trimmings and Food Scraps

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) LowerBound Upper Bound  Lower Bound  Upper Bound
(0.05) (0.09) (0.02) 98% -63%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
Note: Parentheses indicate negative values or sequestration.

5.9 Urban Trees (IPCC Source Category 3B5a)

Trees irurban areas (i.e.,urbai2 NBaidao &aS1jdzSaisSNI OFLNb2y FTNRBY (G(KS |
NELINBASYGSR LIWNRPEAYIF(GSt& FALS LISNOSyd 2F 1161 A~ A
in 2010, and six percent in 2020 (U.S. Census Bureau 1990a, 2012, andn2P222, urban trees

sequestered 0.60 MMT G@&gq., accounting for 24.4 percent of carbon sifkableL-25 summarizes

carbon flux from urban treesacross the timeseries.

Methodology

Carbon flux from urban trees was calculated using a methodology consistent with the U.S. Inventory
(EPA 2024pand the IPCC (2006) default Geass methodology. Carbon flux estimates from urban
trees were calculated using the following equation.

oL 00 o0 w Y Y —
P Cq
where:
A = total urban area (including clusters), km
Toercent = percent of urban area covered by trees, dimensionless
S = C sequestration rates of urban trees, metric tons G/km
44/12 =conversion of carbon to GO

The 1990 t®?022U.S. Inventory provides statevel carbon sequestration rates from trees in
Settlements Remaining Settlemenraslanduse category that includes urban are&P@ 2024blJsing

0 KS | -$péclficiestinates, a rate of annual carbon sequestration per square kilometer of tree
canopy (MT C/kitree cover) was calculated.

Agriculture, Forestry, and Other Land Uses (AFOLU) 89



CensuRSTFAYSR dzNBFyAT SR | NBl & 6SNB dRSKdkeletelurbén £ Odz G S
area estimates were adapted from the U.S. Census Bureau (1990a) to be consistent with the definition

of urban area and clusters provided in the 2000 U.S. Census (Nowak et al. 2005). Urban area and cluster
data for 2000 and 2010 were prioked directly from the U.S. Census Bureau (2002, 2012). A linear trend
was fitted to the 2000 and 2010 data to establistinaeseriesfrom 2001 to 2009. Then, a linear trend

was fitted to the 2010 and 2020 data to establistineeseriesfrom 2011 to 2019. After 2020, urban

area was projected based on projected changes in developed area from 2011 to 2017 by the USGS
(Selmants et al. 2017). Because of the changes in the definitions of urban areas from the different
Census years, any urbareas that appeareth the 2000 or 2010 Census, but not in subsequent

Censuses, were proxied to the last year that they appeared. For example, Hawaiian Paradise Park
appeared as an urban cluster in the 2010 Census, but did not appear in the 2020 Census, so its 2010
area wasroxied to 2020Urban area in square kilometers for 1990, 2005, 2007, and 2018 to 2022 are
summarized imable5-11.

Table5-11: Statewide Urban Area (sq.km)

Aea 1990 ] 2005 [ 2007 | 2018 2019 2020 2021 2022

Urban Area| 757.0 981.7 1,006.1 975.5| 967.1| 958.7| 972.7| 986.9

Data from the National Land Cover Database (NLCD) was used to derive an estimate of tree cover by

county percent for the years 2011, 2013, 2015, 2@D1,9, and 2021 (USFS 20Z3)entree cover

estimateswere interpolated throughout théimeseriesbased on available dat@éccording to Nowak

OHNAMHUI ondn LISNOSYyd 2F dzNBlFy FNBFa Ay widest A~ A S
urban tree cover in NLCD was 29.71% in 2011. The change iestaiterban tree cover in 2005 was

used to scale down coudgvel urkan tree cover for the last year of NLCD data and interpolate

between 2005 and 2011. Urban tree cover by county was held constant &tl@@éls for prior years.

2A0K Ly SadAyYlLFdS 27F G201t dzND | ypedifidBe§uesDatiahSadtdr F 2 NJ | |
(MT Cl/knt tree cover) was applied to this area to calculate total C sequestration by urban trees (MT
Clyear).

58 Definitions for urbanized area changed between 2000 and 2010 and between 2010 and 2020. In 2000, the U.S.

| Syadza NBLIX I OSR (GKS WdzNbly LI IFOSaQ OFdiS3a2NR gAiGK GKS y.
included areas with more than 5062 LJX S LISNJ aljdzZ- NS YAfS® LYy Hnmn [/ Syadzasz |
SyO2YL)l aa /Syadza GNI} OG RStAYSIGSR OAGASaA ¢AGK pnZnnn 2|
Census tract delineated locations with between 2,500 and 50,000 peof$e @gnsus Bureau 2021). In the 2020

Census, the minimum population threshold to qualify as urban increased from 2,500 to 5,000 and the alternative

option of qualifying based on minimum housing unit threshold was added. The 2020 Census also uses housing uni

density instead of population density and no longer distinguishes between urban clusters and urban areas (U.S.

Census Bureau 2022).
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Changes in Estimates since the Previous Inventory Report

A new methodology for estimating urban tree cover is used in this inventory report. Where the 2021
inventory, distinguished urban tree cover between Honolulu County and the réstof lorlly] this

new method distinguishes between all counties. Additionally, this new method relies on data from the
NLCD, which is a more complete dataset. The resulting changes in historical emissions estimates from
urban trees are presented ihable5-12.

Table5-12: Change in Sinks from Urban Trees Relative to the 2021 Inventory Report (MMEGO

Sink Estimates\ 1990 . 2005 . 2007 \l 2017 2018 2019 2020 2021

2021 Inventory

Report (0.51) (0.67) (0.65) (0.55)| (0.55)| (0.55)| (0.54)| (0.56)
This Inventory
Report (0.48) (0.60) (0.61) (0.60)| (0.59)| (0.59)| (0.58)| (0.59)

Percent Change| 6.5% 9.9% 6.4% (7.8%)| (8.1%)| (7.4%)| (8.1%) (4.5%)
Note: Parentheses indicate negative values or sequestration.

Uncertainties

Uncertainties associated with urban tree GlDx estimates include the following:

1 The methodology used to estimate urban area in 2015, 2016, 2017, 2018, 2019, and 2021 is
oraSR 2y !'{D{ LINR2SOGA2ya 2F I NBI GKIFIG I NB aLls
impacts of climate change, and other factors under a BAU scenario (Seletah. 2017). This
methodology does not consider potential changes in the rate of urbanization over time.

1 The average and net sequestration rates are based on estimates of the settlement area in
I FglA~A FYR GKS aa20AF0SR LISNOSyd GNBS 02 @3SNJ
associated uncertainty resulting from the land cover data used to generate ¢aezand tree
cover estimates.

To estimate uncertainty associated with sinks from urban trees, uncertainties associated with all input
variables were assessed. Uncertainty was estimated quantitatively around each input variable based on
Nowak et al. (2005, 2012, 2018a, and 2018b), Setsnet al. (2017), U.S. Census (2023), EB24§,

and expert judgment. The following parameters contributed the most to the quantified uncertainty
SadAYlFGSay omo ySi OFNb2y &aSIdzSadNFdGA2y LISNI I NBI
and (3) 2020 urban area in Honolulu. The quantified uncertainty estimated for net carbon sequestration
LISNJ I NBF 2F dz2Nblty GNBS O20SNIAY kgt A~ A O2y i NR O dzi
estimates. The remaining input variables contributethtigely evenly to the overall uncertainty of the

sink estimate.

The results of the quantitative uncertainty analysis are summariz&alae5-13. Sinks from urban trees
were estimated to be betweer0.93and-0.34 MMT CQEgq. at the 95 percent confidence level. This
confidence level indicates a range of approximatelypercent below andi4 percent above the sink
estimate 0f-0.56 MMT C@EQ.
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Table5-13: Quantitative Uncertainty Estimates for Sinks from Urban Trees

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
(0.60 (0.93) (0.34) 54% -44%

a2Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
Note: Parentheses indicate negative values or sequestration

5.10 Forest Carbon (IPCC Source Category 3Bla)

| I & IfokeStshand shrubland contain carbon stored in various carbon pools, which are defined as

reservoirs with the capacity to accumulate or release carbon (IPCC 2006). This category includes

estimates of carbon sequestered in forests and shrubland abovegroianaass, which is defined as

living vegetation above the soil, and belowground biomass, which is defined as all biomass below the

roots (IPCC 2006). This analysis only considers managed forests and shrubland per IPCC (2006)

guidelines to discrimirta between anthropogenic and neanthropogenic sources and sinks because

the majority of anthropogenic GHG emissions and sinks occur on managed lara22, forests and

shrubland sequestered 1.83 MMT £E3)., accounting for 73.8 percent of carbon siflkablel-26

adzYYF NAT S& OFNb2y TFtdzE FTNRBY T2NBail2010,a0dR20EE NHz0 £ | Yy R
2022.

Methodology

The Tier 1 Gain Loss Method as outlined by20@6 IPCC GuidelingBCC 2006) was used to calculate
OFNb2y FfdzE Ay YIYyF3aSR 16 A~"A F2NBadaod !'yyvylyl3asRr
guidelines. This method requires forestland acreage data as well as annual net C sequestration per unit

area. The Gainoss method calculates annual increase in carbon stocks using the following equation:

O¢ i QIO o6 W 0O Y i oc
where,
A = forest land area, hectares
Seet,i = net C sequestration rate, tonnes of C/hectare/year

44/12 =conversion of carbon to GO
i ' F2NBald GeL)lS oF2NBalG 2N aKNHzotFyR Ay ||

59 Managed forests, under IPCC (2006) guidelines, are deemed to be a {inffnanced GHG sink and,
accordingly, are included here. This encompasses any forest that is under any sort of human intervention,
alteration, maintenance, or legal protection. Unmaea forests are not under human influence and thus out of
the purview of this inventory.
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Area estimates of private forestland in the conservation district were summed with reserve forestland in

the conservation district, forested natural areas andogled farmland in order to generate total

YIylF3ISR F2NBaAaGSR fFyR INBI AY |1 FéFA A F2NI mdbpn H

Forestland was divided into two sudategories: forest and shrub/scrubland using the islapdcific
F2NBadflyR (G2 aKNHzoflFIyR NIGA2&a RSNAGSR FTNRBY GKS b
Coastal Change Analysis Program (NG&AP) land coveruty in 2000 and the USGS assessment of

land cover in 2014 (NOABCAP 2000; Selmants et al. 2017).

AccordingtoNOAA / 't = NRdzAKf& KFEfF 2F |1 FgFA~AQa FT2NBadtly
land with vegetation less than 20 feettall(NOAA ' t HAAnnO® LY HwHamnI GKS &Kl N
decreased to approximately 32 percent accordin@®GS (Selmants et al. 2017). 2000 data on the ratio

of forest to shrubland area were used as a proxy for 1990, and 2014 data were used as a proxy for 2015

to 2022. For 2005, 2007, and 2010, the ratio of forest to shrubland area was interpolated usstg fore

and shrubland area in 2000 (NOS&EAP) and 2014 (Selmants et al. 2017).

bSG S02aeaGSY LINPRdAzOGAZ2Y F2NJ F2NBadG yR aKNMHMzmf | YR
through 2025 (Selmants 2020et ecosystem production represents the net carbon accumulation from

all carbonfluxes in an ecosystem, including storage in aboveground and belowground bidosass,

from oxidation, and exportation to other systerfRanderson, et al., 2002yet C sequestration rates

were calculated by dividing annual net ecosystem production for each land class by the associated area

G2 200FAYy  @SINIé& NIGS d6ac¢ / kKFk&SIENDLd 91 OK &SI N
were applied to the respdive land area. For years prior to 2011, the average sequestration rate across

the entiretimeserieswas used.

Changes in Estimates since the Previous Inventory Report
No changes were made to emissions from forest carbon since the 2021 inventory report.

Uncertainties

The methodology used to estimate carbon flux from forests and shrubland is based on the ratio of forest
and shrubland area. The ratio of forest and shrubland area is a source of uncertainty for all inventory
years because the ratios are estimated basediaml cover data for years 2000 and 2014. In addition,

the net sequestration rate for forest and shrubland are calculated based on the average net ecosystem
production per year across four unique modeling scenarios for differentlsedclimate change

projections. Yearly forest and shrubland sequestration rates are only available after 2011; all years prior
to 2011 use an average rate across the availableseries(Selmants 2020).

To estimate uncertainty associated with sinks from forest carbon, uncertainties associated with all input
variables were assessed. Uncertainty was estimated quantitatively around each input variable based on

IPCC (2006), Selmants (2020), and expert judgriiée following parameters contributed the most to

the quantified uncertainty estimates: (222 forest net ecosystem production, 2p21 I g1 A~ A LINK @I
forested area in conservation district, and 2822 total forest area.
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The results of the quantitative uncertainty analysis are summarizédlie5-14. Sinks from forest
carbon were estimated to be betweef.19 and-1.52 MMT CQEq. at the 95 percent confidence level.
This confidence level indicates a range of approxim&e@lyercent below and.7 percent above the
sink estimate 0f1.83MMT CQEGQ.

Table5-14: Quantitative Uncertainty Estimates for Sinks from Forest Carbon

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
(1.83) (2.19) (1.52) 20% 17%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.
Note: Parentheses indicate negative values or sequestration.
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6. Waste

Thischapter presents GHG emissions from waste Figure6-1: 2022Waste Emission{%)by Source
management and treatment activities. For the state of
GKS 1T IFgkA~AZ gl aiésimaiesdi@mnhel C°"é'P??;t'"9

following sources: landfills (IPCC Source Category 4A1),
composting (IPCC Source Category 4B), and wastewater
treatment (IPCC Source Category #Bmissions from the

incineration of waste are reported under the Energy sector V}'r’r’;”;fn“:::ﬁ

consistent with the U.$aventory,sincethe incinerationof 3.5%
wastegenerallyoccursat facilitieswhereenergyis

recovered. Landfills

79.8%

In 2022, emissions from the Waste sector were 0.4 MMT (
Eq., accounting for 1 8ercent of totall | & lerhiSsidns.
Emissions from landfills accounted for the largest share of
Waste sector emissions, followed by emissions from
wastewater treatmentand compostingFigure6-1 and Note: Totalanaynot sumdueto independent
Figure6-2 show emissions (% and MMT £ED,.) from the rounding.

Waste sector by source for 2022.

Figure6-2: 2022 Waste Emissions by Source (MMT; EQ.)

Waste as a Portion
of Total Emissions

Wastewater Treatment - 0.05
1.9%
Composting . 0.03
0

0. 0.1 0.1 0.2 0.2 0.3 03 0.4 0.4
MMT CO, Eq.
OLY 1 Fgl A~ AT AYOAY S NI-to-andrgy fagilfies ar{d thus20issionN Fomlindineratiordd S

wastefor energy purposefiPCC Source Categdix1g are accounted for in the Energy sector.
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Emissions from the Waste sector have decreased since their 1990 peak and in 2022 were lower by 60.7
percent relative to 1990. This trend is driven by emissions from landfills, which accounted for the largest
share of emissions from the Waste sector iriralentory years. These emissions decreased between

1990 and 2022 as a result of an increase in the volume of landfill gas recovered for lflanidfjl flaring

is a process used to safely dispose of landfiliigasinly CHHand CQrt by burning it insted of letting it
escape into the atmosphere. During flaring «@&Honverted to C&a GHG with a lower global warming
potential), water vapor, and trace compound&gure6-3 below shows Waste sector emissions by

source category for each inventory year. Emissions by source and year are also summaiabéel in

L-27.

Figure6-3: Waste Sector Emissions by Source and Year (MMIEZQ
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Notes:Emissions estimates were calculatied 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

The remainder of this chapter describes the detailed emission results by source category, including a
description of the methodology and data sources used to prepare the inventory. Activity data and
emission factors used in the analysis are summarizégpendix Fand Appendix Grespectively.

6.1 Landfills (IPCC Source Category 4A1)

Whenplaced in landfills, organic material in municipal solid waste (MSW) (e.g., paper, food scraps, and
wood products) is decomposed by both aerobic and anaerobic bacteria. As a result of these processes,
landfills generate biogas consisting of approximatélypBrcent biogenic G@nd 50 percent Cklby

volume (EPA 2024b). Consistent with IPCC (2006), biogenim@Qandfills is not reported under the
Waste sector. IN2022,GEYA aadA2ya FTNRY f OBRMK CIES., adeyuntingfar I A ~ A
79.8 percent of Waste sector emissicarsd 1.6 percent of statewide total emissions (excluding sinks)
Emissions from landfills have decreased since their 1990 peak and in 2022 were lower by roughly 64.5
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percent relative to 1990. This trend is attributed to a relative increase in the volume of landfill gas
NBEO2 SNBR T2 NWhiEt redidesyCBemissjonsChiangidsh émissiongear over yeaat
individual landfillcan also be attributed to landfill gas recoveiye totechnologies coming online or
technological difficulties based on locatidrablel-28 summarizes CHemissions from landfills in

| I ¢ | Adcrass the2tiéseries

Consistent with the methodology used for the U.S. Inventory (EPA 2024b), potential MSW landfill

SYAraarzya oSNB Ot OdgFGSR daAy3a + O2YOAYIlGA2Y 2F
Reporting Program (GHGRP) (EPA 2024c), waste in place2@BypR SR o0& 9t ! (bpanflaht 09
Iy ydzl f FY2dzyia 2F ¢l adGsS tFyRFA{ESR AY | gFA"AD 51
F2N mdppp GKNRAzZZK HAnHH 6SNBE LINPJARSR o0& (GKS 1 gl A~

ol I g1 A~ A and ®tbu 20608)HHistorical MSW generation and disposal volumes from 1960 through
Mmdpn SNB OF f OdzA SR dzaAy3a RSTFrLdA G ¢6FadsS ISYSNFGA
9t ! Q& { G G Sc¢Nuyicpslpdlid\Weste Mozl def(ERB240).

For the years 2010 to 2022, direct measuremaft€HS YA aaA 2y ad 6SNB 2001 AySR TN
database, using Equation H-for MSW landfills and Equation€T F2 NJ | I 6 A~ A Qa 2y S Ayl
(EPA 2024c). GHGRP emissions are considered an IPCC Tier 3 approach (IPCC 2006) that consider flared
andcaptued CHF NBY (KS f I yYRFATfQa 2LISNI A2yas K2d2NBR 27F 2
collection efficiency of the system. Since only landfills that surpass 25,000 MEQC@ emissions

annuallyare required to report to GHGRP, a scaling faatdrich changes annually based on the amount

of waste inplace in facilitiesthe GHGRP provided waste in place datad island populationumbers is

applied to most county emissions to account for the municipal landfills that fall under the GHGRP

reporting thresholcf! No scaling factor was applied to Honol@ountydue to the general consistency

between the GHGRP and the waste in place data from LMOP. The scaling factor is based on the

difference between the amount of waste disposed at GHGRP reporting landfills and the total amount of

waste at the county level foreOK & S+ NE OF f OdzZf SR dzaAy3 [aht Qa ¢l &
FY2dzyda FNBY 1l gFA"A 5hl @

Lyydzh £ NBLR2NIAY3I NBIljdZANBYSydGda G2 9t! Qa DI Dwt F2NJ
reported CHgeneration obtained from GHGRP were baakted to the years 1990, 2005, and 2007 and

the total amount of flared CHor each year was subtracted. Emissions from the Waimanalo Guich

landfill in Kapolei were excluded from the 1990 estimate because the landfill began operation in 1989.
Emissions in the first year are assumed to be zero, as it typically takes one yasadoobic conditions

to be estdlished and methan@roducing bacteria to start decomposing waste (EPA 2023Db).

Equation HFB for MSW landfills as described by GHGRP is as follows:

51 The scale up factor is determined by the difference betweraand the quotient of the GHGRP waste in place
and island waste in place data. By using this formula, the scale up factor is based on annual year to year waste and
population dataandthe formula takes into account changgsar overyear.
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where,
E = amount of C&mitted
R = quantity of recovered CHom GHGRP equation HHmetric tons)
CE = collection efficiency estimated at landfill
frec= fraction of hours the recovery system was operating
OX = oxidation factor

DE = destruction efficiency

foest= fraction of hours the destruction device was operating

Equation T for industrial landfills as described by GHGRP is as follows:
DO 0 z p VLW®

where,

MG = amount of CHyenerated, adjusted for oxidation

Gcha= modeled methane generation from GHGRP Equatieh TT

OX = oxidation factor (default of 0.1)

Changes in Estimates since the Previous Inventory Report

Previous inventory reports utilized data from GHGRP on landfill operation and gas collection systems to
backcast emissions for the years 1990, 2005, and 2007. The current report includes 2022 GHGRP values
to improve backcasted estimates. Additionally, dated population numbers for years 20112022

were incorporated into this inventory report.he resulting changes in historical emission estimates are
presented inTable6-1.

Table6-1: Change in Emissions from Landfills Relative to the 2021 Inventory Report (MMEGD

Sink Estimates 2019 2020

2021 Inventory Repor|  0.89 0.85 0.74 0.32| 0.31| 0.34| 0.32] 0.33
This Inventory Report| 0.89 0.84 0.74 0.32| 0.31| 0.34| 0.32| 0.33
Percent Change (+%) (0.4%) (0.2%) 0.0%| 0.0%| 0.0%| 0.0%| 0.0%

(+) Does not exceed.05 percent.
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Uncertainties

To estimate uncertainty associated with emissions from landfills, uncertaintieg¥@ral sources and

activity datawere assessed, includin@) landfill methane emissions from GHGRP, (2) landfill wiaste

LX I OS RFEGF FNRY 9t! Qa [ahtX 600 YSOKIYS 3ISYySNI (A2
(5) Hawdi state population, and (6) landfill disposal ratefacertainty was estimated quantitatively

around each input variable based on expert judgment, IPCC (2006), and@®R3.(The following

parameters contributed the most to the quantified uncertainty estimates for MSW landfills: (1) reported
YSGKIFIYS SYArAaairzya FNRY GKS {2dziK |1 Af2 ftFyRFAEESZ 0o
emissions from the Central Maliit YRFAf f @ { AYyOS 1l gFA~" A 2yfe& KIFIa 2yS
emissions are taken directly from the GHGRP report, this parameter was the only one that contributed

to the uncertainty estimate for industrial landfills.

The results of the quantitative uncertainty analysis are summarizédlahe6-2 for MSW landfills and
Table6-3 for industrial landfills. Emissions from MSW landfills were estimated to be bet@@érand
0.28 MMT CQEq. at the 95 percent confidence level. This confidence level indicates a range of
approximately three percent below and four percent above the emission estim@ioMMT CQEQ.
Emissions from industrial landfills were estimated to be betw@e®46 and 0.09 MMT CQEq. at the
95 percent confidence level. This confidence level indicates a range of approxifiet@lgrcent below
and ive percent above the emission estimate of 0.05 MMT, EQ

Table6-2: Quantitative Uncertainty Estimates for Emissions from MSW Landfills

2022 Emissions Uncertainty Range Relative to Emissions Estinfate
Estimate (MMT CQEq.) (percent)

(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound

0.27 0.26 0.28 -3% 4%
a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

Table6-3: Quantitative Uncertainty Estimates for Emissions from Industrial Landfills

2022 Emissions Uncertainty Range Relative to Emissions Estinfate

Estimate (MMT CQEq.) (percent)
(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.05 0.046 0.051 -5% 5%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

6.2 Composting (IPCC Source Category 4B)

Compostingnvolves the aerobic decomposition of organic waste materials, wherein large portions of

the degradable organic carbon in the waste materials are converted itoT®® remaining solid

portion is often recycled as fertilizer and soil amendment or disposed of in a landfill. During the

composting process, trace amounts of;@Hd NO can form, depending on how the compost pile is
YEYF3ISR 69t! HAHNOO® LY HAHHY SOOBHMMAGHEGR FTNRY O02YLJ
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accounting fo6.7 percent of Waste sector emissiaarsd 0.1percent of statewide total emissions
(excluding sinksRelative to 1990, emissions from composting in 2022 were 13.6 percent higher. This
trend is attributed to an increase in population and an increase in the quantity of composted waste. In

2022, composting emissions increased by 3®&ent relative to 2021Tablel-29 summarizes
I gl A7 A

SYyrAaairzya TFTNRBRY OCeeryskipetindsefigs. Ay

Methodology

Methane and MO emissions from composting were calculated using the IPCC default (Tier 1)
methodology, summarized in the equations below (IPCC 2006).

where

M = mass of organic waste composted in inventory year

600G Qi | QHEI00 Y

EF = emission factor for composting
R = total amount of CHlecovered in inventory year

where

M = mass of organic waste composted in inventory year

OLUVOGQI i Q8 i00

EF = emission factor for composting

Tons of waste composted per year and by coumtye provided bythe Office of Solid Waste
Managementwithinl I g A~ A Q&
of composting facilities permitted by the Solid Hazardous Waste Bfandhcilities that process more

than 3,000 tons of green wast&he emission factors for composting were obtained from IPCC (2006). It
was assumed that GIMBE 02 BSNE RAR y2i

5SLI NIYSyi

2 00dzNJ

2This dat8slah anfUal tepokt 6 F A ~ A 5

I d

Changes in Estimates since the Previous Inventory Report

This inventory report incorporated updated population numbers for years 2011 to. 20@2resulting
changes in historical emission estimates are presenidable6-4.

O2YLR&GAY 3

Table6-4: Change in Emissions from Composting Relative to the 2021 Inventory Report (MMEED

Sink Estimates 1090 | 2005 ] 2007 | 2017 2018 2019 2020 2021

2021 Inventory Report| 0.02 0.03 0.03 0.04| 0.03| 0.03| 0.04| 0.02
This Inventory Report | 0.02 0.03 0.03 0.04| 0.03| 0.03| 0.04| 0.02
Percent Change 0.0% 0.0% 0.0% 0.0%| 0.0%| 0.0%| 0.0%| 0.0%

Uncertainties

To estimate uncertainty associated with emissions from compostinggrtainties for the following
were assessed: (1) Cémission factor, (2) XD emission factor, (3) waste composted by county, and (4)

Waste
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Hawali population datalUncertainty was estimated quantitatively around each input variable based on
expert judgment, IPCC (2006), and EROR43. The following parameters contributed the most to the
guantified uncertainty estimateg1) CH emission factor, (2) &0 emission factor, and (3) Honolulu
Gounty composting tonnage amount

The results of the quantitative uncertaingnalysis are summarized Trable6-5. Emissions from
composting were estimated to be betwe@m01and0.04 MMT CQEq. at the 95 percent confidence
level. This confidence level indicates a range of approximatiepercent below and3 percent above
the emission estimate d3.03 MMT CQ Eq.

Table6-5: Quantitative Uncertainty Estimates for Emissions fradBomposting

2022 Emissions Uncertainty Range Relative to Emissions Estinfate
Estimate (MMT CQEq.) (percent)

(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.03 0.01 0.04 -51% 63%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval.

6.3 Wastewater Treatment (IPCC Source Category 4D)

Wastewaterproduced from domestic, commercial, and industrial sources is treated esthsite (e.g.,

in septic systems) or in central treatment systems to remove solids, pathogenic organisms, and chemical
contaminants (EPA 2024b). During the wastewater treatment processs @ehnerated when

microorganisms biodegrade soluble organic material in wastewater under anaerobic conditions. The
generation of MO occurs during both the nitrification and denitrification of the nitrogen present in

gl aiSelkiSNP h@SNI Hn OSYGNItAT SR gl adaSeriaSNI GNBFGY
stateQd L2 LJdzf | GA2y ® ¢ KS NBYI kit wgsBwatel systerBsolh 202N A & G NB |
SYAaaAz2ya FNRBY ¢ adSsl D8MIME CAEL. (adc8uyting fdt3s pérdem 6f A ~ A ¢ S
Waste sector emissiorand 0.3percent of statewide total emissions (excluding sinkglative to 1990,

emissions from wastewater treatment in 2022 were lower by 42.5 pardeablel-30 summarizes
SYAaaA2ya FNRBY ¢ aidsacrossthiimesedes § YSYyd Ay | gl A~ A

Methodology

Wastewater treatment emissions were calculated using a methodology consistent with the

YSOK2R2f 238 dzaSR FT2N) 6KS | ®o{ ® Ly@SygwadtBwaterdt ! HAHN
Module (EPA 2024d). Wastewater emissions from municipal wastewatenteseaf septic tank

treatment, and wastewater biosolids were quantified using data on population, septic tank use,

biochemical oxygen demand (BOD) production and flow rate at wastewater treatment plans, and

biosolids fertilizer use practices.

To calculate CHemissions from municipal wastewater treatment, the total annualdy biochemical
oxygen demand (BQJPproduction in metric tons was multiplied by the fraction that is treated
anaerobically and by the GHroduced per metric ton of BQD
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where

BOR = total annual &ay biochemical oxygen demand production
EF = emission factor for municipal wastewater treatment
AD = percentage of wastewater BQfeated through anaerobic digestion

Municipal wastewater treatment directJ emissions were calculated by determining total population
served by wastewater treatment plants (adjusted for the share of the population on septic) and
multiplying by an BD emission factor per person per year:

0Q DO®a Qi i Qe N R OLA)
where,

Septic = percentage of the population by region not using septic wastewater treatment
EF = emission factor for municipedstewater treatment

Municipal wastewater pbD emissions from biosolids were calculated using the equation below:
6 Qi E0U@MBIQI | QEEZO 20 0 z p 0Q¢1 c@QI
where,

P = total annual protein consumption

Nr = nitrogen content of protein

R = fraction of nitrogen not consumed

Nbirect= direct NO emissions

Biosolids = percentage of biosolids used as fertilizer
EF = emission factor for municipal waste treatment

Biosolidsa type ofsewage sludge that has been treated and processed to meet specific regulatory
standards for land applicatioare often applied to agricultural fields as fertilizer; emissions from this
use are accounted for under the AFOLU sector. Therefore, the wastewater calculations exclude the
share of sewage sludge applied to agricultural soils so that emissions are not doubted. For all
inventory years, it was assumed that no biosolids were used as fertilizer.

Data on National Pollutant Discharge Elimination System (NPDES) ahdPD&S wastewater treatment

plants, including flow rateand B&> ¢ SNB LINRPPARSR o0& | FgFA~ A 5hl X 2] 2
I L1 A~A 5hl wnamtZ | FégFA"A 5hl wnanmyX YR Il gFA"A 5
200FAYSR FNBY 9t! Qa4 9y T2NOSYSyld FYyR [/ 2YLXALFIYOS 1A
sufficient data were available, it was used to characterize H@Ta given island and inventory year.

When sufficient data were not available, data for a particular WWTP were either proxied to the most
NBOSYyid &SFN ¢6AGK RI i zval@eNbmitle 190KiBventoty 6fl0.A3560dueR&SItT | dzf
0SAy3 GKS 0Sai I QI-ABOABARBIBEYRGIKE &ZNDERI FER X~ AKS |

| SFfGK 65.95¢ YR 5hl M@ppTOod {LISOAFAOLIft&T 0SSOI dza
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BOR value from the 1997 inventory was used across all counties for the 1990, 2005, and 2007 inventory
years.

t 2Lz FGA2y RFEGE FNRY (KS { {lUSSCefsts Burkag dafa {1890, G | . 2
and Pruder (2008) were used to calculate wastewater treatment volumes and the share of households

on septic systems. For the ftilneseriescomprehensive data on the number of households on septic

systems were unavailable. Therefore, annually variable data on the percentage of the population using
centralized wastewater treatment facilities from the U.S. GHG Inventory were used to estireate th

percentof HawA ~ A Q& LJ2 LJdzf F A2y dzaAy3d aASLIGAO aeaidsSvya T2NJ I
FIOU2NAR 6SNB 200FAYySR FTNRY 9t! Qa {GFdS Ly@Syid2NEe

Changes in Estimates since the Previous Inventory Report

This inventory updated historical emission estimates by incorporating newly obtained flow rates and
BORF2NJ bt 59{ 22¢tax FNRBY Il 6FA~A 5hl 21 3GS6FGSNI . N
respectively. In addition, this inventory report incorporated updated population numbers for years 2011

to 2022.The resulting changes in historical emission estimates are presenieble6-6.

Table6-6. Change in Emissions from Wastewater Treatment Relative to the 2021 Inventory Report (MMT CO
Eq.)

Sink Estimates

2021 Inventory Report  0.09 0.11 0.11 0.07| 0.07| 0.07| 0.05| 0.06
Thislnventory Report 0.09 0.11 0.11 0.07| 0.07| 0.07| 0.05| 0.06
Percent Change 0.0% 0.0% 0.0% 0.0%| 0.0%| 0.0% +%| 0.3%

+ Does not exceed.005 MMT C©Eg. or 0.05 percent

Uncertainties

5dzS G2 (KS -dpdcificidate? defadltendidsighT OG0 2 NE FNRBY 9t ! a {4l 4GS L
Wastewater Module were used to calculate emissions. This includes the share of wastewater solids
anaerobically digested and the percentage of biosolids used as fertilizer. In addition, data on the share

of househdd septic systems were unavailable, so a U.S. country average was used in itEgrace.

instances where BOD or flow rate data fr@@22 were not available, data from the most recent

available year was used estimate emissions for 202Zhis emissions émate is calculated using

averages andisaggregatiosof nationalvaluesP ! & | NX & dzf (X Adpecificirendlsy a Sy a A G A
Iy R | bpadifia a@tivities that may result in emissions reductions.

To estimate uncertainty associated with emissions from wastewater treatment, uncertainties for six
guantities were assessed: (1) wastewater treatment plan flow rates, (2} Bies, (3) direct )D

emissions rate, (4) biosolide® emission factor, (5) GEmission factor, and (6) percentage of biosolids
used as fertilizertUncertainty was estimated quantitatively around each input variable based on expert
judgment and IPCC (2006). The following parameters contributed the most to the quantified uncertainty
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estimates: (1N.O emission factqi(2) CHemission factoyr(3)fraction of norconsumption nitrogen,
and (4) fraction of nitrogen in protein.

The results of the quantitative uncertainty analysis are summarzadade6-7. Emissions from
wastewater treatment were estimated to be betwe@04and0.07MMT CQEg. at the 95 percent
confidence level. This confidence level indicates a range of approxin2étprcent below and®9
percent above the emission estimate@b5 MMT CQ Eq.

Table6-7: Quantitative Uncertainty Estimates for Emissions from Wastewater Treatment

2022 Emissions Uncertainty Range Relative to Emissions Estinfate
Estimate (MMT CQEq.) (percent)

(MMT CQEq.) Lower Bound  Upper Bound  Lower Bound  Upper Bound
0.05 0.04 0.07 -26% 29%

a2 Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval

Waste 104



7.Emission Projections

¢CKA& OKLFLIWGESNI LINBaAaSyida LINE2S davel @HGEmiFBridhand sinkdfdr~ A adt
2025, 2030, 2035, 2040, and 2045. This chapter includes a summary of the baseline projection results

and the methodology used to develop these projectiofisis chapter alsmcludes scenaribbased

statewide GHG projections due to variations in (1) world oil prices, (2) renewable energy deployment,

and(3) ground transportation technology adoption

Statewide emissions projections provide an estimate against which the effectiveness of implemented
GHG mitigation policies can be tracked, including overall progress toward emissions reduction goals. The
alternate scenarios provide an understanding of tdifferent economic factors, technology, and policy
influence GHG emissions.

7.1 Methodology Overview

Methodology

DID SYAaaArzya NBadzZ i FNRY SO2y2YAO | OGABAGASA 200
by the overall level of economic activities, the types of energy and technologies used, land use decisions,

and other factors. Estimating future GHG enassirelies on projections of economic activities as well as

an understanding of policies and programs that impact the production of GHG emissions.

The analysis uses a combination of-thpwvn and bottomup approaches to develop baseline

projections of statewide and courdgvel GHG emissions for the years 2025, 2030, 2035, 2040, and
2045. The projections for several sources (residential, commero@linaustrial energy use, domestic

and international aviation, noBnergy uses, composting and wastewater treatment) are based on either
a longrange forecast for gross state/county product or future population (including visitor arrivals),
using the 202&tatewide GHG inventory as a starting point. Sesfmecific approaches were taken for
several small sectors. For example, electricity sales forecasts were used to project GHG emissions for
electrical transmission and distribution. Emissions for agriceltforestry, and other land use (AFOLU)
categories and landfill waste are projected by forecasting activity data using historical trends and
published information available on future trends. Bottamp approaches are used for GHG emitting
sources with subsintial federal and state policy intervention (energy industries, substitution of ozone
depleting substances, and transportation). Due to policies that affect these sources, projected economic
activities are only one component of future GHG emissions. Tdrerea more comprehensive sectoral
approach was used to develop baseline projections for these emission sources.
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There is uncertainty in forecasting GHG emissions due to economic, technology, and policy uncertainty.

In addition to thebaseline scenari®, three major points of uncertainty were assessed by modetiixg

alternate scenarios for statewide GHG emissions in 20230, 2035, 2040, and 2045, as described

0St26d b2ilofexr GKSasS It4iSNYyIradS aoSylFrNxaz2a |NB gAi
trends, the energy sector is the dominant contributor to GHG emissions. In addition, the energy sector is
highlysusceptible to rapid changes in policy and technology factors such as renewable energy adoption,
energy efficiency measures, and fluctuations in fuel prices, making it distinct from other sectors.

1 Alternate Scenario 1A and 1BVorld oil prices. Shifts in fossil fuel prices will impact consumer use
of different fuels and resulting GHG emissions. This alternate scenario looks at both high (Alternate
Scenario 1A) and low (Alternate Scenario 1B) future oil price pathways bagleel Or5. Energy
LYF2NNIGA2Y | RYAYAAUNI GA2YyQa !yydzZadf 9ySNHE hdzif :z

f Alternate Scenario2Aand2B wSy Sgl o0t S SySNHe& RSLIX 28YSydao | gl ;
Portfolio Standard (RPS) that mandated electric utilities reach 30 percent of net electricity sales
through renewable sources by the end of 2020, and moving forward, 40 percent by 2030, 70 percent
by 2040, and 100 percent by 2043KS §2692). Alternate Scenario 2A assumes a more aggressive
path for renewable energy deployment than the Baseline based on Hawaiian Electric Industries most
recent planning document (Integrated Grid Pl&Hor Alternate Scenario 2B, renewable energy
deployment is projected based on the rate of deployment since 2016.

f Alternate Scenario 3A and 3Bround transportation technology adoption. et KS { G 4 SQa
202S0GA DS 27F & Ol ND Rayfspoyt&idn isya Ke3 sedtdr &h8 lias ieén the foqupok
decarbonization effort® a2 NB2BSNE AY HAMTI | FgFA~AQa F2dz2NJ O2
321t 2F NBFOKAY3I mnn LISNDOSyid & NBwEsuhtpdf HonoliINR dzy R |
201839. It is not yet clear the set of policy instruments that will be implemented to attain this goal,
and there is considerable uncertainty in the emissions trajectory within the ground transportation
sector. Thiglternate scenario creates a high EV adoption scenario (Alternate Scenario 3A) and a low
EV adoption scenario (Alternate Scenario 3B).

A detailed description of the methodologies used to project statewide GHG emissions by source and sink
categories under both the baseline scenario and the alternate scenarios, if applicable, are provided in
Appendix JThe methodologies used to identify coudgyel estimates are also detailedAppendix J

52 A modeled emissions baseline scenario estimates emissions under current policy and trends

%3 Thebaseline scenario uses the IGP Land Constrained#m®ut assumes fewer renewable energy builds in
2045 All other counties follow a linear path to 1p@rcentrenewables in 2045A detailed description of the
methodologies used to project statewide GHG emissionsoloyce and sink categories under both the baseline
scenario and the alternate scenarios, if applicable, are providéghpendix JThe methodologies used to identify
county-level estimatesre alsodetailed inAppendix J
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Limitations of the Projections Analysis

Aswith all projections of emissions, uncertainty exists. This study quantitatively assessed additional
scenarios that account for the impact of key uncertainties on the energy industries and transportation
source categories. Other areas of uncertainty exstdiscussed in the subsequent sections of this
chapter, but were not quantitatively assessed as part of this analysis. Specifically, other key areas of
uncertainty include the following:

1 Inventory EstimatesThe projections were developed using the historical inventory estimates as
a starting point. Any uncertainties related to quality and availability of data used to develop the
historical inventory estimates similarly apply to the emission projections.

1 Macroeconomy and Population Projection&HG emissions are influenced by various economic
FIOG2NERD® C2NJ I oA~ AT (GKS 1S@ FILOG2NAR FNB 3INPRa
expenditures. How these economic factors will change over time is unknown; therefore, the
variability in hese economic measures introduces uncertainty into emissions estimates. This
analysis usethe DBEDT2024d shortrun forecast of Gross State Product (GSP), visitor arrivals,
population, and de facto populatiofa measure of both residents and visitors that accounts for
typical visitor length of stayhrough 2025 to project these respective macroeconomic statistics
from 2022 to 2025. From there, the DBEDT Hwgn forecast is applied (DBERU246 to
project these statistics from 2025 to 2045.

1 Future TechnologyBreakthroughs in technology, for example in lasgpale battery storage or
direct carbon air capture, will change the available suite and relativeaftesttiveness of
commercially available low carbon technologies.

1 Policy:Elementsof other recently adopted policies such as Act 15, SessionLbwas | A~ A H A MYy
(Act 15020180 = B KA OK F20dzaSa 2y AYONBlFaAy3d DI D &SI dzS
natural environment, and Act 16, Sa A A 2y [ | 2058 A8t T6 of 201§ which A
establishes a framework for a carbon offset program, were not directly considered in this
analysis.

9 Linear ProjectionsHistorical datavere used as a basis for linear projections within the report.
These projections radd on the assumption that future data will follow a trend consistent with
the past. Confoundinfactorssuch as climate change, natural disasters, land use change
limitations, the adoption rate of new technologies, changes in industry trends, and other events
may cause future relationships to differ from historic patterns

7.2 Projections Summary

Relative to 2022, total emissions under the baseline scenario are projected to decremsepgsrcent
36 percent by 2045. Over the same period, net emissions are projected to decrease pgrcent42
percent.And when excluding aviation, net emissions are projected to decrea$s pgrcent

Figure7-1 illustrates net GHG emissions for each historical and projected inventory year under the
baseline scenario. A summary of the emission projections under each scenario is preséigedan
7-2. Discussion of emission projections by sector is provided in the following sections.
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Notes: Emission estimates includénks andlomesticaviationemissionsEmissions estimates were calculated
1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were
developed through linear interpolation
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Note: Emission estimates includemesticaviation and sinks.

Table7-1 summarizes emission projections of statewide emissions (excluding sinks, including aviation
for 2025, 2030, 2035, 2040, and 2045 under the baseline and each alternate scenario.
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Table7-1Y | F 61 A~ A DID 9YA&A&A2Y tNR2SOGlA2y & O69EOQfdzRAY3I {Ay]:
(MMT CQEQq.)

Scenario
2025 2030 2035 2040 2045

BaselineScenario 19.89 17.91 15.79 14.74 12.95
Alternate Scenario 1A 18.94 16.36 14.07 13.29 11.60
Alternate Scenario 1E 20.73 18.80 16.74 15.74 13.86
Alternate Scenario 2A 19.89 17.49 15.31 14.29 12.23
Alternate Scenario 2E 19.89 18.46 16.41 1541 13.60
Alternate Scenario 3A 19.89 17.83 15.44 14.27 12.44
Alternate Scenario 3E 19.89 17.92 15.84 15.05 13.69

aEmissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines.
| | ¢ I's’GH@ emission reduction goals require the inclusion of domestic aviation emjsgiocisare reported
under the Energy sector.

Table7-2 summarizes net emissions (emissions including carbon sinks) under the baseline and alternate
scenarios. Net emissions are included due to their relevance tracking progress toward the 2030 GHG
target pursuant toAct 238 02022.

Table7-2Y 1 F ¢l A~ A DI D 9YAdaaAirzy tNR2SOlA2ya O6LYyOfdzRAY3I {Ay]:
(MMT CQEQq.)
: Net Emissions (Including Sink$)
Scenario T e T - T T =
2025 2030 | 2035 2040 | 2045
Baseline Scenario 17.45 15.51 13.34 12.23 10.35
Alternate Scenario 1A 16.50 13.95 11.63 10.78 8.99
Alternate Scenario 1B 18.30 16.39 14.30 13.22 11.26
Alternate Scenario 2A 17.45 15.08 12.87 11.77 9.63
Alternate Scenario 2B 17.45 16.05 13.97 12.89 10.99
Alternate Scenario 3A 17.45 15.42 13.00 11.75 9.84
Alternate Scenario 3B 17.45 15.51 13.40 12.53 11.09

aEmissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines.
| | & I'sXGH@ emission reduction goals require the inclusion of domestic aviation emissions, which are reported

under the Energy sector.

Table7-3 summarizes net emissions (emissions including carbon sinks) that exclude aviation. Net
emissions excluding aviation are used to track continued adherence to the 2020 GHG target pursuant to
Act2340f 2007. The act mandates that net emissions, excluding aviation, starting in 2020 emissions do
not exceed 1990 levels. Results under the baseline and each alternate scenario are included.
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Table7-3Y | I 61 A~ A DI D 9OYA&&A2Y t NR2SOlA2ya OLyOtdRAYI {Ay] 2
2035, 2040, and 2045 (MMTQ Eq.)

Net Emissions (Including Sinks, Excluding Aviafién)

Scenario
2025 2030 2035 | 2040 | 2045

Baseline Scenario 11.35 9.26 7.02 5.85 3.94
Alternate Scenario 1A 10.92 8.55 6.27 5.36 3.64
Alternate Scenario 1B 11.68 9.66 7.44 6.29 4.29
Alternate Scenario 2A 11.35 8.84 6.55 5.40 3.22
Alternate Scenario 2B 11.35 9.81 7.64 6.51 4.59
Alternate Scenario 3A 11.35 9.18 6.68 5.37 3.43
Alternate Scenario 3B 11.35 9.27 7.07 6.16 4.69

aEmissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines.

Il I g A" AQ& DI D SYAdaaizy NBRdzOG A 2y exd@adestdonestitNdviationrn 1 Sadl ot A
emissions, which are reported under the Energy sector.

Under the alternate scenarios, totahd netGHG emissiorare highest under théow world oil price

scenario (scenario Jphighlighting the influence dfansportation subsectoemissionsWhen excluding

aviation, ret emissionsfter 2025 are highest under tHew renewable energy deployment scenario

(scenario 2B)

The alternate scenarios are not additive and therefore cannot be combined to generate a low, baseline,
and high scenario. Each scenario isolates the impact of the vadablees described

7.3 Energy

Forthe Energy sector, projected emissions under both the baseline scenario and the alternate scenarios
are presented.

Baseline Scenario

Under the baseline scenario, emissions from the Energy sector are projected accod@péacent of
total projected statewide emissions in each year. The consistent scale of energy sector emissions
exemplifies how changes within this sector drive statewide emissions trends.

Projected emissions under the baseline scenario by source for 2025, 2030, 2035, 2040, and 2045 are
summarized imable7-4.

Table7-4: GHG Emission Projections from the Energy Seatater the Baseline Scenario by Source (MMT2CO
Eq.}

Sourcé 2022 2025 | 2030 = 2035 2040 | 2045 |
Stationary Combustion 6.90 5.16 3.72 3.45 2.28 6.90
Energy Industriés 5.82 4.04 2.56 2.26 1.04 5.82
Residential 0.06 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64 0.56
Industrial 0.46 0.48 0.50 0.52 0.54 0.46

Emission Projections 110



Sourcé 2022 2025 2030 2035 2040

Transportation 10.40 10.37 9.96 9.40 8.84 10.40
Ground 3.39 3.19 2.66 2.00 1.38 3.39
Domestic Maring 0.68 0.71 0.75 0.79 0.82 0.68
Domestic Aviation 5.23 5.37 5.45 5.51 5.53 5.23
Military Aviatiorf 0.87 0.87 0.87 0.87 0.87 0.87
Military Non
Aviatiorf 0.23 0.23 0.23 0.23 0.23 0.23

Incineration of Waste

for Energy Purposes 0.25 0.26 0.27 0.27 0.28 0.25

Oil and Natural Gas

Systems 0.10 0.09 0.09 0.08 0.08 0.10

Non-Energy Uses 0.04 0.04 0.04 0.05 0.05 0.04

Total 17.69 15.92 14.08 13.25 11.52 17.69

aEmissions estimates for 2022 are calculated based on reported data apdesented for comparison purposes.
b Emissions from international bunker fuels and:@@issions from wood biomass and biofuel consumption are
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines.

¢Includes fuel combustion emissions fratectric power plants and petroleum refineries.

AAAAA

dI¢KS SyrAaairzya NB LINRP2SOGSR o6laSR 2y 1 FgFA~AQa FT2NBOI &
improvement in commercial shipping.

¢Because decisions about military operations are not made at the state level, future emissions from military are

highly uncertain; these emissions are assumed to remain constant relative to the average of 2015 through 2022

emission estimates.

Relative to 2022, baseline emissions from the Energy sector are projected to decrease less than one
percent by 2025, ten percent by 2030, and 35 percent by 2045. This trend is driven by the projected
decrease in emissions from energy industries (withitiGteary combustion source category), which
includes fuel combustion emissions from electric power plants and emissions from petroleum refineries.
Emissions from stationary combustion are projected to decline by 68 pebegween 2022 an@045

due to an irease in the share of electricity generated from renewable sources. Transportation
emission levelare pojected to bel3 percent lower in 2045 due to increases in transportation fuel
efficiency.Figure7-3 shows historical and projected emissions from the Energy sector by source
category for each inventory year.
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Figure7-3: GHG Emissions and Projections from the Energy Sector under the Baseline SqdmisiifoCQ Eq.)

=@ Transportation ——— Stationary Combustion
=@ |ncineration of waste Oiland Natural Gas Systems
30
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Notes: Emission estimates includi®mesticaviation emissiong€Emissions estimates were calculatied 1990,
2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were developed
through linear interpolation.

Alternate Scenarios

Projected emissions under each scenario by source for 2025, 2030, 2035, 2040, and 2045 are
summarized ifmable7-5 and graphically shown ifigure7-4.

Table7-5: GHG Emission Projections from the Energy Sector under the Alternate Scenarios by SourceQ@®MT
Eq.)

Sourcé 2030 2035 2040

Baseline Scenario

Stationary Combustion 6.90 5.16 3.72 3.45 2.28
Energy Industrié’s 5.82 4.04 2.56 2.26 1.04
Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54

Transportation 10.40 10.37 9.96 9.40 8.84
Ground 3.39 3.19 2.66 2.00 1.38
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 5.23 5.37 5.45 5.51 5.53
Military Aviatiorf 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23

Incineration of Wastefor

Energy Purposes 0.25 0.26 0.27 0.27 0.28

Oiland Natural Gas Systems 0.10 0.09 0.09 0.08 0.08
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Sourcé 2025 2030 2035 2040 2045
Non-Energy Uses 0.04 0.04 0.04 0.05 0.05
Total 17.69 15.92 14.08 13.25 11.52
Alternate Scenario 1A
Stationary Combustion 6.78 5.02 3.58 3.33 2.20
Energy Industriés 5.70 3.90 2.43 2.14 0.97
Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54
Transportation 9.58 8.96 8.40 8.07 7.57
Ground 3.09 2.62 2.06 1.64 1.15
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 4.71 4.53 4.49 4.55 4.49
Military Aviatiort 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23
Incineration of Wastefor
Energy Purposes 0.25 0.26 0.27 0.27 0.28
Oil and Natural Gas Systems 0.09 0.08 0.08 0.07 0.07
Non-Energy Uses 0.04 0.04 0.04 0.05 0.05
Total 16.74 14.36 12.37 11.80 10.17
Alternate Scenario 1B
Stationary Combustion 7.00 5.24 3.79 3.52 2.33
Energy Industriés 5.92 4.12 2.64 2.33 1.09
Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54
Transportation 11.14 11.17 10.84 10.31 9.70
Ground 3.61 3.50 3.01 2.37 1.67
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 5.75 5.86 5.99 6.05 6.10
Military Aviatiorf 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23
Incineration of Wastefor
Energy Purposes 0.25 0.26 0.27 0.27 0.28
Oil and Natural Gas Systems 0.10 0.10 0.09 0.09 0.08
Non-Energy Uses 0.04 0.04 0.04 0.05 0.05
Total 18.54 16.81 15.04 14.24 12.43
Alternate Scenario 2A
Stationary Combustion 6.90 474 3.25 3.00 1.56
Energy Industriés 5.82 3.62 2.09 1.81 0.32
Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54
Transportation 10.40 10.37 9.96 9.40 8.84
Ground 3.39 3.19 2.66 2.00 1.38
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
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Sourcé 2025 2030 2035 2040 2045
Domestic Aviation 5.23 5.37 5.45 5.51 5.53
Military Aviatiorf 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23

Incineration of Waste for

Energy Purposes 0.25 0.26 0.27 0.27 0.28

Oil and Natural Gas Systems 0.10 0.09 0.09 0.08 0.08

Non-Energy Uses 0.04 0.04 0.04 0.05 0.05

Total 17.69 15.50 13.61 12.80 10.80

Alternate Scenario 2B

StationaryCombustion 6.90 5.70 4.34 4.12 2.93
Energy Industriés 5.82 4.58 3.19 2.92 1.69
Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54

Transportation 10.40 10.37 9.96 9.40 8.84
Ground 3.39 3.19 2.66 2.00 1.38
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 5.23 5.37 5.45 5.51 5.53
Military Aviatiort 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23

Incineration of Waste for

Energy Purposes 0.25 0.26 0.27 0.27 0.28

Oil and Natural Gas Systems 0.10 0.09 0.09 0.08 0.08

Non-Energy Uses 0.04 0.04 0.04 0.05 0.05

Total 17.69 16.46 14.70 13.91 12.17

Alternate Scenario 3A

Stationary Combustion 6.91 5.25 3.84 3.57 2.32
Energy Industriés 5.83 4.12 2.68 2.37 1.08
Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54

Transportation 10.39 10.20 9.50 8.80 8.29
Ground 3.39 3.01 2.20 1.41 0.83
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 5.23 5.37 5.45 5.51 5.53
Military Aviatiorf 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23

Incineration of Waste for

Energy Purposes 0.25 0.26 0.27 0.27 0.28

Oil and Natural Gas Systems 0.10 0.09 0.09 0.08 0.08

Non-Energy Uses 0.04 0.04 0.04 0.05 0.05

Total 17.69 15.84 13.74 12.77 11.01

Alternate Scenario 3B

Stationary Combustion 6.90 5.16 3.70 3.39 2.23
Energy Industriés 5.82 4.03 2.55 2.19 1.00
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Sourcé ‘ 2025 2030 2035 2040 2045

Residential 0.06 0.06 0.06 0.06 0.06
Commercial 0.56 0.58 0.59 0.61 0.64
Industrial 0.46 0.48 0.50 0.52 0.54
Transportation 10.40 10.38 10.04 9.77 9.63
Ground 3.39 3.20 2.73 2.37 2.17
Domestic Mariné 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 5.23 5.37 5.45 5.51 5.53
Military Aviatiorf 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23
Incineration of Waste for
Energy Purposes 0.25 0.26 0.27 0.27 0.28
Oil and Natural Gas Systems 0.10 0.09 0.09 0.08 0.08
Non-Energy Uses 0.04 0.04 0.04 0.05 0.05
Total 17.69 15.93 14.13 13.56 12.27

aEmissions from international bunker fuels and:€@issions from wood biomass and biofuel consumption are
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines.
bIncludes fuel combustion emissions from electric power plants and petroleum refineries.
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improvement in commercial shipping.

dBecause decisions about military operations are not made at the state level, future emissions from military are
highly uncertain; these emissions are assumed to remain constant relative to the average of 2015 through 2022
emission estimates.

Notes: Totals may not sum due to independent rounding. Emission totals include aviation emissions.
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Figure7-4: GHG Projections from the Energy Sector under each Scenario by Source (MMEGTO
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Notes: Emission estimates includimesticaviation emissiondncineration of wastdor energy purposeandnon-energy usesemain constant between
scenarios.
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7.4 Industrial Processes and Product use (IPPU)

Under the baseline scenario, emissions from the IPPU sector are projected to peak in Q@Z6NMT
CQ Eq., and then drop steadily from thererough2045. These emissions account flmur percent of
total projected statewide emissions under the baseline scenario in 2025, four percent in 203@cand
percent in 2045. Projected emissions by source for 2025 through 2045 are summaiizdden6.
Emissions from the IPPU sector are not expected to vary undesitradternativeenergy scenarios
discussed in Sectioh thus only projections from the baseline scenario are discussed in this section.

Table7-6: GHG Emission Projections from the IPPU Sector under the Baseline Scenario by Source (WBALFCO

Source 2022 2025 2030 2035 2040 2045
NO

Cement Production NO NO NO NO NO
Electrical Transmission

and Distribution 0.01 0.01 0.01 0.01 0.01 0.02
Substitution of Ozone

Depleting Substances 0.84 0.79 0.65 0.42 0.26 0.24
Total 0.85 0.80 0.66 0.44 0.28 0.26

aEmissions estimates for 2022 are calculated based on reported data and are presented for comparison purposes.
NO (emissions anmdot Occurring).
Note: Totals may not sum due to independent rounding.

Emissions from the substitution of ozone depleting substances are projected to continue to represent
the majority of emissions from the IPPU sector through 2045. Emissions from the substitution of ozone
depleting substances are projected to decline du#ht® American Innovation and Manufacturing (AIM)
Act, which was included in tH2021 Consolidated Appropriations Aghe AIM Act mandates a

reduction in the production and consumption of listed HFCs, manages HFC substitutes, promotes the
reclamation of HFCs, and encourages a transition to HFC free technologies through sector specific
restrictions. Relative to 2022, electrical transmission and distribution emissions by 2045 are projected
to increase slightly though this increase represents emissions lower than 0.01 MMEQQOr rounding
error). Emissions from cement production, which were zero in 2022, are projected to remain at zero
through 2045 Figure7-5 shows historical and projected emissions from the IPPU sector by source
category for select years under the baseline scenario.
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Figure7-5: GHG Emissions and Projections from the IPPU Sector under the Baseline Scenario by Source (MMT
CQEq.)

—g S bstitution of Ozone Depleting Substances Electrical Transmission and Distribution
=g Cement Production -9 =|PPU Total

0.9 Projected

0.8

0.7

0.6

0.5

0.4

MMT CO, Eq.

0.3

0.2 /

0.1

O:O / ¢ @ & U 9

1990 1995 2000 2005 2010 2015 2020 2025 2030 2035 2040 2045

Notes:Emissions estimates were calculafied 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

7.5 Agriculture, Forestry and Other Land Uses (AFOLU)

Total emissiongexcluding sinkg)nder the baseline scenarfoom the AFOLU sector are projected

accountfor five percent,five percent andsixLIS NOSy i 2 ¥ ( 2 { linfthe year$20257 A S YA 4 & A

2030, and 2045espectively. Carbon sinks are projectedit@tuate over the timeseriesbut overall,

the AFOLU sector is projected to result in a net increase in carbon sinks (i.e. .met©@als)

Projected emissions by source and sink category for 2025, 2030, 2035, 2040, and 2045 are summarized
in Table7-7. Emissions from the AFOLU sector are not expected to vary undsidékernate energy
scenarios discussed @hapter7, thus only projections from the baseline scenario are discussed below.

Table7-7: GHG Emission Projections from the AFOLU Sector under the Baseline Scenario by Source and Sink
Category (MMT CE£EQ.}

Category 2022 2025 2030 2035 2040 2045

Agriculture 0.45 043 042 042 041 0.40
Enteric Fermentation 0.29 0.27 0.27 0.27 0.27 0.26
Manure Management 0.01 0.01 0.01 0.01 + +
Agricultural Soil
Management 0.15 0.14 0.14 0.14 0.14 0.14
FieldBurning of
Agricultural Residues NO NO NO NO NO NO
Urea Application &+ + + + + +
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Category 2022 2025 2030 2035 2040 2045
Land Use, Lant)se
Change, and Forestry (1.82) (1.84) (1.85) (1.93) (2.04) (2.16)
Agricultural Soil Carbon 0.58 0.55 0.51 0.47 0.43 0.40
Forest Fires 0.08 0.05 0.05 0.05 0.05 0.05
Landfilled Yard
Trimmings and Food
Scraps (0.05) (0.05) (0.09 (0.01) (0.01) (0.02)
Urban Trees (0.60) (0.64) (0.70) (0.76) (0.84) (0.92)
Forest Carbon (1.83) (1.75) (1.67) (1.67) (1.67) (1.67)
Total (Sources) 1.11 1.03 0.98 0.93 0.89 0.85
Total (Sinks) (2.48) (244 (241 (2449 (252 (2.60)
Net Emissions (1.37) (1.41) (1.43) (1.51) (1.63) (1.76)

aEmissions estimates for 2022 are calculated based on reported data and are presented for comparison purposes.
+ Does not exceed 0.005 MMT £H3.; NO (emissions alot Occurring).

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

Projections through 2045 suggest that emissions from AFOLU sources will ultimately decline while the

amount of carbon sequestered from AFOLU sinks will continue to incresee7-6 shows historical
and projected emissions from the AFOLU sector by source and sink category for select years.

The growth in carbon sequestered from AFOLU sinks is primarily driven by urban tress which are
expected to sequester more carbon over time due to a growth in land area due to an assumed linear

growth in urban tree cover. This trend is reflects historiotte and currently policies such as the
passage of a Honolulu bill that aims to have 35 percent urban tree cover by Q3% (County of
Honolulu 201%. Please see the urban trees methodologgéttions.9 for more detail.

Emissions from enteric fermentation, manure management, and agricultural soil management are

projected to slightly decrease based on the assumption that historical trends will continue.

Emissions from field burning of agricultural residues are projected to be zero due to the closing of the
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Forest carbon and agricultural soil carbon are projected to sequester less carbon (i.e., become a smaller

sink) from 20220 2045based on projected changes in land cover and net carbon sequestration rates
(Selmants et al. 2017)

Landfilled yard trimmings and food scraps are projected to sequester less carbon from 2022 to 2035 and

then increase from 2035 to 2045, driven primarily by an increase in tons of landfilled food scraps.

Statewide emissions from forest fires are projected to remain flat from 2025 onwards following an
assumption fromad { D{

aidzRe&

2y
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wildfires would burn, on average, 41 kper year Selmants et al. 2017However, the expected
increase in catastrophic events due to climate change introduces significant uncertainty as the total area

burned can vary greatly from year to year. The projected annual area burned is significantly lower than
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https://pubs.usgs.gov/publication/pp1834

reported data from recent high event years (262@&22), a trend expected to continue in reported 2023
data due to largescale wildfires occurring in the year.

Figure7-6: GHG Emissions and Projections from the AFOLU Sector under the Baseline Scenario by Source and
Sink Category (MMT G&q)
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Notes: FBAR = Field Burning of Agricultural Residues, LFYTFS = Landfilled Yard Trimmings and Food Scraps.
Emissions estimates weoalculatedfor 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

7.6 Waste

Emissions from the Waste sector are projectediézrease accounting for two percent of total

projected statewide emissions under the baseline scenario in each year. Projected emissions by source
for 2025, 2030, 2035, 2040, and 2045 are summarizddine7-8. Emissions from the Waste sector is

not expected to vary under theixalternate energy scenarios discussed in Sectiaghus only

projections from the baseline scenario are discussed below.

Table7-8: GHG Emission Projections from the Waste Sector under the Baseline Scenario by Source (MMT CO

Eq.}
Source 2022 2025 2030 2035 2040 2045
Landfills 0.32 0.28 0.26 0.25 0.24 0.23
Composting 0.03 0.03 0.03 0.03 0.03 0.03
WastewaterTreatment 0.05 0.05 0.06 0.06 0.06 0.06
Total 0.40 0.36 0.35 0.34 0.33 0.32

aEmissions estimates for 2022 are calculated based on reported data and are presented for comparison purposes.

Note: Totals may not sum due to independent rounding.
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Relative to 2022, emissions from landfills are expected to decrease steadily, starting at 0.32 MMT CO
Eq. in 2022 and declining to 0.23 MMT.E&Q. by 2045. In contrast, emissions from composting are and
wastewater treatment are projected to increase slightly between 2025 and 2045 due to population
growth over the projected periadverall, the downward trend in landfill emissions will drive a decrease
in Waste emissiongzigure7-7 shows historical and projected emissions from the waste sector by source
category for select years.

Figure7-7: GHG Emissions and Projections from the Waste Sector under the Baseline Scenario by Source (MMT
CQEq.)
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Notes:Emissions estimates were calculatfied 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for
interim years, as presented here, were developed through linear interpolation.

7.7 Emission Projections by County

Thissection summarizes emission projections by county under the baseline scenario. Consistent with

the historical trend, Honolulu County is projected to account for the largest share of net GHG emissions

in 2025, 2030, 2035, 2040, and 2045 followed by MauyCdw® > | I g+ A~ A [/ 2dzyG&Z | yR
Figure7-8 shows net emission projections by county and year.
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Figure7-8: Projected Net GHG Emissions under the Baseline Scenario by County (MVHqQ@2025, 2030,
2035, 2040, and 2045)
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Emissions from the Energy sector are projected to account for the largest portion of emissions from

each county across the projected timeseries. Emissions from AFOLU sources are projected to account for
the second largest portion of emissions from all ciemexcept Honolulu County, in which emissions

from the IPPU and Waste sectors are projected to account for a larger share of emissions.

The methodology used to develop these projections varies by source. Methodology was determined by
the availability and completeness of coudgyel data. To estimate data for sources where only state

level was available, emissions were allocated to eacimigoby attributing proportional values of

relevant economic data, such as county population projections, or by assuming proportional emissions
consistent with the 2022 countlevel estimatesAppendix dletails the methodology used to quantify

HawaihA Q& LINP2SOUSR DI D SYAaadAazya o6& O2dzyied 9YAAAA2)
are summarized imable7-9.
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Table7-9: GHG Emission Projections under the Baseline Scenario by Sector and County for 2025, 2030, 2035,
2040, and 2045 (MMTQ Eq.)

Sector 2022 2025 2030 2035 2040 2045
Honolulu County \
Energy 12.45 12.37 11.21 9.53 8.92 7.49
IPPU 0.56 0.52 0.43 0.28 0.18 0.16
AFOLUSources) 0.08 0.10 0.09 0.09 0.09 0.08
AFOLUYSInks) (0.50) (0.51) (0.54) (0.56) (0.60) (0.65)
Waste 0.13 0.12 0.11 0.10 0.10 0.09
Total Emissions 13.22 13.11 11.84 10.00 9.28 7.83
Net Emissions 12.72 12.60 11.30 9.45 8.68 7.18
| FéFA~ A [ 2dzyie

Energy 1.94 1.97 1.59 1.54 1.47 1.38
IPPU 0.13 0.12 0.10 0.07 0.04 0.04
AFOLUYSources) 0.66 0.61 0.58 0.56 0.54 0.52
AFOLUSIinks) (2.31) (1.27) (1.22) (1.23) (1.25) (1.27)
Waste 0.12 0.13 0.13 0.12 0.12 0.12
Total Emissions 2.85 2.83 2.40 2.29 2.17 2.05
Net Emissions 1.54 1.56 1.18 1.05 0.92 0.78
Energy 2.61 2.38 2.16 2.10 2.04 1.90
IPPU 0.12 0.11 0.09 0.06 0.04 0.04
AFOLUYSources) 0.24 0.19 0.18 0.17 0.15 0.14
AFOLUSIinks) (0.37) (0.36) (0.35) (0.35) (0.36) (0.37)
Waste 0.12 0.10 0.10 0.10 0.10 0.10
Total Emissions 3.09 2.78 2.54 2.43 2.34 2.18
Net Emissions 2.72 2.43 2.19 2.08 1.98 1.82
Yldzk " A [ 2dzyiie |
Energy 0.96 0.97 0.96 0.90 0.82 0.75
IPPU 0.05 0.05 0.04 0.03 0.02 0.02
AFOLUYSources) 0.14 0.13 0.12 0.12 0.11 0.11
AFOLUSInks) (0.31) (0.30) (0.30) (0.30) (0.31) (0.32)
Waste 0.02 0.02 0.02 0.01 0.01 0.01
Total Emissions 1.17 1.16 1.14 1.06 0.96 0.88
Net Emissions 0.86 0.86 0.84 0.76 0.65 0.57

Notes:Totalsmaynot sumdueto independentrounding.Parentheseindicatenegativevaluesor sequestration.
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Figure7-9, Figure7-10, Figure7-11, andFigure7-12 show 2025, 2030, 2035, 2040, and 2045 emission
projections by sector for each county. Detailed county level estimates can be foliadhligi’-10, Table
7-11, Table7-12, andTable7-13.

Figure7-9: Honolulu County GHG Emission Projections under the Baseline Scenario by Sector (MMNEG.LCO
(2025, 2030, 2035, 2040, and 2045)
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Table7-10: Honolulu County GHG Emission Projections under the Baseline for 2025, 2030, 2035, 2040, and 2045
(MMTCQEq.)

Sector / SubCategory 2025 2030 | 2035 2040 | 2045
Energy 12.37 11.21 9.53 8.92 7.49
Stationary Combustion 5.36 4.29 2.90 2.63 1.54
Energy Industriés 4.59 3.51 2.09 1.80 0.68
Residential 0.04 0.04 0.04 0.04 0.04
Commercial 0.36 0.37 0.38 0.39 0.41
Industrial 0.36 0.37 0.39 0.40 0.42
Transportation 6.63 6.53 6.25 5.89 5.56
Ground 2.11 1.92 1.57 1.15 0.77
Domestic Maring 0.68 0.71 0.75 0.79 0.82
Domestic Aviation 2.74 2.80 2.83 2.85 2.87
Military Aviatiort 0.87 0.87 0.87 0.87 0.87
Military Non-Aviatiorf 0.23 0.23 0.23 0.23 0.23
Incineration of Wastdor Energy
Purposes 0.25 0.26 0.27 0.27 0.28
Oil and Natural Gas Systems 0.10 0.09 0.09 0.08 0.08
Non-Energy Uses 0.03 0.03 0.03 0.04 0.04
Industrial Processes androduct
Use 0.52 0.43 0.28 0.18 0.16
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Sector / SukCategory 2025 2030 | 2035 2040 | 2045
Cement Production NO NO NO NO NO
Electrical Transmission and

Distribution 0.01 0.01 0.01 0.01 0.01
Substitution of Ozone Depleting

Substances 0.51 0.42 0.27 0.17 0.15
AFOLU (Sources) 0.10 0.09 0.09 0.09 0.08
Enteric Fermentation 0.03 0.03 0.03 0.03 0.03
Manure Management + + + + +
Agricultural Soil Management 0.02 0.02 0.02 0.02 0.02
Field Burning of Agricultural

Residues NO NO NO NO NO
Urea Application + + + + +
Agricultural Soil Carbon 0.04 0.03 0.03 0.03 0.02
Forest Fires + + + + +
AFOLU (Sinks) (0.51) (0.54) (0.56) (0.60) (0.65)
Landfilled Yard Trimmings and Foq

Scraps (0.03) (0.03) (0.01) (0.01) (0.01)
Urban Trees (0.36) (0.40) (0.44) (0.48) (0.53)
Forest Carbon (0.12) (0.11) (0.11) (0.11) (0.11)
Waste 0.12 0.11 0.10 0.10 0.09
Landfills 0.06 0.05 0.05 0.04 0.04
Composting 0.01 0.02 0.02 0.02 0.02
Wastewater Treatment 0.04 0.04 0.04 0.04 0.04
Honolulu County TotaEmissions

(Excluding Sinks) 13.11 11.84 10.00 9.28 7.83
Honolulu County Net Emissions

(Including Sinks) 12.60 11.30 9.45 8.68 7.18

aEmissions from international bunker fuels and:€@issions from wood biomass and biofuel consumption are
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines.
bIncludes fuel combustion emissions from electric power plants and petroleum refineries.

‘¢ KS SYAaaArzya INB LINRP2SOGSR oF&SR 2y 1 +Fél A~ AQa
improvement in commercial shipping.

dBecause decisions about military operations are not made at the state level, future emissions from military are
highly uncertain; these emissions are assumed to remain constant relative to the average of 2015 through 2022
emission estimates.

+ Does not exceed 0.005 MMT £K3,.; NO (emissions alot Occurring).

Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.
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(MMT CQEQq.)

t N22SOGA2ya

dzy RSNJ K

Sector / SubCategory 2025 2030 2035 2040 2045

Energy 1.97 1.59 1.54 1.47 1.38
Stationary Combustion 0.68 0.29 0.30 0.31 0.31
Energy Industriés 0.55 0.15 0.16 0.17 0.15
Residential 0.01 0.01 0.01 0.01 0.01
Commercial 0.08 0.09 0.09 0.09 0.10
Industrial 0.04 0.04 0.05 0.05 0.05
Transportation 1.28 1.29 1.23 1.15 1.07
Ground 0.57 0.56 0.48 0.40 0.32
Domestic Maring NO NO NO NO NO
Domestic Aviation 0.71 0.74 0.75 0.75 0.75
Military Aviatiorf NO NO NO NO NO
Military Non-Aviatiorf NO NO NO NO NO
Incineration of Wastdor Energy Purposes NO NO NO NO NO
Oil and Natural Gas Systems NO NO NO NO NO
Non-Energy Uses + + + + +
Industrial Processes and Product Use 0.12 0.10 0.07 0.04 0.04
CementProduction NO NO NO NO NO
Electrical Transmission and Distribution + + + + +
Substitution of Ozone Depleting Substances 0.12 0.10 0.06 0.04 0.04
AFOLU (Sources) 0.61 0.58 0.56 0.54 0.52
Enteric Fermentation 0.19 0.19 0.19 0.18 0.18
Manure Management 0.01 + + + (+)
Agricultural Soil Management 0.08 0.08 0.08 0.08 0.08
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Sector / SukCategory | 2025 | 2030 = 2035 | 2040 @ 2045
Field Burning of Agricultural Residues NO NO NO NO NO

Urea Application + + + + +

Agricultural Soil Carbon 0.29 0.27 0.26 0.24 0.22

Forest Fires 0.03 0.03 0.03 0.03 0.03

AFOLU (Sinks) (1.27) (1.22) (1.23) (1.25) (1.27)

Landfilled Yard Trimmings and Food Scraps (0.01) (0.01) (+) (+) (+)

Urban Trees (0.14) (0.15) (0.17) (0.18) (0.20)
Forest Carbon (1.12) (1.06) (1.06) (2.07) (12.07)
Waste 0.13 0.13 0.12 0.12 0.12

Landfills 0.12 0.11 0.11 0.10 0.10

Composting 0.01 0.01 0.01 0.01 0.01

Wastewater Treatment 0.01 0.01 0.01 0.01 0.01

I I g IChuntk Total Emissions (Excluding

Sinks) 2.83 2.40 2.29 2.17 2.05

I I g IChuntk Net Emissions (Including Sink 1.56 1.18 1.05 0.92 0.78

aEmissions from international bunker fuels and:€@@issions from wood biomass and biofuel consumption are

not projected because they are not included in the inventory total, as per IPCC (2006) guidelines.

bIncludes fuel combustion emissions from electric power plants and petroleum refineries.
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dBecause decisions about military operations are not made at the state level, future emissions from military are
highly uncertain; these emissions are assumed to remain constant relative to the average of 2015 through 2022

emission estimates.

+ Does not exceed 0.005 MMT £K3.; NO (emissions alet Occurring).
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.

Figure7-11: Maui County GHG Emission Projections under the Baseline Scenario by Sector (MMEG (025,

2030, 2035, 2040, and 2045)
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Table7-12: Maui County GHG Emission Projections under the Baseline for 2025, 2030, 2035, 2040, and 2045

(MMT CQEq.)
Sector / SubCategory | 2025 | 2030 @ 2035 | 2040 @ 2045
Energy 2.38 2.16 2.10 2.04 1.90
Stationary Combustion 0.68 0.43 0.41 0.43 0.38
Energy Industriés 0.55 0.29 0.26 0.27 0.21
Residential 0.01 0.01 0.01 0.01 0.01
Commercial 0.08 0.08 0.09 0.09 0.09
Industrial 0.05 0.05 0.06 0.06 0.06
Transportation 1.70 1.73 1.69 1.61 1.52
Ground 0.48 0.47 0.40 0.29 0.19
Domestic Maring NO NO NO NO NO
Domestic Aviation 1.22 1.26 1.30 1.32 1.33
Military Aviatiorf NO NO NO NO NO
Military Non-Aviatiorf NO NO NO NO NO
Incineration of Wastdor Energy Purposes NO NO NO NO NO
Oil and Natural Gas Systems NO NO NO NO NO
NonEnergy Uses + + + 0.01 0.01
Industrial Processes and Product Use 0.11 0.09 0.06 0.04 0.04
Cement Production NO NO NO NO NO
Electrical Transmission and Distribution + + + + +
Substitution of Ozone Depleting Substances 0.11 0.09 0.06 0.04 0.04
AFOLU (Sources) 0.19 0.18 0.17 0.15 0.14
Enteric Fermentation 0.01 0.01 0.01 0.01 0.01
Manure Management + + + + +
Agricultural Soil Management 0.02 0.02 0.02 0.02 0.02
Field Burning of Agricultural Residues NO NO NO NO NO
Urea Application + + + + +
Agricultural Soil Carbon 0.15 0.14 0.13 0.12 0.11
Forest Fires 0.01 0.01 0.01 0.01 0.01
AFOLUYSInks) (0.36) (0.35) (0.35) (0.36) (0.37)
Landfilled Yard Trimmings and Food Scraps (0.01) (0.01) (+) (+) (+)
Urban Trees (0.07) (0.07) (0.08) (0.08) (0.09)
Forest Carbon (0.29) (0.27) (0.27) (0.27) (0.27)
Waste 0.10 0.10 0.10 0.10 0.10
Landfills 0.09 0.09 0.09 0.09 0.09
Composting + + + + +
Wastewater Treatment 0.01 0.01 0.01 0.01 0.01
Maui County Total Emissions (Excluding Sin 2.78 2.54 2.43 2.34 2.18
Maui County Net Emissions (Including Sinks) 2.43 2.19 2.08 1.98 1.82

aEmissions from international bunker fuels and:€@issions from wood biomass and biofuel consumption are

not projected because they are not included in the inventory total, as per IPCC (2006) guidelines.

bIncludes fuel combustion emissions from electric power plants and petroleum refineries.
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dBecause decisions about military operations are not made at the state level, future emissions from military are
highly uncertain; these emissions are assumed to remain constant relative to the average of 2015 through 2022

emission estimates.

+ Does not exceed 0.005 MMT £K3,.; NO (emissions alwt Occurring).
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.
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(MMTCQEQq.)
Sector / SubCategory | 2025 | 2030 | 2035 | 2040 @ 2045
Energy 0.97 0.96 0.90 0.82 0.75
Stationary Combustion 0.18 0.14 0.11 0.08 0.06

Energy Industrids 0.13 0.09 0.06 0.02 0.00
Residential 0.00 0.00 0.00 0.00 0.00
Commercial 0.03 0.04 0.04 0.04 0.04
Industrial 0.01 0.01 0.01 0.01 0.01
Transportation 0.79 0.81 0.79 0.74 0.69
Ground 0.23 0.24 0.21 0.16 0.10
Domestic Maring NO NO NO NO NO
Domestic Aviation 0.56 0.57 0.58 0.58 0.59
Military Aviatiorf NO NO NO NO NO
Military Non-Aviatiorf NO NO NO NO NO
Incineration of Wastdor Energy Purposes NO NO NO NO NO
Oil and Natural Gas Systems NO NO NO NO NO
Non-Energy Uses + + + + +
Industrial Processes and Product Use 0.05 0.04 0.03 0.02 0.02
Cement Production NO NO NO NO NO
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Sector / SubCategory | 2025 | 2030 = 2035 | 2040 @ 2045

ElectricalTransmission and Distribution + + + + +
Substitution of Ozone Depleting Substances 0.05 0.04 0.03 0.02 0.02
AFOLU (Sources) 0.13 0.12 0.12 0.11 0.11
Enteric Fermentation 0.04 0.04 0.04 0.04 0.04
Manure Management + + + + +
Agricultural Soil Management 0.02 0.02 0.02 0.02 0.02
Field Burning of Agricultural Residues NO NO NO NO NO
Urea Application + + + + +
Agricultural Soil Carbon 0.07 0.06 0.06 0.05 0.05
Forest Fires 0.01 0.01 0.01 0.01 0.01
AFOLUSInks) (0.30) (0.30) (0.30) (0.31) (0.32)
Landfilled Yard Trimmings and Food Scraps (+) (+) (+) (+) (+)
Urban Trees (0.07) (0.08) (0.08) (0.09) (0.10)
Forest Carbon (0.23) (0.22) (0.22) (0.22) (0.22)
Waste 0.02 0.02 0.01 0.01 0.01
Landfills 0.01 0.01 0.01 + +
Composting + + + 0.01 0.01
Wastewater Treatment + + + + +
Y I dZEoumy Total Emissions (Excluding

Sinks) 1.16 1.14 1.06 0.96 0.88
Y | dzZEounmty Net Emissions (Including Sinks 0.86 0.84 0.76 0.65 0.57

aEmissions from international bunker fuels and:@@issions from wood biomass and biofuel consumption are
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines.
bIncludes fuel combustion emissions from electric power plants and petroleum refineries.

‘¢ KS SYAaaArzya INBE LINRP2SOGSR o6FaSR 2y 1 Fgl A" AQa F2NBOI a

improvement in commercial shipping.

dBecause decisions about military operations are not made at the state level, future emissions from military are
highly uncertain; these emissions are assumed to remain constant relative to the average of 2015 through 2022
emission estimates.

+ Does not exceed 0.005 MMT £K3,.; NO (emissions alot Occurring).

Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration
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8. GHG Reduction Goal Progress

¢CKS 1 FgbA~A {GFGS [S3AatlhddNB KlFa a8Sd GKNBS &SLI N

A 2020target! O Hon X { SaarRay (Adt234 ¢ 2008stadlishet la dtatelvide
GHG emissions limit at or below the statewide GHG emissions levels in 1990 to be achieved by
January 1, 202(statewide GHG emissions must be at or below this level for all years 2020 and
beyond) While domestic aviation emissions are included in the inventory totals for the state of
I | & IAEt23d bf 2007 specifies that emissions from airplarfes., domestic aviation and
military aviation) shall not be includedn this target%*
 2030targetAct23& { SaaAiz2y [202%(Act 235 of 2022ppdstablisked a goal for
statewide GHG emissions to be at least 50 percent below 2005 levels by the year 2030, and that
the measurement of GHG emissions for the year 2005 include emissions from airplanes
1 2045 target.Act 15, Session Lawbfl g A ~ A H n20)8), esthbiished m gtatedidie
carbon netnegative goal. Specifically, Act 15 of 2018 callsifmre atmospheric carbon and
GHGs to be sequestered than emitted within the State as quickly as practicable, but no later
than 2045.
Figure8-1a K2g¢a ySi SyrAaaazya O6SEOf dzZRAY3I | @RaSWwely 0 Ay |
as emission projections for 2025, 2030, 2035, 2040, and Zdg6re8-1 also shows the 2020 statewide
target, which is equal to 1990 emission levels, pursuant to Act 234 of 2Rdudingaviation, 1990
statewide GHG emissions were estimated to be 15.40 MMIEQQwhich represents the 2020
emission target set by Act 234 of 2007 (statewide GHG emissions must be at or below this level for all
years 2020 and beyond).

Net emissiongexcluding aviation) for 2020 were BBMMT CQEg. in 2020. As sucthjs report finds
0 KIF{ Icontinbies o meetthe 2020 statewide emissions targeset by Act 234 of 200Figure
8-1).

64 Emissions frormternationalaviation, which are reported under the InternatiorBlinker Fuelsource category,
arealsonotincludedA y | | ¢ A~ AiQatcorandwittiilPOCH28AR)uiddines forinventory development.
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Note: Emission estimates include sinks but exclda@esticaviationemissionsEmissions estimates were

calculatedfor 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here,
were developed through linear interpolation.

Figure82a K2 ga ySi SYAdaizya oAyOfdRAYy3I aAAYy1a202%R | GAl
as well as emission projections for 2025, 2030, 2035, 2040, and Bigtfse8-2 also shows the 2030
statewide target of 1B9MMT CQEq., which is equal to 50 percent below 2005 emission levels,

pursuant toAct 238 of 2022and the 2045 carbon neategative target pursuant to Act 15 of 2018. The

target established byict 238 02022could change with future updates to the 2005 emission estimates,
but it is not likely to change significantlyet emissiongincluding sinks) for year 2030 are projected to

be betweenl1395¢ 16.39MMT CQEQq. in 2030, an8.99¢ 1126 MMT CQEQq. in 2045. As sucthis

NB LJ2 NIi ¥ Ay R Zurrénkylnat onl track to méetithe RABO or 2045 statewide emissions

targets, set byAct 238 02022 and Act 15 of 2018 respectiveligble8-1 summarizegemissions in years

1990, 2005, 2020, 2021 a@®22, andorojections between 2025 and 2045.
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Table8-1Y | I g A" A DI D 9YAaaAzya FT2NI mbpnZ HAANPZI HAHN
2025, 2030, 2035, 2040, and 2045 (M@D Eq.)
Sector 1990 \ 2005 \ 2020 2025 | 2030 2035 2040 \ 2045
Energy 20.25| 22.72| 14.66| 17.69| 15.92| 14.08| 13.25| 11.52
IPPU 0.18, 050, 0.76 0.80 0.66 044 0.28 0.26
AFOLUSources) 147 1.10 1.10 1.03 0.98 0.93| 0.89| 085
AFOLU (Sinks) (240) | (2500 | (243 | (249 | (24D | (249 | (252 | (260
Waste 1.01| 098 0.41| 036 0.35 0.34 0.33 0.32
Total Emissions (Excluding
Sinks) 22.92| 2529 16.93| 19.89| 1791 15.79| 14.74| 12.95
Net Emissions (Including
Sinks) 2051 | 2278 | 1450 17.45 1551 13.34 12.23| 10.35
Aviatior? 511 7.16| 3.17| 6.10/] 6.24, 6.32 6.38 6.40
Net Emissions (Including
Sinks, Excluding Aviatioh) | 1540° | 1562 | 1133 1135 9.26| 7.02| 5.85 3.94

aEmissions from International Bunker Fuels are not included in the totals, as per IPCC (2006) guidelines.
®Domestic aviation and military emissions, which are reported under the Energy sector, are excluded from

Hawaii Q &

DI D SYAdairzy NBRdAzOGA2zYy 32! ¢

SallotAaKSR Ay

¢ Act 238 of 2022 aims for the level of statewide GHG emissions to be at least 50 percent below 2005 levels by
the year 2030 (including aviation emissions).

i 04 Hon 27F
(excluding aviation emissions).

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

GHG Reduction Goal Progress
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Appendix A. IPCC Source and Sink Categories

TableA-1: Summary of IPCC Source and Sink Categories Included/Excluded from the Analysis

Category Code and Name WEER Notes
Inventory

Energy
1A1 | Fuel Combustion Activities \ glncéuS:t?OT;annsLZ?ii ifrr]gn fuebmbustion for electricity generation
1A2 | Manufacturing Industries and Construction N
1A3 |Transport N
1A4 |Other Sectors N
1A5 |Non-Specified N
1B1 |Fugitive Emissions from Solid Fuels NO: Solid fuels (e.g., coal) are not produced or processed- i | A
1B2 |Oil and Natural Gas N
1C |[Carbon Dioxide Transport and Storage NO:CQ s not transported or storedih I g A~ A
IPPU
2A1 |Cement Production N
2A2 |Lime Production NO: Activity is not applicabletol- g A ™ A
2A3 | Glass Production NO: Activity is not applicabletol 6 I A ~ A
2A4 | Other Process Uses of Carbonates NO: Activity is not applicabletol- 6 A~ A
2B |Chemical Industry NO: Activity is not applicabletol- g A ™ A
2C | Metal Industry NO: Activity is not applicabletol 6 A ~ A
2D |Non-Energy Products from Fuels and Solvent U N IE:Includedunder the Energy sector.
2E |Electronics Industry NO: Activity is not applicabletol g A ~ A
2F | Product Uses as Substitutes for ODS N
2G1 | Electrical Equipment N
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Category Code and Name

Included in

Inventory

Notes

2G2 | Sk and PFCs from Other Product Uses NO: Activity is not applicabletol g1 A~ A

2G3 |N;O from Product Uses NO: Activity is not applicabletol g A ~ A
AFOLU

3Al |Livestock Enteric Fermentation N

3A2 | Livestock Manure Management N

3Bla Forest Land Remaining Forest Land N

3B1b |Land Converted to Forest Land NE: Data on land conversion are not readihilable.

3B2 |Cropland N

3B3 |Grassland N

3B4 |Wetlands NE:Data is not readily available and emissions are likely very sme
3B5a | Settlements Remaining Settlements N

3B5b | Land Converted to Settlements NE: Data on land conversion are meadily available.

3B6 |Other Land NE: Other Land is assumed to be unmanagédling I A = A
3Cla|Biomass Burning in Forest Lands N

3C1b|Biomass Burning in Croplands N

3C1c |Biomass Burning in Grassland NE:Data is not readily available aedhissions are likely very small.
3C1d |Biomass Burning in All Other Land NO: Activity is not applicabletol- g A ™ A

3C2 |Liming NE: Activity data are either withheld or zero.

3C3 |Urea Application N

3C4 | Direct NO Emissions from Managed Soils N

3C5 |Indirect NO Emissions from Managed Soils N

3C6 |Indirect NO Emissions from Manure Manageme N

3C7 |Rice Cultivation NO: Activity is not applicabletol g A ~ A

3D1 |Harvested Wood Products NE:Data is notreadily available and sinks are likely very small.
Waste

4A1 |Managed Waste Disposal Sites N
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Category Code and Name WEER Notes
Inventory

NO: All waste disposal is assumed to occur in managed sites in

4A2 |Unmanaged Waste Disposal Sites

gl A7 A
4B |Biological Treatment of Solid Waste N
AC | Incineration and Open Burning of Waste Inl I &1 nﬁ(_:ln_eiatlon of MSW occurs at wagte-energy facilities
and thus emissions are accounted for under the Energy sector.
4D |Wastewater Treatment and Discharge N

NO (emissions amdot Occurring); NE (emissions axet Estimated).
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Appendix B. Updates to the Historical Emission

Estimates Presented in the 2022 Inventory Report

As it is best practice to review GHG emission estimates for prior years, this report includes revised
estimates for 1990, 2005, 2007, 2010, 2015, 2016, 2017, 2018, 2019, 2020, and 2021 and newly
developed estimates for 2022. The 1990, 2005, 2007, 201G, 2W16, 2017, 2018, 2019, 2020, and
2021 estimates were updated to account for updated activity data and methods, and to ensure time
series consistency across all inventory years. Changes in emission estimates from the 2021 inventory
report estimates ardargely due to the following:

1. Updatestal | ¢ Isgecifit data for wastewater treatment plants (WWTP) (e.qg., flow rates and
BOR National Pollutant Discharge Elimination System [NPDES]).

2. Updatesta | ¢ IspeCifit data for annual area burned in wildfires, soil emissions, urban tree
cover, and the distribution of crop and grasslands by county.

3. ) LRFGSa G2 1Fglr A" A aLISOAFAO RFEGlF 60So3dr KAAG2N

4. Incorporation of emissions from the consumption of renewable natural gas (RNG) produced by
the Honouliuli Wastewater Treatment Plant.

5. A new State Energy Data System (SEDS) category for other petroleum products consumed by the
transportation sector was added with biodiesel consumed by the transportation sector, as the
new category was determined to only represent biodiesel consumptiorisandt duplicative of
other biodiesel consumption already incorporated in the inventory.

6. The Chlemission factor for jet fuel was updated to match updates to the U.S. Greenhouse Gas
Inventory. Across thémeseries the Emission Factor is now zero.

Updates to the U.S. Inventory also resulted in some minor updates compared to the 2021 report for the
sectors that utilize data from the U.S. Inventory, such as agricultural soil carbon, substitution of ozone
depleting substances (ODS), and electric trassion and distribution. These and other updates that
impacted emission estimates are discussed on a sdoyemurce basis in the subsequent sections of

this report. Appendix B additionally summarizes the effort undertaken to investigate and implement
areas for improvement that were identified in the 2017 inventory report.

Collectively, these changes resulted in an average annual decrease of 0.22 MEG. CC2 percent) in
net emissions and 0.21 MMT &&x. (1.6 percent) in net emissions excluding aviation within the
LINB @ A 2 dziimebeBdsPiguieBl Zompares the net emissions between the 2021 report and this
report.
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FigureB-1: Net Emissions Comparison Between 2021 Report and 2022 Report

% m 2021 Report Net Emissions Excluding Aviation 2021 Report Net Emissions Including Aviation
- m 2022 Report Net Emissions Excluding Aviation #2022 Report Net Emissions Including Aviation
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Updates that impacted emission estimates are discussed by source epbis. A summary of the
change in emission estimates relative to the 2021 inventory report is provided belbablaB-1.
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TableB-1: Change in Emissions Relative to the 2021 Inventory Report

Net
Energy T_otgl Net_ Emissipns
Sector (Excluding Er_ler'gy AFOLU AFOLU Waste Em|SS|qns Emlsspns (Inc_Iudlng
Aviation) (Aviation) (Sources) (Sinks} (Expludlng (Inqludlng Slnkg,
Sinks) Sinks) Excluding
Aviation)
1990
2021 Report 20.26 15.14 5.11 0.18 1.58 (2.43) 1.01 23.02 20.59 15.48
2022 Report 20.25 15.14 5.11 0.18 1.47 (2.40) 1.01 22.90 20.51 15.40
Difference (+) +) +) + (0.11) 0.03 (+) (0.12) (0.08) (0.08)
Percent Change (+%) (+%) (0.1%) +% (7.2%) (1.4%) (+%) (0.5%) (0.4%) (0.5%)
2005
2021 Report 22.72 15.56 7.16 0.50 1.25 (2.57) 0.98 25.45 22.87 15.71
2022 Report 22.72 15.56 7.16 0.50 1.10 (2.50) 0.98 25.29 22.78 15.62
Difference (0.01) + (0.01) + (0.15) 0.07 (+) (0.16) (0.09) (0.09)
Percent Change +% +% (0.1%) +%| (12.1%) (2.6%)| (0.3%) (0.6%) (0.4%) (0.6%)
2007
2021 Report 24.35 18.68 5.67 0.55 1.31 (2.59) 0.88 27.09 24.50 18.83
2022 Report 24.34 18.68 5.66 0.55 1.18 (2.54) 0.88 26.95 24.41 18.75
Difference (0.01) (+) +) + (0.13) 0.04 (+) (0.13) (0.09) (0.09)
Percent Change (+%) (+%) (0.1%) 0.1% (9.7%) (1.6%)| (0.2%) (0.5%) (0.4%) (0.5%)
2010
2021 Report 19.38 14.73 4.65 0.67 1.25 (2.60) 0.59 21.90 19.30 14.65
2022 Report 19.38 14.73 4.64 0.67 1.08 (2.62) 0.60 21.71 19.09 14.45
Difference (+) (+) (+) (+) (0.18) (0.02) + (0.18) (0.20) (0.20)
Percent Change (+%) (+%) (0.1%)| (0.7%)  (14.1%) 0.8% 0.4% (0.8%) (1.1%) (1.4%)
2015
2021 Report 18.50 13.41 5.10 0.79 1.29 (2.68) 0.51 21.09 18.40 13.30
2022 Report 18.50 13.41 5.09 0.79 1.09 (2.73) 0.51 20.88 18.16 13.06
Difference (+) (+) (+) (0.01) (0.20) (0.04) 0.00 (0.21) (0.25) (0.24)
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Percent Change (+%)] (+%)  (0.1%) (0.6%) (15.2%)| 1.5%|  0.0%] (1.0%)| (1.3%)| (1.8%)
2016

2021 Report 18.53 13.35 5.18 0.80 1.29 (2.65) 0.46 21.08 18.43 13.25
2022 Report 18.52 13.34 5.17 0.79 1.08 (2.69) 0.46 20.85 18.16 12.99
Difference (0.01) +) (+) (0.01) (0.22) (0.04) 0.00 (0.23) (0.27) (0.26)
Percent Change +% +% (0.1%)| (0.7%)| (16.7%) 1.6% 0.0% (1.1%) (1.5%) (2.0%)
2017

2021Report 18.97 13.51 5.46 0.80 1.28 (2.61) 0.42 21.48 18.86 13.40
2022 Report 18.97 13.51 5.46 0.80 1.01 (2.66) 0.42 21.20 18.54 13.08
Difference + 0.01 (+) (+) (0.28) (0.04) 0.00 (0.28) (0.32) (0.32)
Percent Change +% +% (0.1%)| (0.5%)| (21.6%) 1.7% 0.0% (1.3%) (1.7%) (2.4%)
2018

2021 Report 19.23 13.59 5.64 0.81 1.48 (2.51) 0.41 21.92 19.41 13.77
2022 Report 19.23 13.60 5.64 0.80 1.25 (2.56) 0.41 21.69 19.14 13.50
Difference + 0.01 (+) (+) (0.23) (0.04) 0.00 (0.23) (0.27) (0.27)
Percent Change +% 0.1% (0.1%)| (0.4%)  (15.5%) 1.8% 0.0% (1.0%) (1.4%) (2.0%)
2019

2021 Report 19.45 13.61 5.84 0.83 1.30 (2.50) 0.44 22.02 19.52 13.68
2022 Report 19.45 13.62 5.84 0.82 1.06 (2.54) 0.44 21.77 19.23 13.39
Difference + 0.01 (+) (0.01) (0.25) (0.04) 0.00 (0.25) (0.29) (0.29)
Percent Change +% +% (0.1%)| (0.8%)  (19.0%) 1.6% 0.0% (1.2%) (1.5%) (2.1%)
2020

2021 Report 14.65 11.48 3.18 0.77 1.28 (2.38) 0.41 17.10 14.72 11.54
2022 Report 14.66 11.48 3.17 0.76 1.10 (2.43) 0.41 16.93 14.50 11.33
Difference + 0.01 (+) (+) (0.17) (0.04) + (0.17) (0.22) (0.21)
Percent Changge +% 0.1% (0.1%)| (0.4%)  (13.5%) 1.8% +% (1.0%) (1.5%) (1.8%)
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2021

2021 Report 17.50 12.25 5.25 0.82 1.45 (2.39) 0.41 20.18 17.79 12.53
2022 Report 17.47 12.22 5.25 0.82 1.22 (2.42) 0.41 19.92 17.50 12.25
Difference (0.04) (0.03) +) 0.01 (0.23) (0.03) + (0.26) (0.28) (0.28)
Percent Change (0.2%) (0.2%) (0.1%) 0.7%| (15.9%) 1.1% +% (1.3%) (1.6%) (2.2%)
+ Does not excee@d.005 MMT C@Eg. or 0.05 percent.
(+) Does not excee®.005 MMT Cgor -0.05 percent.
aPositive percent change in this column indicates an increase in carbon sinks.
Notes: Totalsnay not sum due to independent rounding. Parentheses indicate negative values or sequestration
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Appendix C. Inventory Improvements

Thisappendix summarizes proposed areas for improvement to the Hestaiewide greenhouse gas
inventory for the next iteration of inventory development.

Energy

Area for Improvement #1
If data become available, naphtha and fuel gas consumption data for 2005 should be incorporated into
stationary combustion emissions calculations.

Area for Improvement #2

All SEDS fuel consumption data should continue to be reviewed against other available datasets to verify
AlGa | OOdzNI O& |yR O2YLX SiSySaa FT2N) dzasS Ay GKS RS@S
SEDS does not report jet fuel kerosene consumption for stationary combustion separately, as this
category is very small. Future research could be done to determine whether any jet fuel is consumed for
this purpose and removed from transportation estimatédternative options for estimating military

aviation fuel consumption across the relevant fuel typesildbe reviewed, as EIA no longer reports this

data separatelyAlternative options for estimating civil aviation fuel consumptionld also be

reviewed,such as the samBTS dat#éhat isused toestimatebunker fuels Alternative options for

estimating the fraction of transportation emissions that are from #ioghway vehiclesouldbe
reviewed.Additionally, future research could be doimgo the potential to use GHGRP datglaceof

SEDS datm estimatestationary emissions.

Area for Improvement #3

Confirm with EIA that all stationary emissions from petroleum refining, including combustion activities
supporting the refining of petroleum products and-eite combustion for own use electricity and
heating, are included in SER®I consumptiordata. Currently, refineryelated fuels from SEDS data

are recategorized from thimdustrial sector to theenergyindustries sector, to remain aligned with IPCC
guidance. Further information froflAis needed to confirm that all refinemelated fuels have been
identified and recategorized, and that the SEDS aatludes alktationary emissions from petroleum
refining.If it is determined that SEDS dataes not include all stationary emissions from petroleum
refining, future research should be conducted to identify supplemental or alternative data sources.

Area for Improvement #

Review data sources and methodological options to further disaggregate data reported for the
transportation source categories beyond the current end use sectors of ground, domestic marine,
domestic aviation, military aviation, and military (nadiation) tansportation.
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Area for Improvement &

If data becomes available, marine bunker fuel consumption data for 1990 should be incorporated into
emissions calculations.

Area for Improvement %

Review emission factors that are updated annually and incorporate megi-date emission factors
throughout emissions calculations. For example, review emission factors used to calculate fugitive
emissions from natural gas distribution and transmissiipelines.

Area for Improvement #

Research should be conducted into whether electricity was generated By/#igahu Incinerator in
1990.Based on the findings of this researemissions estimatesmay need tdbe adjusted.

Area for Improvement 8

The methodology used tproject VMT and emissions from EVs should be revisited to incorporate
additional data that may become available and to more closely align with the methodology used in
emissions estimatesn addition, EV methodology should be reviewed to confirm assumptions about
earliest instance of EV use in Ha@ai

IPPU

Area for Improvement #

ODSsubstitute emissions fromefrigeration and AC Systems could be disaggregated by equipment size
(i.e., systems above and below a 50 Ibs. charge size). Fuethesrch would be required to establish
assumptions and then incorporate them into the existing-thjwvn estimation methodology. Similarly,
national emissions for the AC sabhtegory could be disaggregated if metrics to do so are identified. For
example, ifavailable, information on the percentage of households with central or room air conditioning
could be incorporated. Alteatively, a bottomup approach to estimate emissions from this sector for
which significant additional research would be required.

Area for Improvement £0

Homeland Infrastructure Foundatidrevel Data (HIFLD) Open Data provides national geospatial data on
electrical transmission and distribution systems. The methodology could be revised to incorporate

I I & kspecifik transmission line data to apportion WeBiissions, rather than apportioning U.S.

emissions using electricity sales. HIFLD is an open access source, and similar work has been done by the
U.S. Inventory team.
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AFOLU

Area for Improvement £1

If crop residue factors are updated and/or better data become available, future analyses should update
the factors accordinglyAdditional research was conducted on crop residue factors, but no new
information was identified that could be used to inform emission estimates from agricultural soil
managementFurther research into updated crop residue factors may be considered in future analyses.
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Area for Improvement #£2

Further research into the accuracy of calendar year fertilizer consumption patterns may be considered

in future analyses, as well as investigating new sources for urea consumptiodditional research

was conductedonure@2 y a dzYLJGA2Y AY |1 F gl A~ AX odzi y2 ySg AyTF2I
used to verify the accuracy of calendar year fertilizer consumption patterns.

Updated historical data was identified for urea application in 2015 and 2016 during the 2019 inventory
from the American Association of Plant Food Control Officials Commercial Fertilizers Reports; however,
no new data was available for 2017 to 2021 for @21 inventory. Additional research was conducted

to identify other sources of more recent urea consumption data, but no new information was identified
that could be used to inform emission estimates from urea application.

Area for Improvement £3

Research is being conductéd2 RS @St 2L I a2Af OFNb2y YILI F2NI Ik gl |
SELX 2NBR (2 Y2RStf DID FftdzE FyR a2ift OFNb2y Ay || 6
conducted and further research into emission reductions from improved agricultural soil eraeag

practices may be considered in future analySdss would contribute tagricultural soil management

and, if datais sufficient, to a new forest soil carbon category.

Area for Improvement #4

Coordination with EPA to understand the cause for the discrepancy between emission estimates

presented in this report and NEI prescribed fire emissions may be considered. Tesh Rao (EPA), the point

of contact for data on agricultural fires and events (ildB5 a YR LINBAONROGSR 0 dzZNY A Y|
National Emissions Inventory (NEI), was contacted to inquire about the emission estimates from

LINS & ONR 6 SR 0 driNBe ROL&Einvantory tepodt wasasiuded there were no emissions

from prescriled fires based omput from Christian Giardinom the Institute of Pacific Islands

Forestrythat LINB 2 ONRA 0 SR o0 dzNyAy3 A& y20G F 02YY2y LN OGAOS
prescribed fires are likely very small. However, the NEI indicates that emifsionprescribed fires in

I ¢ A ~O0X3 MMITNBEQ. in 20112.07 MMTCQ Eq.in 2014, and 0.09 MMTQ Eq.in 2017.

l OO2NRAY3I (2 ¢SaKX RAFFSNBYyU Y2RSfta 6So3dos (GKS CL
to identify acresburned fromprescribed fires for the NEI, which are the reason for the large variation in
NBLZ2NISR SYAadA2yad FNRBY LINSBAONROSR FANBA F2NI I I g1

Due to the inconsistency in methodology used to identify emissions for the NEI, a lack of data available

for all inventory years, and expert guidance from Christian Giardina, this inventory continues to assume

that emissions from prescribed fireslink ¢ I A ~ A | .NBorpgr&imyferhissibns frofh prescribed

gAt RTANBAE Ayid2 (GKS adl GS6ARS Ay@Syu2NEB F2NJ I F gl A~
potential improvement.
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Area for Improvement £5

CdzNIIKSNJ NBaSFNOK Ayid2 I FglA~A GNBYRa Ay RAQGSNIAY3
8FNR GNARAYYAy3da YyR FT22R &d0ON) LA aSljdsSaiaN)r A2y NYGS
considered in future analyses. Additional research @&y RdzO (i SR ( 2 -sfediSwastda T& | I g A

composition data and sequestration rates, but no new information was identified that could be used to
inform emission estimates from landfilled yard trimmings and food scraps.

Cdzl dzNB AYLINR@SYSy (G 0O2dzZ R Ay Of dzRS FdzZNIKSNJ NBaStk NOK
food scraps from landfills, as well as yard trimmings and food scraps sequestration rates that
AYO2NLIR2NIGS 1 gFA~"AQa Of nayke8.S Yl & 0SS O2yaARSNBR A

Area for Improvement £6

CANIKSNI Ay@SadAalrdazy Ayd2 ¢gKSGKSNI SadAYrFiSR I ONB
DBEDT Databook can be used for estimating urban areas should be conducted. The annual updating of
GKS 1 FgFrA~"A 5F0dF062271 | ybanaieKis evenKU.S/ GehsyisscouRl §n@ke ysihgl A 2 v &
the databook estimates a more consistent approach.

Area for Improvement #7

Additional land cover data and annually variable net sequestration rates should be incorporated into
FdzidzNB |yl feasSa AF GKSe 0S02YS @I Aflof Sd CdzNI KSN.
forest management practices, and their emissions réiducpotential may also be considered in future

analyses.

The 2016 inventory report used carbon sequestration rates and land cover data by forest type for

l'FgFA~ A F2NBalha FNRY (G0KS ! yAGSR {0151 0Sa DS2t23A0! f
Future Carbon Storage and Carbon Fluxes in Ecosysterhs@ftHA ~ A ¢ o { St Yl yiGda SiG It o
Selmants (USGS) was contacted in 2019 to confirm that the 2017 study contained the latest available
AYTF2NXE GA2Y -cBwr ahdlisegliestratibn ratdBauRndicated at that time that his team

recently finisheda new set of model runs that incorporate two new land use/land cover change

scenarios and two new climate change scenaiased on that new information provided by Paul

Selmants (USGS), new yearly carbon sequestration rates for forest and shrubland were calculated and
incorporated into the 201 2022 inventory reports. Further improvements can inclugrporating

additional data on forest land cover if they become available as additional models are run.

Area for Improvement #£8

Identify data and estimate emissions for source and sink categories that are currently not estimated due
to a lack of data. The affected source categories inclade converted to forest land, wetlands, land
converted to settlements, other land, biomass burning in grassland, liming, and harvested wood
products Research was conducted to identify additional data from sources and sinkes ¢ait
currentlyincludedin thel | ¢ Hnkenhtarybut no new information was identified that could be used to
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estimate emissions from these categorfes the current inventory reportData for harvested wood
product could be requested through the Uniform Information Practices Act from the Department of
Land and Natural Resources Forestry progham.assumed that emissions from these categories, if
estimated, would have an insignificant impact on the statewide total.

Further improvements could include identifying data and estimating emissions for source and sink
categories that are currently not estimated due to a lack of data.

Waste

Area for Improvement £9

Further assessment can be done to ensure the accuracy of thedaatikg method used to estimate

emissions from landfills for years prior to 2010, when GHGRP reporting requirements began. The current
backcasting method assumes that £d¢neration increases exponentially over time. Confirming waste

Ay LXFOS RIFGFE 6@ 1FgFA"A 5hl 2N flyRTAf{fa GKSYasSt
to more accurate scaling factors to account for landfills under the GHGRP reportinigatiares

Area for Improvement 20

Future improvement could be made by incorporating flow rate and @k for norANPDES WWTPs

for 2022 and historical years in which no or little data were available. Shouldsgiatsfic data on total

YydzYo SN 2F K2dzaSK2f Ra 2y a4SLIWGAO aeaidisSvya | yRk2N aKl
become available, it caretincorporated. Additionallymore recent data on the percentage of biosolids

from WWTPs used as fertilizer can be used to improve estimates

Inventory Improvements 161



Appendix D. County EmissionMethodology

Thisappendixsummarizes the methodology used to quantifff s RA~ DI D SYAaaA2ya oeé
methodology used varies by emissions source, depending on data availability. For some sources, county
level activity data were available to build bottemp county level emissions estimatéor other

sources, only statéevel activity data were available, requiring emissions to be allocated to each county
using proxy information such as population and VMT data.

CountyEmissions estimates were calculatgging the best data available at the time of this report. GHG
emissions estimates from inventories prepared at the county level by other organizations may differ
from those in this report due to differences in data sources, boundaries, or other assusgfibould
additional data become available, the methodology described here will be revised for future inventories.

Energy

Stationary Combustion

Countylevel stationary combustion emissions estimates were calculated for each economic sector using
a combination of disaggregated statvel emission estimates and/or courvel activity data, based

on the availability and reliability of data for dasource category and inventory year. Results for each
economic sector were then summed to calculate total cotetyel stationary combustion emissions.

Emissions for the energy industries and industrial sectors for 26ti@015to 2022were calculated

using the methodology described 8ection3.1and allocated to each county based on couleyel

emission breakdowns calculated from GHGRP dataZBP#). GHGRP facility level emissions data

were unavailable for the years 1990, 2005, and 2007. Emissions for the energy industries and industrial
sectors for 1990, 2005, and 2007 were calculated using the methodology describection3.1and

allocated to each county by applying the 2010 county allocations derived from GHGRP facility level
emissions data (EP20249.

Residential and commercial sector emissions for all inventory years were calculated using the
methodology described iBection3.1and allocated to each county by population data from DBEDT
(20243.

Transportation

Groundtransportation emissions for 2005, 2007, 2046d2015to 2022were calculated using the
methodology described iBection3.2and allocated to each county based on motor vehicle registration
data from DBEDT data book (DBE2DZ3). For 1990 ground transportation emissions, 1990 motor
vehicle registration data were unavailable. Therefdr@d5motor vehicle registration data were used to
allocate 1990 ground transportation emission to each county.
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Emissions from domestic marine, military aviation, and military-agiation transportation were

allocated solely to Honolulu based on available DBEDT data (DBEDT 2008a) which indicate that over 99
percent of fuel consumption in the military and water tegortation sectors occur in Honolulu.

Emissions from domestic aviation transportation were calculated using the methodology described in
Section3.2and allocated to each county based on domestic BTS flight dataZ0%2§.

Incineration of Waste for Energy Purposes

Lol A~ AQa (o2 61aidS AYOAYSNIGAZ2Y FEFHOATAGASAS 2 AL
therefore, total emissions from the incineration of waste energy purposewere allocated to

Honolulu County, calculated using the methodology describ&kntion3.3.

Oil and Natural Gas Systems

I I & | éanéoll &d natural gaacility currently in operationParEast,jsin Honolulu Countyt | ¢ 1 A~ A Q&
other oil and natural gas facility that fully closed in 2022 was also in Honolulu Cooetgfore, total

emissions from oil and natural gas systems were allocated to Honolulu County, calculated using the
methodology described iBection3.4.

Non-Energy Uses

Emissions for noenergy uses for 2018nd2015to 2022were calculated using the methodology
described irSection3.5and allocated to each county based on coulgtyel emission breakdowns for
the energy industries and industrial sector calculated from GHGRP dat2(EfA

GHGRP facility level emissions data were unavailable for the years 1990, 2005, and 2007. Emissions for
non-energy uses for 1990, 2005, and 2007 were calculated using the methodology descSeetiom

3.5and allocated to each county by applying the 2010 county allocation for the energy industries and
industrial sector derived from GHGRP facility level emissions dat2(E2R4.

IPPU

Cement Production
All process emissions from cemgrbduction in 1990 occurred within Honolulu County.

Electrical Transmission and Distribution

Emissions were calculated by apportioning U.S. emissions from this source to each island based on the

NI GA2 2F GKS AatlyRQa St SOGNAOAGE sahdiCHemissiods | ©o{ & §
data were taken from the U.S. InventoBgRA 2024} National electricity sales data come from the EIA

20230 ® 1 F gl A~ A St SOGNROAGE alfSa RFEdGF o0& ABEIYR 02
Islandlevel data was aggregated by county to estimate codetel emissions.
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Substitution of Ozone Depleting Substances

Emissions from mobile afronditioning systems were estimated by apportioning national emissions

from the U.S. InventornygPA2024ty (12 SI OK O2dzyié ol aSR 2y GKS NI GA?Z2
NBIAAUGNrGA2ya TFTNRBY (KS { GB8) to8.Sahiclé registratiohsifrorsthell I . 2 2
U.S. Department of Transportation, Federal Highway Administration (R2&8\ County emissions

from other airconditioning systems (i.e., air conditioning systems excluding mobile air conditioners)

were estimated by apportioning national emissions from the U.S. Invenihi 2024fto each county

based on the ratio of the number of housegwair conditioners in each county to the number of

houses with air conditioners in the U.S. The number of houses in each county with air conditioners was
estimated by apportioning the total number of houses with air conditioners in hot and humid climate
rSaAA2ya Ay (GKS ' yAGSR {41 03S&a dzaAy3d 9L! Q&d HANDI HAM
(EIA 2013; EIA 2018; R2822). For the remaining subategories, national emissions from the U.S.

Inventory EPA 2024pwere apportioned to each county8aS R 2y (G KS NI A2 2F GKS
from DBEDT20249 to U.S. population from the U.S. Census Bu(28a3).

O

AFOLU

Enteric Fermentation

Countylevel population data for total cattle, beef cattle, swine, and chickens were obtained from USDA
NASS. Countevel cattle population data were used to apportion stééeel cattle population data

from the U.S. Inventory (EPA 2024b)ach county, using the methodology describe&étction5.1

The years with countievel data available for these animal types varied based on the animal type and
county, with 2@2 being the most recent year that countgvel data were available. Population

estimates for years and animal types with no data were estimated based onletetiedata. Emissions
were calculated based on population data using the methodology descrilfgecion5.1.

Countylevel population data for sheep, goats, and horses were obtained from the USDA Census of
Agriculture which is compiled every five years. For years without population data, population data were
extrapolated or interpolated based on available data. Emissions were calculated based on population
data using the methodology describedSections.1.

Manure Management

Countylevel population data for total cattle, beef cattle and swine were obtained from USDA NASS.
Countylevel cattle population data were used to apportion stédeel cattle population data fror.S.
Inventory (EPA 2024b) each county, using the methodology describe&éttion5.2. The years with
county-level data available for these animal types varied widely based on the animal type and county,
with 2022 being the most recent year that countgvel data were available. Population estimates for
years and animal types with no data were estimated based on-#tatd data. Emissions were

calculated based on population data using the methodology describ8ddtion5.2.
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Countylevel population data for sheep, goats and horses were obtained from the USDA Census of
Agriculture,which is compiled every five years. For years without population data, population data
extrapolated or interpolated based on available data. Emissions were calculated based on population
data using the methodology describedSections.2.

Agricultural Soil Management

Countylevel annual sugarcane area and production estimates for the years 1990 tpZJ7and
2022were obtained directly from USDA NASS. Between 2007 and 2017, deueitgcreagesvere
estimated based on the average proportion of coulgtyel area (or production) to statievel area (or
production) for sugarcane over the ftilneseries Sugarcane area and production was zeroed out in

HaMy FYR 2yéFNR RdzS G2 (GKS Of2adzaNB 2F GKS flad

pineapples, sweet gatoes, ginger root, taro, and corn for grain), coutgyel data were obtained from
the USDA Census of Agriculture, which is compiled every five years. For crops for which an average
proportion was not available due to limited years of data, the ratiomfnty-level data to statdevel

data in2022(or the most recent year available) was used. Emissions from céewvdycrop data were
estimated using the methodology describeddaction5.3.

Statelevel synthetic and organic fertilizer N application data were allocated to each county based on

percent cropland by county by year. Agricultural land use by county was obtained from Agricultural Land

a dz

rasS albLlld o6l glA~A {GF@8) GRBAOS AF mitpthhy V¥ RIGKBMpP Y A

and2022) for 2015 and 2020. Agricultural land use by county for the years 1990 and 1991 were proxied

to 1992, years 1993 through 2014 were interpolateted on 1992 and 2015 datand years 2016
2019 were interpolated between 2018nd2020.Agricultural land use by county for 2021 and beyond
was proxied to 202Emissions were then estimated using the methodology describ&gdtions.3.

Animal population data were used to calculate the N inputs to agricultural soils from pasture, range, and

paddock manure from all animals. Cowttyel population data for total cattle, beef cattle and swine
were obtained from USDA NASS. Cotdetyl catte population data were used to apportion statvel
cattle population data fronthe U.S. Inventory (EPA 2024b)ach county, using the methodology
described irSection5.1. The years with countievel data available varied widely based on the animal
type and county, with 282 being the most recent year that countgvel data were available. County
level population estimates for years and animal types with no data were estimated based ciestdte
data. Countylevel population data for sheep, goats and horses were obtairad the USDA Census of

Agriculture, which is compiled every five years. For years without population data, population data were

extrapolated or interpolated based on available data. Emissions were calculated based on population
data using the methodology deribed inSections.3.

Field Burning of Agricultural Residues

Countylevel annual sugarcane area and production estimates for the years 1990 to 2007 were obtained

directly from USDA NASS and for yedt7%0om the USDA Census of Agriculture. Between 2007 and
2017, countylevel data were estimated based on the average proportion of celewsl area (or
production) to statelevel area (or production) for sugarcane over the tinlleseries Sugarcane area
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and production was zeroed out in 2018 and onward due to the closure of the last sugarcane mill in
I gl A~Ad 9YAAaAA2YA 6SNB GKSy Sa%éctiohsdSR dzaAy3d GKS

Urea Application

Statelevelurea fertilizer application datavere allocated to each county based on the percent of

cropland area by county by year. Agricultural land use by county was obtained from Agricultural Land

'aS al LA ol kgl A~A {GFGS hFFAOS 2F tfl yyaidgoa2) Hamp O
for 2015 and 2020Agricultural land use by county for the years 1990 and 1991 were proxied to 1992,

years 1993 through 2014 were interpolatbdsed on 1992 and 2015 datnd years 201t 2019were
interpolated between 2015 and 2028gricultural landuse by county for the 2021 and beyond was

proxied to 2020Emissions were then estimated using the methodology describ&eadtions.5.

Agricultural Soil Carbon

Emissions from agricultural soil carbon were estimated using the methodology descriBections.6

and allocated to each county based on the percent area of cropland and percent area of grassland by
county by year. Agricultural land use by county was obtained Wé&8S Census data for the years 2002,
2007, 2012, 2017, and 2022 (NASS 2024). The NASS data was then converted into a percent of state
agricultural area by county which was thenerpolated throughout theimeseriesbased on available

data. Agricultural land use by county prior to 2002 and beyond was proxied to 2002.

Forest Fires

Emissions from forest fires were estimated using the methodology descrilfekction5.7 and
allocated to each county based on the share of forest and shrubland area in each county relative to total
forest and shrubland area in the state (DBEDT420ROAACCAP 2000, Selmants et al. 2017).

Landfilled Yard Trimmings and Food Scraps

Carbon sequestration in landfilled yard trimmings and food scraps were estimated using the
methodology described iBection5.8and allocated to each county based on the ratio of county
population to state population (DBEDT 2@

Urban Trees

Urban tree cover by county was estimated based on urbanized area and cluster data in 1990, 2000,
2010 and2020from the U.S. Census and percent tree cdwecounty fromthe NLCD, as described in
section 4.9 Censuglefined urbanized areas were mapped to theispective county to establish
county-level urban area estimates. Then, cowgyel urban area estimatesnd urban tree cover %

were interpolated and extrapolated throughout thieneseriesbased on available data, as described in
Urban TreeglPCC Source Category 3B®A) sinks were calculated based on urban tree cover and

| I ¢ kspeCifit sequestration rates, as descrilbe®ectiorb.9Urban TreegIPCC Source Category
3B5a)
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Forest Carbon

Carbon sequestration in forests and shrubland were estimated using the methodology described in

Forest CarbolPCC Source Category 3Bda] allocated to each county based on forest and shrubland

area data by island from DBEDT (282 Countylevel emissions estimates were then calculated as the

sum of each island inthe county. ZDA y1 a 6 SNB Ol f Gspetificfo®R andzhiulylaBd | | ¢ A~
sequestration rates (Selmants et al. 2017), as describ8edation5.10.

Waste

Landfills
Landfill emissions were calculated for each county using the methodology descriBedtion6.1.

Composting

Composting emissions were calculated based on per capita rates of composting per year by county,
which were providedby I g A~ A Q& 5SLI NIYSydG 2F | SFEGK 61 FégF A~ A

Wastewater Treatment

Wastewater treatment emissions were calculated for each island using the methodology described in
Section6.3; countylevel emissions estimates were calculated as the sum of each island in the.county
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Appendix E. | I g AdMinkstrative Rulg(HAR Facility Data

I I ¢ [Adminfstrative Rule (HAR) affected facilitieters to large existing stationary sources with

potential GHG emissions at or above 100,000 tons efEgOper yeas: These facilities are subject to an

annual facilityg A RS DI D SYAaaizya OFLI 2F mc LISNODSyid o6St2s
alternate approved baseline) GHG emission levels to be achieved by January 4n@@28intained

thereafter. Table D1 summarizes reported GHG emissions for the HAR affected facilities from 2010 to

2022. 2020 reported emissions have been included for comparison purposes and are based on data
FNRY GKS 9t! Qa DI Dwt 69t! HanHnOO P liy-KpSeifiidomt S | a2
emissions cap and the calculated difference between the cap and reported emissions for 2020. This

table includes stationary combustion emissions from electric power plants, petroleum refineries, and
industrial facilities as well as fuiyie emissions from petroleum refinerieBiogenic C&emissions from

HAR affected facilities are not presented, as these emissions are excluded from the annuafiaeility

GHG emissioncap.KS | I gF A~ A ! RYAYAAGNY (A BSrpevditinge RAOGI GS
developed using the GWPs published in Tabletéd subpart A of 40 CFR 98 which is in alignment with

GHGRP reporting. These GWPs are AR4 GWPs aeldtbdtAR facility emissions totals are reported

here using AR4 GWPs for consistency.

Sl gl A~ A | RYA Chaptér NBO, a@itablenodtiheSat =
http://health.Hawaii.gov/cab/files/2014/07/HAR 160 I-typed.pdf excludes municipal waste combustion
operations and conditionally exempts municipal solid waste landfills.
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http://health.hawaii.gov/cab/files/2014/07/HAR_11-60_1-typed.pdf

Table D1: Reported HAR Affected Facility Emissions (excluding biogenie@@sions) (MMTCQ Eq.)

Inventory §
HAR Affected Facility (Ing)CtgLurce é
Category )
L O0{ 1 FalA"A Energy Ind_ustries
(1A1ai) 153 1.68| 1.82| 1.69| 1.77 1.64| 1.93| 1.47| 1.29 1.31| 1.19| 1.07| 0.64 1.28| 0.09
I n Y n Erzigy Energy Industries
Partners (1A1ai) 0.17| 0.13| 0.14| 0.10| 0.11| 0.13| 0.09| 0.09| 0.16| 0.22| 0.12| 0.10| 0.10| 0.14, 0.02
Hawaiian Commercial & Industrial (1A2)
Sugar Company 0.14| 0.13| 0.12| 0.15| 0.14| 0.12| 0.04 + +| NO| NO| NO| NO| NA NA
HELCO Kanoelehua Hill| Energy Industries
Generation Station (1A1ai) 0.20| 0.19| 0.17| 0.17| 0.17| 0.18 | 0.23| 0.18| 0.16| 0.18| 0.18| 0.15| 0.18| 0.16| (0.02)
HELCO Keahole Energy Industries
Generating Station (1A1ai) 0.17| 0.18| 0.15| 0.19| 0.21| 0.21| 0.21| 0.22| 0.24| 0.22| 0.27| 0.21| 0.21| 0.22| (0.05)
HELCO Shipman Energy Industries
Generating Statioh (1A1ai) NE| NE, NE| NO| NO| NO| NO| NO| NO|/ NO| NO| NO| NO NA NA
HELCO Puna Generatin¢ Energy Industries
Station (1A1ai) 0.09| 0.09| 0.08 0.09| 0.05| 0.02| 0.02| 0.02| 0.04| 0.07, 0.06| 0.09| 0.06| 0.03| (0.03)
HECO Waiau Generating Energy Industries
Station (1A1ai) 0.97| 0.88| 0.86, 0.86| 0.88| 1.01| 0.80| 0.81| 0.85| 0.86, 0.63| 0.75| 0.79| 0.80, 0.17
HECO Kahe Generating| Energy Industries
Station (1A1ai) 252| 2.63| 241 2.22| 2.13| 2.02| 2.03| 2.01| 2.00| 1.87 1.89| 1.72| 2.02| 2.00, 0.11
HECO Campbell Industri Energy Industries
Park Generating Station (1Alai) NO + + + + + + +| 0.02| 0.14| 0.12| 0.12| 0.13| 0.11| (0.01)
HECO Honolulu Energy Industries
Generating Station (1A1ai) 0.12| 0.10| 0.05| 0.06 +| NO| NO| NO, NO| NO| NO| NO| NO| NA NA
Hu Honua Bioenergy Energy Industries
PepeekedPower Plarit (1A1ai) NO| NO| NO| NO| NO|, NO| NO| NO| NO|, NO| NO| NO| NO NA NA
LA~ A ! RYAYAAGNY GADS wdzZA S 61! wo CLOAfAGE 511Gl 169




HAR Affected Facility

Kalaeloa Cogeneration

Inventory
Sector
(IPCC) Source
Category

Energy Industries

[0
(8]
=
o
S
3]

=

(@]

Plant (1A1ai) 0.95/ 0.99| 091| 0.96| 0.92| 0.95| 0.85| 0.86, 0.88| 0.90| 0.79| 0.84| 0.88| 1.06, 0.27
Yl dz:t ™ A Laft || Energy Industries
Kapaia Power Station (1A1ai) 0.13| 0.12| 0.13| 0.12| 0.13| 0.12| 0.11| 0.11| 0.12| 0.11 0.09| 0.09| 0.11| 0.14, 0.05
YIFdzt ™A Laft |l .
: Energyindustries
Port Allen Generating (1A1ai)
Station 0.15| 0.15| 0.14| 0.14| 0.13| 0.12| 0.08| 0.08| 0.08 0.05| 0.03| 0.03| 0.03| 0.09| 0.06
MECO Kahului Energy Industries
Generating Station (1A1ai) 0.21| 0.19| 0.18| 0.13| 0.14| 0.11| 0.14| 0.18| 0.17| 0.18| 0.15| 0.15| 0.18| 0.14 (0.01)
MECO Maalaea Energy Industries
Generating Station (1A1ai) 0.56| 0.55| 0.52| 0.49| 0.46| 0.49| 0.48| 0.48| 0.47| 0.49 0.38| 0.43| 0.46| 0.42, 0.04
MECO Palaau Generatin Energy Industries
Station (1A1ai) 0.03| 0.03| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| (0.00)
Energy Industries
, (1A1ai) 0.34| 0.35| 0.34| 0.30| 0.32| 0.33| 0.31| 0.31| 0.34| 0.21, 0.09 + + 0.29| 0.20
Par West Refinefy .
Oil andNatural
Gas (1B2) 0.19| 0.21| 0.23| 0.16| 0.21| 0.19| 0.19| 0.17| 0.18 + + +| NO| NA NA
Energy Industries
, (1A1ai) 0.44| 0.45| 041 0.26| 0.43| 0.44| 0.43| 0.47| 0.48| 0.48 0.44| 0.51| 0.49| 0.62, 0.18
Par East Refinery .
Oil andNatural
Gas (1B2) 0.12| 0.13| 0.12| 0.07| 0.13| 0.11| 0.09| 0.13| 0.12| 0.11| 0.09| 0.10| 0.09| NA NA
Energy Industries Subtotal 8.58| 8.72| 835| 781 7.87| 7.81| 7.74 7.32| 7.31| 7.29| 6.45 6.30| 6.31| 7.52| 1.07
Industrial SubtotaP 0.14| 0.13| 0.12| 0.15| 0.14| 0.12| 0.04 + +| NO| NO| NO| NO| NA NA
Oil and Natural Gas Subtotal 0.32| 0.34| 0.34| 0.24| 0.34| 0.30| 0.29 0.30| 0.30| 0.11| 0.09  0.10| 0.09| NA NA
Total 9.04| 9.19| 8.82| 8.19| 8.36| 8.23| 8.06, 7.62| 7.61| 7.40| 6.54| 6.39| 6.41| 7.52 0.98

aThe Hawaiian Commercial & Sugar Company plant closed in December 2016.

®The HELCO Shipman Generating Station was deactivated in 2012 and closed at the end of 2015.
¢The HECO Honolulu Generating Station was deactivated in January 2014.
4The Hu Honua Bioenergy, LLC Pepeekeo Power Plant is currently under development. Once the plant becomes operationslaestiierpected to not

occur, based on the definitions set forth in administrative rules, because the plant will use bicsritssfual source.
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€ Par West Refinery shut down in 2020, facility equipment remained running in 2021, but fully closed in 2022.

fPar West Refinery was previously known as Island Energy Services Refinery and prior to that, as the Chevron Products Edinpahy A wWSFTFAYSNEBET GKS
WSTAYSNE ¢l & LINBOA2dzate 1y26y |a (§KS wSTAy BeNdent FriergyPet®laumRefinetyKn 2018818 Islardra £ @ 61 &
Energy Services refinery ceased refinery operations and converted to an import terminal (Mai 2018).

9Sector subtotals presented in this table, which are based on falgligl data, differ from the estimates by ene sector presented in this report, which are

adjusted to ensure consistency with how SEDS allocates data bysenskctor. In addition, ghdata in this table only represent emissions from HAR facilities and

may not represent total statewide emissions.

+ Does not exceed 0.005 MMT £ED,.;NO (emissions ardot Occurring);NA (emissions ariot Applicable).

Note: Totals may not sum due to independent rounding

Additionally,HARaffected fadities have the option to combine the emissions from multipéatnering facilitiesand be regulated by eombined cap.
Hawal A KI & G KNBS &S i aachgraphicallydidivy BitNheir BapstifFighreEiduieR 1S igureE-2, andFigureE3.
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FigureE1: Independent PowelProducers and Hawaiian Electric Partnering Facilities

80000
D000O
Mau i El e(®Me¢ cjoMa adoaea Generating Statdi
Ma u i El e(Me c)oKea hCuol u i Generating Stat
60000
mmmHawaii El ec(Hreil)cPuingh Ge@Ger ating Stat
mmmHawaii El ec(Hreillckeiahplolt eC&enerating ¢
0000 mmmHawaii El ec(Hreilickainglkel eBaa Hill Gen
mmmHawaiian El ecile ¢ cWaGoamp &Geyner ati ng S
=2
g mmmHawai i an El ecHepKkalem@amegrati ng St g
60000
- mmmMaui EI| e(beécjoPcalCoau Generating Stati
=
mmmHawai i an El eclHepbdo@GompanoyGeneratin
80000 mmmHawai i an El eclHepGa@epmphhylndustri al
Station
mmmial ael oa Cogeneration Pl ant
20000 mmmHamakua Energy Partners
mmmAES Hawai i I nc
e=| ndependent Power Producers and Ha
D000O

2010 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022

LA~ A ! RYAYAAGNY GADS wdzZA S 61! wo CLOAfAGE 511Gl 172



FigureE2: Par Hawaii Refinery, LLC Partnering Facilities
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Note: In this stackedirea chart emissions fronPar West Refinergeganin 2018and ended ir2021.
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FigureE-3: Kauai Island Utility Cooperative Partnering Facilities
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Appendix F. Activity Data

Thisappendix summarizes activity data used to develop the inventory presentédineport.

Energy

TableR1: Stationary Fuel Consumption by Fuel Type, Economic Sector, and Year (Bbtu)

Sector/Fuel Type 2016 2017 2018 2019 2020 2021 2022
Residential
Diesel Fuel 2 1 19 1 2 0 1 0 0 0 1 1
Propane 217 584 480 919 505 691 580 455 495 472 590 570
Natural Gas 605 535 528 529 562 560 558 567 529 553 551 535
Wood and Waste 0 32 172 367 14 10 32 23 23 18 17 17
Commercial
Diesel Fuel 2,636 2,237| 1,629| 1,528| 1,298 904 | 1,181 1,361 1,823| 1,298 1,341, 1,279
Motor Gasoliné 310 62 60 58 1,452 1,473 1,495 1,521 1,527 1,534 1,547 1,597
Propane 359 965 857 | 2,041 2,319| 2,327 3,025| 2,843| 3,085 2,803| 3,444| 3,210
Residual Fuel 5,189 18 3 0 0 0 0 0 0 0 0 0
Natural Gas 2,379 1,905| 1,904, 1,848 1,874, 2,339| 2,385| 2,501| 2,464| 1,626 1,874 2,099
Ethanol 0 1 2 3 111 112 115 117 119 121 123 127
Wood and Waste 0| 3,553| 2,350| 2,945| 3,185| 3,734| 3553| 3,805 3517, 3,275/ 3,183| 3,183
Other Fuel% 1 0 0 0 0 0 0 0 0 0 0 0
Industrial°
Coal 695| 1,411 1,795 1,415 1,136 271 0 0 0 0 0 0
Diesel Fuel 4,222 2977| 2,606| 1,882 1,851 939| 1,789| 1,515 2,191 1,988 1,641| 1,658
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Sector/Fuel Type 1990 2005 \ 2007 \ 2010 2015 2016 2017 2018 2019 2020 2021 2022
Motor Gasoliné 701 676 | 1,216 684| 1,335, 1,320f 1,329| 1,373| 1,374 1,386| 1,248 1,352
Propane 53 48 198 199 27 33 217 408 105 90 144 147
Residual Fuel 10,942| 4,912 2,690 2,834 1,876| 2565| 3,233 2,797| 2,487 0| 2910| 2,982
Natural Gas 0 455 521 353 434 81 83 87 89 76 95 83
Ethanol 0 14 37 40 102 100 103 105 107 109 99 108
Wood and Waste| 18,159 68| 5,447 4,392| 3,169| 3,360 68 68 68 68 68 68
Other Fuel’ 2,653 1,425 169| 5,349| 4,404, 2917 2,791| 2,310| 1,994 1,889| 2,328 2,332

Energy Industries
Coal 26| 15,095| 15,313| 15,702| 14,495| 16,160, 14,948| 14,367| 14,179| 13,281| 12,566| 7,680
Diesel Fuel 9,747| 15,035| 13,377| 12,971| 12,297| 11,726| 12,053| 12,407| 13,344| 12,633| 12,553| 13,749
Residual Fuel 77,780 71,070 71,832| 65,157| 54,987| 53,197| 52,777| 52,790| 52,678 48,786| 48,461| 53,293
Fuel Gas 0| 1,763| 1,763 2,503| 3,793| 3,160 3,991 5599| 4,391| 3,324| 3,953| 3,957
Biodiesed 0 1 25 130 867 643 907 703 469 255 223 156
Wood and Waste| 7,765| 1,762 0 40 853| 1,076| 1,762 1,456, 1,297 1,062 1,368| 1,368
Other Fuel’ (2,905) 100 573 241 | (148) 67 605 231| 1,060, 1,127 259 (3)
Naphth& 0| 4,065 4,065 4,419| 6,240| 5,413, 5,579| 6,515| 7,558| 4,156 4,475| 4,870

a2The motor gasoline consumption totals by enske sector, as provided by SEDS, include ethanol blended into motor gasoline. Ethanol was subtracted from

the motor gasoline totals and is presented separately in the table.

®Qther fuels includasphalt and road oil, kerosene, lubricants, waxes, aviation gasoline blending components, aviation gasoline blending t®ambnen

unfinished oils.

Cc

°cCdz8t DFa&a RFEGlF 6SNB 200GFAYSR FNRBY 9t! Qa DI Dwt 09t ! aEg Fuel@ensum@iolinBhotmwaZ HAMpP =
estimated by backalculating emissions using the corresponding naphtha emissions factor from the U.S. Inventory (EPA 2024b).

dBiodieseRI i ¢SNB 200l AYySR FNBY 9t! Qa DI Dwt 069t ! HnwBEORuel doasNdption im BbtulwgsR HAamc |y
estimated by bacikalculating emissions using the corresponding biodiesel emissions factor from the U.S. Inventory (EPA 2024b).

ep I LIKGKF RFEGF 6SNB 20iGFAYSR FTNRBY 9t! Qa DI Dwt 69t ! H g Puel cohsuption mBbtEwast n mp = |
estimated by bacikalculating emissions using the corresponding naphtha emissions factor from the U.S. Inventory (EPA 2024b). Naphthaatdtanedre

from DBEDT (2008a) for 1990 and 2007 in Bbtu.

Sources: EIA (2024a); EPA (2024b); DBEDT (2008a).

Note: Parentheses indicate negative values.

Activity Data 176



TableR2: Transportation Fuel Consumption by Fuel Type, Mode, and YBatu)

Mode/Fuel Type = 1990 = 2005 2007 & 2010 2015 2016 2017 2018 2019 2020 2021 2022

Aviation
Aviation
Gasoline 1,375 224 206 188 47 35 50 109 158 119 55 57
Jet Fuel
Kerosené 70,406| 103,698| 80,796| 67,057| 78,891| 80,535| 85,820| 87,073| 88,949| 45,174| 67,252| 77,684
Ground
DieselFuef 9,674| 13,759| 16,096 10,412| 10,511| 8,785| 8,384| 9,306/ 8,151| 6,240| 5,995| 5,400
Motor Gasoliné | 39,916 55,034 55,301| 47,059| 49072 | 49,902| 49,515| 47,813| 48,286| 37,337| 42,825| 43,034
Propane 49 57 48 13 17 17 0 0 0 0 0 0
Natural Gas 0 3 3 2 2 2 2 2 0 1 2 0
Ethanol 0 1,176| 1,699 2,742| 3,765| 3,787 3,821 3,717| 3,804| 2,942| 3,401| 3,430
Biodiesel 0 58 204 38 0 584 576 699 558 566 984 | 1,017
Marine
DieselFuef 5,771 8,241 9,601 6,061 627 973 772 819| 1,098| 1,097 434| 1,880
Motor Gasoliné 18 35 35 43 54 23 25 722 464 45 31 22
Residual Fuel 15,897 7,049| 28,069| 6,756| 4,394 5,091| 7,215| 6,443| 8,299 4,796| 7,505 7,690
Ethanol 0 0 0 3 4 1 1 2 2 1 1 1
Military Aviation
Aviation
Gasoline 0 0 0 + + + + + + + + +
JetFuel
Kerosené 1,969| 14,102 10,987 9,119| 11,043| 10,952| 11,671| 11,841| 12,096| 6,143| 9,146| 10,564
Naphthd 17,786 0 0 0 0 0 0 0 0 0 0 0
Military Non-Aviation
Diesel Fuél 4,929 205| 10,428| 6,738 669 | 2,202| 2,632| 4,199| 2,181| 4,255| 4,255| 4,255
Motor Gasoline 4 597 0 0 0 0 0 0 0 0 0 0 0
Residual Fuel 806 0 0 0 0 0 0 0 0 0 0 0
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+ Does not exceed 0.5 Bbtu.

aSEDS jet fuel consumption was apportioned between aviation and military aviation based on the breakout of the data bglB&EDT (2008a) into

military aviation and nosmilitary aviation. For 1990, a portion of jet fuel consumption was allocated litanyi aviation naphtha consumption based on direct
communication with EIA (2019).

bSEDS diesel consumption was apportioned between ground, marine, and militagviation based on the breakout of the data collected by DBEDT (2008a)
by enduse sector. Biodiesel consumption data collected by DBEDT (2024a) was subtracted from theseE&Has the SEDS data includes biodiesel.

¢The motor gasoline consumption totals by ease sector, as provided by SEDS, include ethanol blended into motor gasoline. Ethanol was subtracted from the
motor gasoline totals and is presented separately in the table.

dBiodiesel data was collected by DBEDT (2024a).

€1990 residual fuel data from SEDS were apportioned between marine and militaigviation based on military residual fuel data obtained from EIA Fuel Oil
and Kerosene Sales (EIA 2019).

fMilitary aviation naphtha consumption was obtained from direct communication with EIA (2019).

Sources: EIA (2024a); EIA (2019); DBEDT (2024a).

TableFR-3: Share of Consumption Used for NdEnergy Uses (%)

Fuel Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Industrial

Coal 05%| 0.9%| 0.9%| 1.0%| 13%| 1.4%| 15%| 16%| 1.8%| 2.1% 21%| 21%
Asphalt and

Road Oil | 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
Propane 74.2%| 80.1%| 79.5%| 87.1%| 88.8%| 86.6%| 86.9%| 86.7%| 84.6%| 85.2%| 85.6%| 85.1%
Lubricants | 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
Diesel Fuel | 0.6%| 1.4%| 12%| 05% 0.6% 06% 06% 05% 05% 06% 06% 06%

Transportation

Lubricants ‘ 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%| 100.0%
SourceEPA (2024c
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TableF4: NonEnergy Use Consumption (Bbtu)

1990

Fuel Type

2005 | 2007

2010 2015 | 2016 2017 2018 2019 2020 2021 2022
Industrial
Coal 3 12 17 13 15 4 0 0 0 0 0 0
Diesel Fuel 27 42 32 10 10 6 11 8 12 12 10 9
Propane 39 38 157 173 24 29 189 354 89 77 123 125
Other Fuel® 2,652| 1,424 169| 5,349| 4,404, 2,917 2,791| 2,310 1,994| 1,889| 2,328| 2,332
Aviation
Other Fuels | 214] 184| 185| 14| 45| 51| 44| 60| 105] 63| 97| 89
Ground Transportation
Other Fuels | 187 161| 162| 383] 382 330| 308 =281 250] 211 221 234
Marine Transportation
Other Fuels | 61| s3] s3] 66| 27| 22| 22| 20| 16| 8| 3] 13
aOther fuels include asphalt and road oil, lubricants, and waxes.
Sources: EIA (2024a), EPA (2024c).
TableFR5: Derived Consumption Data Used to Apportion Jet Fael G G2 LY GSNYFGA2yFf . dzy{SN) CdzSfta& oWnnn DIFf £

Aviation Miles 1990 ‘ 2005 2007 ‘ 2010 ‘ 2015 2016 2017 2018 2019 2020 2021 2022
International 7,336 9,741 9,817| 9,536| 16,309| 17,189| 18,000| 18,434| 18,461| 6,771 5,018 10,709
Domestic 18,137| 41,485| 45,938| 41,106| 47,903| 50,474| 50,472| 55,849| 59,688| 32,123| 72,321| 69,358
International Share 28.8%| 19.0%| 17.6%| 18.8%| 25.4%| 25.4%| 26.3%| 24.8%| 23.6%| 17.4%| 6.5%| 13.4%
Domestic Share 71.2%| 81.0%| 82.4%| 81.2%| 74.6%| 74.6%| 73.7%| 75.2%| 76.4%| 82.6%| 93.5%| 86.6%

NotesY

| 2y &dzYLIGA2y RFGF

FNE FTNRY TfA3IKGA

2NRAIAYLF GAYy 3 Ay aré donsiteket domest@ivhild K a & A
flights with an international destination are consideriadernational.
Source: DOT (2022a).
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TableF6: International Bunker Fuel Consumption by Fuel Type, Mode, and Year (Bbtu)

Mode/Fuel Type 1990 2005 ‘ 2007 ‘ 2010 2015 2016 2017 2018 2019 2020 2021 2022

Aviation?
Jet Fuel
Kerosene 20,277| 19,718 14,226| 12,627| 20,037| 20,459| 22,560| 21,608| 21,012| 7,864| 4,363| 10,390
Marine®
Diesel Fuel 944 | 1,263 251| 2,398| 1,084 461| 1,191, 2,095 1,095/ 1,350| 1,043| 1,038
Residual Fuel 465 9,190 425 2,826 247 323 405 590 435 166 26 3

aCalculated based on domestic and international flight mileage data from DOT (2022a).

bObtained directly from the Census Bureau (DOC 2005, 2007, 2010, 2015 through 2022). Data are provided in barrels, tteehtoayallems using a

conversion factor of 42 gallons per barrel before being converted to Bbtu using a conversion factor #80.808u per gallon. For 1990, marine bunker fuel
O2yadzYLiAzy ol a SadAYFGSR o0FasSR 2y GKS NIGA2 1A Al @2 K& dz6EISAFENID 2 | @2 &F
bunker fuel). National marine bunker fuel consuiop was obtained from the U.S. Inventory (EPA 2024b).

Source: EIA (2024a), DOT (2022a), DOC (2005, 2007, 2010, 2015 througeRPAZ2N24b).

IPPU

TableR7: Clinker production by Year (MT)

‘ 1990 2005 2007 ‘ 2010 2015 2016 2017 2018 2019 2020 2021 2022

Clinker
Production 195,044 0 0 0 0 0 0 0 0 0 0 0
Source: Wurlitzer (2008). Cement production ende@001.

TableFR8: Electricity Sales by Year (million MWh)

1990 2005 2007 ‘ 2010 2015 2016 2017 2018 2019 2020 2021 2022
I gl A 8.3 10.5 10.6 10.0 9.4 9.3 9.1 9.1 9.2 8.5 8.7 8.8

u.S. 2,712.6| 3,661.0| 3,764.6| 3,754.8| 3,759.0| 3,762.5| 3,723.4| 3,859.2| 3,811.2| 3,717.7| 3,805.9| 3,927.2
{ 2dzNDOSayY 9L! OHnHOlFUO O ®{ ®OT 5.95¢ OHAHOUL Ol F@GFIA"AOD
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TableF9: Registered Vehicles by Year (thousands)

1990 2005 2007 \ 2010 2015 2016 2017 2018 AONKS) 2020 2021 2022
I &1l 870.7| 1,091.3| 1,103.8| 1,086.2| 1,193.9| 1,194.7| 1,213.1| 1,219.6| 1,232.9| 1,190.5| 1,188.4| 1,207.8
u.S. 188,170.9| 240,386.9| 246,430.2| 241,214.5| 254,120.4| 259,143.5| 262,782.5| 263,943.8| 266,899.8| 266,578.6| 271,534.4| 272,879.2
{ 2dzNDOSaY Cl2! 6HAHOO 6! d{ HPOT 5.95¢ O6HANHOUL Ol FGFA~ALOD

TableR10: U.S. GHG Emissions by Year (MMt E®)

Source 1990 2005 2007 2010 2018 2019 2020 2021 2022
Cars and Trucks A/C ODS

Substitutes 0.00| 61.53| 62.91| 59.22| 37.22| 34.01| 30.67| 28.66| 26.64| 24.63| 22.85| 20.79
Other A/C ODS Substitutes| 0.02 2.96 4,94 9.46| 22.08| 25.36| 28.84| 32.43| 35.99| 40.12| 48.79| 54.04
Other ODS Substitutes 0.24| 34.98| 45.24| 69.12| 94.79| 96.48| 96.69| 96.79| 99.47| 101.48| 101.03| 103.30
Electrical Transmission and

Distribution 24.70| 11.90| 10.20 7.80 5.30 5.40 5.30 5.00 6.10 5.90 6.00 5.10

Source: EPA (2024b).

AFOLU

TableF11: Animal Population by Animal Type, Year (Thousand Head)

Animal Type 2005/ 2007 2010 2015 2016 2017 2018 2019 2020 2021

Cattle 198.8| 157.8| 159.3| 149.1| 128.9| 136.2| 138.1| 139.5| 139.7| 135.7| 132.9| 1439

Dairy Cattle 22.8 10.7 6.8 3.7 4.3 4.3 4.6 41 3.3 2.1 2.5 2.2

Dairy Cows 11.0 5.7 3.8 1.8 2.2 2.2 2.4 2.0 1.5 0.7 0.7 0.8

Dairy Replacement

Heifers 5.9 2.0 1.0 1.0 1.0 1.0 1.0 1.1 1.0 1.0 1.0 1.0
7-11 months 1.7 0.6 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
12-23 months 4.2 1.4 0.7 0.7 0.7 0.7 0.7 0.8 0.7 0.7 0.7 0.7
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Animal Type 2007 2010 2015 2016
Dairy Calves 5.9 2.9 2.0 0.9 1.1 1.1 1.2 1.0 0.8 0.4 0.8 0.4
Beef Cattle 176.0| 147.1| 152.6| 145.4| 1245| 131.9| 1335| 1354 136.4| 133.7| 130.4| 1417
Beef Cows 750| 813| 852| 812| 688 728 736| 750| 755| 753| 722| 79.2
BeefReplacement
Heifers 12.8| 12.1| 11.9 9.5 8.9 9.2 10.4 9.3 10.4 8.7 9.7 10.9
7-11 months 3.8 3.6 3.5 2.7 2.7 2.7 3.0 2.8 3.0 2.6 2.9 2.9
12-23 months 9.0 8.4 8.4 6.7 6.2 6.5 7.3 6.5 7.3 6.2 6.8 8.0
Other Beef Heifers 17.6 2.8 2.7 3.5 2.9 3.0 2.4 2.6 2.5 2.7 2.4 2.4
Heifer Stockers 13.0 2.6 25 3.1 2.6 2.7 2.1 2.2 2.1 2.3 2.1 2.0
Heifer Feedlot 4.7 0.2 0.2 0.4 0.3 0.3 0.3 0.4 0.4 0.4 0.3 0.4
Steers 26.5 3.9 43 4.7 4.8 5.3 5.5 5.9 5.6 5.3 5.9 4.8
Steer Stockers 17.3 35 3.9 4.0 4.3 4.7 4.8 5.1 4.9 4.6 5.2 4.1
Steer Feedlot 9.2 0.4 0.4 0.8 0.5 0.6 0.7 0.8 0.7 0.7 0.7 0.7
Beef Calves 39.1| 421| 434| 415| 352| 375 37.6| 387| 385| 376/ 367 40.3
Bulls 5.0 5.0 5.0 5.0 4.0 4.0 4.0 4.0 4.0 4.0 3.6 4.0
Sheep and Lambs 22.5 21.4 22.4 22.1 25.1 26.1 27.2 25.4 25.7 26.0 26.3 21.5
Goats 3.3 7.6 9.2 11.5| 14.9| 156| 16.2| 17.0| 17.8| 185| 192 123
Swine 36.0| 19.0 15.0| 125 9.0 10.0 8.0 9.0 11.0/ 10.0 9.0 7.0
Horses and ponies 3.8 5.8 6.5 5.7 4.8 4.7 45 5.2 5.2 5.2 5.2 4.3
Chickens 1,487.9| 629.4| 424.6| 368.9| 256.2| 242.6| 2289| 2158| 204.9| 194.7| 1852 171.9
Chickens (excluding
broilers) 1,183.0/ 547.0| 422.5| 366.0| 247.0| 231.0| 216.0| 203.3| 191.3| 179.9| 169.2| 159.2
Broilers 3049 824 2.1 2.9 9.0 10.9 12.8| 125 13.6| 14.8 16.0 12.8
Activity Data 182




Sources: (EPA 2024b) (cattle); (USDA 2024a) (swine); USDA (1989, 1994, 2009, 2014, 2019, and 2024b) [sheep, goaikerepeseschickens (fgrears
1990¢ 2022)].

TableR12: Crop Area by Crop Type, Year (Acres)

Crop Type 1990 \ 2005 \ 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022

Sugarcane for sugar | 72,000( 21,700| 20,400| 15,500| 12,900| 15,500 30 0 0 0 0 0
Pineapples 18,205| 8,358 (D)| 5,986| 4,288| 4,011| 3,752 3,510| 3,283| 3,071| 2,873 (D)
Sweet potatoes 193 296 297 648 878 877 876 976| 1,019 1,063| 1,106 539
Ginger root 300 122 80 64 115 136 157 132 132 132 132 175
Taro 462 548 535 503 489 492 495 463 457 450 444 557
Corn for grain 0 3,622| 3,115| 4,365| 5,019| 4,959| 4,899| 5,443| 5,580| 5,718| 5,855| 2,176
Seed production 900| 3,680| 4,260, 6,500 4,260 3,980| 4,090| 3,030| 2,790| 2,360| 2,240| 2,235

Sources: USDA (2018b) (sugarcane); USDA (1989, 19942Q0D8092019, and 2024b) (pineapples, sweet potatoes, ginger root, taro, and corn for grain); USDA
(2004b, 2015, 2022) (seed production).
(D) data withheld by USDA to avoid disclosing information for individual operations.

TableF13: Crop Production by Crop Type, Year (Thousand Tons)

Crop Type 1990 2005 2007 \ 2010 \ 2015 \ 2016 2017 2018 2019 2020 2021 2022
Sugarcane for sugar | 6,538.0( 1,753.0 (D)| 1,195.0| 1,139.0| 1,336.0 0.4 0.0 0.0 0.0 0.0 (D)
Pineapples 607.3| 257.9 (D)| 185.2| 133.0f 124.5| 116.5| 109.1| 102.1 95.5 89.4| 123.8
Sweet potatoes 1.0 1.2 14 3.1 4.2 4.2 4.2 5.0 5.2 54 57 2.6
Ginger root 4.5 1.8 1.3 0.9 1.6 1.9 2.2 2.0 2.1 2.2 2.4 2.5
Taro 3.5 2.4 2.6 2.1 2.3 2.5 2.7 2.4 2.5 2.5 2.6 3.1
Corn forgrain 0.0 4.4 3.5 7.6 12.9 13.7 14.6 16.1 17.2 18.3 19.4 4.3
Seed production 1.2 4.4 4.8 11.3 10.9 11.0 12.2 9.0 8.6 7.5 7.4 4.4

Sources: USDA (2018b) (sugarcane); USDA (1989, 1994, 2009, 2014, 2019, 2024b) (pineapples, sweet potatoes tgingancbobrn for grain); USDA

(2004b, 2015, 2022) (seed production).
(D) data withheld by USDA to avoid disclosing information for individual operations.
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TableR14: Fertilizer Consumption by Fertilizer Type, Fertilizer Years

el ~nlle; Synthetic Fertilizer

Consumption (kg N)

Consumption (short

tons)
1990 2,638 16,161,178
2005 2,038 12,550,066
2007 2,038 12,550,115
2010 2,002 12,519,269
2015 2,121 13,108,252
2016 2,150 13,277,305
2017 2,112 13,292,183
2018 2,093 13,140,022
2019 2,074 13,089,401
2020 2,055 13,038,780
2021 2,036 12,988,160
2022 2,018 12,988,160

SourcesTVA (1991 through994) (urea fertilizer); AAPFCO (1995 through 2019) (urea and synthetic fertilizer), EPA (2023a)

TableF15: Wildfire Area Burned by Year (Hectares)

Area Burned 1990 ‘ 2005 2007 ‘ 2010 2015 2016 2017 2018 2019 2020 2021 2022

Area Burned (Hectares) 1,705| 18,753| 15,586 7,987| 5,546| 9,225| 3,427| 13,107| 9,292| 7,997| 18,634| 7,325
Source: Pacific Fire Excharf@eauernicht et al., 2015)

TableF16: Forest and Shrubland Area (Hectares)

Forest and
Shrubland 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022

Area

Forest and

Shrubland Area

(Hectares) 494,360| 485,107| 483,029| 482,769| 484,121| 484,830| 485,301| 453,349| 453,349| 441,726| 441,221| 453,608

Source: DBEDT (2024a).
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TableR17: Forest and Shrubland Area (%)

SO 1990 2005 2007 | 2010 2015 2016 2017 2018 2019 2020 2021 2022
Shrubland Area

Forest 52.0%| 58.5%| 60.9%| 64.5%| 68.4%| 68.4%| 68.4%| 68.4%)| 68.4%| 68.4%)| 68.4%| 68.4%
Shrubland 48.0%| 41.5%| 39.1%| 35.5%| 31.6%| 31.6%| 31.6%| 31.6%| 31.6%| 31.6%| 31.6%| 31.6%

SourcesNOAACCAP (2000); Selmants et(aD17).

TableF18Y | I 6 A~ A [FYRFAEESR I NR ¢NAYYAy3Iad FyR C22R {ON} LA o6i(K2dzalyR akK2NI
Material 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Landfilled Yard
Trimmings 126 48 45 55 54 48 43 53 46 40 41 40
Grass 38 14 14 17 16 15 13 16 14 12 12 12
Leaves 51 19 18 22 22 19 17 21 18 16 16 16
Branches 37 14 13 16 16 14 13 16 14 12 12 12
Food Scraps 85 115 119 136 151 153 153 265 197 185 202 214

Source: EPA (2020).

TableF19Y | F g1 A~ A '2NBFy ! NBlF 01Y

’IArléag S 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Urban Area

(kn?) 757.0 981.7| 1,006.1| 1,042.8| 1,000.7 992.3 983.9 975.5 967.1 958.7 972.7 986.9

SourceslU.S. Census Bureau (1990a, 2002, 2012); Nowak(20ab).

Waste

TableR20: Quantity of MSW Landfilled (MT) in Hawaii by Year

1960 312,381 1981 852,137 2002 822,814
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Year Amount Year Amount Year Amount
1961 336,277 1982 868,330 2003 814,567
1962 360,910 1983 887,551 2004 881,034
1963 372,098 1984 903,600 2005 994,112
1964 394,914 1985 916,714 2006 924,488
1965 410,684 1986 930,154 2007 803,274
1966 428,276 1987 947,296 2008 692,983
1967 450,956 1988 960,756 2009 572,399
1968 473,394 1989 976,832 2010 546,656
1969 500,171 1990 996,000 2011 555,138
1970 530,921 1991 702000 2012 517,978
1971 565,703 1992 702,000 2013 480,571
1972 598,176 1993 980000 2014 500,888
1973 629,328 1994 1,040000 2015 513,907
1974 656,404 1995 827,142 2016 536,847
1975 685,793 1996 889,342 2017 609,923
1976 716,076 1997 851,153 2018 628,535
1977 744,188 1998 763,193 2019 574,249
1978 772,606 1999 759,442 2020 595,765
1979 809,071 2000 780,692 2021 678,570
1980 837,840 2001 817,079 2022 666,930
{2dzNOSaY 1 FgFA"A 5hl O6HAHNOT hdG&adz 6ovnnyOoT 9t! OHnunOLO®

TableR-21: Weight of Composted MSW (MT) per County by Year

I(\Z/fn\?:)osted 1990 2005 2007 2010 2015 2017 2018 2020 2021

I ¢ A~ 22564 | 31,041 34,377/ 38,009 37,097, 59,602 37,629 35538 37,884 36,665 1,139| 34,456

Maui 37,455 | 50,067 | 51,39G | 52,705| 46,637| 46,255| 51,112| 46,087| 51,157 51,768 7,267, 10,872

Honolulu 60,196 | 63,226| 63,506 | 75,163| 65,233| 90,465| 98,608| 100,745 86,412| 95,628 95,544, 83,030
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MSW
' Composted AV

YI dzI = A 12,812‘ 14,869 15,5651 15,547, 22,019| 16,591 14,811 16,548 22,644, 20,236 7,892 22,810

aWeight composted is calculated using a proxyh® nearest year with available data on per capita composting rate.
{2dzNOSY | 6FA"A 5hl OHAHNO®

TableR22: Per Capita Biological Oxygen Demand for Wastewater treatment (kg/person/day) by Island

Island 1990 2005 2007 2015 2016 2020 2021 2022

I g1 A| 0.0615 0.0615 0.0615 0.0059] 0.0052] 0.0054/ 0.0052 0.0046/ 0.0042] 0.0031 0.0026/ 0.0001
Y| dzI - 0.0615] 0.0615 0.0615 0.0001 0.0002 0.0007, 0.0007] 0.0002 0.0002 0.0003 0.0003 0.0002
[ny I~ 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0165 0.0109 0.0059 0.0062] 0.0069 0.0070
Maui 0.0615 0.0615 0.0615 0.0003 0.0003 0.0005 0.0006/ 0.0007] 0.0006 0.0007 0.0008 0.0009

azt21] 0.0615] 0.0615 0.0615 0.0615 0.0615 0.0008 0.0008 0.0010 0.0008 0.0011 0.0019 0.0024
bA~ AK 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615 0.0615

h~ I Kdz 0.0615 0.0615 0.0615 0.0289 0.0264 0.0262 0.0261 0.0247 0.0249 0.0175 0.0174/ 0.0129
{ 2dzNOSayY t NHUzRSNJ 6 H 2048y 2022a, RU22b) 20220k 20524, bnd 8022em T X

TableR23: Fraction of Population not on Septic (percent)

Country | 1990 | 2005 2007 | 2010 2015 2016 2017 = 2018 2019 2020 2021 2022
US 75.6% 78.8% 79.4%| 79.9% 80.1%  81.1%  82.1% 82.9%| 83.6%  84.2%| 84.8% 83.6%

Source: EPA (2024b).

TableR24Y | F 6F A~ A 1 yydzdf tNRGSAY /2yadYLIiAzy 613IkLISNE2YKESHND

| 1990 | 2005 2007 | 2010 2015 2016 2017 = 2018 2019 2020 2021 = 2022
| gk A~ A 43.1| 449 449| 438 443 445 447 449 444 446 446 444

Source: EPA (202%1d
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Appendix G. Emission Factors

Thisappendix summarizes emission factors useddwelop the inventory presented in this report.

Energy

TableG-1: CQ Emission Factors Used to Estimate Emissions from Stationary Fuel Use by Fuel Type, Economic Sector, and Year (Ib C/MMBtu)

Sector/FuelType 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022

Residential
Diesel Fuel 44.47| 4491 4464 4462 4458 4456| 44.56| 4458 4458| 4458 4458 44.58
Propane 37.81| 37.81| 37.81| 3781 3781 37.81| 37.81| 37.81| 37.81| 37.81| 37.81| 37.81
Natural Gas 31.88| 31.88| 31.88| 31.92| 31.81| 31.81| 31.81| 31.81| 31.81| 31.81| 31.81| 31.81
Commercial
Diesel Fuel 44 .47 44 .91 44.64 44.62 44,58 44,56 44,56 44,58 44,58 44,58 44,58 44 .58
Motor Gasoline 42.81| 4259| 43.14| 4275 4244 42.46| 4251 4248| 42.48| 42.48| 42.48| 42.48
Propane 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81
Residual Fuel 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15
Natural Gas 31.88| 31.88| 31.88| 3192 3181 31.81| 31.81| 31.81| 31.81| 31.81| 31.81| 31.81
Other Fuels
Kerosene 44.00| 44.00| 44.00| 44.00| 44.00) 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00
Industrial
Coal 57.19 57.50 57.39 57.43 57.47 57.45 57.50 57.52 57.50 57.58 57.61 57.61
Diesel Fuel 44.47| 44.91| 44.64| 4462 4458 4456| 44.56| 4458| 4458| 4458 4458 4458
Motor Gasoline 42.81| 4259| 43.14| 4275 4244 4246| 4251 42.48| 42.48| 42.48| 42.48| 42.48
Propane 37.81| 37.81| 3781 3781 3781 37.81| 37.81| 37.81| 37.81| 37.81| 37.81| 37.81
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Sector/FuelType 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Residual Fuel 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15
Natural Gas 31.88| 31.88| 31.88| 31.83| 31.83| 31.83| 31.88| 31.88| 31.88| 31.88| 31.88| 31.88
Other Fuels

Asphalt and

Road Oil 45.30| 45.30| 45.30| 45.30| 45.30| 45.30| 45.30| 45.30| 45.30| 45.30| 45.30| 45.30
Kerosene 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00| 44.00
Lubricants 44.53| 4453| 4453| 4453 4453 4453| 4453| 4453| 4453| 4453| 4453| 4453
Waxes 43.64| 43.64| 43.64| 43.64| 43.64| 43.64| 43.64| 43.64| 43.64| 43.64| 43.64| 43.64

Energy Industries
Coal 57.19| 57.50| 57.39| 57.43| 57.47| 57.45| 5750| 5752 5750f 57.58| 57.61| 57.61
Diesel Fuel 4447 44.47| 4447 4447 4447 4447 4447 4447 4447 44.47| 4447 4447
Residual Fuel 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15| 45.15
Fuel Gas 40.12| 40.12| 40.12| 40.12| 40.12| 40.12| 40.12| 40.12| 40.12| 40.12| 40.12| 40.12
Other Fuels

Aviation

Gasoline

Blending

Components 41.60 41.60 41.60 41.60 41.60 41.60 41.60 41.60 41.60 41.60 41.60 41.60
Motor

Gasoline

Blending

Components 42.81| 42.68| 43.12| 4290| 4290| 4290| 42.90| 4290| 42.90| 42.90| 4290| 4290
Unfinished

Oils 4442 44.78| 44.71| 44.78| 44.78| 44.78| 44.78| 44.78| 44.78| 44.78| 44.78| 44.78

Source: EPA (2024b).
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TableG-2: CH and NO Emission Factors Used to Estimate Emissions from Stationary FosslUseidly Fuel
Type and EndUse Sector (g/GJ)

Fuel Type/Sector CH N2O \
Coal
Industrial 10 15
Energy Industries 1 15
Petroleum
Residential 10 0.6
Commercial 10 0.6
Industrial 3 0.6
Energy Industries 3 0.6
Natural Gas
Residential 5 0.1
Commercial 5 0.1
Industrial 1 0.1
Wood
Residential 300 4
Commercial 300 4
Industrial 30 4
Energy Industrieg 30 4

Source: IPCC (2006).

TableG-3: C, Ckl and NO Emission Factors Used to Estim&missions from Biofuel Use by Fuel Type

Fuel Type ¢ CH N:O

(Ib C/MMBtu) (kg/Bbtu) (kg/Bbtu)
Ethanol 41 19 NA
Biodiesel 40 9.5 0.57
Wood? 94 NA NA
Renewable Natural Ga| 52 3.2 0.63

NA (emissions arsot Applicable).
&Methane and MO emission factors for Wood are reportedSource: EPA (2024b).
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TableG-4: CQ Emission Factors Used to Estimate Emissions from-Nahway Vehicles by Fuel Type and Year (Ib C/MMBtu)

Fuel Type 1990 2005 2007 2010 ‘ 2015 ‘ 2016 2017 2018 2019 2020 2021
Aviation
Gasoline 41.58 41.58 41.58 41.58 41.58 41.58 41.58 41.58 41.58 41.58 41.58| 41.58
Diesel Fuel 44 .47 4491 44.64 44.62 44.58 44.56 44.56 44.58 44.58 44.58 44 58| 44.58
Jet Fuel
Kerosene 42.77 43.43 43.43 43.43 43.43 43.43 43.43 43.43 43.43 43.43 43.43| 43.43
Motor Gasoline 42.81 42.59 43.14 42.75 42.44 42.46 4251 42.48 42.48 42.48 42.48| 42.48
Propane 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81 37.81| 37.81
Residual Fuel 45.15 45.15 45.15 45.15 45.15 45.15 45.15 45.15 45.15 45.15 45.15| 45.15
Natural Gas 31.88 31.88 31.88 31.92 31.81 31.81 31.81 31.81 31.81 31.81 31.81| 31.81
Ethanol 41.16 41.16 41.16 41.16 41.16 41.16 41.16 41.16 41.16 41.16 41.16| 41.16
Biodiesel 40.42 40.42 40.42 40.42 40.42 40.42 40.42 40.42 40.42 40.42 40.42| 40.42
Lubricants 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44 53| 44.53
Source: EPA (2024b).
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TableG-5: CH and NO Emission Factors Used to Estimate Emissions from Highway Vehicles by Vehicle Type and
Control Technology (g/mile)

Vehicle Type/Control Technology CH N2O
Gasoline Passenger Cars
EPA Tier 3/ CARB LEV llI 0.0045 0.0012
EPA Tier 2 0.0072 0.0048
CARB LEV I 0.0070 0.0043
CARB LEV 0.0100 0.0205
EPA Tier 1a 0.0271 0.0429
EPA Tier0 a 0.0704 0.0647
Oxidation Catalyst 0.1355 0.0504
Non-Catalyst Control 0.1696 0.0197
Uncontrolled 0.1780 0.0197
Gasoline LighDuty Trucks
EPA Tier 3/ CARB LEV I 0.0065 0.0012
EPA Tier 2 0.0100 0.0025
CARB LEV I 0.0084 0.0057
CARB LEV 0.0148 0.0223
EPA Tier 1a 0.0452 0.0871
EPA Tier Oa 0.0776 0.1056
Oxidation Catalyst 0.1516 0.0639
Non-Catalyst Control 0.1908 0.0218
Uncontrolled 0.2024 0.0220
Gasoline Heawputy Vehicles
EPA Tier 3/ CARB LEV llI 0.0411 0.0136
EPA Tier 2 0.0297 0.0015
CARB LEV I 0.0391 0.0049
CARB LEV 0.0300 0.0466
EPA Tier 1a 0.0655 0.1750
EPA Tier Oa 0.2630 0.2135
Oxidation Catalyst 0.2356 0.1317
Non-Catalyst Control 0.4181 0.0473
Uncontrolled 0.4604 0.0497
Diesel Passenger Cars
Advanced 0.0005 0.0010
Moderate 0.0005 0.0010
Uncontrolled 0.0006 0.0012
Diesel LightDuty Trucks
Advanced 0.0009 0.0014
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Vehicle Type/Control Technology CH N2O

Moderate 0.0009 0.0014
Uncontrolled 0.0011 0.0017
Diesel Medium and HeavyDuty Trucks

Aftertreatment 0.0095 0.0431
Advanced 0.0051 0.0048
Moderate 0.0051 0.0048
Uncontrolled 0.0051 0.0048
Diesel Medium and HeavyDuty Buses

Aftertreatment 0.0129 0.0741
Advanced 0.0070 0.0083
Moderate 0.0070 0.0083
Uncontrolled 0.0070 0.0083
Motorcycles

Non-Catalyst Control 0.0672 0.0069
Uncontrolled 0.0899 0.0087

Source: EPA (2024b).

TableG-6: 2O Emission Factors Used to Estimate Emissions f@ffrRoad Vehicles by Vehicle Type and Fuel
Type (g/kg fuel)

Vehicle/Fuel
Type
Ships and Boats

Residual
Fuel 0.09| 0.09| 0.09| 0.09| 0.09| 0.09| 0.09| 0.09| 0.09| 0.09| 0.09| 0.09

Aircraft

Aviation
Gasoline | 0.04| 0.04| 0.04| 0.04| 0.04| 0.04| 0.04| 0.04| 0.04| 0.04| 0.04| 0.04

Industrial and Commercial Equipment

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021

Motor
Gasoline | 0.43| 0.52| 0.53| 0.54| 0.55| 0.55| 0.55| 0.55| 0.55| 0.55| 0.55| 0.56
Diesel
Fuel 0.18| 0.18| 0.18| 0.19| 0.19| 0.19| 0.19| 0.19| 0.19| 0.19| 0.19| 0.20

Source: EPA (2024b).
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TableG-7: CH Emission Factors Used to Estimate Emissions fromRafad Vehicles by Vehicle Type and Fuel

Type (g/kg fuel)

Vehicle/Fuel

2018

2019 2020 2021 2022

Ships and Boats

Residual

Fuel 0.31] 0.31] 0.31| 0.31| 0.31| 0.31| 0.31| 0.31| 0.31| 0.31| 0.31| 0.31
Aircraft

Aviation

Gasoline | 2.64| 2.64| 2.64| 2.64| 2.64| 2.64| 2.64| 2.64| 2.64| 2.64| 2.64| 2.64
Industrial and CommercigdEquipment

Motor

Gasoline | 0.76| 0.91| 0.94| 0.97| 0.99| 0.99| 0.99| 0.99| 0.99| 0.98| 0.98| 1.01
Diesel

Fuel 0.12| 0.11| 0.12| 0.13| 0.14| 0.14| 0.14| 0.13| 0.13| 0.13| 0.13| 0.14

Source: EPA (2024b).

TableG-8: CH and NO Emission Factors Used to Estimate Emissions from Natural Gas Use feoéxdfVehicles

(kg/TJ fuel)

Fuel Type
Natural Gas

CH

92

\{@)

Source: IPCC (2006).

TableG-9: CH and NO Emission Factors Used to Estimate Emissions from International Bunker Fuels by Fuel

Type (g/kg fuel)

Fuel Type CH | N.O

Jet Fuel Kerosene NA 0.10
Diesel Fuel 0.315 0.08
Residual Fuel 0.315 0.08

NA (emissions arsot Applicable).

Source: IPCC (2006).

IPPU

TableG-10: Clinker Production Emission Factors and Correction Factor by Year (Tghdd@linker produced)

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022

Clinker
Production (EF) 0.51| 051 051| 0.51| 0.51| 0.51| 0.51| 0.51| 0.51| 0.51| 0.51| 0.51
Cement kiln dust
correction factor | 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02| 1.02
Source: IPCC (2006).
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TableG-11: CH Cattle Emission Factors Used to Estimate Emissions from Enteric Fermentation by Cattle Type, and Yeapgagh€ad per year)

Cattle Type 2017 2018 2019

Dairy Cows 115.42| 104.77| 105.68| 108.24| 118.07| 113.11| 122.47| 122.94| 122.94| 122.94| 122.94| 122.94
Dairy Replacements

7-11 months 47.94| 4459, 46.24| 4592 45.64| 45.62 45.58| 4554| 4551| 4547 4547 4547
Dairy Replacements

12-23 months 7254 67.29 69.78| 69.31| 68.90| 68.86/ 68.75| 68.73| 68.65| 68.68| 68.68| 66.68
Other Dairy Heifers| 60.24| 55.94| 58.01| 57.62| 57.27| 57.24| 57.39| 57.48| 57.48| 57.45| 57.45| 57.45
Dairy Calves 11.54| 11.74| 12.23| 12.16, 12.20| 12.17| 12.18| 12.18| 12.27 12.27| 12.27| 57.45
Beef Cows 93.70| 98.78 99.81| 99.77| 99.95| 100.04| 100.15| 100.25| 100.31| 100.37| 100.37| 103.3
Beef Replacements

7-11 months 57.91| 63.33) 64.52| 64.56| 64.38| 64.44| 6454 64.53| 64.51| 64.45| 64.45| 64.45
Beef Replacements

12-23 months 67.43| 73.14| 74.26, 74.26| 74.28| 74.27| 7426 7426 74.27| 7T4.27| 7427 74.27
Heifer Stockers 36.36| 33.32/ 36.63| 31.20/ 37.19| 35.19| 36.36| 36.64| 34.11| 35.73| 35.73| 35.73
Heifer Feedlot 33.15| 31.48 34.49| 29.01| 36.67| 34.55| 35.16| 35.03| 31.97| 34.62| 34.62| 34.62
Steer Stockers 34.10| 32.85| 35.81, 30.85| 36.74| 34.07| 34.79, 3532 33.32| 3495 3495 34.95
Steer Feedlot 33.15| 31.48 34.49| 29.01| 36.67| 34.55| 35.16| 35.03| 31.97| 34.15| 34.15| 34.15
Beef Calves 11.57| 11.35| 11.29| 11.27, 11.31| 11.30| 11.30| 11.30| 11.32, 11.33| 11.33] 11.33
Bulls 96.45 102.66| 103.89 103.89| 103.89| 103.89| 103.89| 103.89 103.89| 103.89| 103.89 103.89

Source: EPA (2024b).
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TableG-12: Typical Animal Mass (TAM) by Cattle Type and Year (kg)

Cattle Type 1990 2005 2007 2010 \ 2015 2016 2017 2018 2019 2020 2021 2022
Dairy Cows 680 680 680 680 680 680 680 680 680 680 680 680
Dairy

Replacement

Heifers 408 406 406 407 406 407 407 408 408 408 408 408
Other Dairy

Heifers 408 406 406 407 406 407 407 408 408 408 408 408
Dairy Calves 122 123 123 122 123 123 123 123 123 123 123 123
Beef Cows 553 601 611 611 611 611 611 611 611 611 611 611
Beef

Replacement

Heifers 372 399 406 406 404 405 406 406 406 406 406 406
Heifer Stockers 295 320 320 323 324 326 322 322 322 322 322 318
Heifer Feedlot 383 416 421 425 445 449 444 444 444 444 444 448
Steer Stockers 314 325 327 329 325 327 324 324 324 324 324 325
Steer Feedlot 418 442 450 452 470 475 471 471 471 471 471 480
Beef Calves 122 123 123 122 123 123 123 123 123 123 123 123
Bulls 830 902 916 916 916 916 916 916 916 916 916 916

Source: EPA (2024b).

TableG-13: Volatile Solids (VS) b&nimal Type and Year (kg VS/1000 kg animal mass/day)

Cattle Type 1990 2005 \ 2007 \ 2010 2015 2016 2017 2018 2019 2020 2021 2022
Dairy Cows 7.8 7.6 8.0 8.3 9.1 8.7 9.4 9.5 4.4 4.4 4.4 4.4
Dairy

Replacement

Heifers 7.9 7.9 8.5 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
Other Dairy

Heifers 7.9 7.9 8.5 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4 8.4
Dairy Calves 6.4 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7
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Cattle Type 2015 2016 2017 2018 2019 2020 2021 2022
Beef Cows 8.7 8.5 8.4 8.4 8.4 8.4 8.5 8.5 8.5 8.5 8.5 8.5
Beef

Replacement

Heifers 8.0 8.5 8.5 8.4 8.5 8.5 8.5 8.5 8.5 8.5 8.5 8.5
Heifer Stockers 10.0 10.6 10.8 10.6 10.6 10.6 10.8 10.7 10.7 10.7 10.7 10.8
Heifer Feedlot 5.7 4.4 4.4 4.4 4.3 4.2 4.3 4.2 4.2 4.3 4.3 3.9
Steer Stockers 9.2 9.4 9.4 9.3 9.4 9.4 9.5 9.4 9.5 9.5 9.5 9.4
Steer Feedlot 5.2 4.0 4.0 4.0 3.9 3.9 3.9 3.9 3.9 3.9 3.9 3.5
Beef Calves 6.4 7.4 7.6 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7
Bulls 6.0 5.9 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8 5.8
Sheep 9.2 8.6 8.4 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3 8.3
Goats 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5 9.5
Horses 10.0 7.3 6.5 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1 6.1
Chickens 10.8 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0 11.0
Broilers 15.0 16.5 16.8 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0 17.0
Swine Breeding 2.6 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7 2.7
Swine < 50 Ibs. 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8 8.8
Swine 50 119

Ibs. 54 54 54 54 54 54 54 54 54 54 54 54
Swine 126 179

Ibs. 54 54 54 54 54 54 54 54 54 54 54 54
Swine > 180 Ibs. 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 54 54 54 5.4

Source: EPA (2024b).
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TableG-14: Nitrogen Excreted (Nex) Produced by Animal Type and Year (kg Nex per head per year)

Cattle Type 1990 2005 2007 | 2010 2015 2016 2017 2018 2019 2020 2021 2022
Dairy Cows 143.8| 129.5| 1259| 124.4| 1330/ 129.1| 136.8| 137.3| 83.8| 838 838 838
Dairy
Replacement
Heifers 79.1| 720 71.3| 689 688 690 689 690 689 69.1] 69.1] 69.2
Other Dairy
Heifers 79.1| 720 71.3| 689| 688 690 689 690 689 69.1] 69.1] 69.1
Dairy Calves 134 185| 196| 201| 201| 201| 201| 201 20| 201 20| 201
Beef Cows 525/ 558 590 59.0( 590 59.0/ 59.1| 59.1| 59.1| 59.1| 59.1| 59.1
Beef
Replacement
Heifers 33.6| 388| 41.2| 407| 408| 409| 41.3| 410| 410 409| 409| 410
Heifer Stockers  33.6| 38.8| 41.2| 407 40.8| 409| 41.3| 41.0( 41.0] 409| 409| 410
Heifer Feedlot| 57.4| 53.1| 53.1| 546 577/ 590/ 581| 57.7| 582| 585| 585/ 59.1
Steer Stockers|  30.8| 319 334| 335 334| 336 334| 333| 334| 333] 333] 335
Steer Feedlot | 59.9| 543| 546| 56.1| 587 601] 59.3| 589| 596/ 59.9| 599/ 611
Beef Calves 134| 185 196| 201| 201| 201] 201| 201| 201| 201| 201 20.1
Bulls 61.1| 651] 685 685 685 685 685 685 685/ 685 685 685
Sheep 105 110/ 112| 113 113 113| 113| 113| 11.3| 11.3] 11.3] 113
Goats 105/ 105/ 105 105| 105/ 105| 105/ 105| 105/ 105| 105| 103
Horses 49.3| 43.0| 411 402| 402| 402| 402| 402| 402| 402| 402| 40.2
Chickens 0.5 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7 0.7
Broilers 0.4 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3 0.3
Swine
Breeding 170| 152| 148| 146| 146| 146| 146| 146| 146 146 146 146
Swine<50lbs| 2.8 4.0 4.2 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4 4.4
Swine 50 119
lbs 6.0 7.3 7.5 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7 7.7
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Cattle Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Swine 120

179 Ibs 10.4 12.6 13.1 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4 13.4
Swine > 180

Ibs 13.9 16.9 17.6 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9 17.9

Source: EPA (2024b).

TableG-15: Weighted Methane Conversion Factor (MCF) by Aniffigbe and Year (%)

Animal Type ‘ 1990 2005 ‘ 2007 2010 ‘ PAONRS 2016 2017 AONRS] 2019 2020
Dairy Cows 61.9%| 53.6%| 52.5%| 51.2%| 49.9%| 49.3%| 49.5%| 49.7%| 50.5%| 49.7% 50% 50%
Dairy Replacement
Heifers 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%
Other Dairy Heifers 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6% 1.6%
Dairy Calves 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Beef Cows 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Beef Replacement
Heifers 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Heifer Stockers 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Heifer Feedlot 2.2% 2.3% 2.3% 2.2% 2.3% 2.3% 2.3% 2.3% 2.3% 2.3% 2.3% 2.3%
SteerStockers 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Steer Feedlot 2.2% 2.3% 2.3% 2.2% 2.3% 2.3% 2.3% 2.3% 2.3% 2.3% 2.3% 2.3%
Beef Calves 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.0% 0.5% 0.5% 0.5% 0.4% 0.4%
Bulls 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5% 0.5%
Sheep 0.9% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8% 0.8%
Goats 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0% 2.0%
Swine 34.9%| 47.2%| 45.2%| 42.0%| 38.8%| 38.2%| 37.6%| 37.7%| 37.7%| 37.7%| 38.7%| 38.7%
Horses 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6% 0.6%
Chickens & Broilers | 60.4%| 20.4%| 20.3%| 20.3%| 20.5%| 20.3%| 20.4%| 20.5%| 20.5%| 20.5%| 20.4%| 20.4%
Sources: EPA (2024b)
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TableG-16: Non-Cattle Emission Factors for Enteric £thd Typical Animal Mass by Animal Types

Enteric Cki(kg CHper head per

Animal Type year) Typical Animal Mass (kg)

Sheep 9.00 68.60
Goats 9.00 64.00
Swine 1.50 60.44
Swine Breeding 1.50 198.00
Swine < 50 Ibs 1.50 15.88
Swine 50 119 Ibs 1.50 40.60
Swine 1206 179 Ibs 1.50 67.82
Swine > 180 Ibs 1.50 90.75
Horse 18.00 450.00
Chickens NA 1.80
Broilers NA 0.90

Sources: EPA (2024b)
NA (Not Applicable).

TableG-17: Maximum Potential Emissions for Estimating Emissions from Manure Management by Animal Type

Maximum Potential

Animal Type EmissionsHo)
(m3*CH/kg VS)
Dairy Cows 0.24
DairyReplacement Heifers 0.17
Other Dairy Heifers 0.17
Dairy Calves 0.17
Beef Cows 0.17
Beef Replacementeifers 0.17
Heifer Stockers 0.17
Heifer Feedlot 0.33
Steer Stockers 0.17
Steer Feedlot 0.33
Beef Calves 0.17
Bulls 0.17
Sheep 0.34
Goats 0.17
Swine 0.48
Horses 0.33
Chickens 0.39
Broilers 0.24
SourceEPA (2024b)
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TableG-18: Fraction Volatile Solids Distribution by Animal Type, Waste Management System (WMS), and Year (%)

Animal Type WMS 1990 | 2005 2007 | 2010 @ 2015 2017 | 2018 @ 2019 2020 | 2021 | 2022
Dairy Cows | Pasture 0% 7% 7% 6% 4% 4% 4% 4% 4% 4% 4% 4%
Dairy Cows Anaerobic

Lagoon 68% 55%| 55%| 55%| 54%| 54%| 54%| 54%  54% 54%| 54% 54%
Dairy Cows | Liquid/Slurry|  21% 13% 11% 8% 3% 2% 2% 2% 2% 2% 2% 2%
Dairy Cows Solid

Storage 11% 19%,  20%| 22%| 26%| 27%| 27%| 27%| 27%| 27%| 27%| 27%
Dairy Cows | Deep Pit 0% 5% 6% 7% 9% 9% 9% 9% 9% 9% 9% 9%
Dairy
Replacement Liquid/Slurry
Heifers 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1%
Dairy
Replacement Dry Lot
Heifers 100%| 100%| 100% 100%| 100%| 100%  100%| 100%| 100%| 100%| 100% 98%
Other Dai -
Heifers Y| Liquid/Surry 1% 1% 1% 1% 1% 1% 1% = 1% 1% 1% 1% 1%
Other Dairy Dry Lot
Heifers 100%| 100%| 100% 6 100%| 100%| 100%  100%| 100%| 100%| 100%| 100% 98%
Dairy Calves| Pasture 100%  100%| 100%, 100%| 100%| 100%  100% 100%| 100%| 100%  100%  100%
Beef Cows | Pasture 100%  100%| 100%, 100%| 100%| 100%  100% 100%| 100%| 100% 100%  100%
Beef
Replacement Pasture
Heifers 100%  100%| 100%, 100%| 100%| 100%  100% 100%| 100%| 100%  100%  100%
Heifer Liquid/Slurry
Feedlot 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 0%
Heifer Dry Lot
Feedlot 100%| 100%| 100% 100%| 100%  100%  100%| 100%| 100% 100%| 100% 58%
Heifer Pasture
Stockers 100%| 100%| 100%, 100%, 100% 100%| 100%| 100% 100% 100% 100% 100%
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Animal Type WMS 1990 | 2005 | 2007 | 2010 | 2015 | 2016 | 2017 | 2018 @ 2019 | 2020 | 2021 | 2022
Steer Liquid/Slurry
Feedlot 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 0%
Steer Dry Lot
Feedlot 100%| 100%| 100%| 100%, 100%| 100%| 100%| 100%| 100%| 100%, 100%| 58%
Steer Pasture
Stockers 100%| 100%| 100%| 100%, 100%| 100%| 100%| 100%| 100%| 100% 100%| 100%
Beef Calves | Pasture 100%| 100%, 100%| 100%| 100%| 100%, 100%| 100%| 100%| 100%, 100%, 100%
Bull Pasture 100%| 100%| 100%| 100%, 100%| 100%| 100%| 100%| 100%| 100% 100%| 100%
Sheep Pasture 55% 69% 69% 69% 69% 69% 69% 69% 69% 69% 69% 69%
Sheep Dry Lot 45% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31% 31%
Goats Pasture 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92%
Goats Dry Lot 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%
Swine Pasture 36% 27% 30% 34% 41% 41% 42% 42% 42%| 42%, 42%| 40%
Swine Anaerobic
Lagoon 13% 22% 21% 21% 18% 18% 18% 18% 18% 18% 18% 19%
Swine Liquid/Slurry|  18% 23% 24% 24% 22% 22% 22% 22% 22% 22% 22% 22%
Swine Deep Pit 30% 20% 16% 13% 11% 11% 11% 11% 11% 11% 11% 11%
Swine Solid
Storage 3% 1% 0% 0% 0% 0% 0% 0% 0% 0% 0% 2%
Horses Pasture 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92% 92%
Horses Dry Lot 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8% 8%
Chickens Anaerobic
Lagoon 80% 25% 25% 25% 25% 25% 25% 25% 25% 25% 25% 0%
Poultry
Chickens without
bedding 10% 75% 75% 75% 75% 75% 75% 75% 75% 75% 75% 0%
Chickens Solid
Storage 10% 0% 0% 0% 0% 0% 0% 0% 0% 0% 0% 10%
Source: EPA (2024b).
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TableG-19: Urea Emission Factor

Emissions Factor \ Value

Urea Emission Factor (MT C/MT urea) 0.2
Source: IPCC (2006).

TableG-20: N2O Emission Factors by Waste Management System Type {&gN\N¥kg N)

Waste Management System Emission
Factor
Anaerobic lagoons and liquid systems 0
Solid storage of manure 0.005
Deep pit manure 0.002
Drylotmanure 0.02
Poultry without bedding 0.001

Source: IPCC (2006).

TableG-21: Crop Residue Factors by Crop for Estimating Emissions from Agricultural Soil Management

Ratio of
Aboveground N below- N
zgigz)ittgfr residue dry matter  content ground  content
IPCC Crop AGwmm(Mg/ha):  of above residues to of below-
harvested — *
Proxy ST AGJM(T)—_ Cropr) grqund above grqund
(DRY) slopem + interceptr)  residues ground residues
(Nag) biomass (V)
Slope \ Intercept (Rscgi0)
Sugarcane Perennial
grasses 0.90 0.30 0.00 0.015 0.80 0.012
Pineapples Perennial
grasses 0.90 0.30 1.00 0.015 0.80 0.012
Sweet
potatoes Tubers 0.22 0.10 1.06 0.019 0.20 0.014
Ginger root | Tubers 0.22 0.10 2.06 0.019 0.20 0.014
Taro Tubers 0.22 0.10 3.06 0.019 0.20 0.014
Corn for
grain Maize 0.87 1.03 0.61 0.006 0.22 0.007

Source: IPCC (2006).
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TableG-22: Sugarcane Residue and Crop FactorsHstimating Emissions from Field Burning of Agricultural
Residues

Res/Crop ';?Scit(;zg Dry Matter Fraction Fraction Burning Combustion

Ratio Burned Fraction @~ Carbon Nitrogen Efficiency Efficiency

Sugarcane 0.2 0.95 0.62 0.424 0.004 0.81 0.68

Sources: Kinoshita (1988) (res/crop ratio and burning efficiency); Ashman (2008) (fraction residue burned); Turn et
al. (1997) (dry matter fraction, fraction carbon, fraction nitrogen, and combustion efficiency).

TableG-23: Volatilization and Leaching/Runoff Fraction Lost and Emission Factors for Estimating Emissions from
Agricultural Soil Management

Fraction lost to volatilization (used for synthetic nitrogen applied) 0.1
Fractic_m lost to volatilization (used for all n®asture, Range and Paddock manure 0.2
deposited) '

Fraction lost to leaching/runoff 0.3
Emission Factor for volatilization 0.01
Emission Factor for leaching/ runoff 0.0075

Source: IPCC (2006).

TableG-24: Emission Factors to Estimate Direct N20O Emissions from Agricultural Soil Management (ki/K@O
N)

Emission Factor Value

Em_ission factor for N additions from mineral fertilizers, organiendments, and crop 001
residues

Emission factor for cattle, poultry, and pigs 0.02
Emission factor for sheep and other animals 0.01

Source: IPCC (2006).

TableG-25: Fire Emission Factors, Forest aBHrubland (MT Carbon/ha)

Dry Forest 1.44
Mesic Forest 34.97
Wet Forest 15.05
Dry Shrubland 2.12
Mesic Shrubland 10.29

Source: Selmants et al. (2017).
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TableG26Y wl GA2 2F 1 FgFA~A C2NB&d [FyR G2 2AfRflIyR 65AYS3ya

Factor 1990 2005| 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Ratio of

't al A 0.37| 0.36| 0.36| 0.36| 0.36| 0.36| 0.36| 0.34| 0.34| 0.33| 0.33| 0.34
forestland to

wildland

Source: National Association of State Foresters (NASF) (1998, 2002); DLNR (2011, 2015, 2016, 2017, 2018, 2019,
and 2020); Selmants et al. (2017).

TableG-27: Forest Fire Emission Factor (g/kg dnatter burnt)

Emission Factor Value

CH 4.70

N2O 0.26
Source: IPCC (2006).

TableG-28: Carbon Storage Factors for Landfilled Yard Trimmings and Food Scraps

Proportion of

Content of Moisture Initial Carbon

Carbon Stored

.Yarq Content of Permanently in Content of First Order
Trimmings Waste, MG Waste, CS Waste, ICC Decay Rate, k
(percent) (percent) (percend) (percent)
Grass 30.3 70.0 53.5 44.9 0.139
Leaves 40.1 30.0 84.6 455 0.035
Branches 29.6 10.0 76.9 49.4 0.030
Food Scraps NA 70.0 15.7 50.8 0.156

Source: EPA (2024c).
NA (Not Applicable).

TableG-29: Urban Tree Sequestration Factor, (MT C/kn?)

Factor Value

Average net C sequestration per ktree cover (MT C/kA) (464.0)
Source: EPA (2024b).
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TableG-30: Forest Carbon Net Sequestration Factors

Annual Net Forest C Annual Net Shrubland C

Sequestration Rate Sequestration Rate
(MT C/halyear) (MT C/halyear)
2011 1.29 0.71
2012 1.36 0.70
2013 1.36 0.69
2014 1.37 0.67
2015 1.40 0.64
2016 1.38 0.61
2017 1.36 0.60
2018 1.39 0.57
2019 1.40 0.54
2020 1.37 0.52
2021 1.37 0.50
2022 1.38 0.49
2023 1.37 0.46
2024 1.39 0.44
2025 1.34 0.42

Source: Selmants (2020).
Waste

TableG-31: Landfilling CHEmission Factors for Estimating Emissions from Waste Sector

Emission Factor Value

Methane Generation Constant ()r 0.04
Methane Generation Potential (h€H/Mg of

refuse) 100
Methane Oxidation Rate (percent) 10%

Source: EPA0241).

TableG-32: Composting CiHand NeO Emission Factors for Estimating Emissions from Waste Sector

Emission Factor

Waste Treated on a Wet Weight
Basis (g of gas/Kg waste) 4 0.24
Source: IPCC (2006).
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TableG-33: Wastewater Ckhland NeO Emission Factors for Estimating Emissions from Waste Sector

Emission Factor Value

Direct Emissions from Wet wastelT CHMT of waste) 0.6
Direct Emissions from Wet waste (gMperson/year) 4.0
Indirect Emissions from Wet waste (kgON\/kg sewage Mproduced) 0.005
Fraction of wastewater BOD anaerobically digested 12.78%
Fraction of Nitrogen in Protein (Rdfkg protein) 16%
Fraction of Nitrogen not Consumed 1.75
Percentage of Biosolids used as Fertilizer 0%

Source: EPA (2024c).
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Appendix H. ODS Emissions

ODS$ including chlorofluorocarbons (CFCs), halons, carbon tetrachloride, methyl chloroform,
hydrochlorofluorocarbons (HCFCs), and other chlorine and bromine containing compduants been

found to deplete the ozone levels in the stratosphere. In additiooantributing to ozone depletion,

CFCs, halons, carbon tetrachloride, methyl chloroform, and HCFCs are also potent greenhouse gases.
The GWP values for ODS are summarizd@bieH-1.

TheMontreal Protocol on Substances that Deplete TableH-1: 100-year Direct Global Warming
the Ozone Layas the international treaty that Potentials for Ozone Depleting Substances
controls ODS; parties to tHhdontreal Protocohre
. . - Gas . GWP
required to provide statistical data about ODS to the
Ozone Secretariat annually. In the United States, th CFell 4,660
Clean Air Act Amendments of 1990 implement the CFEL2 10200
Montreal Protocotontrols. IPCC (2006) guidelines CFe113 5,820
exclude the reporting of ODS emissions because th CFell4 8,590
are controlled under thé/lontreal Protocotontrols. CFELl15 7670
_ _ o Carbon Tetrachloride 1,730
s?r;)\; 5 '-F2NJ:JI-'I-2I”J?\; Halon 1211 L7SOF, “u'SN'
aarzya F2NJ 110 > | Halon 1301 6200 Y& OSN
FLILRZ NUAZ2YSR o0FaSR 2y 0K J2 Lydzt | d
. . . HCF&2 1,760
to U.S. populationEstimates of national ODS
o o . HCFe123 79
emissions (in kilotons (kt) by gas) were obtained fro HCFQL24 507
the U.S. Inventory (EPA 2024b). National populatio! b
numbers were obtained from the U.S. Census Bure HCFA41 782
GHNHOO BKAES 1 FgkA~A Ly |HCFG42D 1980 5t AyS
from the State of Hawa~™ A 51 I . 2 2 HCF&@25¢ca 127
5 oo ~ _ | HCF25ch 525
TableH2a dzY' Yl NRA I Sa h5{ SYAa&a goyrceiPCaifth Assessment RepaihR5)
gas for 1990, 2005, 2007, 2010, 2015 to 26%22. (2013).

B¢KS YSGK2R2t23& YR RF{OF &2dz2NOSa dzaSR (2 SadAYFGS hs5{
methodology and data sources used to estimate emissions from ODS substitutes.
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TableH-2: ODS Emissions by Gas (kt)

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020| 2021 2022

CFcll 0.14| 0.06| 0.05| 0.04| 0.03| 0.03| 0.03| 0.03| 0.03| 0.02| 0.02| 0.02
CFc12 0.68| 0.11| 0.07| 0.03| 0.02, 0.02| 0.01| 0.01 + + + +
CFElL13 0.30| 0.08| 0.06| 0.03| NO|, NO| NO| NO| NO| NO| NO| NO
CFcl14 0.02| 0.01 + +| NO| NO| NO| NO| NO| NO| NO| NO
CFEcl15 0.04| 0.01| 0.01 + + + + + + +| NO| NO
Carbon

Tetrachlorid

e 0.02] NO| NO| NO| NO|/ NO| NO| NO| NO| NO| NO| NO
Methyl

Chloroform | 1.12| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO| NO
Halon 1211 | 0.01 + + + + + + + + + + +
Halon 1301 | 0.01 + + + + + + + + + + +
HCF2 0.15| 0.35| 0.36| 0.34| 0.29| 0.27| 0.25| 0.23| 0.21| 0.18| 0.16| 0.14
HCF€123 NO + + + + + + + + + + +
HCF&124 NO| 0.01| 0.01 + + + + + + + + +
HCFel41b +| 0.02| 0.02 0.04| 0.04| 0.04| 0.04| 0.03| 0.03| 0.03| 0.03| 0.03
HCFe€142b | 0.01| 0.02| 0.02| 0.01| 0.01| 0.01| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02
HCFE

225cal/cbh NO + + + + + + + + + + +
Total 251 067, 062, 051 040| 0.38| 0.36| 0.34| 0.31 0.27| 0.25| 0.22

+ Does not exceed 0.005 KO (emissions ardot Occurring).
Note: Totals may not sum due to independent rounding.
Source: EPA (2024b).

9YAaaAz2ya FNRBY hs5{ AY 1l 6A~"A KIO®S RSONBIaSR airdy
the Montreal ProtocalFigureH-1 below presents combined emissions from ODS and ODS substitutes in

I F gl A~Ad / 2Y0AYSR SYAaarzya KIFI@S aAYAftlI NI& RSONSI
from ODS substitutes increased during the same period.
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FigureH-1: 2022 Emissions from ODS and ODS Substitutes (MM:EG)D
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Appendix I. Uncertainty

This appendix provides a summary of the methodology used to develop the quantitative uncertainty
results as well as a discussion on limitations of the anal@sissistent with the U.S. Inventory and

following the IPCC Chapter 3 Uncertainties guidelines (IPCC 2006), this inventory quantifies uncertainty
for the current inventory year (i.e2022).

Methodology

Uncertainty analyses are conducted to qualitatively evaluate and quantify the uncertainty associated
with GHG emission and siektimates. Quantitative uncertainty analyses capture random errors based

on the inherent variability of a system and finite sample sizes of available data, measurement error,
and/or uncertainty from expert judgement (IPCC 2006). Systematic errors fromispogeasurement
techniques, and data recording and interpretation are difficult to quantify and are therefore more
commonly evaluated qualitatively (IPCC 2006). The results of an uncertainty analysis serve as guidance
for identifying ways to improve the aaracy of future inventories, including changes to activity data
sources, data collection methods, assumptions, and estimation methodologies.

The IPCC provides good practice guidance on two methods for estimating uncertainty for individual
source categories (i.e., Approach 1 and Approach 2). Approach 1 is appropriate where emissions or sinks
are estimated by applying an emission factor to attidiata or by summing individual sidource or

sink category values to calculate an overall emissions estimation. Approach 2 is appropriate for more
complex calculations and employs the Monte Carlo Stochastic Simulation technique and is more reliable
than Approach 1. It is useful for input variables that are particularly large, hav@&oonal

distributions, and are correlated with other input variables. Approach 2 is also appropriate if a
sophisticated methodology or multiple input variables are usedHeramissions estimation, as was the

case for the sources estimated in this inventory.

For this inventory report, Approach 2 was applied to quantify uncertainty for all source categories in
accordance with th019 Refinement to the 2006 IPCC Guidelines (IPCC 2019) and 2006 IPCC Guidelines
(IPCC 2006)nder this method, GHG emissions (or sinks) for each source category are estimated by
generating randomhgelected values according to the specified probability density function){HDIF

each of the constituent input variables (e.g., activity data, emission factor) 10,000 times using @RISK, a
commerciallyavailable simulation software. The results of this methodology are presented as an overall
emission (or sinks) PDF for each sowategory. The quantified uncertainties for each source category

87 The PDF, which is dependent upon the quality and quantity of applicable data, describes the range and
likelihood of possible values for constants and estimates that are not exactly known (IPCC 2006).
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were then combined using Approach 2 to provide uncertainty estimates at the sector level as well as for
the overall net and total emissions for the current inventory year.

Consistent with the U.S. Inventory, this inventory quantifies uncertainty for the current inventory year
(i.e.,2022. Although uncertainty was not quantified for other inventory years, the uncertainty range
relative to emission estimates across all inventory years are expected to be similar to those quantified
for 2022 Similarities in quantitative uncertainties are expected because, in most cases, particularly for
those that contribute the most to overall emissions, the same methodologies and data sewees

used for all years. As a resulttmheseriesconsistency, any future changes in the estimates will likely
affect results similarly across all years.

Limitations of the Analysis

The uncertainty analysis results presented in this report reflect an IPCC Approach 2 Monte Carlo

Uncertainty analysis that was completed forthérd 0 A YS F2NJ G KS 1 g A~ A Ay@Syi:
uncertainty information for most emission factors and some activity data (e.g., level of uncertainty

associated with stationary combustion activity data), but most activity data uncertainty must be

provided by the original data source.

Developing this analysis required a review of original data sources as well as outreach and collaboration

with all data providers to establish uncertainty bounds for each of the input parameters. In cases where
uncertainties have already been assesseccotain activity data, PDFs for these input parameters are

derived using this information. If this information was not published, data providers were contacted. If

data providers were unable to provide a quantitative measure of uncertainty for their B&tgs were

built around the input parameters using qualitative responses from data providers, default values

LINE JARSR o6& Lt/ /3 IFYyRk2NJ SELISNI 2dz2RISYSyid o6l asSrR 2
for the U.S. inventory of GHG emissions anéissin accordance witthe 2019 Refinements to the 2006

IPCC Guidelin¢g>CC 2019) arD06 IPCC GuidelingBCC 2006).

While this uncertainty analysis quantified parameter uncertainty, which arises due to a lack of precision
and/or accuracy in input data such as emission factors and activity data, it did not quantify-aceel
uncertainty, which arises when emission/sistimation models do not fully or accurately characterize

the emission/sink process due to a lack of technical details or other resources. Model based uncertainty
is extremely difficult to quantify given, in most cases, only a single model has beenpil/&o

estimate emissions from any one source. Nonetheless, these uncertainties are discussed qualitatively,
where appropriatefor each emission source and sink category in the subsequent sections of this report
Confidence in the uncertainty analysis results will improve over time as gaps in understanding and
guantifying the uncertainty for additional data sources are addressed.

This uncertainty analysis is specific to the methods and data used for this report and is independent
from those used in previous reports. These estimates consider the inherent uncertainty associated with
these methodologies and data and their ability wcarately and precisely describe the activities within

the scope of the inventory. While the uncertainty analysis is a useful tool for identifying areas for
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improvement in an inventory, the uncertainty analysis should not be used to quantitatively compare
changes observed between inventory reports where data sources and methods may have been revised.
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Appendix J. Emission Projections Methodology

This appendix summarizes the methodology used to project statewide emissions for 2025, 2030, 2035,
2040, and 2045 by source and sink category under both the baseline and alternate scenarios. Projections
utilize several key forecasts, including gross staiahty product, visitor arrivals, future fossil fuel prices
(residual oil, gasoline, diesel, and jet fuel), deployment of renewable energy technology, and the
adoption ofEVsn ground transportation. The study considers an additional uses alternate &iscita

the penetration of biofuels into air and marine travel and for electrification of air transport in the

scenario for emissions from shipping and air transport.

This section also provides a discussion of key uncertainties and areas for improvement.

1. Macroeconomic and Fuel Price Forecasts

Energy usage and hence emissions associated with energy usage are tied tightly to economic growth,

energy efficiency, fossil fuel usage, and energy prices. Therefore, forecasting macroeconomic growth

and fossil fuel prices are key to constructing foreca$smissions. The study relied on publicly available
forecasts for state and county relevant economic variables, as provided by DBEDT. As for fuel price

forecasts, the Energy Information Administration (EIA) is the best source for national energy pdices a
ALISOATAOLIfEE 2Af LINAROSa dzaRy 6KAOK 1 lFglFAQA SySNH@

The forecast for Gross CourRyoduct GCP) iffableJ1 wasdeveloped using DBEDT shauh forecast

of GSP through 2025 and the DBEDT-lumgexpected growth rate applied for years between 2025 and
(DBEDR024d DBEDT 2024. To generate county level projections, a ratio of county specific personal
income forecasts were applied to the projected GSP (DRBPJS.

For simplicity, GCP and GSP are used interchangeably hereafter.

TableJ1: Gross County Product (Normalized 2022=1)

Scenario 2025 2030 \ 2035 2040 2045

Il F g1 A7 A 1.05 1.17 1.25 1.33 1.42
Honolulu 1.05 1.11 1.19 1.28 1.36
YI dzZ = A 1.05 1.17 1.26 1.36 1.46
Maui 1.05 1.17 1.27 1.38 1.49

The forecast for county level resident populatishpwnin TableJ2, used the DBEDT shattn forecast
through 2025 and thereafter the loagin forecast (DBECPD24d DBED20249.

TableJ2: Resident Population by County (Normalized to 2022=1)

Scenario

I gl A~ A 1.02 1.17 1.25 1.33 1.42
Honolulu 1.02 1.11 1.19 1.28 1.36
YI dzI = A 1.02 1.17 1.26 1.36 1.46
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Scenario

Maui 1.02 1.17 1.27 1.38 1.49

The forecast for de facto population, shownTiablel}3 below, was developed analogously to the
population forecasts.

TableJ3: De Facto Population for Each County (Normalized to 2022=1)

Scenario 2025 2030 2035 2040 2045

I gk A" A 1.01 1.10 1.13 1.15 1.18
Honolulu 1.02 1.06 1.07 1.08 1.08
Y| dzI = A 1.02 1.18 1.22 1.26 1.29
Maui 0.97 1.09 1.13 1.16 1.19

The forecast for visitor arrivals similarly used the DBEDT-stoiforecast through 2025, and the
DBEDT longun forecast through 2045 (DBERU24d DBED20246. These forecasts are provided in
TableJ4 below.

TableJ4: Visitor Arrivals by Air for Each County (Normalized to 2022=1)

Scenario 2025 2030 2035 2040 | 2045 |
I g A~ A 1.01 1.08 1.16 1.23 1.30
Honolulu 1.01 1.04 1.08 1.10 1.14
Y dzl ~ A 1.01 1.06 1.12 1.17 1.22
Maui 1.01 1.07 1.13 1.19 1.25

EIA Annual Energy Outlook (AEO) 2023 was used to develop high and low fuel price forecasts (relative to
the baseline) for four fuel types. Thekagecasts were usetb determine outcomes in Scenarios 1A and

1B%8 Tablel5 below presents these forecasts using the baseline AEQQRB) forecast was used to
normalize the high and low price scenarios per fuel type. The AEO price forecast depends largely on
world crude oil prices but is also influenced by refining and distribution costs as well as fuel taxes and
other enduse markups.

TableJ5: Fuel Prices (Baseline=1)

Fuel Type Scenario | 2025 | 2030 2035 2040 | 2045 |
. | High (1A) 1.45 1.64 1.65 1.65 1.69
Residual Fuel Oil " 1g) 0.63 0.65 0.57 0.63 0.62
Gasoline High (1A) 1.60 1.55 1.46 1.53 1.47
Low (1B) 0.73 0.72 0.75 0.73 0.73

Diesel High (1A) 1.75 1.91 1.50 1.94 1.98
Low (1B) 0.60 0.61 0.74 0.60 0.57

88 Therewas no 2024AECOrelease due tmngoing efforts by the El# overhaul their forecasting models.
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Fuel Type Scenario | 2025 | 2030 2045
Lot Fuel High (1A) 1.68 1.74 1.34 1.75 1.80
Low (1B) 0.56 0.58 0.61 0.58 0.57
2. Energy

2.1. Stationary Combustion

2.1.a. Baseline Scenario Methodology

Emissions from stationary combustion were projected basethanroeconomic forecaseaong with
the following assumptions for each sgbctor:

1 Theenergy industriesubsector was further divided infgetroleum refinenemissions and
electric power sectoemissions to develop loagin projections.

0 Petroleum RefinerfEmissions were projected from 2022 based on the projected growth
in aviation emissions (see tAgansportatiorsection for the method used to project
aviation emissions).

o0 Electric PowefThe baseline emissions forecast for the electric sector was driven by
electricity demand forecasts, renewable energy deployment, and the projected demand
from EVs.

1 For theresidential, commercial, and industrial sect®ttewide emissions were assumed to
grow at the rate of forecasted gross county products.

2.1.a.
Petroleum Refinery Emissions Projections
t SGNRE SdzyY NBFAYSNASE AY |1 FgFA~ A LINRRdzOS 2S{ TFdzSt
between the two categories have a causal relationship. Given the additional data on projected aviation
emissions, petroleum refinery emissions projectians scaled to align with growth in that sector.

Energy Industries Subsector

Details on domestic aviation emissions projections methodologies can be found within the
transportation section.

Electric Power Sector Emissions Projections

The baseline emissions forecast for the electric power sector was developed by projecting electricity
demand forecasts, renewable energy deployment, and the projected demand for EVs. Annual GHG
emissions from the electric power sector by county were dgwetbby integrating these factors along
with fuel price adjustments and heart rate calculations.

Emissions were calculated based on the demand for each type of fosdirédejeneration in each
county for each yedbased on detailed unit level generation data developed for the IGP (Lau 2088).
weighted average heart rate for foséilel generation was determined for each county and fuel type,
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considering the planned retirements of certain plants. The emission factor was then applied to estimate
total emissions.

As the deployment of renewable energy increases, the demand for-fastibased generation
decreases, subsequently reducing the electric sector emissions.

The calculation method is as follows:

where,
(&) = Emissions of GHGs for ye@MMT CQE(q.) and countg (MMT CQEQ.)
Oni = Demand (GWh) for each type of fossil fuel fired generdt{diesel, RFO, etc.) in
countycin yeart
"OVYai = Weighted average heat rate for fossil fuel fired generatimncountyc within the
PSIP or KIUC? productionplan for yeat.
00 = GHG C£Eq. emission factor for fuel in countyor yeart (Mt CQEq. per MMBtu)

Underlying Electricity Demand Forecast

Electricity use across the state is expected to grow by 17% percent between 2022 and 2045 primarily

drivenby EVdemandC2 NJ Y| dzt A / 2dzy &% LINBRAOGAZ2Yya F2NJ ¥FdzidzN
HnHo alfsSa RFEGlI ot!/ HAHNO® ¢KS LINRP2SOGA2Yya | LILX A
LYdS3aNI G§SR DNAR tfly oOoLDtO Ol grRAAGYOSRSODENKDt 2a
rate (Hawaiian Electric 2023), as detailed in the Ground Transportation section.

C2NJ GKS 1 I gFAAlLY 9f SOGNRO aSNBAOS FINBIT G4KS RSYlY
albdzA YR I FgFA~"A [/ 2dzyiASad YR (G4KS a[lFyR /2yaiNI Ay
2023. The base scenario represents the midgiteund projection for future energy demand and

infrastructure development under moderate growth scenarios and is often used as the benchmark
AO0SYINR2d | 2y 2f dzZ dz O2dzy (i@ dzi S Eectsiihk Bnitatidnsof R 02 y & (i NI A
renewable energy infrdsucture in urbanized areas. This scenario reflects greater reliance on distributed

89 The PSIP (Power Supply Improvement Plan) is a strategic planning document developed by Hawaiian Electric to

outline how the utility will meet future electricity needs while achieving renewable energy goals. It includes

forecasts of electricity demand, geradion capacity, and plans for integrating renewable energy sources,

enhancing grid reliability, and managing costs.

70KIUC production refers to the energy generation and operational activities of thelz- ~ A L &f ' yR | G A€ A«
CooperativeAsamembe g6y SR dziAf A& YL!/ F20dzaSa 2y 3ISYSNridAay3 S
renewable energy sources like solar, hydropower, and biomass to reduce reliance on fossil fuels and align with

¢ A~ AUa OftSlIy SySNHeée GFNBSGa®
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energy solutions and reflects slower progress towards renewable energy goals due to these constraints.
Since the IGP used AEO 2021 fuel price data, adjustments were made using the differences between
AEO 2021 and AEO 2023 forecasts (EIA 2021, EIA 2023). The updated AEO forecast assumes that prices
are higher in 2023 and that prices will decline towardsybar 2045.To better reflect realized

electricity demand, the projections were further scaled using actual 2023 sales data, which turned out to
be highe than previous forecasts for every county (PUC 2023).

FigureJ1 reports the adoption of EVs in the lighuty vehicle fleet for each county and for the state as

awhole Figure}2andTableJ6 YR aK2g | | gl A~ A -lavdl dledti&igy fidindndfoy R O 2 dzy (i
2022 and forecasts for 2025, 2030, 2035, 2040, and 2045 (including-insg@J3 shows renewable

energy generation as a percentage of total electricity generation by county for the same years.

FigureJlY | I 61 A~ A { (| HeSebBleRtEe VehiCIR AdbpRiairiori2B22 and 2028d Forecasts for
20242045 (EVs as % of lighuty vehicle fleet)
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Figure}2Y | ¢ A~ A { (I deSebBleRtcitylDgnkand/fa? 2082(ad Forecasts for 2025, 2030, 2035,
2040, and 2045 (GWh) (IncludifiyVs
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Table}6Y | I g A~ A { (| @eSebBleRtSeitylDygniand/fo 2082(ad Forecasts for 2025, 2030, 2035,
2040, and 2045 (GWh) (Including EVS)
County | 2022 | 2025 2030 2035 2040 | 2045
Honolulu 7,560 7,677 8,401 8,828 9,529 10,548
Maui 1,395 1,380 1,591 1,703 1,874 2,036
Il F gl A7 A 1,331 1,335 1,421 1,456 1,554 1,685
Y dzl 7 A 528 551 641 694 779 859
Total 10,813 10,943 12,054 12,681 13,736 15,129
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FigureJ3: CountyLevel Renewable Energy Generation as Percentage of Generation
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Renewable Energy Deployment

The deployment of renewable energy is expected to grow substantially to 2045 but slower than

projected by theutilities. Using the 2023 PUC RPS report (PUC 2023) as a baseline, the renewable share
F2NI HnHp o6& RSGSNX¥AYSR o6& FRRAYy3I yHEEQOMRRRSOGa TN
Honolulu and Maui counties, this translated to an additional 121 GWh and 167 GWh of renewable
ISYSNI GA2y>Z NBaLISOUGAPSte&s o0& Hnupd® b2 yS¢g LINRB2SO
Energy Project, currently in the permitting phaseassumed to be operational by 2030, contributing an
FRRAGAZ2YIE mMHT D2K 2F NBYySgloftS ISYSNIaGAz2y o6& (KU
capacity in 2025 is assumed to remain at 2023 levels. This slower expansion of renewable energy means
Hawt A" A YR Yldz~A [/ 2dzyiASa N6 SELISOGSR (2 KI @S |
rising electricity demand outpaces the growth in renewable generation. This higher demand is also the
primary factor behind the projected increase in emissifiighese counties in 2025.

.8G6SSy Hnon YR HnnpzZ NBYySélofS SySNHe SELI YyaArzy
O2ya0iNIXAYySReé aO0OSYINAR2Z |1 FglA"A |YyR aldzAi O2dzyiASa
scale renewable energy deployment, it is assumed that plammejgctswill become operational five

8SFNBR fFAOSNI GKIY AyAGALEfte LIXFYYSR® CNRBY Hnon 2y8
G2 AYONBIFaS f AySI| NeréentRehewsb Partiolip Btandardi(RPE Xddget bwi2045

(Act 240 of 202p Projected RPS by county and year are detaildabie-7.

Emission Projections Methodology 220


https://energy.hawaii.gov/wp-content/uploads/2022/10/Act-238_HSEO_Decarbonization_FinalReport_2023.pdf
https://www.capitol.hawaii.gov/session2022/bills/GM1342_.PDF

TableJ}7: RPS by County and Year

County ’ 2025 2030 2035 2040 2045

Honolulu 28% 49% 78% 83% 96%
Maui 60% 76% 80% 81% 86%
l'Fagl AT A 51% 87% 87% 87% 89%
Y| dzI = A 60% 73% 83% 92% 100%

Heat Rate Calculations

To project fossil fuel emissions, heat rates for power plants were calculated based on generation (GWh)
and heat output (MMBtu) data from EIA Form 923 (EIA 2023). Hearta#talations measure the

efficiency of a fossil fuel power plant by determining how much fuel energy is required to produce one
unit of electricity. A lower heart rate indicates a more efficient plan as they use less fuel to generate the
same amount of eletricity. A weighted average heat rate was calculated for each county, fuel type, and
projection year, considering the planned retirements of certain plants, as outlined in th&4GZ0e3).

Fossil fuel generation was distributed across fuel typP§&0O, RFO, Naphtha, and biodiesasing the

share of generation for each county afuetl type, corresponding to the in the IGP (Lau 2023

2.1.a.ii

Emissions from the residential, commercial, and industrial sectors are projected based on the growth in
gross county products (GCP). Aligning emissions projections with GCP growth captures the impact of
economic development on energy consumption and ermaissiensuring projections reflect the dynamic
nature of the economy and its influence on energy demand. It also allows for a more accurate
estimation of future emissions, considering the interplay between economic activity and energy use.

Commercial, Residential, and Industrial Subsectors

2.1.b. Alternate Scenario 1A and 1B

Future energy prices, especially oil prices, are one of the greatest sources of uncertainty that will affect
FdzidzNBE DI D SYAadaarzyad | gl A~AQ4 RSYFYR T2NJ NBFAYS
petroleum products. The EIA Annual Energyl@kt price forecast for refined petroleum products was

dzAaSR (2 dzy RSNRGFYR (GKS LRGOGSYdAlrf STFSOG 2F 2Af  LIN
sector (EIA 2023}.Both ahigh (Alternate Scenario 1A) aolw (Alternate Scenario 1B) future oil price

LI Kgl& oFaSR 2y (0KS @AEQ) 2023 for efihedpétrol€uyi frodHces (EhAdzi £ 2 2 |
2023) were considered. Additionally, prices could be affected by external market forces not considered

in the AEO, changes in existing fuel taxes, or by state or national policy regarding GHG?pricing.

T Therewas no 2024AECOrelease due tmngoing efforts by the El#® overhaul their forecasting models.

2 An economywide carbon pricing scheme would also affect the price of coal and natural gas, which is not

accounted for as part of this analysis. Given that coal pthaséin 2022,and natural gas currently represents a

aYFff LERNIA2Yy 2F G20Ft FdzSt O2 yricidgstdame dryfutdrgoal ands | A~ A = (1 K
natural gas emissions is expected to be small.
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As shown, iMTableJ5 under thehighoil price forecast, the price of residual fuel oil was expected to be
roughly 45 percent greater than in the baseline case in 2025 and roughly 70 percent greater in 2045,
while in the low oil price forecast, the price of residual fuel oil was expected toulghly 40 percent of
the baseline case in all yedrfsThe price of diesel was expected to be between 75 percent higher in
2025 and about 100 percent higher in 2045 under liigh oil price forecast and roughly 40 percent
lower in all years under thiew oil price forecast.

To estimate the percent change in electricity demand due to higher and lower residual oil and diesel
prices, the underlying electricity demand which was met with fossil generation in the baseline case was
multiplied by the percentage change in price fockacenario and each year, the price elasticity of
demand, the share of fossil fuel generation, and the contribution of fuel price ($/kWh) to the total
electricity price ($/kWh) for each county (DBEDT 20PB. price increase for each fuel was weighted by
the ratio of electricity demand that was met with diesel versus residual fuel oil for each county based on
unit level fuel consumption data provided by HEI corresponding to the IGP base case scenario (Lau
2023). Based on empirical studies, electricity dechisrelatively inelastic, meaning that a one percent
increase in price is expected to result in much less than a one percent decrelsednd(Coffman et

al. 2016). For this analysis, an elasticity parameter equdl.fowas selected based on tB#ectric

Power Research Institu{@010). This means that a one percent increase in electricity price results in a
0.1 percent decrease in electricity demand. This elasticity parameter was similar to findings published by
Nakajima anddamori (2010)Paul et al. (2009andMetcalf (2008) Using this parameter, the change in
demand for fossil fuebased electricity under each scenario was calculated based on the following
equation:

O ©06p p BPYOAQDIizQwW@ V@IYE: , YO 00Qadi QpQY®DO Qf
where,
0¥ = Demand (GWh) in countyn Scenario 1A or 1B
06 = Baseline demand (GWh) in couniyn yeart
PYO&a Q0§ "QOQ = The percentage change from the baseline in electricity price intyear
for fuel f
"06 'T@HTY Q) =The share of fossil fuéin county ¢ and year t

" = Price elasticity of demand for electricity

YO R =Total fossil fuel generation as a shafdotal generation in year t and
county ¢

3 For context, a $25/M CQEg.tax equates to approximately an additional $10/bbl of crude oil.
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https://www.epri.com/#/pages/product/000000000001022196/?lang=en-US
https://www.epri.com/#/pages/product/000000000001022196/?lang=en-US
https://www.sciencedirect.com/science/article/abs/pii/S0301421509009975
https://www.rff.org/publications/working-papers/a-partial-adjustment-model-of-us-electricity-demandby-region-season-and-sector/
https://journals.sagepub.com/doi/10.5547/ISSN0195-6574-EJ-Vol29-No3-1

"06 Qa 01 Qe Q'Y & o=Ne share of the total electricity price ($/kWh) attributable to fuel
costsfor each county

This new demand for fossil fuel generation was then used to determine GHG emissions.

2.1.c. Alternate Scenario 2A and 2B

There is considerable uncertainty associated with the energy technologies that will ultimately be used to

meet future electricity demand. For the purposes of this alternate scenario, two additional renewable

energy deployment pathways were considered. $een2A and 2B assume lower and higher renewable

energy deployment than the baseline, respectivalgbleJ8 shows the renewable energy shares

assumed in the scenarios for each county.

Scenario2A A adzYSR GKIF G NByYySsgloftS SySNHe RSLI2eYSyid I N
Mauiand Hawdk O2dzy 6 AS& FyR (KS aflyR O2yaiNIAySRé FT2N
report (Hawaiian Electric 2023The share of renewables is slightly lower in the years 2025 to 2040

because of the assumed underlying demand. In 2045 it is assumed that the higher demand will be met

with biofuels. Kauawill reach the goal of 10fercentrenewables by 2033 according to the goal set by

YL!/ Qa 02FNR 2F RANBOGZ2NE 6w2016Stf HAaunO®

TableJ8: Shares of Renewable Energy Assumed in Scenario 2A and 2B

Scenario 2A

Il gl A7 A 51% 95% 95% 95% 100%
Honolulu 24% 52% 80% 86% 100%
YI dzI = A 60% 74% 84% 93% 100%
Maui 46% 85% 89% 89% 100%
Scenario 2B

Il F gl A7 A 51% 57% 80% 78% 77%
Honolulu 24% 29% 48% 76% 82%
Yl d& ~ A 58% 69% 78% 87% 100%
Maui 46% 52% 70% 72% 73%

AC2NJ Yl dzZ A 4S8 FaadzySR GKS alYS NIrdGS 2F RSLE2éYSyd 2F N

C2 NJ { OSy I NXkeBewable Eneryyldegloymer® gathway follows KIUC board of direody

established goal of reaching 1percentNBy Sél 6t S Sy SNHE& o0& Hnoo o6w2016S¢
NEySgloftS SySNHeé a0SylINA2 gl & RSOSEt2LISR F2NJ YI dz ~
percentrenewables by 2045.

Scenario 2Bssumed that delays in gratale renewable energy deployment follow the average annual

capacity (MW) delay that has occurred between 2016 and 2023 for the Hawaiian Electric service area
including both griescale projects and distributed resources. Thikgevas estimated by taking the

difference between proposed renewable energy generation in the PSIP (PUC 2016) and the amount of
NEySeéloftS SySNEB& 3IASYSNIGA2Yy LINBASYGSR Ay 1 Fgl A™A
submitted to the Pblic Utilities Commission (PUC) in 2016 and 2024 (for calendar year 2023) (PUC
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https://hawaiipowered.com/igpreport/

2024). This delay is then subtracted from the renewable energy generation assumed in the baseline.
Delays in renewable energy projects can occur for a number of regdom® concerns about siting to
changes in prices due to changes in the global madkegdpplies. The average annual delay in
renewable energygapacity expansiowas calculated using the following equation:

AR YO

e s o YO i
YOOQa ww
Cmea@mp
Where,
YOOQda dw = Average annual delay in renewable energy capacity expansion (GWh)
for county ¢
YO ir = Increase in renewable energy generation (GWh) between 2016 and
2023 proposed in the PSIP.
YO sr = Historical increase in renewable energy generation (GWh) between

2016 and 2023.

2.1.d. Uncertainties and Areas for Improvement

As highlighted by the alternate scenarios described above, there is uncertainty associated with
fluctuating electricity demand due to changes in world oil prices and the future build out of renewable
energy capacity. Additional uncertainties exist in thiufe of renewable energy technology costs,
particularly due to inflation and supply chain constraints, further land use constraints, and the viability
of the remaining refinery. This analysis also did not account for future policies or programs that could
impact fuel consumption by the Residential, Commercial, and Industrial sectors.

2.2. Transportation

2.2.a. Baseline Scenario Methodology
Under the baseline scenario, differing methods are used to project emissions from ground
transportation, domestic marine transportation, military transportation, and +moititary air
transportation. Where applicable, macroeconomic projections are apptiedlignment with stationary
combustion projections.

2.2.a. Ground Transportation

Statewide emissions projections from ground transportation use 2022 fossil fuel consumption by fuel
and vehicle type which is summarizedrigureJ4. HDVs have been split between buses and other
vehicles, which includes large trucks and cranes.

Emission Projections Methodology 224



FigureJ4: Statewide Emissions from Ground Transportation in 2022 (ME8I® Eq.)
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Light Duty Vehicles

LDVs are defined as cars, light trucks, minivans, and sports utility vehicles and generally represent the
dominating majority of statewide usage of-ooad gasoline&eonsumption which comprise 88 percent of
2022 emissions in ground transportatiéhAn LDV turnover model was used to forecast the

consumption of gasoline and its associated emissions from passenger cars and trucks. Vehicle turnover
models estimate the rate at which older vehicles retire and new ones enter the Tédslmakes them

useful tools to understand future compositions of vehicle types, and therefore GHG emissions from
vehiclesThe LDV modelas calibrated to 2022 and tracks the miles, fuel efficiency, and fuel use of the
existing stock of vehicles as well as all @322 vintages. Major changes to GHG emissions result from
changing assumptions about the adoption of EVs and fuel prices.

To forecast future emissions from LDVs, the properties of the 2022 vehicle fleet were defined. Fleet

OKI N OGSNRAaAGAOE 6SNB dzaSR G2 OFfOdzA 4GS GKS FfSSidQ
and EVs, as well as the average fuel efficiencyaofi.eDBEDT (2023) and the FHWA (2022) provided

data on the total number of LDVs by county and the average VMT per LDV by county; however, ICEVs

and EVs were not distinguished. To compute the number of ICEVS, the number of EVs was subtracted

from the totalnumber of LDVs using 2022 EV sales and registrations (DBEDT 2024c). EVBEMdude
andPHEVsvhile ICEVs include conventional ICEVs and hybrid vehicles. Using FHWA (2022) for VMT per
vehicle by county and assuming that average travel by EVs and ICEVs is the same, the total VMT by each
vehicle type was computed as follows:

“LG A& lFaadzySR GKFG FEf 3Araz2ztAyS Ay 1FgFrA~ A A& dzaSR o8
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06 | 06 | O ay @0 YN Q0w Q
where
0600 = The distance (miles) driven by ICEVs by cauint022
0600 = The number of ICEVs by couaty 2022 DBEDT 2023, Table 18)08
O ay = The number of EVs by coumtiyn 2022
@0 YN QR0 Q = the distance (miles) driven per vehicle by county 2022 DBEDT

2023, Table 18.97

To account for the ethanol content of gasoline, an adjustment was made to account for the Federal
Renewable Fuel Standard that mandates blended gasoline contains 10 percent ethanol. The fuel
efficiency of ICEVs was then given as follows:

Owi € ¢ Q& Q

00w 06O )
where,
06O = Fuel efficiency of the stock of ICEVs by coanty2022
Owi € ¢ Qe Q = Petroleum gasoline (EO) consumption in courity2022
i D = Share of ethanol in gasoline pool {drcen

To forecast future LDV GHG emissions, the 2022 calibration was projected into the future based on the
assumptions about the following additional elements:

1 A forecast for LDV VMT. For Honolulu, this forecast accounted for the proposed impact of the
Honolulu rail transit project.

1 An assumption of the relative contribution to the overall change in VMT from the change in
VMT per vehicle or the change in the number of vehicles.

1 Assumptions about new vehicle characteristics such as fuel efficiency, and the rate of
additional EV adoption.

1 Lastly, new vehicles enter the fleet based on assumptions on the scrappage rate of vehicles
by vintage.

Future LDV VMT
To estimate future LDV VMT, the analysis used an Ordinary Least Squares regression between historical

county level de facto population (DBEROR4&) | YR O2dzyi& +a¢ FNBY wmprdp G2
most current long rangéorecast for the growth rate of de facto population to the year 2045 (DBEDT

2018), total future VMT for passenger cars and trucks was projected to 2045 for each county using the
following equation:

WOy 0t O0QI @OWAE PQ 0OQ QOGO € O
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https://dbedt.hawaii.gov/economic/databook/2023-individual/_18/
https://dbedt.hawaii.gov/economic/databook/2023-individual/_18/
https://dbedt.hawaii.gov/economic/databook/2023-individual/_18/

where

wd Y = Total county level VMT from all LDVs in year

"0t 0 Qi @'QN 6 = Intercept term in thdeast squares fit by county
Y& £ DQ = Slope term in the least squares fit by county

0'Q QOGO € 0 = Forecast for de facto population by county in year

The resulting value for VMT served as an effective demand for travel. For Honolulu county, this demand
could also be satisfied by future rail trips. To isolate future energy used for LDVs in Honolulu county, the
LDV VMT was adjusted such that future VMT theough rail transit was subtracted. The Honolulu Area
Rapid Transit (HART) initially estimated the maximum VMT that could be displaced from passenger cars
and trucks, once the rail is fully operational and running at full capacity, to be 566 milles (IHART

2010). However, given the planned truncated service to the system and actual 2023 and 2024 ridership
(HART 201DTS 202% this original forecast was adjusted downward. Actual ridership for the first year

of operation has averaged about 3,500 passengers on a weekday 202} This translates to a

reduction in VMT of about 7 million miles, which is used for 2024. Using HART (2019) estimates for
expected passenger trips, the current plans for the completion of segments two and three of Skyline,
and making assumptions for peakd offpeak utilization, a new estimate for VMT reduction was made,
reaching 456 million miles in 2045.

Because the project has experienced numerous delays in construction and difficulties estimating
ridership, there is great uncertainty around this forecast. The effect of the rail project on VMT,
however, is rather small and thus its effect on emissioamft.DVs is small. For example, if the forecast
were adjusted up by 5percentfrom 2030 onward, forecasted VMT from LDVs would decline by about 1
percentin 2030 and ®ercentin 2045.

VMT per LDV
The next step was to further define LDV VMT per vehicle, which was determined based on the number

of vehicles and the average VMT per vehidlenultiplierof 0.5is used as a simplifying assumption to
attribute the total growth in aggregate VMT equally between two contributing factors. First, an increase
in the number oLDVs, and second, an increase in the average VMT per LDV. The multiplier reflects an
equal contribution to the total VMT growth in proportional ternfssuming thathie growth innumber

of vehicles and average VMT per vehiclewweighted equally, the VMT per LDV was given by the
following:

WO'YNQIHOw M O YOI £ Vwd YN QI Ow
where,
@0 YN Qi 0 Ow = Average VMT per Vehicle (miles) in courityyeart
w0 YOI g 0 = Annual growth in VMT in countyn yeart

@0 YN Qi 0 Ow = Average VMT per Vehicle (miles) in courityyeart-1

Emission Projections Methodology 227


https://honolulutransit.org/hart-revised-recovery-plan/
https://www8.honolulu.gov/dts/skyline-ridership/
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Composition of the Vehicle Fleet

TheLDV turnover model introduced new vehicles and retired older vehicles based on the assumed
survival rate for cars and trucks by vehicle dgeA 2016 Vehicle sales by type in the current year was
the difference between the total number of vehicles by type in the current year less the total number of
vehicles in the previous year that remain on the road in the current year. The following standarie vehi
turnover equation was used to compute the number of vehicles of each vintage, except the current year
vintage.

O fr p 0QOO® 0QG ki

where,
Y = all vintages except the current year vintage
type = ICEV car, ICEV truck, EV car, or EV truck, for alQ3vintages
w®;, [ = Existing vehicles on the road in couatpytype, vintagev, and yeat
0QO®O® = One year decay rate of vehicles of age) (

The totalnumber of vehicles was estimated by the ratio of total VMT and average VMT per vehicle. The
number of new vehicles was the difference between the total number of all vehicles and the total
number of existing vehicles:

0QU M "YO AR Qt Oy 5k
forv=2022, ...1-1
where,
0 QU @K = New vehicles in countyand yeart
YO d@y'Q = Total vehicles in countyand yeart

New vehicles were then disaggregated into the fonesof LDVs, first by splitting EVs and ICEVs. The
AKFNB 2F yS¢ OSKAOESa GKFG INB 9+xa OFYS FNRY 19/ h

Yo 0 0 Qpp OO, 0 QU MR
where,
YO & U Qp 'OxhNew EVs in countyand yeart
O wl¥; = Share of new vehicle sales that are EVs

The difference between total new vehicles and total new EVs gave total new ICEVs. Next, new EVs were
split into those that were cars and trucks. The share of new vehicles that were cars was set equal to the
share of 2022 vehicle sales that were cars. B® number of new car sales that were ICEVs was the
difference of total car sales of all types and sales of EV cars, which then left the number of new LDVs
that were ICEV trucks as the remainder of new vehicle sales after accounting for all EV sale® and ICE
cars.
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https://www.regulations.gov/document/EPA-HQ-OAR-2015-0663-0019

Fuel Efficiency of New Passenger Cars and Trucks

Fuel efficiency of new passenger cars and truehs estimated using the U.S. Environmental Protection

1 3Sy0eQa 69t! 0 O2NLIRNIGS @SN IS FdzSt SO2y2vYe o/!
CAFE standards require light dushiclesto have an EPA rated efficiency @&5lg CQEq/mile and 210

g CQEqg/mile, respectively, by 202 These standards can be met through a combination of improving
vehicle efficiency and/or reducing emissions of hydrofluorocarbons (HFCs) from vehicle air conditioning
For this analysis, it was assumed basedaris and Boundy (2018jat a portion of improvements was
made through reductions in leakage of refrigerants from vehicle air conditioning systems. Specifically,
this method of compliance meant that fleet average fuel economy standards in 2025 declined from 54.5
to 45.4 mpg l(attanzio et al. 201 avis and Boundy 20).9These fleet average fuel efficiency standards
translated intoeffective tailpipe fuel efficiency standards for light duty cars and trucks, respectively, of
60.9 and 40.7 mpg in 2026 (EPA 282Zhe fuel economy for 2027 t02032 is based on the National
Highway Traffic Safety Administration proposed rulemaking (DOT 2023). The resulting 2032 fuel
economy standards are 72.3 and 47.3 mpg, respectively, for light duty cars and trucks. ThisGéFeE of
standard was assumed to remain constant from 2032 through 2846onal Highway Traffic Safety
Administration (NHTSA)developing new CAFE standards and does so at least every five years. The
current numbers differ by only one or two mpg from the previous estimate for the last year modeled by
NHTSA.

New vehicle fuel efficiency was adjusted to account for the difference between federal fuel standards
and true onroad fuel efficiency as estimated by new car window labels. EPA estimated this difference to
range from 20 to 25 percenEPA 201% It was assumed that the actual fuel efficiency of new vehicles
would be 22.5 percent lower than the CAFE standards. This efficiency standard was an average across
ICEVs and EVs.

To compute emissions from light duty ICEVs, the implietbad fuel efficiency standard for ICEVs

YSSRSR (2 0S RSGSN¥YAYSR® | aAy3 GKS !'9h 69L! HAHOD
(2023) for EV efficiency, and the overall fleetaiéfincy, the effective efficiency standard for new ICEVs

over the model horizon was computed. The efficiency of the existing stock of EVs was taken as the

average across all 2023 EVs (EIA 2023). The 2045 value was taken to be the efficiency of theQLightyear
O2yOSLIi OIF NI 69f SOUNRO +SKAOtSQa 5F0lF0olFaS HAHHOD ¢
increase exponentially between the 2023 and 2045 value.

In addition to EVs embedded in the fuel efficiency achieved through CAFE, the model assumed different

EV adoption rates for each county. For the baseline, annual statewide sales shares for EVs were based

on the International Council on Clean Transporta@023 report on EV adoption for 202%35 Slowik

et al. 2023. For 2045, a boundary condition for EV sales share pe8&entis assumedFor the

intervening years, the statewide sales shares are computed by fittingshag®d curve between the

2035 and 2045 values. The sales share for Honolulu County was assumed to match that of the state, and
0KS &KIFNBa FT2N GKS were basell onkhe tayoRf the pedetrationZrumédiok tikede
O2dzyiASa (2 GKIFIG 2F 1 2y2tdzfdz / 2dzy0REXEyOBaAaBRARYAI 8 A
LI NIi 2 Bervic®térritofyAEV penetration in this county was assumed to mirror that of Maui. By

2045, the baseline forecast projected the share of LDV sales to be B)Msc@éat 95percent 100

percent and 10(percentF 2 NJ | | g A~ A3 |1 2y2fdzf dz Yl dzZ "AX FyR al dz
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are a marked increase from the 2023 forecast because recent EV sales have far exceeded previous near
term forecasts.

Total Energy Consumption

With the number of ICEVs, EVs, VMT per vehicle, and fuel efficiency, the amount of gasoline and
electricity used to power the fleet of LDVs throughout the model time horizon was calculated as follows:

Owi € ¢ QF QWO YN QI 0D Od®@; (rr OO0 | fortype=ICEV carand ICEV truck
00 QOO i Q6 "@OSYH Qi {0 0éd®; r; "O0  fortype = EV car and EV truck
where,

"00 = Fuel efficiency of vehicles by type (in miles per gallon of gasoline for ICEVs and
miles per kWh for EVs)

W@y, fp = Number of vehicles (including new and used) by county, type, and vintage in
year t.

"Owi € ¢ "Qe=Mlended gasoline consumption (E10) in cowaragd yeart
0& Qwo i "GoElectrigity demand in countyand yeart
LDV GHG Emissions

Lastly, tailpipe GHG emissions for ICEVs were computed as the product of the fossil gasoline (EO)
consumed and GHG emissions factor for fossil gasoline plus the product of ethanol (E100) consumed
and GHG emissions factor for ethafodGHG emissions from ICEVs were given by:

Oa Qi i Q¢ §i 0DIOWE QPQIM OCO®iI ¢ aVWHNE ¢ QEM O'CEbE € &
where,
Od& Qi | Q¢ g i "OCdEmMissions (MMT GEqg.) in countg and yeart
000G i ¢ a Q¢ 'Q = Emissions factor for gasoline (MT.&Q@./gal of gasoline)
O'MEhe ¢ o = Emissions factor for ethanol (MT £&9./gal of ethanol)

Total statewide emissions from gasoline for each year are the sum of emissions over all counties. GHG
emissions resulting from the consumption of electricity used by both EVs and future rail transit were
accounted for through emissions from power generati®

Heavy Duty Vehicles

s Consistent with standard emissions accounting practices, thee@@sion factor for ethanol is assumed to be
zero. ChHland NO emissions from biofuels are included in the overall €Quivalent GHG emission factor.

8 Assuming that rail transit takes 15 MW to operate the entire {iHenore 2019, and its current planned level of
service will be fully operational by 2035.
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The existing stock of diespbwered vehicles were categorized as HDVs, including buses, other HDVS,
and medium HDVs (MHDVs). Other HDVs included large trucks and cranes. MHDVs included all diesel
powered vehicles that were not HDVs. This breakout was beeduse of the large difference among

these vehicle types in their characteristics, usage, and forecasts for electrification.

As with the forecast of GHG emissions for gasoline powered LDVs, the characteristics of HDVs into the

future were identified using a fleet turnover model where 2022 diesel fuel consumption was used for

data calibration. FHWA (2022) data were used to dissgage the country totals into these vehicle

types. To forecast future emissions from HDVs, the properties of the 2022 stock of HDVs needed to be
RSTAYSRI aLISOATFAOIffer (KS GKNBS FtSSiQa xac¢z 7Fdz8
For buses, fuel use equaled the product of the number of buses, annual mileage per bus, and average

fuel economy of buses. The FHWA provided data on the number of buses by county; DBEDT (2021)

LINE JARSR RFEGlF 2y GKS | yydz fsaysuhes o Hofll foetie otheiza S& 2y h
counties; and the average fuel efficiency for the fleet of buses was taken to be 7.ERAR016a

Thus, total fuel use for buses by county was given by the following:

"00 306 QA f; "00wd Y 5 FOGQ |
where
"O0 006 Qap = Fuel consumed by buses in county in 2022 (millions of gallons of B5
diesel)
"O0w 0 Y & = VMT for buses in county in 2022 (millions of miles)
oG i = Average fuel efficiency for buses in county in 2022 (mpg)

For MHDVs, fuel consumption was computed in a similar manner to buses. The number of these vehicles

in the state is 15,500 (AFDC 2022). The number per county was assumed to equal the product of the
adrasS G224t FyR GKS 02 deaindariileagefor thdse \2Hicled wiad givgnhy S K
FHWA, and the average fuel economy of these vehicles was taken to be 18.1 (FHWA 2022). Thus, total

fuel use for these vehicles by county was given by the following:

00 WO6 Qa j OO0wd Y { TOG R
where
"O006 Qo = Fuel consumed by MHDVSs in county in 2022 (millions of gallons of B5
diesel)
O0w LY ; = VMT for MHDVs in county in 2022 (millions of miles)
0Q i = Average fuel efficiency for MHDVSs in county in 2022 (mpg)

Fuel consumption for all other diespbwered vehicles (other HDVs) was then taken to be the

remainder of diesel fuel used in ground transportation. That is, diesel fuel consumed by other HDVs
equaled the total diesel used in ground transportation lessdiesel used for buses and MHDVs. The
VMT for other HDVs was set equal to the total fuel use times the average fuel efficiency of other HDVs.
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The average fuel efficiency was taken to be 6.0 mpg (FHWA 2022; based on the fuel economy for
combination trucks).

VOwbd Y 7 00 @Wo6 Qu f 0G
where
"O0wWO6 Qa j = Fuel consumed by other HDVs (millions of gallons of B5 diesel) in
countycin the year 2022
O0w 0 Y x = VMT for other HDVs (millions of miles) in counity the year 2022
0 i = Average fuel efficiency for other HDVs (mpg) in coaiiythe year

2022

It was assumed that diesel used in ground transportation was comprised of five percent biodiesel and 95
percent petroleum diesel. Therefore, gallons of fossil diesel and biodiesel consumed equaled 95 and five
percent of total diesel, respectively. Thus,&Emissions from each vehicle type equaled 95 percent of

the product of the amount of diesel consumed by each vehicle type and the emissions factor for fossil
diesel plus 5 percent of the product of the amount of diesel consumed by each vehicle and msnissio
factor for biodiesel”

To estimate future GHG emissions from HDVs, the 2022 calibrationvgsairojected into the future
based on the assumptions about the following additional elements:

9 Forecasted VMT by type of vehicle.
1 Change in fleet average fuel efficiency.
1 The rate of electrification.

Specifically, future GHG emissions for each diesel vehicle type equaled the product of the diesel
consumed by each vehicle type and the emissions factor for diesel. The level of diesel consumption was
found by dividing VMT from diesel powered vehiclest®y average fuel efficiency of these vehicles.
Emissions associated with future electric buses, HDVs, and MHDVs were found in a similar manner
where the average fuel efficiency was measured in miles per kwWh and emissions factor depended on the
generation nmx in the county of interest.

The projections methodology and detailed assumptions are described below.

VMT Forecast for HDVs
Unlike LDVs, where VMT was projected based on the historic relationship to de facto population, county
level VMT from all types of diesel powered vehicles were assumed to grow at the rate of GCP. This

7 Consistent with standard emissions accounting practices, thee@@sion factor for ethanol is assumed to be
zero. CHland NO emissions from biofuels are included in the overal-&fnivalent GHG emission factor.
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relationship is based on the fact that diesel powered vehicles are more closely aligned with economic
activity than population as they are used for freight transport, public transit, and industrial purposes.

"OO0w 0 "Y  OO0wL Y "06 §r o6 §
where

O0w 0 Y i = Total VMT by HDVs type and county in year t (millions of
miles)

O0w 0 Y i = Total VMT by HDVs by type and county in 2022 (millions of
miles)

06 § = Forecast for real gross county product in year t

"06 @ = Gross county product in 2022

0wnQ = Bus, HDV, MHDV

The VMT for each vehicle type was divided into travel by diesel powered (ICEV) and electric powered

(EV) vehicles. For buses, the shareof VYME | & o6 AaSR 2y SI OK O2dzyiéQa LIN
of new buses that are electric. Based on a Federal gvahtdzl "yARQ & | dzA Q& O2dzy i A Sa | NB
entirely electrify their bus fleets by 203Blaui Now 2028 @ | 2y 2 f dzf dzQa o6l a oF &SR 2y
| 2 dzy (i &-EndissiéaFING Transition Plan, which forecasted all buses to be electric by 2040 (City &
County of Honolulu2022E 2 NJ | F g+ A~ A O2dzyGeéx GKS GNIyarAdGAz2y (2
GKFYy GKFG 2F YldZd "A FyR aldzAi O2dzyiASa o0SOldasS 27
Fff StSOGNRO FESSG 2y 1 gFAQA O2dzyde Aa | aadzySR i
For MHDVs, given this is a much slower vehicle class to transition to EVs, the share of new vehicle sales

that are EVs was taken to equal the low penetration forecast for LDVs (see Scenario 3B). For large HDVs,

the penetration of these vehicles is basedioiK S 9t ! Q4 CAy Il f wdz S NBX3IF NRAy3
for heavy duty vehicles (DOT 2023). The EPA forecasts that for manufacturers to comply with the Final

Rule, Ipercentof the onroad fleet will be EVs in 2027, seven percent in 2032, and 22 perc2adD.

The model assumes constant growth rates in the share abad fleet between 2025 and 2027, 2028

and 2032, and 2032 to 2045.

VMT by diesel powered arielVswas given by the following:
000500y § O0@IY i p OWWI Q ;
OVOWwwd Y 7 O0wd Y f OWYDI Q f
where
VO0WO0 ®WL Y i =HDVICE VMT (millions of miles) by coumrtydtypein yeart
V0wl Y { =HDVEVVMT (milions of miles) by courgpdtypein yeart

oY Q 5 = Share of travel by Efsercent)by countyc andtypein yeart
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Fuel Efficiency and Fuel Consumption
The fleet average fuel efficiency of each type of ICEV HDV was based on the harmonic average fuel
STFAOASyOe 2F (GKS LINA2NI &@SIFNRa FftSSG IyR GKS Tdz5f¢

"O000 W06 0O Q¢ QRO
P o "0 &0 oS 08 Q0 Y 6D 006 08 fQ i
"0000 606 0°0% QR 6 "0000 ¢08 OF K Ur

where

"O000 W06 O"Q¢ QRO = Fleet average HDV ICE fuel efficiency (mpg) by coanty
typein yeart

YR @0 B0 006 O¢ QU = Share (percent) of miles driven by new ICE HDVs by county
candtypein yeart

"O000 006 ‘O¢ {Q Uy, = Average fuel efficiency for new ICE HDVs (mpg) by county
andtypein yeart

A similar calculation was made for eagpe of fleet of HDVs that are EVs.

0000 R QRGO P o g 4pVO®a: Qo 5 YR ©0.TO®oE QU §

"OC00 ¢ w Qo Q0 "O000wWwwe QU
where
"O000 gD w Qo Q0 = Fleet average EV fuel efficiency (mpg) by coaatydtypein
yeart

YR 00O weE QU ; = Share (percent) of miles driven by new EV HDVs by county
andtypein yeart

"O000Wwe QUL | = Average fuel efficiency (mpg) for new EV HDVs by caunty
andtypein yeart

The fuel efficiency for each fleet was solved recursively starting with the year 2023. In each year, the

fuel economy for new vehicles and the share of the fleet that was comprised of new vehicles need to be
determined. The improvement in fuel efficien@/NJ 6 dza Sa 2@SNJ GAYS ¢l a | aadzy$S
Phase Il standard&PA 2016 which imply about 10 percent improvement over 2016 efficiencies by

2025 or 8.9 mpg. From 2026 onward, fuel efficiency was forecasted to improve by the same absolute

annual mpg fuel efficiency improvement from 2024 to 2025 of 0.15 mpg. The fuel effi@énew

types of other diesel (internal combustion) engines was assumed to increase over time in proportion

GAGK GKS AYONBFAS Ay 9t ! QBEPAPRWSAverdgng dciOds e diiferens G I Yy RI
engine classes for HDVSs yielded an average increase in fuel efficiency from 2016 to 2025 of about 11
percent, or 1.2 percent per year. This rate of annual improvement in fuel efficiency was assumed to

persist through 2045The rates of improvement in EV bus and EV HDV fuel efficiency followed the same
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rate of improvement as their ICEV counterparts. The fuel efficiency of new electric 2021 buses and new
2021 HDVs was assumed to be 3 times that of their diesel counterparts on a diesel gallon eq(fivalent.

The fuel efficiency for new ICEV MHDVs was assumed to match the EPA CAFE standards combined for
cars and trucks through 2029. Fuel efficiency for ICEVs was assumed to remain constant after 2029
because of the increased penetration®¥s which eases compliance with the CAFE standards. The
efficiency for the electric MHDVs was assumed to follow that of the LDVs.

As for the share of miles traveled by new vehicles, this analysis assumed that approximately nine
percent of VMT for HDVs and MHDVs was undertaken by new vehicles of the respective type each year.
This figure was derived from estimates of HDV VMT by maadelas obtained from the U.S. Inventory
(EPA2024b.”° For bus fleets, the model assumed four percent of travel by diesel powered buses was
conducted by new buses. Note that the overall share of VMT by new buses was larger because more of
the new buses were expected to be electric.

The share of travel bigVshat was made by new HDV EVs was represented by the following equation:
006 QUOGHD Y § RGO OG5 O0@DY
OVOWwnd Y n "Rwd Vg 7 O0wWid Y
00 QUO@WnD Y 5 00wl "Ow Yo ®BOOW QUOwnd Y &

where,
0w QO wwd Y & = VMT covered by new EVs sold in cowrandtypein yeart
COWwwL Y § = Total VMT covered by EVs sold through year type and in
countyc
t0 = First year EVs appear in the fleet for tigpe (buses, other
HDVs, and MHDVSs) in cournty
tt =dnz-1Xx i

The share of travel by new HDV EVs for a diyg@and county in year is the ratio of the travel
conducted by new EVs sold to the total travel conducted by EVs.

Knowing the VMT for each type of vehicle and its fleet average fuel efficiency, the fuel consumption by
each type of HDV was computed as the ratio of VMT to fuel efficiency. The first equation computed the
amount of diesel consumed, and the second equatiomputed the amount of electricity consumed:

i o~ 00000 OO0 Y

0 RQ Qg "0000 605 0°QF QR 6

B¢KS NIdGA2 2F GKNBS gla dGF1Sy TNRY GKS Dw99¢ Y2RSt Qa
buses (2019).

®The share of miles driven by new vehicles was estimated based on new vehicle data for 2007 because 2007 is
believed to be a representative year in terms of typical vehicle sales.
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where

00Qi Qn = Consumption of B5 (gallons), which contains 95 percent fossil and five
percent bio diesel, in countyby typeand in yeat
08 Qb6 FOdQY 6@ DO WU

‘0000 @a Q0 QO
where
0d 'Q® O 'O QG wElectricity consumption (GWh) in coumtgy typeand in yeat
HDV GHG Emissions
Lastly, tailpipe GHG emissions for diesel powered vehicles were computed as the product of the fossil
diesel consumed and GHG emissions factor for fossil diesel. Total statewide emissions for each year
were the sum of emissions over all countiksvas assumed that the share of biodiesel in the diesel pool
remained constant at 2022 levels of five percent over time.
VOO0 0a Qi i fREF
p Y2 6 Q¢ Q®WQI QWA Qg O'CQOMQQI Qo
"YQ 6 Q¢ QWQIMAQE Qf O @OQQI Qa

where,

OO0 04 Qi i Q&g | =Emissions (MM MT G&q.) from diesel HDVs in courmtiy
typeand in yeat

YR 6 Q¢ QQQI Qo = Share of biodiesel in the diesel pool (five percent)
0'0Q0QQI Qo = Emissions factor for fossil diesel (MT, EQ/gallon)
0" 0QQI Qa = Emissions factor for biodiesel (MT@&Q./gallon}°

Total statewide emissions from transportation diesel for each year were the sum of emissions over all
counties and vehicle types. GHG emissions resulting from the consumptidecoicity used by HDV
EVs were accounted for through emissions from power generation.

Motorcycles
Annual county level GHG emissions from motorcycles were calculated based on the average fuel

efficiency of motorcycles and the total county level annual VMT for motorcycles. Historic data for county
level gasoline consumption and emissions associatedmittorcycles were based on county level data

on the number of motorcycles (DBEDT 2023), VMT per motorcycle (FHWA 2022), and the average fuel
efficiency of motorcycles (FHWA 2022).

D€ @®OY WO'YRQIPEOUVDEP

80 The emissions factor for biodiesel includes methane and nitrous oxide but not CO
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where

D€ ®OY = Motorcycle VMT in countyin the year 2022
w0 YN Qi P € 6 = Average VMT per motorcycle in county the year 2022
00¢€pP = Number of motorcycles in countyin the year 2022

Total VMT for motorcycles was assumed to grow at the same rate as total VMT for LDVs.
DE®OY w00 €00t QRWwwD "V € q
where
DE DY = Motorcycle VMT in countyandyeart
w0 "I €'Q0¢ Qgxrdsrowth rate of VMT, based on LDV VMT, in cooatyd yeart
w0 'Y E q = Motorcycle VMT in countyandthe year 2022

Motorcycle gasoline consumption was calculated by dividing total VMT for motorcycles by their average
annual fuel efficiency, which was assumed to be 44 mpg (FHWA 2022) (and assumed to remain constant
over time).
0 € 600i € @ QEVE GO0 wi "¥Y € ¢
where
D & 800 & ayQ¢ ‘QGruMotorcycle gasoline consumption (gallons) in courapd yeart

0 ¢ 600 = Fuel efficiency for motorcycles (mpg)

w0 'Y E q = Motorcycle VMT in countyand yeart
GHG emissions from motorcycles were then calculated by multiplying gasoline consumption by the GHG
emissions factor for gasoline. As with gasoline consumed by LDVSs, this analysis assumed that gasoline
consumed was E10, which contains 10 percent ethanebhyme.

D€ ®aQi i ¢ OMO0WI € aQp AM 0 € Owi € ¢ Qe Q

where
O"00wi ¢ Qe Q = Emissions factor for gasoline (MM MT,EQ./gal.)
i D = Share of ethanol in gasoline
D& o0él (OB Q Q¢ ¢4 GHG emissions (MM MT £E®y.)from motorcycles in county
cand yeart

Statewide GHG emissions from motorcycles were aggregated from county emissions for each year.

2.2.ali Domestic Aviation
GHG emissions from domestic aviation include emissions from passenger and cargo travel between
I F6FA™A YR 2GKSNI R2YSA0GA0 (201 GA2ya 0AYyOt dzRAYI &
residents and visitors. The inventory convention for attribgtair travel emissions is to assign half the
SYyraairzya (2 (GKS t20FG4A2y 2F GKS FEAIKGEQa 2NAIAAY
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To forecast emissions for domestic aviation, the characteristics in these three categoidéers,

residents, and cargo traveling to and from domestic locations needed to be calibrated. Total jet fuel
consumption by county in 2022 was broken into thésee categories based on data for visitor arrivals
and cargo shipments. First, all air travel was disaggregated into passenger overseas travel, passenger
interisland travel, and cargo. THidlowed the methods presented in the City & County of Honolulu
Climate Action Plan, Technical Appendix, for domestic avidgfldn & County of Honolulu 2021

In brief, air travel was split between that used to move passengers and cargo based on a share

parameter from data on the number of passengers and tons of cargo, where tons of cargo were

converted to passengers based on the assumed constraints of a Bt&in@verseas and interisland

travel were combined in such a way that accounts for the difference in energy used for the two different

types of trips. To do so, it was then assumed that an overseas trip required five times the amount of

energy than an intesland trip (see City & County of Honolulu 2021). Next, passenger travel was further

RAA&AI IINBIIIGSR Ayili2 OAaAld2NI 20SNESIFA GNI @St GAAAD
of overseas visitortravetad S a G A Yl GSR o0l aSR 2y GKS NIGAZ2 2F QAAA
I FglA~AZ G yc LISNOSyG o/ Ade g [/ 2dzyde 2F | 2y2f dz dz
evenly between visitors and residents.

Visitor and residential travel, as well as cargo were further disaggregated into international and

domestic sources. Based on City & County of Honolulu (28@24xhirds of visitor travel were found to

O02YS FTNRY (KS !{® ¢KS akKFNB 2F AN OFrNH2 GNI} @StAy
equal the ration of domestic jet fuel consumption to the sum of domestic jet fuel and international

bunker jet fiel consumption.

Last, these categories were combined to make the following categories that accounted for all domestic
aviation:

1 Domestic visitor travel = Overseas visitor travel from domestic locations + Interisland visitor
travel
1 Domestic Residential travel = Overseas residential travel from domestic locations + Interisland
residential travel
9 Cargo = Cargo flown between domestic locations + Interisland cargo shipments
{AYyOS NBAARSYGAlIf (N @St FyR OFNH2 6SNB | aadzySR i
was divided into visitor air travel and everything else. Thus, the share of travel by visitogwv@raby
the following:

WQRY Ot d wQi "Yi FUORAM W Qi "YI WUAEXIG 0 i "QEYQI "Yi ®0 Q&
where

D¢ awQi "Yi ooac2GFf HnAnHH GNI oSt o0eé GArarilizNB o0Sig

OAYOfdzZRAY3I 1 F6FA" A0 O6YAf Saov
0¢ &6 wi Q¢ I ¢2GFf Hwnun GNI @St o0& OFNB2 o0Si6SSy
OAY Ot dzZRAY3 1 F6FA" A0 O6YAf Saov
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0¢ aYQi "Yi GomRac2aGHf HwnuH GNIF @St o0& NBaARSydGa oS
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With the base year, 2022, value for jet fuel consumed in domestic activities by county and the share of
jet fuel due to visitors, the model then forecasted the jet fuel consumed by visitors and all other
domestic sources. To forecast jet fuel consumptioe tb visitor travel, the value of county level
emissions from jet fuel was used as a starting point. 3dse year value was then multiplied by the
growth index in visitor travel and the share of 2022 jet fuel due to visitor travel. This product was then
multiplied by an efficiency index for air travel to account for the increase in efficiency of air travel over
timef¢ KS ANRGIGK Ay R2YSaGAO OA aA-ak Nagiangd: @bty lewell & o6 a$s
forecasts for visitor arrivals.

0 'QO0 "WWAQP ¢ WIQI 1AW QQWQIRY 1 'QO "GO Qa

where
0'QO "WWAQH €1 i = Jet fuel consumed by visitors traveling between domestic
locations and county, ¢, in year t (gallons)
W Qi UFQw = Visitor index for county, c, in year t (2022 = 1)
0"QQ = Efficiency index for air travel in year t (2022 = 1)

¢tKS INRGGK AYy NBaAARSYy(d (NI @S-fandloggRing®todiFvels I & ol &SR
forecasts for GCP.

0 QO WEAXEQE 0600 RMOQQ p ®QAY 0'QO6 GO Qa
where

0 QO "G EIAEQ { Jet fuel consumed by residents and cargo traveling between
domestic locations and county, ¢, in year t (gallons)

060 0 R® = Gross product index for county, c, in year t (2022 = 1)
9YAaaA2yad FNRBY R2YSaUAO FGAlLGA2Yy 6SNB GKSy OFf Odz
emission factors.

O¢ a0 @i Qi i NE HI@ Q0 00 B0 WO Q 0 QO "WAEIAAEQ
where,

0¢ a 0 @i Qi i fQ& Gounty level emissions from domestic air in year t (MM MTE2Q

0@ Q0 00INMA AaA2y Q8 Tl Ol.EqGaor)NI 2SG TFdz§t o6ac¢ / h

B9FTFTAOASYOé AYyRSE ¢61a& olaSR 2y 9L! Q& ! 9h HAHH | AN (NI O
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2.2.a.iii Domestic Marine
Due to variations in historic emissions, projections use an average of 2015 through 2022 to generate a
baseline instead of a single jumping off year. Then emissions are projected from this year by taking the
LINE RdzOG 2F GKA & | @S atid$2024, K th¢ dfficiend hdex DricammargiaR S E - NJ
shipping (EIA 2023).

0Nl "QE QOa QU DEEQOQQI QO Oi Q& 'QOd& Qi { Q¢ ¢ i
where

0 Wi Q¢ QO& Qi i "Q¢ &=iState level emissions from commercial marine in year t (MMT
CQEq.)

0D i Q& QO04& Qi | "Q¢ &=iAverage of State level emissions from commercial marine
over the years 2015 through 2022 (MMT A&D.)

"OYD U R =GSP indein year t (2022 = 1)
0"QQ0 Qw = Efficiency index for commerc#llipping in year t (2022 = 1)

2.2.a.iv Military Aviation and Military Non-Aviation
Emission projections were not developed for the military. Instead, future emissions were assumed to
equal the average of the 2015 through 2022 emissions from this sector and remain constant for all
projection years. Future military operations are basedlenisions that are not made at the stavel;
therefore, emissions from military operations are highly uncertain and are not accurately forecastable.
ThereforeANB g Ay 3 SYAaaizya o6FaSR 2y D{t 2NJ20KSNJ I gl A
determined b be inappropriate. Further discussion of data uncertainties for these sources is provided in
the section below.

2.2.b. Alternate Scenario 1A and 1B
¢2 dzy RSNRAGFYR GKS LRGSYdGArf STFSOG 2F 2Af LINAROSa
sector,high (Alternate Scenario 1A) atolw (Alternate Scenario 1B) future oil price pathway based on
GKS 9L! Q& ! yy dAED) 202¢ forN@sélinehdizsef afdet fuel were assessed.

2.2.b.i Ground Transportation
Light Duty Vehicles
To estimate the impact of a price change on LDV fossil fuel demand, the percent change in gasoline price
between each oil price scenario and the baseline case was multiplied by the price elasticity of demand
for gasoline. This analysis assumed that theteddty started at0.24 in 2023 and linearly increased in
magnitude t0-0.47 in the longun in2035(HGdssinger et al. 203 7Thechangein demand for LDV
gasoline for each scenario was then calculated based on the following equation:

PY) Ogr ., bYOU

where
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b Y0 Ogy, = The percent change in LDV gasoline demand in caany yeart and under
scenarios

» = The price elasticity of LDV gasoline demand intyear
b YOl = The percent change in gasoline price in yearderscenarios

As a last step, the percent change in gasoline demand underadt&chate scenario was multiplied by
emissions estimated under the baseline scenario and then added to the baseline emission estimates to
adjust emissions accordingly.

Heavy Duty Vehicles

To estimate the sensitivity of HDV fuel demand to changing diesel prices, the same technique as that for
LDVs was used. The percent change in diesel price between each oil price scenario and the baseline case
was multiplied by the price elasticity of denthfor diesel. Based on recent literature, this analysis

assumed that the elasticity started #1.07 in 2025 and linearly increased in magnitudedt@7 in the

longrun in 2035 (Dahl 2012; Washington Department of Commerce 2015). The change in demand for
HDV diesel for each scenario was then calculated based on the following equation:

bYOO®; , bYOU;
where
b YOO ®r = The percent change in HDV diesel demand in couaityl yeart and under
scenarios
" = The price elasticity of HDV diesel demand in year
b YO 0y, = The percent change in diesel price in yieamder scenarios

As a last step, the percent change in diesel demand under each alternate scenario was multiplied by
emissions estimated under the baseline scenario and then added to the baseline emission estimates to
adjust emissions accordingly.

2.2.b.ii Domestic Aviation

To estimate the sensitivity of aviation fuel demand to changing fuel prices, the same methodology used
to calculate the sensitivity of LDV and HDV fuel demand to changing fuel prices was applied to jet fuel.
Thepercent change in the jet fuel price between each oil price scenario and the baseline case was
multiplied by the price elasticity of demand for jet fuel for domestic aviation. Based on recent literature,
this analysis assumed that the elasticity started0al9 in 2025 and linearly increased in magnitude to
0.24 in the long run in 2035 (Fukui 2017; Sobieralski 20#®change in demand for HDV diesel for

each scenario was then calculated based on the following equation:

PO "Qir . b Y0 "op
where

b Yd Qi = The percent change in jet fuel demand in cowdyd yeart underscenarios
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» = The price elasticity of jet fuel demand in year
b YO "Op = The percent change in jet fuel price in yeanderscenarics

As a last step, the percent change in aviation fuel demand under each alternate scenario was multiplied
by emissions estimated under the baseline scenario and then added to the baseline emission estimates
to adjust emissions accordingly.

2.2.c. Alternate Scenario 3A and 3B
In addition to the uncertainties around oil prices caused by global events and macroeconomic forces,
there is great uncertainty over the future penetration of EV. To quantify these uncertainties, Alternate
Scenario 3A and 3B accounted for potential vasiadiin the sale of EVsltétnate Scenarios 3A and 3B
assumed higher and lower sales of EVs, respectively, than the baseline scenario.

For Alternate Scenario 3A, the share of LDV sales that are EVs were assumed to match that of the

Californial A NJ wSa2dzNDSa . 2 NRCARB 208RF0r Altédile SceriaI38ie / | NE L L
share of new LDV sales that are EVs were based on the growth rate of the ABQR@EIA a WS FSNBy 0S¢
scenario for national EV adoption. An additional constraint is added that EV adoption in Alternate

Scenario 3B cannot exceed the baseline. This is only relevant through 2026, given differences in near

and longterm forecasts.

The electric sector demand forecasts (by county) were adjusted to account for the difference in the
penetration of EVs from the baseline for each of these alternate scenarios Electricity demand from EVs
in each scenario was calculated using the followargfila:

06 QMO I QHQG @D "YA Qi 0 OWOE [r OO0
where,
0& Qw0 i "GEBctridity demand from EVs in counignd yeart
w0 "YN Qi z0=@werage vehicle miles travelled by a light duty vefiicle.
€ O [rn = Number of EVs by type and vintage in courdynd yeart as defined in the
RATTSNBYG 9+ alfSaQ FT2NBOlIadao

00 = Fuel efficiency of EVs by type (car or truck) and vintage (miles pe¥kwh)

2¢KS A0GFNIAY3I LRAYG odrfrununo A& G | OBEDT RR3IY. Oferting, ¢ Q& RI G|
this value increases at half the rate that VMT does; tlagsuming that half of VMT growth is from more vehicles

and the other half is because vehicles travel farther year

83 The efficiency of the existing stock of EVs was taken as the average across all 238 B923). The 2045

Gl t£dzS ¢ta GFL1Sy G2 06S GKS STFFAOASyOe 2F GKS [AIKGESIE NI .
efficiency from 2023 to 2045 was assumed to increase exponentially between the 2023 and 2045 value.
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2.2.d. Uncertainties and Areas for Improvement

As highlighted by the alternate scenarios described above, thenecisrtainty associated with fossil fuel
prices and EV adoption. There is also uncertainty from other economic forces, including changes in VMT.
Though this study accounted for LDV VMT reduction from the Honolulu Rail Project, there is uncertainty
in future ridership estimates and thus potentially offset LDV VMT. Lastly, emission projections were not
developed for the military because decisions around military activities are not economic in nature.

2.3. Incineration of Waste for Energy Purposes

2.3.a. Methodology

Emissions from incineration of wadi@ energy purposesepresent the wastdo-power plant operating

2y h™ I Kdzd C2NJ FdziidzNBE @SFNBRXI (GKS NBfFGiA2yaKALl 0Sig
remain constant at the level observed in the 2022 inventory year. This means that generating 1 kWh of
electricity from waste incineration at4Rower is projected to produce the same amount of emissions in

future years as it did in 2022, and that, as with inventory calculations, onhpimgenic emissionare

counted. To estimate emissions for future years, the percentage change in electricity generation is

calculated for the HPower plant, as projected in the IGP, from 2022 to each target iian

Electric 202R That percentage change is then applied to project the corresponding emissions.

2.3.b. Uncertainties and Areas for Improvement

Projecting emissions from waste incineration for electricity generation involves uncertainties such as
changes in waste composition, operational efficiency, future policies and technological advancements.
Though emissions might change if electricity demalnanges, it is likely that Hawaiian Electric will
prioritize ramping up or down other power plants oveiPldwer because wast®-energy plants need to
operate continuously for waste disposal, are less flexible to adjust output, and are often less cost
effective or efficient for load balancing compared to alternatives.

2.4. Oil and Natural Gas Systems

2.4.a. Methodology

According to the IPCC methodology, oil and natural gas emissions include GHGs released during the
production, processing, transportation, and storage of oil and natural gas. This covers fugitive emissions
from leaks, venting, flaring, and other unintentalireleases across the supply chain. In g lthis™ A

relates to activities associated with tiRar East petroleum refinery andl ¢ IGAs” ®il and natural gas
emissions were therefore projected forward from 2022sedon a weighted average betwegmojeded

growth in refinery emissions and emissions from gas in the residential and commercial sectors where
gas is predominately consumedrhis methodology combines sectgpecific trends (growth in refinery
emissions) with broader energy demand trends (residential and commercial gas use), to provide a
balanced projection that accounts for both.
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2.4.b. Uncertainties and Areas for Improvement

There are significant uncertainties associated with projecting fugitive emissions from the oil and gas
sector, as these emissions can vary considerably due to stochastic events, technological and operational
changes, regulatory shifts, and fluctuationgphoduction levels. How the refinery continues to respond

to the planned decline in demand for fossil fuel products is an area of uncertainty. The methodology
used to project emissions from oil and natural gas systems assumed that at least one oil reilinery

remain in operatiorin the state of Hawéi Emissions from transmission pipelines are another area of
uncertainty and will change based on the overall amount of gas and petroleum, as well as the changing
ratio of refined versus imported products.

2.5. Non-Energy Uses

2.5.a. Methodology

Emissions from negnergy uses were projected by applying the projected rate of change in GSP to
historic emissions estimates, meaning that when GSP increases by 1% so will emissions eoergywyn
uses. In | g |, doftekergy uses of fossil fuels primarily include their use in the petrochemical industry
for producing chemicals, plastics, and fertilizers. Additionally, oil is processed at refineries for petroleum
products like gasoline and diesel, which are usdtainsportation and other sectors. Thefgels are

also used in industrial processes, such as the production of asphalt and other materials, where they
serve as raw materials rather than being burned for energy. Becausemengy uses is related to a

variety of economic activity, this methodolpgssumes that emissions from this sector correlate with
overall economic activity in the State

2.5.b. Uncertainties and Areas for Improvement

This analysis did not account for policies or programs that could impact fuel consumption for non
energy uses
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3. IPPU

3.1. Cement Production

3.1.a. Methodology

/| 2yaraidsSyid gAGK GKS HnuH AY@OSY(lI2NRBI SYAaarzya TNR

zero through 2045.

3.1.b. Uncertainties and Areas for Improvement
There are no notable uncertainties or areas for improvement.

3.2. Electrical Transmission and Distribution

3.2.a. Methodology
Electrical transmission and distribution emissions were projected forward from 2022 based on the
electricity sales forecast for 2022 to 2045 for each county, as described under the Stationary
Combustion methodology section above. Due to the relatively lsmadjnitude of emissions values
presented inTable7-6 appear constant across thgneseriesdespite small increases.

3.2.b. Uncertainties and Areas for Improvement

The methodology used to project electrical transmission and distribution emissions was based on the
historical trend of emissions from this source being correlated with the trend in electricity sales. Because
emissions from this source are small, futurgoimvements to electrical transmission and distribution
systems that could reduce the intensity of emissions (kgp&HWh sold), which has decreased over

time, were not considered for the projections.

3.3. Substitution of Ozone Depleting Substances

3.3.a. Methodology
Statewide emissions from the substitution of ozone depleting substances (ODS) were assumed to
depend on the implementation of the American Innovation and Manufacturing Act (AIM Act), the rate of
turnover of existing air conditioning systems, and the shadneew air conditioning systems that use
hydrofluorocarbons (HFCs) and other ODS substitutes. The AIM Act mandates EPA to phase down
production and consumption of HFCs in the US by 85 pemenstepwise manner B3036 Specifically,
the effective targés were to achieve a 40 percent reduction in production and consumption of HFCs by
2028 70 percent by2033 80 percent by 2035, and 85 percent28B86 and thereafte(EPA 2021}

There were four steps to compute the emissions from ODS substitutes. First, the expected emissions
from ODS substitutes, assuming that there is no policy in place to eliminate HFCs or other ODS
substitute chemicals, is determined based on growingcou®y3 HnHH SYA &daA2ya oe@
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GCP, accounting for the change in energy consumption intensity for the commercial sector (EFA 2023).
The emissions assuming no regulation were given by the following equation:

YO & TYE | QDA YE | QQWYD Ot {Q @MiQ
where
Yo & "Y¢ k F'@8&imated ODS substitute emissions if unregulated in cawamy yeart
YO & "Y¢ k F'ODS substitute emissions in couagnd in the year 2022
"O"YD "O¢ [Q G=dForecast for GSP in courtyand yeart
0'QQ = Energy efficiency improvements in yeéar
Estimated unregulated emissions were then shared between existing units (i.e., appliances and air
conditioning systems) and the vintages of new units. Emissions from the latest vintage were computed
by taking the difference between the estimated unreguth&missions and the sum of emissions from
prior vintages:
0 Q0 0 OLYO'YO & Y¢ k QIQWE | 'Q°Q0 Q&P HQQO
where
0 QU 0 OFYO = New emissions from ODS substitutes in couratyd yeart
YET QQw Q& H OXEXBsions from prior vintagesn countyc and yeart

To reflect the retirement of each vintage, it was assumed that the emissions @02 vintages

decayed by 6.7 percent and 9.2 percent for stationary and mobile sources, respectively. Emissions from
post-2023 sources were assumed to decay at a ratevefffiercent for stationary sources (based on the
typical life of an air conditioning systen@QE 202Pand seven percent fanobiles sources (based on

the typical life of an automobile). So, the equation above was solved recursively for emissions from new
sources for a given year after computing the emissions from all prior year vintages as shown below:

YE T QQOQEPH OQQAVE | QQW QEH &, L2024

YE T QQOQEH OMBOYE | Q'Qw Q& p O, €023

O
[N

[Fads G2 FTAYR (GKS SYAaaizya dzyRSNJ GKS ! La
schedule was applied to the values for unregulated emissions for each county:

000 + YE i QQWQEH G RQIDOL
where
0 0P = Emissions from ODS substitutes in cowrand yeart

0 "00 = AIM Act targets applied to new vintages

84 Commercial sector energy consumption intensity in thousand Btus per square foot.
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Statewide emissions from ODS substitutes were determined based on aggregating county level
emissions.

3.3.b. Uncertainties and Areas for Improvement

This analysis considered the implementation of the AIM Act; however, the level to which sources of GHG
emissions from ODS substitutes will be reduced also depends on the continued use of existing
appliances and air conditioning systems. There is uncept@inthe usable life of these goods, as well as

any future policy that might speed up their retirement.

4.  Agriculture, Forestry and Other Land Uses (AFOLU)

4.1. Enteric Fermentation

4.1.a. Methodology

Emissions from enteric fermentation were projectedlimgarly extrapolatinginimal populations and
animatspecific emission factors, and applying the same methodology used to estimate 2022 emissions.
Animal population data were projected based on the trends in data, as obtained from the U.S. Inventory
(EPA 2024b),the U.S.Depaniy i 2 F ! ANA Odzf G dzZNBQa 6! {510 Dbl A2yl f
(USDA 2024), and the USDA Census of Agriculture (USDA 2009, 2014, 2019, and 2024) except for Dairy
Catte, which were proxied to 2022 populations as the population are expected to remain conitant.

span of data, whickervesas a basis for the extrapolation, varied based on notable historic trends for

each animal typeSwine populations were linearly projected and used a twemgr baseline to capture

the decline in swine husbandry. Within beef cattle, steers and bulls were linearly projected using

different baselines years, twenty year and fiyear baselines, respdetly. This methodology was

chosen b capture the significant drop in steer stockers between 1990 and 2005. Where necessary,
animal population trends were set with a minimum value to ensure that projections remain greater than

or equal to zero.

Annually variable enteric fermentation emission factors were projected using thgdanaverage by
cattle type from the U.S. Inventory (EPA 2024b). Emission factors for sheep, goats, horses, and swine,
which come from IPCC (2006), were assumed to reg@istant.

4.1.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from enteric fermentation assumed that animal populations
will follow a trend consistent with the past. However, there is potential for future animal populations to
deviate from the historical trend. In additionistorical population estimates for sheep, goats, and

horses are reported every five years in the USDA Census of Agriculture, with the latest data available
from the 2022 Census of Agriculture (USIDR4P. Because data is not available for every yearén th
timeseries historical estimates for these animals were linearly interpolated between years. Further
research into the accuracy and drivers of historical trends may be considered in future analyses.
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4.2. Manure Management

4.2.a. Methodology

Emissions from manure management were projected by projecting activity data and emission factors,
and applying the same methodology used to estimate 2022 emissions. Animal population data were
projected using the same methodology as the enteric fermeatasector. For chicken populations,

which have been historically decreasing over time, an annualized percent change method was applied
instead to maintain projections greater than zero.

For noncattle animal types, typical animal mass (TAM) and maximum potential emissions were
assumed to remain constant relative to 2022 values (EPA 2024b). Volatile solids (VS) excretion rates,
nitrogen excretion (Nex) rates, weighted methane conversiatofa (MCF), and the percent

distribution of waste to animal waste management systems for-caitle types were projected using

the tenyear average by factor from the U.S. Inventory (EPA 2024b). For cattle, TAM, maximum potential
emissions, VS excretioates, Nex rates, MCF, and percent distributionvabteto-waste management
systems, which are all from the U.S. Inventory (EPA 2024b), were projected using-jfeat@verage

by factor.

4.2.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from manure management assumed that animal

populations will follow a trend consistent with the past. However, there is potential for future animal
populations to deviate from the historical trend. In addition, bigtal population estimates for sheep,

goats, horses, and chickens are reported every five years in the USDA Census of Agriculture. As a result,
historical estimates for these animals were interpolated between years up to 2022, the most recent year
of reparted data. Further research into the accuracy and drivers of historical trends may be considered

in future analyses.

4.3. Agricultural Soil Management

4.3.a. Methodology

Emissions from agricultural soil management were projected by projecting animal populations, crop
area, crop production, as well as emission factnd other inputs and applying the same methodology
used to estimate 2022 emissions. Animal population data were projected using the same methodology
as the enteric fermentation and manure management sectors.

Sugarcane crop area and production were projected to be zero in all years after 2018 due to the closing
2F GKS I ad aHhdluNIMNgRZingé 205&YSDA 2020). Fof other érops, crop area and
production data were projected based on the twentgar trend of historical data obtained from the

USDA Census of Agriculture (USDA 2009, 2014, 2019, 2024). For pineapple production, which has been
historicallydecreasing over time, an annualized percent change method was applied instead to maintain
projections greater than zero. Seed crop production data were projected based on the average of the
last five years of data, as obtained from the USDA NASS (USDA 2022
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The percent distribution of waste to animal waste management systems was projected based on the

ten-year average of data from the U.S. Inventory (2024b. Synthetic fertilizer consumption was

projected based on the fivgear historical trend from 2010 to 2014 (AAPF®O5 through 201pwhile

commercial organic fertilizer consumption was assumed to remain at zero. Crop residue factors from

IPCC (2006) were also assumed to remain consBaseline years used in projections were determined

by reviewingtS Yy Raz (GNBYyR O0eO0f Sax YR (y26y AYF2NNIGAZ2Y |
most accurately reflect future expectations.

4.3.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from agricultural soil management assumed that animal
populations, crop area, crop production, fertilizer consumption, and seed production will follow a trend
consistent with the past. However, there is potentiat future animal populations and agricultural

activity data to deviate from the historical trend. In addition, historical animal populations, crop area,
and crop production are reported every five years in the USDA Census of Agriculture. As a result,
historical estimates for these data were interpolated between years up to 2022, the latest year of
reported data. Historical fertilizer consumption data were also extrapolated out to 2022 based on data
available through 2017. Further research into the accueay drivers of historical trends may be
considered in future analyses.

4.4. Field Burning of Agricultural Residues

4.4.a. Methodology

Sugarcane crop area and production was projected to be zero starting in 2018 due to the closing of the
frad adaAl N YAt Ay I FgFA~A ol 2y2fdAZ dz a3 TAYS Hnam
YIE22NJ ONRLI AY | | gl A~ A barked @&soNBEDAS). Rua3edult, héanisioNsS 3 dzf | N.
from field burning of agricultural residues were projected in 2025, 2030, 2035, 2040, and 2045.

4.4.b. Uncertainties and Areas for Improvement
LG Aa dzyOSNIIFAY 6KSUKSNI adzaAlF NOI yS LINBRgU#OMSA 2y oA f f
evolve. In addition, it is possible that other crop residues will be burned in the future. Further research
Ayi2 FTASER O0dINYyAy3d LINFOGAOSaA AY I IFgFA A Y& 06S O¢2

4.5. Urea Application
4.5.a. Methodology
Emissions from urea application were projected by projecting fertilizer consumption and applying the

same methodology used to estimate 2022 emissions. Fertilizer consumption data were projected based
on the fiveyear historical trend (AAPFAOG95¢ 2019.
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4.5.b. Uncertainties and Areas for Improvement

The methodology used to project urea application assumed that urea consumption will follow a trend
consistent with the past. However, there is potential for urea application activity to deviate from the
historical trend, specifically as crop acreage changerther research into the drivers of historical
trends may be considered in future analyses.

4.6. Agricultural Soil Carbon

4.6.a. Methodology

Emissions from agricultural sail®oth grassland and croplandwvere projected based on projected
changes in land cover and carbon stock from 2011 to 2061 by the U.S. Geological Survey (USGS)
(Selmants et al. 2017). Specifically, éstimated percent change grassland and cropland area from

2011 to 2061 were annualized and applied to the 2022 emission estimates for grassland and cropland,
respectively, to obtain 2025, 2030, 2035, 2040, and 2045 estimates.

4.6.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from agricultural soil carbon in grassland and cropland was
oFraSR 2y ! {D{ LINR2SOGA2ya 2F SYAaarzya FyR I NBI i
transitions, impacts of climate change, and other factardar a businesasusual (BAU) scenario

(Selmants et al. 2017). There is potential for these projections to change as the impacts of climate

change are realized and policies evolve. The projeciimre also based on the assumption that

emissions from gratand and cropland will decrease at constant rates annually from 2011 to 2061. This
methodology did not consider inteannual variability in emissions from grassland or cropland.

In addition, the methodology assumed that emissions from cropland will decrease at the same rate as

cropland area. However, emissions may not align with trends in cropland area if carbon sequestration

rates in cropland improve over time, such as througproved management practices (e.g., no tilling).

¢KS 1F6FrA~ A DNBSYyK2dzaS DIFIa {SljdzSadiNIaGA2y ¢l al C2N.
identify practices in agriculture to improve soil health, which may also reduce future emissions from

cropland. Brther research into emission reductions from improved agricultural soil management

practices may be considered in future analyses.

4.7. Forest Fires

4.7.a. Methodology
Emissions from forest fires were projected by projecting activity data and emission factors, and applying
the same methodology used to estimate 2022 emissions. Wildfire acres burned were projected based on
the projected average area of land burned annufitlyn 2012 to 2061, as obtained from USGS
(Selmants et al. 2017). Forest and shrubland areas were projected based on projected changes in forest
and shrubland area from 2011 to 2061 by the USGS (Selmants et al. 2017). Specifically, the percent
change in feest and shrubland area from 2011 to 2061 was annualized and applied to the 2022
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2040, and 2045 estimates (DBEIWRJ. The impacts of climate change on extreme weather events
increases uncertainty around projected acres burned.

The annual percent of area burned for each vegetation class were based on estimates from 1999
through 2019, which were obtained from USGS (Selmants 2020). The averages adiossstrées

were used to project the percent of area burned for each vegetation class. Emission factors fiar CO
each vegetation class were based on estimates from USGS and were assumed to remain constant
(Selmants et al. 2017). Emission factors for &td NO as obtained from IPCC (2006) were also
assumed to remain constant.

4.7.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from forest fires was based on USGS projections of area that
FNBE &ALISOAFTAO (2 1l gFrA A YR O2yaARSNIfFYR GNIvyaai
a BAU scenario (Selmants et al. 2017). Thavetential for these projections to change as the impacts

of climate change are realized and policies evolve. The projeatiersalso based on the assumption

that forest and shrubland area will change at constant rates annually from 2011 to 2061. This

methodology does not consider intemnual variability in forest and shrubland area. Further research

Ayili2 GKS lyydzZZt OKIFy3aSa Ay O2yYLRaAirdAizy 2F FT2NBai
analyses.

4.8. Landfilled Yard Trimmings and Food Scraps

4.8.a. Methodology
Carbon sequestration in landfilled yard trimmings and food scraps were estimated by projecting activity
data, emission factors, and other inputs, and applying the same methodology used to estimate 2022
emissions.

Estimates of the amount of yard trimmings and food scraps discarded in landfills in the United States

were projected using the fivd ST NJ KA&aG2NAROFf GNBYRX o6FaSR 2y RIGL
Tool (EPRO24d) @ | | g A~ A FyR | ©f @ LJ2 LIz I ( A 2y¢far @aivih fatéd (S a & ¢
AY 1 IFgFA"AQa LRLzZ FGA2Yy T NEB Y2028 S arfnialgiosth ratd@s inl | g1 A~ A
national population from the U.S. Census Bureau (2017).

The estimated carbon conversion factors and decomposition rates obtained from the State Inventory
Tool (EPR0249 were assumed to remain constant over the projectieteseries

4.8.b. Uncertainties and Areas for Improvement
The methodology used to project carbon sequestration in landfilled yard trimmings and food scraps
FdadzYSR KFd GKS |Y2dzyld 2F fFyRFATESR @FNR GNAYYA
consistent with the past. The methodolodid not consider increases in composting yard trimmings and
food scraps. For example, Honolulu County prohibits commercial and government entities from
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trends in diverting yard trimmings and food scraps from landfills may be considered in future analyses.

4.9. Urban Trees

4.9.a. Methodology

Estimates of carbon sequestration in urban trees were projected by projecting urban area and other

inputs, and applying theame methodology used to estimate 2022 emissions. Urban area was projected

based on projected changes in developed area from 2011 to 2061 by the USGS (Selmants et al. 2017).
Specifically, the percent change in developed area was annualized and appled2@20 estimate of

urban area to project 2025, 2030, 2035, 2040, and 2045 estimates. Urban tree canopy coverage was
estimated for 2025, 2030, 2035, 2040, and 2045 based on the trend in in percent tree cover observed by
county between 2011 to 2021 reportday the NLCD. The estimated carbon sequestration rates for

dzNB 'y GNBSa FyYyR GKS LISNOSyd GNBS O2@SNJ AYy dzZNDBly |
2021 estimates (Nowak et al. 2012; Nowak 2018a and 2018b; EPA 2024).

4.9.b. Uncertainties and Areas for Improvement

The methodology used to project carbon sequestration in urban trees was based on USGS projections of
FNBF GKFG FNB aLISOAFAO G2 1 FglA~A yYyR O2yaARSNI 1
factors under a BAU scenario (Selmants et al. 201&re is potential for these projections to change as

the impacts of climate change are realized and policies evolve. The projestioaslso based on the
assumption that urban area and carbon sequestration will increase linearly over the projected

timeseries This methodologgid not consider potential changes in the rate of urbanization over time.
Similarly, the current methodology did not consider potential changes in urban density that would be
assumed as urban expansion becomes limited. The sequestration rate in urbamagedso vary over

time due to possible changes in the percent tree cover, which can be impacted by urban planning
AYAGALF GA@PSad LY FTRRAGA2YS (GKS 1 6FA~A DNBSYyK2dzaS
2018 will wok to identify opportunities to increase urban tree cover. Further research into urban

planning initiatives that involve tree cover and trends in urbanization may be considered in future

analyses.

4.10. Forest Carbon

4.10.a. Methodology
Il SN 3S ySiG / &aSldzSaiNydA2y NI dSa o0& calmdad Geé LS
using net ecosystem production estimates from US&81{ant2020). These estimates were assumed

to remain constant over the projectdimeseries based on USGS estimates that statewide carbon
RSyaarde Ay 1ol A~ A gAff NBYFAY NBftlFGA@Ste aidlofsS

Estimates of carbon sequestration in forests and shrubland were projected by projecting forest and
shrubland area and emission factors, and applying the same methodology used to estimate 2022
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emissions. Forest and shrubland areas were projected based on projected changes in forest and

shrubland area from 2011 to 2061 by the USGS (Selmants et al. 2017). Specifically, the percent change in
forest and shrubland area from 2011 to 2061 was annudlaed applied to the 2022 estimates of forest

YR &aKNMHMzoflyR | NBIF o6& O2dzyde FNRY GKS {dFdS 27F 1|
and 2045 estimates (DBER023).

To obtain annual net C flux, the totlS i S O2 a2 adiSY LINRPRdAzOGA2Y F2N) F2NB A&
divided by the projected area of the respective land cover type.

4.10.b. Uncertainties and Areas for Improvement

The methodology used to project carbon sequestration in forests and shrubland was based on USGS
LINE2SOGA2ya 2F FNBI GKFIG FNB ALISOATAO G2 1&gl A~A
and other factors under multiple future scenarit@elmant2020). There is potential for these

projections to change as the impacts of climate change are realized and policies evolve. Further research
Ayili2 GKS lyydzZdt OKIFy3aSa Ay O2yYLRaAirdAizy 2F FT2NBai
analyses.

The projections similarly assumed that carbon sequestration rates will remain constant and did not

consider potential changes in sequestration rates due to the age of the forest ecosystem and forest
management practices. USGS notes that there are uncértais a | 842 OA I G SR gAGK GKS
F2NBad SO2aeaidsSvyaz gKAOK OFyYy AYLIOG aSljdzZSAadNrGAzy
Greenhouse Gas Sequestration Task Force established by Act 15 of 2018 will work to identify practices

to increase forest carbon and promote sequestration, which may increase future sequestration rates in
F2NBadGad CAdzNIIKSNI NBaSIENOK Aydz2 GKS +3S 2F gl A~ A
their emissions reduction potential may be considered in fatanalyses.

5. Waste

5.1. Landfills

5.1.a. Methodology
[FYRTFAfE SYA&aarzyada 6SNB LINP2SOGSR o6& SEGNILRELFGAY
Honolulu, andy | dzEXtrapolations were done using county specific pefuections. These functions
were derived by finding a best fit line through inventory yeatarting from the year prior to installation
of methane capture technolog.A power function relates to historical changes in the amount of waste
disposed by better reflecting the diminishing rate of emissions over time. In contrast, linear functions
tend to overestimate future changes in emissions as a result in changes iitl lmmiifage because they

85 Methane capture technology usually leads to a large drop in emissions. Historical years that were included are
2010,and 20181 nHH F2NJ I F 6+ A~ A FyR-202¥t dt dzA O2dzy i ASa YR HAamp
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decrease as decomposition slows. Historical data may show relatively rapid changes in emissions

initially, but using a linear projection would extend thabgth unrealistically into the future, whereas a

power function better mirrors the natural slowdown of emissions as waste decomposes and landfill

capacity is reached.

Emissions for each county were projected as foltows

0 -
where,

Op =emissions in year t in county c

() =scaling factor for county ¢ determined from historical emissions

0 =time since first inventory year

) = exponent representing the growth rate for county c derived from historical emissions

TableJ9 shows the scaling factors and growth rates used in the cespécific power functions to
project landfill emissions.

TableJ9: Parameters Used in the Coungpecific Power Functions

County Scaling Factor Growth Rate

' gl A" A 0.2002 -0.192
Honolulu 0.6686 -0.786
Y| dzI = A 0.6760 -0.825
Maup 0.2002 -0.192

Al g A~ A [/ 2dzydie LI NIFYSGSNRE dzaSR (2 LINRP2SOG al dzA [/ 2dzyide

Due to recent fluctuations in landfill emissions caused by infrastructure issues between 2019 and 2023,
GKA& FLILINRIOK gl a y20 adAadroftS FT2N) aldzAid LyadSlIRZ
GKS alryYS NIXGS & | I ¢l ikveritoryyetrday dij@mpidgiof pbidt. Fnallygzhed & H A My
county-level emissions were summed to calculate statewide landfill emissions.

5.1.b. Uncertainties and Areas for Improvement

Emissions from landfill waste are influenced by a complicated mix of variables including but not limited

to the amount and composition of landfilled waste, the type and depth of landfill cover, climate, and the
efficiency of methane capture activities. Semwf these variables, such as climate, are likely to change

very little and most variables, such as waste tonnage and composition, affect emissions slowly, as
methane from decomposing organic matter is released slowly over time. On the other hand,

technolagical changes can affect emissions almost instantly. And, conversely, emissions can also change
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drastically due to technological failures that affect methane capture effectiveness. This analysis was
based on historical emissions trends and therefore did not account for future changes in methane
capture activity or waste diversion policies or prograivet could impact future waste generation.
SOl dzaS | adzmaidlydAialrft LER2NIAZ2Y 2 FopowedthiSismore h~ | Kdz A
NEf SOFyd FT2N) G6KS O2dzyiASa 2F aldaAz I FgFA"A FYyR YI

5.2. Composting

5.2.a. Methodology

For each countyemissions from composting were assumed to grow at the rate of population (DBEDT
2018). Countyevel emissions were then summed together to estimate statewide emissions. Population
is a good metric for projecting composting emissions because more peoplédayenerate more

organic waste, if all other factors stay the same. Unlike landfills, which have slow anaerobic
decomposition, composting occurs in aerobic conditions, resulting in faster breakdown of organic
material and quicker emisgiorelease. Changes in the amount of waste composted are therefore
reflected more quickly in the emissions from composting.

5.2.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from composting assumegdéhatapita composting
tonnage will remain constant through 2045. This analysis did not account for policies or programs that
could impact composting activities but may be considered in future analyses.

5.3. Wastewater Treatment

5.3.a. Methodology

For each countyemissions from wastewater treatment weessumed to grow at the rate of population
(DBEDT 20185.Countylevel emissions were then summed together to estimate statewide emissions.
As the population increases, both domestic and industrial wastewater generation rises proportionally,
leading to higher emissions from treatment processes, such as metletessed from anaerobic

digestion in wastewater treatment plants. This correlation between population growth and wastewater
emissions makes population a reliable metric for projecting future emissions.

8 The City and County of Honolulu in 2018 implemented a biogas project at the Honouliuli Wastewater Treatment
Plant. Each year the project will capture and reuse 800,000 therms of biogasty & City of Honolulu 2018b

While this biogas, which is otherwise flared, is used to displace other fuel types used to generate energy and
therefore leads to emission reductions from the energy sector, this activity does not lead to a reduction in GHG
emissions from wastewater treatent.
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5.3.b. Uncertainties and Areas for Improvement

The methodology used to project emissions from wastewater treatment assumed that wastewater flows
are mainly impacted by population growth. Because wastewat€r &missions are primarily impacted

by protein consumption, any economic, political, or social shifts that impact per capita protein
consumption would change overall wastewater emissions
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Appendix K. Comparison of Results with the State

Inventory Tool and Projection Tool

EPA's State Inventory and Projection Tool is an interactive spreadsheet model designed to help states
develop greenhouse gas (GHG) emissions inventories. The tool has two components:

1 The State Inventory TodSIT) consists of 11 estimation modules applying edtmgn approach
to calculate GHG emissions, and one module to synthesize estimates across all modules. The SIT
gives users the option of applying their own stagecific data or using default data pieaded
for each state. The default data are gathered by federal agencies and other resources covering
fossil fuels, electricity consumption, agriculture, forestry, waste management, and industry. All
of the modules estimate directk85 emissions, with the exception of the electricity
consumption module, which estimates indirect GHG emissions from electricity consumption.
The methods used are, for the most part, consistent withth8. GHG Inventory.

1 The Projection Toahllows users to create a simple forecast of emissions through 2050 based on
historical emissions that are imported from the SIT modules, combined with projections of
future energy consumption, population, and economic factors.

FigureK-1 provides an overview of the files that make up the SITRirjectiontool.

FigureK-1: Overview of the SIT and Projection Tool File Structure

Ag Module IP Module

CO2FFC Module Municipal Solid Waste Module
BN Synthesis Tool »u.
Coal Module Mobile Combustion Module
Electricity Consumption Module
Projection Tool PFus

Land Use, Land-Use Change, and

Natural Gas and Oil Module

Stationary Combustion Module

Forestry Module

Wastewater Module

Energy Consumption

Projections

In an effort to evaluate the accuracy and usability of the SIT and Projection Tool estimates for the state
2F | F6FA~ AT L/ CTusihgllefaulkvalued éh@ domparad\iiie butpatlagainstad2l
inventory and inventory projections for 2025, 2030, and 2045, as develtyd@F, the Institute of
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Resilience and Sustainability (ISR), and the University of H&sahomic Research Organization
(UHEROY. This document presents the results of this comparison

Key Observations and Conclusions

{L¢Qa S tal ENG dmBsioffsF Hawai in 2021is 3 percent lowetthan the ICF estimate, while
the difference imet GHG emissioris 7 percent higher than the ICF estimatel he difference in net
emissions is largely due to the lack of default forest carbon flux data available in fhedlife change
module

Total GHG emissions for Haware 2 percentlower in 2025 using the Projection Tool compared to

L/ CkL{wk; | 92pbreeat highgrlinf2@3@ ar@bpercent higher in 2045. Net GHG emissions

for Hawai are12LISNDOSy i KAIKSNI AY HAaHp dzAAy3a GKS t NP2SOGA?2
analysis 18 percent higher in 203®2 percent higher in 2045. The Projection Tool notably does not

estimate emissions from Land Use, Land Use Change, and Forestry (LULUCF) source and sink categories.
Total and net emissions f@021, 2025, 2030, and 2045 as estimated by ICF/ISR/UHERO and the

SIT/Projection Tool, are shownhkigurek-2.

87 The SIT and Projection Tool are available onlirgtas://www.epa.gov/statelocalenergy/downloadtate-
inventory-and-projectiontool. The SIT modules, Synthesis Tool, and Projection Tool used for this analysis were
R2goyf 2F RSR T NEB WovermberQ@42023i$ theAmivs$ redenf inventory year available.

88 Net emissions take into account both emission sources and carbon sinks.
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FigureK-2: Comparison of Total and Net GHG Emission Estimates (MMIEGQ (2021, 2025, 2030, and 2045)
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Key observations from using the SITZ021GHG estimates include the following:

1 Total GHG estimates from the SIT @&®4 MMT CQe lower than ICF/ISR/JUHERO. Net GHG
estimates from the Slare1.19MMT CQe higher than ICF/ISR/UHERO.

9 ICF assessed contributions to differences in emissions using absolute Vdhilestotal
emissions estimates from the SIT and ICF/ISR/UHERO are similar, the magnitude of the
difference at the sector level varies. Higher emission estimates for the SIT for some sectors (e.g.,
in IPPU and Waste) counterbalances lower emissistimates in other sectors (e.g., in the
Energy sector).

1 About33percent of the difference in net emissions is from Forest CarbonTabkeK-2). The
SIT does not provide default data for estimating Forest Carbon sinks.

1 About37 percent of the difference in total emissions a8 percent of the difference in net
emissions is from Transportation (s€ableK-2). One of the reasons for this difference is due to
the inclusion of emissions from military nawiation transportation, which is not accounted for
in the SIT.

9 Estimates for seven categories compi@percent of the difference in net emissions between
the SIT and ICF analysis. These include Forest Carbon, Transportation, Landfills, Iron and Steel
Production,Stationary CombustiomgriculturalSoil Carbon, and Forest Fird$e likely reasons
for these differences are discussed belowiviathodology Comparisan

T wStFrdA@®S (2 L/ CcQa SadtdAyriSasx GKS {L¢ SadAiyYl ddSR
sectors, but lower emissions from Energy emission sources.
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Key observations from using the Projection Tool for 2025, 2030, and 2045 GHG estimates include the
following:

9 The Projection Tool does not estimate emissions from LULUCF source and sink categories.

1 About58percent of the difference i2025net emission projections is frofforest Carbon,
Stationary Combustion, and Agricultural Soil Carbaurce and sink categorieeésTableK-4).

9 The estimate for Transportation is 9 percent higher in 2025 using the SIT. Some of this
difference is because ICF/ISR/UHERO accounted for Light Duty Vehicle Miles Traveled reduction
from the Honolulu Rail Project. Additionally, ICF/ISR/UHERO projectiomdifary
transportation emissions were assumed to remain constant in the future relatig@2d due to
a lack of available data and inconsistencies in the historical emissions trend.

1 About73percent of the difference in 2030 net emission projections are from the Forest Carbon,
Stationary Combustior§ubstitution of Ozone Depleting Substances (OB$)cultural Soil
Carbon, and Urban Trees source and sink categories aHeK-6).

T wStFGA@®S (2 L/CkL{wk!l9whQa SadAYlIadSaz (GKS t NP
IPPU AFOLUand Waste sectors in 2025, 2030, and 2045. UHERO projections incorporate the
hydrofluorocarbon phasedown under the American Innovation and Manufacturing (AIM) Act.
ICF/ISR/UHERO estimates slightly higher emissions for Energy iar202830 but the
Projection Tool estimates higher emissions for 2045.

T L/CkL{wk!l9whQa LINRP2SOGSR Syrdaairzya | NB YdzOK f
analysis, the Projection Tool estimates future emissions based on default historical activity data
F2NI I FgFA"AdD ¢KSNBE Aa | witNBedefibatNiy 8ataz T dzy OS NI
GAGKAY (GKS tNRp2SOGA2y ¢22fX a Y2ad 2F GKS RIF
specific sources. Additionally, some of the default activity data within the Projection Tool are
from older sources and may notmaire recent economic, political, or social trends that impact
activity data, such as decreased consumption of certain fuels or decreased livestock populations.
¢KS L/ CkL{wk! | 9wispedfi asstimmimn$Sier edch s@dtohtd project future
emissions, which is likely the cause of the disparity between the Projection Tool and
ICF/ISR/UHERO in 2045. The likely reasons for these differences are discussed in more detail in
Methodology Comparisan

Comparison of Results

To compare the results from the SIT against2B&linventory developed by ICF, results from each
estimation module were compared against the source and sink categories defineda@zhe
inventory® Figurek-3 summarizes how the results from the SIT were mapped t®R0®%linventory.

89 All modules were run except for the Electricity Consumption Module and the Coal Module; the Electricity
Consumption Module double counts emissions estimated by the Fossil Fuel Combustion Module and the Coal
Module, which estimates emissions from coal miis not applicable to the state of Halai
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Inventory Source Inventory Source Category SIT Module (Source)

Stationary Combustion
| Stationary Combustion esidential, Commercial,

Industrial, and El Utilities)

|
— Oil and Natural Gas Systems
— Incineration of Waste

1 1
Non-Energy Uses — CO,FFC (Transportation and Industrial) |

IP (Electric Power Transmission and

IPPU Electrical Transmission and Distribution Distribution Systems)
1 Cement Production
— Enteric Fermentation
— Manure Management
_— Ag (Ag Soils

Agricultural Soil Management
LULUCF (N,0 from Settlement Soils)
— Field Burning of Agricultural Residues
— Landfilled Yard Trimmings and Food Scraps LULUCE {;23(22:: :;r::);r immings
— Forest Fires LULUCF (Forest Fires)
— Agricultural Soil Carbon LULUCF (Agricultural Soil Carbon Flux)
— Landfills Municipal Solid Waste (Landfills)
Waste — Wastewater Wastewater
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2021 Inventory Comparison

For the state of Hawaj ICFestimates that iR021total GHG emissionsere 19.92MMT CQ Eq., which

is3 percenthigheri K y G KS { L19.8BMMTSCQREG. \CF éstinat@skhat 2021net

emissions werd7.50MMT CQEq., whilethe SIT estimate$8.69MMT CQEq., a difference of%
percent. A summary &021emissions and sinks by sector and category, as estimated laptldRe SIT

are provided inrablek-1.

TableK-1: Comparison of 2021 Emission Results (MMT2 EQ.)

Sector/Category ICF SIT Difference % Difference
Energy 17.47 15.70 2.77) (10%)
Transportation 9.59 8.38 (1.22) (13%)
Stationary Combustion 7.44 7.16 (0.28) (4%)
Incineration of Wastéor Energy Purposes 0.30 0.16 (0.14) (46%)
Oil and Natural Gas Systems 0.10 NO (0.10) NA
Non-Energy Uses 0.04 IE NA NA
IPPU 0.82 1.07 0.25 30%
Substitution of ODS 0.81 0.74 (0.07) (8%)
ElectricalTransmission and Distribution 0.01 0.01 + 2%
Cement Production NO NO 0.00 NA
Soda Ash Manufacture and Consumption NO 0.01 0.01 NA
Urea Consumption NO + + NA
Iron and Steel Production NO 0.30 0.30 NA
Limestone and Dolomite Use NO NO 0.00 NA
AFOLU (1.20) 0.57 1.76 (147%)
Agricultural Soil Carbon 0.58 0.81 0.23 39%
Enteric Fermentation 0.27 0.28 0.01 4%
Agricultural Soil Management 0.21 NE NA NA
Forest Fires 0.14 0.13 (0.01) (6%)
Manure Management 0.01 0.02 + 18%
Urea Application + + + 5%
Field Burning of Agricultural Residues NO NO 0.00 NA
Landfilled Yard Trimmings and Food Scraps (0.05) (0.05) + 6%
Urban Trees (0.59) (0.64) (0.05) 8%
Forest Carbon (1.78) NO 1.78 NA
Liming NO NO NA NA
N2O fromSettlement Soil$ IE 0.01 NA NA
Waste 0.41 1.36 0.96 234%
Landfills 0.33 1.23 0.89 269%
Wastewater Treatment 0.06 0.14 0.08 146%
Composting 0.02 NE NA NA
Total Emissions (Excluding Sinks) 19.92 19.38 (0.54) (3%)
Net EmissiongIncluding Sinks) 17.50 18.69 1.19 7%

+ Does not exceed 0.005 MMCIO Eg.

NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Appliedlieluded Elsewhere).
a8The SIT does not provide default data for Oil and Natural Gas Systems, Forest Fires, or Forest Carbon in Hawai
b The SIT includes emissions from Nemergy Uses in emissions3@m Fossil Fuel Combustion ((E6C).

Therefore, these emissions are captured within the Stationary Combustion and Transportation emission sources.
¢ICF estimates that this activity is not applicable to Hayand therefore emissions are not occurring.
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d Emissions are included under Agricultural Soil Management.
€ The SIT does not estimate emissions from Composting.
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.

Emissions by sector as calculated by ICF an&lffere presentedn FigureK-4.

FigureK-4: Comparison of 2021 Emission Results (Including Sinks)
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estimates for these seven categories. The likely reasons for these differences are discussed below in
Methodology Comparisan

TableK-2: Key Sources of Differences between ICF Inventory and SIT 2021 Net Emission Results

Cumulative %

Category Absolute of Total
Difference )
Difference

Forest Carbon (1.78) NE 1.78 33%
Transportation 9.59 8.38 1.22 55%
Landfills 0.33 1.23 0.89 71%
Iron andSteel Production NO 0.30 0.30 7%
Stationary Combustion 7.44 7.16 0.28 82%
Agricultural Soil Carbon 0.58 0.81 0.23 86%
Forest Fires 0.21 NE 0.21 90%
All Other Categories . 0.54 100%

NO (emissions are Not Occurring); (¢Bissions are Not Estimated).
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2025 Projection Comparison

ICF, with support from UHERO, projects 2025 total GHG emissiond845MT CQEq., while net

emissions are projected to H6.11MMT CQEQq. The Projection Tool projects total and net emissions to
be 18.01MMT CQEq. in 2025. A summary of projected emissions and sinks by sector and category, as

estimatedby ICF/ISR/UHERO and the Projection Tod0d8b, are provided ifablek-3.

TableK-3: Comparison of 2025 Emission Projection Results (MMT ED)

Sector/Category ISE/.;SFQFg Prqu_igtllon Difference | % Difference
Energy 16.03 14.78 (1.25) (8%)
Transportation 10.07 10.25 0.18 2%
Stationary Combustion 5.52 3.86 (1.66) (30%)
Incineration of Wastéor Energy Purposes 0.29 0.66 0.37 125%
Oil and Natural Gas Systems 0.11 0.01 (0.120) (91%)
NonEnergy Uses 0.03 IE NA NA
IPPU 0.77 1.82 1.06 138%
Substitution of ODS 0.76 1.40 0.65 85%
Electrical Transmission and Distribution 0.01 0.01 + (30%)
Cement Production NO NO 0.00 NA
Soda Ash Manufacture and Consumption NO 0.01 0.01 NA
Urea Consumption NO + + NA
Iron andSteel Production NO 0.40 0.40 NA
Limestone and Dolomite Use NO NO 0.00 NA
AFOLU (1.11) 0.43 1.54 (139%)
Agricultural Soil Carbdn 0.75 NE NA NA
Enteric Fermentation 0.27 0.25 (0.01) (6%)
Agricultural Soil Management 0.14 0.15 0.02 11%
Forest Fire8 0.05 NE NA NA
Manure Management 0.02 0.02 + (1%)
Manure Management 0.02 0.02 + (1%)
Field Burning of Agricultural Residues NO NO 0.00 NA
Landfilled Yard Trimmings and Food Scfaps (0.04) NE NA NA
Urban Tree8 (0.58) NE NA NA
Forest Carbon (2.71) NE NA NA
Liming NO + + NA
N20 from Settlement Soifs IE NE NA NA
Waste 0.43 0.98 0.55 128%
Landfills 0.31 0.83 0.52 166%
Wastewater Treatment 0.08 0.15 0.07 83%
Composting 0.04 NE NA NA
Total EmissiongExcluding Sinks) 18.45 18.01 (0.44) (2%)
Net Emissions (Including Sinks) 16.11 18.01 1.90 12%
+ Does not exceed 0.005 MMT £X3.
NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Applicable).
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aThe Projection Tool includes projected emissions from-Epargy Uses under @@missions from Fossil Fuel
Combustion (C&FC). Therefore, these emissions are captured within the Stationary Combustion and
Transportation emission sources.

bThe Projection Tool does not project emissions from LULUCF categories or Composting.

¢ Emissions are included under Agricultural Soil Management.

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

Emissions projections for 2025 by seatatculated by ICF/ISR/UHER®@ the Projection Tool are presentadFigurek-5.

FigureK-5: Comparison of 2025 Emission Projection Results (Including Sinks)
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Seven source and sink categories accoun8&percent of the absolutelifference between the
ICF/ISR/UHERO projectiargd the Projection Tool estimatebablek-4 summarizes the absolute and
cumulative difference in emission estimates for these top seven categories. The likely reasons for these
differences are discussed belowhtethodology Comparisan

TableK-4: Key Sources of Differences between ICF/ISR/UHERO Projections and Projection Tool Net Estimates in
2025

Cumulative %

ICF/ISR/ Projection Absolute
SIS UHERO 'I]'ool Difference (.)f UelZ?
Difference
Forest Carbon (1.72) NE 1.71 24%
Stationary Combustion 5.52 3.86 1.66 47%
Agricultural Soil Carbon 0.75 NE 0.75 58%
Substitution of ODS 0.76 1.40 0.65 67%
Urban Trees (0.58) NE 0.58 75%
Landfills 0.31 0.83 0.52 82%
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0.40 0.40

0.87

88%
100%

Iron and Steel Production NO
All Other Categories
NO (emissions are Not Occurring); NE (emissions are Not Estimated).

2030 Projection Comparison

ICF, with support from UHERO, projects 2030 total GHG emissiond ToH{MMT CQ Eq., while net
emissions are projected to 5.21MMT CQ Eq. The Projection Tool projects total and net emissions

to be17.93MMT CQEq. in 2030. A summary of projected emissions and sinks by sector and category,
as estimatedy ICF/ISR/UHERd the Projection Tool for 2030, are provided ableK-5.

TableK-5: Comparison of 2030 Emission Projection Results (MM EfD)

Sector/Category ISEIIEZSRI?)/ ProTjigtllon Difference | % Difference
Energy 15.30 14.46 (0.84) (5%)
Transportation 9.91 10.04 0.13 1%
Stationary Combustion 4.95 3.68 (1.27) (26%)
Incineration of Wastdor Energy Purposes 0.29 0.73 0.44 150%
Oil and Natural Gas Systems 0.11 0.01 (0.120) (91%)
Non-Energy Uses 0.04 IE NA NA
IPPU 0.62 2.03 1.41 227%
Substitution of ODS 0.61 1.59 0.98 161%
Electrical Transmission and Distribution 0.01 0.01 + (36%)
Cement Production NO NO 0.00 NA
Soda Ash Manufacture ar@onsumption NO 0.01 0.01 NA
Urea Consumption NO + + NA
Iron and Steel Production NO 0.43 0.43 NA
Limestone and Dolomite Use NO NO 0.00 NA
AFOLU (1.14) 0.42 1.56 (136%)
Agricultural Soil Carbdh 0.69 NE NA NA
Enteric Fermentation 0.27 0.25 (0.02) (8%)
Agricultural Soil Management 0.14 0.15 0.01 7%
Forest Fire8 0.05 NE NA NA
Manure Management 0.02 0.02 + 7%
Manure Management 0.02 0.02 + 7%
Field Burning of Agricultural Residues NO NO 0.00 NA
Landfilled Yardrimmings and Food Scraps (0.04) NE NA NA
Urban Tree8 (0.63) NE NA NA
Forest Carboh (1.63) NE NA NA
Liming NO + i NA
N20 from Settlement Soifs IE NE NA NA
Waste 0.43 1.02 0.59 136%
Landfills 0.31 0.87 0.56 181%
WastewaterTreatment 0.09 0.15 0.07 78%
Composting 0.04 NE NA NA
Total Emissions (Excluding Sinks) 17.51 17.93 0.42 2%
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ICF/ISR/ Projection

UHERO Tool
Net Emissions (Including Sinks) 15.21 17.93 2.72 18%

+ Does not exceed 0.005 MNCQ Eq.

NO (emissions are Not Occurring); (¢Eissions are Not Estimated); NA (Not Applicable).

aThe Projection Tool includes projected emissions from-Bpargy Uses under @@missions from Fossil Fuel

Combustion (CE&FFC). Therefore, these emissions are captured within the Stationary Combustion and

Transportation emission sources.

b The Projection Tool does not project emissions from LULUCF categories or Composting.

¢Emissions are included under Agricultural Soil Management.

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

Difference | % Difference

Sector/Category

Emissions projections for 2030 by sector as calculatd@BjSR/UHER&DId the Projection Tool are
presented inFigurek-6.

FigureK-6: Comparison of 2025 Emission Projection Results (Including Sinks)
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Seven source and sink categories accoun8#tpercent of the absolute difference between the
ICF/ISR/UHER#®ojections and the Projection Tool estimatdsbleK-6 summarizes the absolute and
cumulative difference in emission estimates for these top seven categories. The likely reasons for these
differences are discussed belowhtethodology Comparisan

TableK-6: Key Sources of Differences between ICF/ISR/UHERO Projections and Projection Tool Estimates in 2030

Cumulative %
of Total
Difference

Forest Carbon (1.63) NE 1.63 23%

ICHISR/ Projection Absolute
UHERO Tool Difference

Sector/Category
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Stationary Combustion 4.95 3.68 1.27 41%
Substitution of ODS 0.61 1.59 0.98 55%
Agricultural Soil Carbon 0.69 NE 0.69 64%
Urban Trees (0.63) NE 0.63 73%
Landfills 0.31 0.87 0.56 81%
Incineration of Waste 0.29 0.73 0.44 87%
All Other Categories . 0.90 100%

NO (emissions are Not Occurring); NE (emissions are Not Estimated).

2045 Projection Comparison

ICF, with support from UHERO, projects 2045 total GHG emissiond 8086MT CQ Eq., while net
emissions are projected to HEL.44MMT CQEQq. The Projection Tool projects total and net emissions

to be17.35MMT CQEq. in 2045. A summary of projected emissions and sinks by sector and category,
as estimated by ICBRUHERO and the Projection Tool for 2045, are providdalmeK-7.

TableK-7: Comparison of 2045 Emission Projection Results (MMT E(D)

Sector/Category ll(J:E/éSR%/ Prc?lj_igtllon Difference | % Difference
Energy 12.16 13.76 1.60 13%
Transportation 8.77 10.36 1.59 18%
StationaryCombustion 3.00 2.45 (0.55) (18%)
Incineration of Wastdor Energy Purposes 0.22 0.94 0.72 331%
Oil and Natural Gas Systems 0.12 0.01 (0.12) (91%)
NonEnergy Uses 0.05 IE NA NA
IPPU 0.25 2.10 1.85 746%
Substitution of ODS 0.24 1.59 1.36 574%
Electrical Transmission and Distribution 0.01 0.01 (0.02) (45%)
Cement Production NO NO 0.00 NA
Soda Ash Manufacture and Consumption NO 0.01 0.01 NA
Urea Consumption NO + + NA
Iron and Steel Production NO 0.49 0.49 NA
Limestone and Dolomite Use NO NO 0.00 NA
AFOLU (1.46) 0.37 1.83 (125%)
Agricultural Soil Carbdn 0.53 NE NA NA
Enteric Fermentation 0.25 0.23 (0.02) (10%)
Agricultural Soil Management 0.12 0.12 (0.02) (6%)
Forest Fire8 0.05 NE NA NA
Manure Management 0.01 0.02 0.01 61%
Manure Management 0.01 0.02 0.01 61%
Field Burning of Agricultural Residues NO NO 0.00 NA
Landfilled Yard Trimmings and Food ScPaps (0.02) NE NA NA
Urban Tree8 (0.78) NE NA NA
Forest Carboh (1.63) NE NA NA
Liming NO + + NA
N2O from Settlement Soifs IE NE NA NA
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Waste 0.49 1.13 0.64 131%
Landfills 0.35 0.96 0.62 179%
Wastewater Treatment 0.10 0.17 0.07 69%
Composting 0.05 NE NA NA

Total Emissions (Excluding Sinks) 13.86 17.35 3.49 25%

Net Emissions (Including Sinks) 11.44 17.35 5.92 52%

+ Does not exceed 0.005 MNCQ Eq.

NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Applicable).

aThe Projection Tool includes projectenhissions from NoiEnergy Uses under €&missions from Fossil Fuel
Combustion (C&FC). Therefore, these emissions are captured within the Stationary Combustion and
Transportation emission sources.

b The Projection Tool does not project emissions from LULUCF categories or Composting.

¢ Emissions are included under Agricultural Soil Management.

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

Emissions projections for 2045 by sector as calculatd@BiSR/UHERSDId the Projection Tool are
presented inFigurek-7.

FigureK-7: Comparison of 2045 Emission Projection Results (Including Sinks)

Waste MIPPU MAFOLU (Sources) MEnergy M AFOLU (Sinks)

20

15

10

MMT CO, Eq.

ICF/ISR UHERO Projection Tool

Seven source and sink categories accoun8&percent of the absolute difference between the
ICF/ISR/UHER#ojections and the Projection Tool estimatdsbleK-8 summarizes the absolute and
cumulative difference in emission estimates for these top seven categories. The likely reasons for these
differences are discussed belowhtethodology Comparisan
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TableK-8: Key Sources of Differences between ICF/ISR/UHERO Projections and Projection Tool Estimates in 2045

Cumulative %

ICFISR/ Projection Absolute

SRy UHERO Tool Difference (.)f el
Difference

Transportation 8.77 10.36 1.59 18%

Forest Carbon (1.63) NE 1.63 37%

Urban Trees (0.78) NE 0.78 46%
Substitution of ODS 0.24 1.59 1.36 62%

Iron and Steel Production NO 0.49 0.49 68%
Agricultural Soil Carbon 0.53 NE 0.53 74%
Incineration of Waste 0.22 0.94 0.72 82%

All Other Categories . | 15 100%

NO (emissions are Not Occurring); NE (emissions are Not Estimated).

Methodology Comparison

2021 Inventory Estimates

This section compares the methodology and data sources used by ICF and the SIT for each source and
sink category to develop th2021inventory estimates.

Energy

For the Energy sector, the methodology and activity data used by ICF and SIT to calculate emissions from
stationary combustion and transportation are similar. For emissions from the incineration of feaste

energy purposeand oil and natural gas systems, both the methodologies and data sources used by ICF
and SIT differ. The SIT estimagasissions from nomnergy uses of fossil fuels directly within££BC
calculations, rather than by summarizing emissions in a distinct source category. A descripit®kef
differences in methodology and data sources used by ICF and the SIT to estimate emissions for the
Energy sector are presented Tiablek-9.

TableK-9: Key Differences in Methodology and Data Sources for the Energy Sector

Source \ ICF Inventory SIT \
' Fuel consumption data is primarily take 1 Fuel consumption data is taken from
from the Energy Information 9L!' Qa {95{ RFUlIOI &

' RYAYAAGNY GA2yQa ¢ GasAnnual report.
System (SEDS) database, with naphthzg
andfuel gas data for the energy

Stationary industries sector coming from the

Combustion OYDANRYYSYidlt t NERI
Greenhouse Gas Reporting Program
(GHGRP).

9 ICF does not include petroleum coke
consumption in its estimates as it was
determined that it is not used in Havai
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Source

Transportation

9 Fuel consumption data is taken from

ICF Inventory

9L! Qa {95{ RIFUGlFOI 2
data collected by the Department of
Business, Economic Development, and
Tourism (DBEDT) are used to apportio
SEDS data to subsectors.

Additional EIA fuel consumption data fg
military nonaviation applications are
compiled through a data request to EIA
which is not accounted for in the SIT.

9 Fuel consumption data is taken from

SIT

9L! Qa {95{ RIGFOolI 2
alternative fuel vehicles are calculated
separately.

Incineration of
Wastefor Energy
Purposes

gYAadaArzya FNB GF 1§

Calculates combustion of fossiérived
carbon in waste for plastics, synthetic
fibers, and synthetic rubber by
estimating the mass of waste combuste
(obtained from BioCycle), applying a
carbon content, and assuming a 98%
oxidation rate.

Oil and Natural
Gas Systems

Emissions from refineries are taken frot
9t ! Qa DI Dwt @

Emissions from natural gas distribution
and transmission pipelines are estimate
using miles and services data from the
Department of Transportation's Pipeling
and Hazardous Materials Safety
Administration database.

Uses activity data on natural gas
production, number of wells, the
transmission and distribution of natural
gas, and the refining and transportation
of oil.

Non-Energy Uses

The percentage of neanergy use
consumption by fuel type are based on
estimates from the U.S. Inventory.

The percentage of neenergy use
consumption by fuel type are based on
estimates from the U.S. Inventory;
however,emission estimates are
included in emissions G&®om Fossil
Fuel Combustion (GBFC). Therefore,
these emissions are captured within the
Stationary Combustion and
Transportation emission sources.

IPPU

For the IPPU sector, the methodology used by ICF and SIT to calculate emissions from electrical

transmission and distribution and substitution of ODS is similar, while the source of activity data differs.

ICF determined that soda ash manufacturing and aonstion, urea consumption, and iron and steel
production do not occur in Hawaihowever, the SIT includes estimates for these sources based on

allocations of national or regional data. A description of the key differences in methodology and data

sourcesused by ICF and the SIT to estimate emissions for the IPPU sector are pres@iatieldHrL0.
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TableK-10: Key Differences in Methodology and Data Sources for the IPPU Sector

Source

Electrical
Transmission and
Distribution

ICF Inventory

1 National electricity sales data are taken

from EIA. Hawadi Q&4 Sf SO0 N
are taken from the State of HavieData
Book.

SIT

1 Both national and statéevel electricity
sales data are taken from EIA.

Substitution of
oDS

Population data are taken from the U.S
Census Bureau. HawkiQ a LJ2 LJdz
data are taken from the State of Hawai
Data Book.

9 Both national and statéevel
population are taken from the U.S.
Census Bureau.

1 National emissions estimates are take

1 National emissions estimates are taken  from the 19902020 U.S. Inventory.
from the 19902020 U.S. Inventory.
Soda Ash 1 Emissions from soda ash ma_nufacturin 1 Allocates natiqnal emissions fr_om sod
Manufacture and and consqmpnorvl/_ere determined to ash consump’uon using the ratio of
Consumption not occur in Hawai state pqpulatlon to national
population.
1 Emissions from urea consumption were 1  Multiplies the total urea applied to Ag
Urea Consumption determined to not occur in Hawai Soils in each state (frolxpLUCF
module) by 0.13 to obtain urea
consumption.
Iron and Steel 1 Emissions from iron and steel productid Evenly distributes regional production
Production were determined to not occur in Hawai data among states within the region.
AFOLU

For theAFOLU sector, the methodology used by ICF and SIT to calculate emissions and sinks from

enteric fermentation and urban trees are similar, while the activity data differs. For emissions from
manure management, agricultural soil management, field burniregatultural residues, urea

application, and landfilled yard trimmings, both the methodologies and data sources used by ICF and SIT
differ. The SIT does not provide default estimates for forest fires or forest carbon. ICF does not present
emissions from pO from Settlement Soils but rather includes these emissions under the Agricultural Soll
Management source category. ICF also does not estimate emissions from Liming. A description of the

key differences in methodology and data sources used by ICF antilithe €stimate emissions and
sinks for the AFOLU sector are presente@idbleK-11.

TableK-11: Key Differences in Methodology and Data Sources for the AFOLU Sector

Source \ ICF Inventory SIT
Enteric 1 Obtains sheep and goat population dat; 1 Obtains sheep population data from the
Fermentation from the USDA Census of Agriculture. U.S. Inventory.
9 Includes hens within the chicken 1 Estimates emissions from turkeys and
population but does not include turkeys hens greater than one year old.
9 Obtains chicken, sheep, and goat 9 Obtains sheep population data from the
Manure .
Management populgtlon data from the USDA Census U.S. InvenFory. .
of Agriculture. 1 Uses volatile solids (VS) rates for
9 Uses constant VS rates for roattle breeding swine, poultry, and horses thg
animal types. vary slightly by year.
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Source

Agricultural Soil
Management

ICF Inventory

Assumes no commercial organic fertiliz
is consumed in Hawabased on the
Association of American Plant Food
Control Officials (AAPFCQO) Commerciz
Fertilizer reports.

Obtains 1992014 fertilizer
consumption estimates from AAPFCO
and estimates consumption 2021
based on a fivgrear trend from 2010 to
2014

Calculates emissions from sugarcane,
pineapple, sweet potatoes, ginger root,
taro, and seed production.

Obtains corn for grain production data
from the USDA Census of Agriculture.

SIT

1 Estimates statdevel organic fertilizer
consumption by applying the percentag
of national fertilizer consumption that is
organic fertilizer to total statdevel
fertilizer consumption.

1 Uses the 2016 fertilizer consumption
estimate from AAPFCO as a proxy for
2021

1 Does not calculate emissions from
sugarcane, pineapple, sweet potatoes,
ginger root, taro, or seed production.

9 Obtains crop production data from USD
National Agricultural Statistics Service
(NASS) Surveys. USDA NASS Surveys
not include corn for grain production
data for Hawai.

Field Burning of
Agricultural
Residues

Assumes the fraction of sugarcane
residue burned is zero 2021, as the
last sugarcane mill in Hawiatlosed in
2017.Emissions from the field burning ¢
agriculture residue are assumed to be
zero in2021

1 Assumes that the fraction of Hawiai
sugarcane residue burned is zero. Data
on the burning of sugarcane residue is
not available from U.S. Inventory.
Emissions from the field burning of
agriculture residue are assumed to be
zero.

Urea Application

Extrapolates urea fertilization
consumption to2021based on the
historical fiveyear trend.

1 Uses 2016 data from AAPFCO (2022) 8
proxy for2021urea fertilization.

Agricultural Soil
Carbon

Emissions estimates are from the 1990
2021U.S. Inventory.

1 Emissions estimates are from the 1990
2021U.S. Inventory.

Forest Fires

Obtains forest area burned data from
the Hawdii Department of Land and
Natural Resources.

9 Does not include default data of forest
area burned.

Landfilled Yard
Trimmings

Hawali population data were obtained
from the State of Haw&iData Book.
Extrapolates waste generation 8921
based on the historical fivgear trend.

9 Hawaii population data were obtained
from U.S. Census.

9 Uses 2018 waste generation data as
NEBLR2NISR Ay 9t! Q&
Materials Management Fact Sheet as a
proxy for2021

Urban Trees

Uses carbon sequestration rates are
calculated based ostate-specific values
from the U.S. Inventory.

9 Uses carbon sequestration rates for
Hawaiian urban trees based on Nowak
al. (2013).

Forest Carbon

Uses carbon flux estimates calculated [
the Tier 1 Gain Loss Method outlined b
the 2006 IPCC Guidelines.

9 Does not include carbon flux estimates
for Hawali.

N2O from
Settlement Soils

Emissions included under Agricultural
Soil Management.

1 Assumes one percent of synthetic
fertilizer consumption is used on
settlement soils.

Liming

Emissions from lime usddr agricultural
purposes are not estimated by ICF.

9 Estimated using data on limestone usec
F2NJ F ANROdzf GdzNI £ L
2018 Mineral Yearbook.
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Waste

For the Waste sector, the methodology used by ICF and SIT to calculate emissions from landfills and
wastewater treatment are similar, while the activity data differs. The SIT does not provide estimates of
emissions from composting. A description of the Béferences in methodology and data sources used
by ICF and the SIT to estimate emissions for the Waste sector are pregemsdalek-12.

TableK-12: Key Differences in Methodology and Data Sources for the Waste Sector

Source

ICF Inventory \ SIT
1 Data on the tons ofvaste landfilled per year | 1 Estimates statdevel waste disposal

were provided by the HawaiDepartment of
Health (DOH), Solid & Hazardous Waste
Branch.

by allocating national waste data fror
9t ! Q& adzyAOALNt |
and BioCycle and based on

Data Book were used to calculate wastewat;
treatment volumes.

The number of households on septic system
were calculated using data from the U.S.

Inventory.

Landfills Volumes of landfill gas recovered for flaring population.
YR SySNH& ¢SNB 206Gl T Hawaliflaring dataisF N2 Y 9t !
Historical MSW generation and disposal Landfill Methane Outreach Program
volumes were calculated using population (LMOP) Landfill and Landfill Gas
data from the State of HawaiData Book. Energy Project Database.
Composting Estimated based on data from the HaWai Does noF estimate emissions from
DOH, Solid & Hazardous Waste Branch. composting.
Data on noANational Pollutant Discharge Uses data from the 199R021U.S.
Elimination System (NPDES) wastewater Inventory.
treatment plants, including flow rate and Municipal Wastewater emissions
BODS5 are provided by HawdbOH, estimated using statpopulation
Wastewater Branch and Clean Water Branc data from the U.S. Census Bureau.
Wastewater . . o .
Treatment Population data from the State of Hawai Statespecific red meat production

data from USDA are used to estimali
industrial emissions.

2025, 2030, and 2045 Emission Projections

This section compares the methodology used by ICF/ISR/UHERO and the Projection Tool to develop the
2025, 2030, and 2045 inventory projections. While the projections developed by ICF/ISR/UHERO take
into account the potential impact of COVID on future emgsions, the Projection Tool does not

currently account for these impacts. In addition, the methodologies differ significantly between the
ICF/ISR/UHERO and Projection Tool estimates. A description of the key differences in methodology used
by ICF and therBjection Tool to project emissions for each sector are presentd@biek-13. A more

detailed description of the methodology and data sources used by ICF/ISR/UHERO can be found in the
Technical Support Document: Preliminary Inventory Projections of Statewide Greenhouse Gas Emissions
for 2025¢ 2045, and Assessment of Statewide dg?ess.
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TableK-13: Key Differences in Methodology Used to Project Emissions

Sector

ICFASRUHERO

1 For energy industries and incineration of
wastefor energy purposesemissions
were projected based on direct
communication with the utilities and the
dziAtAdleQa t26SN { dz
(PSIP).

1 For stationary combustion, electric sectol
emissions were based on facility emissio
reported to the GHGRP.

1 For residential energy use, commercial
energy use, industrial energy use, and
non-energy uses, emissions were
projected usindorecasted gross state
product, and adjusted to account for RN(
consumption in place of SNG

i Forecasts regional energy consumption dat:

Projection Tool

o0laSR 2y 9L! Qa !'9ho
consumption to states based @021state-

f SOSt
Energy Data.

z

O2yadzyLliAzy Gt

Energy consumption.

9 For ground transportation, emissions wel
projected based on estimates of future
vehicle miles traveledpel efficiency by
vehicle type, types of vehicles on the roa
and their related fuel sources. Light Duty
Vehicle emission projections account for
Vehicle Miles Traveled reduction due to
the Honolulu Rail Project.

1 For domestic aviation, emissions were
projected based on visitor arrivals,
resident travel, and cargo shipments
based on 2019 emissions.

9 For oil and natural gas systems, emissiol
were projected based on projected growt
in aviation emissions.

1 Emissions from Electric Power Forecasts emissions from Soda Ash
Transmission and Distribution Systems Manufacture and Consumption, Iron & Steel|
were projected based on the electricity Production, and Urea Consumption based ¢
sales forecast. historical trends.

IPPU 1 Emissions from ODS Substitutes were Forecasts emissions from Electric Power
projected usindorecasted gross state Transmission and Distribution Systems and
product and adjusted to account fdine ODS Substitutes based on publicly available
implementation of the American forecasts.

Innovation and Manufacturing (AIM) Act.

1 Emissions were projected by forecasting Forecasts emissions based on either histori
activity data using historic trends and trends or publicly available forecasts (varies
published information on future trends. by category). Results differ due to minor

AFOLU ; ; o . )

differences in how activity data is projected
and differences in historical estimates.
Emission sinks are not estimated.

9 Emissions from landfills were taken from Forecasts activity data based on projected

Waste EPA Facility Level Information on population from the U.S. Census Bureau.

Greenhouse Gases Tool (FLIGHT) data
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Sector \ ICFAISRUHERO Projection Tool
then scaled to match reported landfill
tonnage as described for waste in the
2021linventory.

1 Composting and Wastewater Treatment
emissions were projected based on DBE
population growthprojections.
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Appendix L. FullEmissiondDataSeries

Tablel-1Y |1 6 A~ A DI D 9YAadaairzya o6& {SO0G2NX/k20a83MITCBEqF 2N MpdnS HAAPI HANTZ
Sector/Category
Energy 20.25| 22.72| 24.34| 19.38| 18.50| 18.52| 18.97| 19.23| 19.45| 14.66| 17.47| 17.95
Stationary Combustion 8.47| 9.56| 9.37| 8.89| 8.16| 7.96| 8.09| 8.16| 832| 7.29| 7.44| 7.44
Energy Industries 6.38| 8.33| 831 7.86| 7.11| 7.01| 7.00| 7.11| 7.21| 6.48| 6.38| 6.37
Residential 0.05| 0.07| 0.06|f 0.09| 0.06| 0.07| 0.07| 0.06| 0.06| 0.06| 0.07| 0.06
Commercial 0.76| 0.37| 0.30f 0.37| 0.47| 0.48| 054| 0.56| 0.60| 0.50| 0.56| 0.55
Industrial 1.29| 0.80| 0.69| 056| 051| 0.39| 0.48| 0.43| 0.45| 0.25| 0.44| 0.45
Transportation 11.13| 12.58| 14.40| 9.92| 9.72| 9.96| 10.31| 10.46| 10.69| 6.96| 9.59| 10.12
Ground 3.71| 5.04| 5.14| 4.20| 4.29| 4.22| 4.16| 4.10| 4.05| 3.13| 3.50| 3.47
Domestic Marine 1.53| 0.37| 2.81| 0.58| 0.28| 0.40| 0.49| 0.40| 0.63| 0.34| 0.52| 0.65
Domestic Aviation 3.69| 6.13| 4.86| 3.98| 4.29| 4.38| 4.61| 4.78| 4.96| 2.73| 4.58| 4.90
Military Aviation 142 1.03| 0.80| 0.66| 0.80| 0.80| 0.85| 0.86| 0.88| 0.45| 0.67| 0.77
Military Non-Aviation 0.77| 0.02| 0.79| 0.51| 0.05| 0.17| 0.20| 0.32| 0.16| 0.32| 0.32| 0.32
Incineration of Wastdor Energy
Purpose’ 0.18| 0.15| 0.15| 0.19| 0.27| 0.27| 0.23| 0.26| 0.28| 0.28| 0.30| 0.25
Oil and Natural Gas Systems 0.43| 0.39| 0.39| 0.32| 0.31| 0.29| 0.31| 0.30| 0.12| 0.10| 0.10| O.10
NonEnergy Uses 0.04| 0.04| 0.04| 0.05| 0.05| 0.04| 0.05| 0.05| 0.04| 0.04| 0.04| 0.04
International Bunker Fuéls 156| 223 1.09| 1.31| 156| 155| 1.76| 1.78| 1.65| 0.69| 0.40| 0.83
CQ from Wood Biomass and Biofuels
Consumptioh 243| 059| 0.88| 1.24| 1.41| 151| 1.28| 1.30| 1.25| 1.16| 1.18| 1.19
IPPU 0.18| 0.50| 0.55| 0.67| 0.79| 0.79| 0.80| 080| 082| 0.76| 0.82| 0.85
Cement Production 0.10| 0.00| 0.00f 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00| 0.00
Substitution of Ozone Depleting
Substances +| 046| 052| 065| 0.77| 0.78| 0.78| 0.79| 0.80| 0.75| 0.81| 0.84
Electrical Transmission and Distributi¢ 0.08| 0.03| 0.03| 0.02| 0.01| 0.01| 0.01| 0.01| 0.01| 0.01| 0.01| o0.01
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Sector/Category

AFOLU (Sources) 147| 110| 118| 108| 1.09| 1.08| 101| 125| 106| 110| 122| 1.11
Enteric Fermentation 0.35| 0.31| 0.32| 0.30| 0.26| 0.28| 0.28| 0.28| 0.29| 0.28| 0.27| 0.29
Manure Management 0.14| 0.05| 0.04| 0.02| 0.02| 0.02| 0.02| 0.02| 0.02| 0.01, 0.01f 0.02
Agricultural Soil Management 0.16| 0.14| 0.15| 0.15| 0.14| 0.14| 0.14| 0.14| 0.14| 0.14| 0.14| 0.15
Field Burning of Agricultural Residue§ 0.03| 0.03| 0.01| 0.01| 0.01| 0.01 +| 0.00| 0.00| 0.00| 0.00| 0.00
Urea Application + + + + + + + + + + + +
Agricultural Soil Carbon 0.76| 0.50| 0.50| 0.57| 0.57| 0.60| 0.54| 0.58| 0.56| 0.58| 0.58| 0.58
Forest Fires 0.02| 0.06| 0.16| 0.03| 0.09| 0.03| 0.01| 0.22| 0.05| 0.09| 0.21| 0.08

AFOLU (Sinks) (240) | (2.50) | (2.54) | (262) | (2.73) | (269) | (2.66) | (256) | (254) | (2.43) | (2.42) | (2.48)
Landfilled Yard Trimmings and Food

Scraps (0.12)| (0.05)| (0.05)| (0.05)| (0.05)| (0.05)| (0.04)| (0.06)| (0.05)| (0.04)| (0.05)| (0.05)
Urban Trees (0.48)| (0.60)| (0.61)| (0.62)| (0.60)| (0.60)| (0.60)| (0.59)| (0.59)| (0.58)| (0.59)| (0.60)
Forest Carbon (1.79)| (1.86)| (1.89)| (1.95)| (2.07)| (2.04)| (2.02)| (1.90)| (1.90)| (1.80)| (1.78)| (1.83)

Waste 1.01| 0.98| 0.88| 060| 051| 0.46| 0.42| 041| 0.44| 041]| 0.41| 0.40
Landfills 0.89| 0.84| 0.74| 0.50| 0.41| 0.36| 0.32| 0.31| 0.34| 0.32| 0.33| 0.32
Composting 0.02| 0.03| 0.03| 0.03| 0.03| 0.04| 0.04| 0.03| 0.03| 0.04| 0.02| 0.03
Wastewater Treatment 0.09| 0.11| 0.11| 0.06| 0.07| 0.07| 0.07| 0.07| 0.07| 0.05| 0.06| 0.05

Total Emissions (Excluding Sinks) 22.90| 2529 | 26.95| 21.71 | 20.88| 20.85| 21.20 | 2169 | 21.77| 16.93| 19.92| 20.31

Net Emissions (Including Sinks) 2051 | 2278 | 2441 | 1909 | 1816 | 18.16 | 1854 | 1914 | 1923 | 1450 | 1750 | 17.83

Aviatiorf 511| 7.16| 5.66| 4.64| 5.09| 5.17| 546| 5.64| 5.84| 3.17| 525| 5.67

Net Emissions (Including Sinks, Excludi

Aviation) 1540 | 1562 | 18.75| 1445| 1306 | 12.99| 1308 | 1350 | 1339 | 1133 | 1225| 12.15

+ Does not exceed 0.008MT CQE(g.; NO (emissions alot Occurring).

aEmissions from the incineration of wadte energy purposeare reported under the Energy sector, consistent with the ldv@ntory,sincethe
incinerationof wastefor energy purposegenerallyoccursat facilitieswhereenergyisrecovered.

b Emissions from international bunker fuels and2€@m Wood Biomass and Biofuel Consumption astimated as part of this inventory report but are not
included in emission totals, a&r IPCC (2006)idelines.

¢Domestic aviation and military aviation emissions, which are reported under the transportation source category under glyesEcter, are excluded from
| 6 A~AQa HWnun DID SYrAaarz2g3d NBRdAzOGAzy 32+t SaidloftAaKSR Ay ! O
Notes:Totalsmaynot sumdueto independentrounding.Parentheseindicatenegativevaluesor sequestration.
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Tablel-2: GHG Emissions by County/Sector for 1990, 2005, 2007, 2010, andcZi® (MMT C@Eq.)

Sector/ Category 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022
Energy 20.25| 22.72| 24.34| 19.38| 18.50| 18.52| 18.97| 19.23| 19.45| 14.66| 17.47| 17.95
I gl A7 A 1.35 2.20 2.12 1.80 1.79 1.77 1.96 2.08 2.17 1.63 1.93 1.94
Honolulu 16.59| 16.48| 18.55| 14.33| 13.34| 13.44| 13.48| 13.57| 13.63| 10.80| 12.25| 1245
Yl dzl A7 A 0.60 0.96 0.92 0.85 0.92 0.88 1.02 1.05 1.01 0.56 0.76 0.96
Maui 1.71 3.08 2.75 2.40 2.44 2.42 2.51 2.53 2.65 1.66 2.53 2.61
IPPU 0.18 0.50 0.55 0.67 0.79 0.79 0.80 0.80 0.82 0.76 0.82 0.85
Il gl A7 A 0.01 0.07 0.08 0.10 0.11 0.11 0.11 0.11 0.12 0.11 0.12 0.13
Honolulu 0.16 0.33 0.36 0.44 0.52 0.53 0.53 0.53 0.54 0.52 0.54 0.56
YI dzl A~ A 0.00 0.03 0.03 0.04 0.05 0.05 0.05 0.05 0.05 0.04 0.05 0.05
Maui 0.01 0.07 0.08 0.09 0.11 0.11 0.11 0.11 0.11 0.10 0.11 0.12
Waste 1.01 0.98 0.88 0.60 0.51 0.46 0.42 0.41 0.44 0.41 0.41 0.40
I gl A7 A 0.13 0.20 0.20 0.20 0.13 0.14 0.13 0.14 0.14 0.13 0.12 0.12
Honolulu 0.68 0.58 0.48 0.26 0.18 0.18 0.15 0.15 0.14 0.11 0.13 0.13
Yl dzl A7 A 0.14 0.11 0.10 0.10 0.09 0.04 0.04 0.02 0.03 0.02 0.02 0.02
Maui 0.04 0.09 0.10 0.05 0.10 0.11 0.10 0.11 0.14 0.15 0.14 0.12
AFOLU (Sources) 147 1.10 1.18 1.08 1.09 1.08 1.01 1.25 1.06 1.10 1.22 1.11
Il F gl A7 A 0.83 0.69 0.73 0.67 0.64 0.63 0.59 0.75 0.62 0.65 0.73 0.66
Honolulu 0.19 0.08 0.08 0.07 0.08 0.08 0.07 0.09 0.08 0.08 0.09 0.08
YI dzl A~ A 0.16 0.13 0.14 0.13 0.15 0.15 0.13 0.16 0.14 0.14 0.16 0.14
Maui 0.29 0.20 0.23 021 0.22 0.23 0.21 0.25 0.22 0.23 0.25 0.24
AFOLU (Sinks) (240)| (250 | (254 | (262 | (73| (269 | (266)| (256)| (254 | (243)| (242 | (2.48)
Il gl A7 A (1.18)| (1.27)| (1.24)| (1.27)| (1.35)| (1.34)| (1.30)| (1.29)| (1.29)| (1.31)| (1.30)| (1.31)
Honolulu (057 | (059 | (060)| (062 | (062 | (062 | (061 | (050 | (049 | (048 | (048 | (050
YI dzl A7 A (028 | (030)| (032 (035 | (039 | (038 | (037n| (032| (03| (03| (03| (031
Maui (037)| (035 | (039 | (039 | (036)| (036)| (038 | (045 | (045 | (033 | (033 | (037
Total Emissions 2290| 2529| 26.95| 21.71| 20.88| 20.85| 2120| 2169| 21.77| 16.93| 19.92| 2032
(Excluding Sinks)
Net Emissions (Including 2051 | 2278| 2441| 1909| 1816| 18.16| 1854 | 1914| 1923| 1450| 1750| 17.83
Sinks)
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Sector/ Category 2007 2010 2016 2017 2018 2019 2020 2021 2022

Net Emissions (Including] 1540 15.62 18.75 1445 13.06 12.99| 1308 1350 13.39 1133 | 1225| 1216
Sinks, Excluding
Aviation)?
aDomestic aviation and military aviation emissions, which are reported under the transportation source category under the Energy sector, are excluded from
Hawai Zi 6s 2020 GHG emissions reduction goal established in Act 234.
Notes: Maui County includes emissions from Kalawao County. Totals may not sum due to independent rounding. Parenthésesgadica values or
sequestration

TableL-3: GHG Emissions from the Energy Sector by Source and Year (MMT CO2 Eq.)

Source 1990 2005

Stationary Combustion 8.47| 956| 9.37| 889| 8.16| 7.96| 8.09| 8.16| 8.32| 7.29| 7.44| 7.44
Energy Industries 6.38| 8.33| 8.31| 7.86| 7.11| 7.01| 7.00| 7.11| 7.21| 6.48| 6.38| 6.37
Residential 0.05| 0.07| 0.06| 0.09| 0.06| 0.07| 0.07| 0.06| 0.06| 0.06| 0.07| 0.06
Commercial 0.76| 036| 0.30| 0.37| 0.47| 0.48| 0.54| 0.56| 0.60| 0.50| 0.56| 0.55
Industrial 1.29| 081| 0.69| 0.56| 0.51| 0.39| 0.48| 0.43| 0.45| 0.25| 0.44| 0.45

Transportatior? 1113 | 1258 | 14.40| 9.92| 9.72| 9.96| 10.31| 10.46| 10.69| 6.96| 9.59| 10.12
Ground 3.71| 5.04| 5.14| 4.20| 4.29| 4.22| 4.16| 4.10| 4.05| 3.13| 3.50| 3.47
Marine 1.53| 0.37| 2.81| 0.58| 0.28|, 0.40| 0.49| 0.40| 0.63| 0.34| 0.52| 0.65
Aviation 3.69| 6.13| 4.86| 3.98| 4.29| 4.38| 461| 4.78| 4.96| 2.73| 4.58| 4.90
Military Aviation 1.42| 1.03| 0.80| 0.66| 0.80| 0.80| 0.85| 0.86| 0.88| 0.45| 0.67| 0.77
Military Non-Aviation 0.77| 0.02| 0.79| 0.51| 0.05| 0.17| 0.20| 0.32| 0.16| 0.32| 0.32| 0.32

Incineration of Wastefor

Energy Purposes 0.18| 0.15| 0.15| 0.19| 0.27| 0.27| 0.23| 0.26| 0.28| 0.28| 0.30| 0.26

Oil and Natural Gds 0.43| 0.39| 0.39| 0.32| 0.31| 0.29| 0.31| 0.30| 0.12| 0.10| 0.10| 0.10

Non-Energy Uses 0.04| 0.04| 0.04| 0.05| 0.05| 0.04| 0.05| 0.05| 0.04| 0.04| 0.04| 0.04

International Bunker Fuéls| 1.56| 2.23| 1.09| 1.31| 156| 155| 1.76| 1.78| 1.65| 0.69| 0.40| 0.83

CQfrom Wood Biomass

and Biofuels Consumptibn| 2.43| 1.04| 0.88| 1.24| 1.41| 151| 1.28| 130| 1.25| 1.16| 1.18| 1.19

Total 2025| 22.72| 2434 | 19.38| 18.50| 18.52| 18.97| 19.23| 19.45| 1466 | 1747 | 17.95

@Includes ClHand NO emissions from Biofuel Consumption.
® Includes fuel combustion emissions from electric power plants and petroleum refineries.
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¢ Emissions frormternational bunker fuels and G@®missions from wood biomass and biofuel consumptiogestimated as part of this inventory report but
are notincluded in emission totals, g&r IPCC (2006)idelines.
Note: Totals may not sum due to independent rounding.

Tablel-4: GHG Emissions from Stationary Combustion by Economic Sector and Gas (MNEG.CO

Economic Sector/Gas 2017 2018 2019 2020 2021 2022
Energy Industries 6.38 8.33 8.31 7.86 7.11 7.01 7.00 7.11 7.21 6.48 6.38 6.37
Ca 6.35 8.30 8.28 7.83 7.09 6.98 6.97 7.09 7.18 6.45 6.35 6.35
CH 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
N.O 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02 0.02
Residential 0.05 0.07 0.06 0.09 0.06 0.07 0.07 0.06 0.06 0.06 0.07 0.06
Ca 0.05 0.07 0.06 0.09 0.06 0.07 0.07 0.06 0.06 0.06 0.07 0.06
CH + + + + + + + + + + + +
N.O + + + + + + + + + + + +
Commercial 0.76 0.36 0.30 0.37 0.47 0.48 0.54 0.56 0.60 0.50 0.56 0.55
Ca 0.76 0.33 0.28 0.34 0.44 0.44 0.51 0.52 0.57 0.47 0.52 0.52
CH + 0.02 0.02 0.02 0.03 0.03 0.03 0.03 0.03 0.03 0.03 0.03
N,O + + + + + + + + + + + +
Industrial 1.29 0.81 0.69 0.56 0.51 0.39 0.48 0.43 0.45 0.25 0.44 0.45
CQ 1.25 0.79 0.68 0.55 0.50 0.39 0.47 0.43 0.45 0.25 0.43 0.45
CH 0.02 0.01 0.01 + + + + + + + + +
N2O 0.02 0.01 0.01 0.01 + + + + + + + +
Total 8.47 9.56 9.37 8.89 8.16 7.96 8.09 8.16 8.32 7.29 7.44 7.44

+ Does not exceed 0.005 MMT £E9,.
Note: Totals may not sum due to independent rounding.

TableL-5: GHG Emissions from Transportation by Hdge Sector and Gas (MMT £Ex).)

EndUseSector/Gas 1990 2005 2007 2010\ 2015 2016
Ground 3.71 5.04 5.14 4.20 4.29 4,22 4.16 410 4.05 3.13 350 3.47
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EndUseSector/Gas 1990 2005 2007 2010 PAONRS) 2016 2017 2018 2019 2020 2021 2022
CQ 3.56 4.93 5.04 4.12 4.24 4.18 4,12 4.07 4.02 3.10 3.47 3.44
CH 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 + + 0.01
N.O 0.13 0.10 0.09 0.07 0.04 0.04 0.03 0.03 0.03 0.02 0.02 0.03

Domestic Marine 1.53 0.37 2.81 0.58 0.28 0.40 0.49 0.40 0.63 0.34 0.52 0.65
CQ 1.52 0.36 2.77 0.57 0.28 0.40 0.48 0.40 0.62 0.33 0.52 0.64
CH + + 0.01 + + + + + + + + +
N.O 0.01 0.01 0.03 0.01 + + + + 0.01 + + 0.01

Domestic Aviation 3.69 6.13 4.86 3.98 4.29 4.38 4.61 4.78 4.96 2.73 458 4.90
Ca 3.66 6.08 4.82 3.94 4.25 4.34 4.57 4.74 4.92 2.70 4.55 4.86
CH + + + + + + + + + + + +
N.O 0.03 0.05 0.04 0.03 0.03 0.04 0.04 0.04 0.04 0.02 0.04 0.04

Military Aviation 1.42 1.03 0.80 0.66 0.80 0.80 0.85 0.86 0.88 0.45 0.67 0.77
Ca 1.41 1.02 0.79 0.66 0.80 0.79 0.84 0.86 0.87 0.44 0.66 0.76
CH NO NO NO 0.00 0.00 0.00 0.00 NO NO NO NO NO
N.O 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 + 0.01 0.01

Military

Non-Aviation 0.77 0.02 0.79 0.51 0.05 0.17 0.20 0.32 0.16 0.32 0.32 0.32
Ca 0.75 0.02 0.77 0.50 0.05 0.16 0.20 0.31 0.16 0.32 0.32 0.32
CH + + + + + + + + + + + +
N2O 0.02 + 0.01 0.01 + + + + + + + 0.01

Total 1113| 1258 | 14.40 9.92 9.72 9.96| 10.31| 10.46| 10.69 6.96 9.59| 10.12

+ Does not exceed 0.005 MMT £E9; NO (emissions afdot Occurring).
Note: Totals may not sum due to independent rounding.

TableL-6: GHG Emissions from Electric Vehicles (BEVs and PHEVS) by Gas (MBAT)CDIFORMATIONAL ONLY

1990 2005 2007 2010 ‘ 2015 2016 2017 2018 2019

CQ NO NO NO NO + 0.01 0.01 0.01 0.01 0.02 0.02 0.03
CH NO NO NO NO + + + + + + + +
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1990 2005 2019 2020 2021 2022
N.O NO NO NO NO + + + + + + +
Total NO NO NO NO 0.01 0.01 0.01 0.01 0.02 0.02 0.03

+ Does not exceed 0.005 MMT £H9;; NO (emissions afdot Occurring).

Note: Totals may not sum due to independent rounding.

TableL-7: Emissions from Incineration of Wasfer Energy PurposeBy Gas (MMT C£Eq.)

1990 2005 2007 2010 ‘ 2015 ‘ 2016 2017 ‘ 2018 2019 2020 2021 2022
CQ 0.17 0.15 0.15 0.18 0.26 0.26 0.21 0.25 0.27 0.27 0.28 0.25
CH + + + + 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
N2O + + + 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Total 0.18 0.15 0.15 0.19 0.27 0.27 0.23 0.26 0.28 0.28 0.30 0.26

+ Does not exceed 0.005 MMT £¥D.
Note: Totals may not sum due to independent rounding.

TableL-8: Emissions from Oil anNatural Gas Systems by Gas (MMT2EQ.)

1990 2005 2007 2010 ‘ 2015 2016 ‘ 2017 2018 2019
CQ 0.42 0.37 0.37 0.31 0.30 0.29 0.30 0.29 0.11 0.09 0.10 0.09
CH 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
N.O + + + + + + + + + + + +
Total 0.43 0.39 0.39 0.32 0.31 0.29 0.31 0.30 0.12 0.10 0.10 0.10

+ Does not exceed 0.005 MMT £E9,.
Notes: Totals may not sum due to independent rounding.

TableL-9: Emissions from Nottnergy Uses (MMT G@&q.)

Gas 1990 2005 2007 ‘ 2010 2015 2016 2017 2018 2019
CcQ 0.04 0.04 0.04 0.05 0.05 0.04 0.05 0.05 0.04 0.04 0.04 0.04
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Tablel-10: Emissions from International Bunker Fuels by Gas (MMt E®)

1990 2005 2007 2010 2015 | 2016 2017 2018 2019 2020 2021
cQ 155 221 108 130] 155| 154| 175| 1.76] 1.63] 068 0.39] 0.83
CH + + + + + + + + + + + +
N.O 001] 002] 001] 001 001] 001] 001] 001] 001] 0.01 +| o001
Total 156| 223| 1.09] 131 156 155| 176| 1.78] 165] 069] 040] 0.83

+ Does noexceed 0.005 MMT CE&gq.
Note: Totals may not sum due to independent rounding.

TableL-11: Emissions from Wood Biomass and Biofuel Consumption by Gas (MMEGD

Gas | 19900 = 2005 | 2007 = 2010 | 2015 = 2016 2017 | 2018 |

- 2019 | 2020 2021 2022

2.43

1.04

0.88

1.24

1.41

151

1.28

1.30

1.25

1.16

1.18

1.19

aEm|SS|ons from biodiesel were not estimated for 1990 due to a lack of available data. Emissions reported for 1990 re$iectssinim solithiomass

consumption only.

Tablel-12: GHG Emissions from the IPPU Sector by Source and Year (MMEGQQO

1990

2005

2016

2017

2018

2019

2020

2021

2022

2007 2010 @ 2015

Substitution of Ozone

Depleting Substances + 0.46 0.52 0.65 0.77 0.78 0.78 0.79 0.80 0.75 0.81 0.84
Electrical Transmission

and Distribution 0.08 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Cement Production 0.10 NO NO NO NO NO NO NO NO NO NO NO
Total 0.18 0.50 0.55 0.67 0.79 0.79 0.80 0.80 0.82 0.76 0.82 0.85

+ Does not exceed 0.005 MMT £H2;; NO (emissions afdot Occurring).

Note: Totals may not sum due to independent rounding.

TableL-13: Emissions from Cement Production by Gas (MMT: EQ.)

Gas 1990 2005 2007 ‘ 2010 ‘ 2015 ‘ 2016 2017 2018 2019 2020 2021 2022
CQ 0.10 NO NO NO NO NO NO NO NO NO NO NO
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NO (emissions arot Occurring).

Tablel-14: Emissions from Electrical Transmission and Distribution by Gas (MMIEGQ)

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020

Sk 0.08 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01
Ch + + + + NO + + NO + + + +
Total 0.08 0.03 0.03 0.02 0.01 0.01 0.01 0.01 0.01 0.01 0.01 0.01

TableL-15: Emissions from Substitutes of ODS by Gas (MMT CO2 Eq.)

Gas 1990 2005 2007 2010 2015 PAONKS) 2017 2019 2020

HFCs/PFC + 0.46| 0.52 0.65 0.77 0.78 0.78 0.79 0.80 0.75 0.81 0.84
CcQ + + + + + + + + + + + +
Total + 0.46| 0.52 0.65 0.77 0.78 0.78 0.79 0.80 0.75 0.81 0.84

+ Does not exceed.005 MMT C&EQ.

Tablel-16: GHG Emissions from the AFOLU Sector by Source and Sink Category (ME@.CO

Category 1990 2005 2007 2010 2015 2019 2020

Agriculture 0.68 0.54 0.52 0.48 0.43 0.45 0.45 0.45 0.45 0.44 0.43 0.45
Enteric Fermentation 0.35| 0.31| 0.32 0.30 0.26 0.28| 0.28 0.28| 0.29 0.28 0.27 0.29
Manure Management 0.14| 0.05| 0.04, 0.02| 0.02| 0.02| 0.02f 0.02| 0.02| 0.01| o0.01| o0.01
Agricultural Soil
Management 0.16 0.14 0.15 0.15 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.15
Field Burning of Agriculturg
Residues 0.03| 0.03] 0.01| 0.01| o0.01| o0.01 + 0.00f 0.00f 0.00/ 0.00| 0.00
Urea Application + + + + + + + + + + + +

Land Use, Lantllse Change,

and Forestry (1.61)| (1.95)| (1.88)| (2.02)| (2.07)| (2.07)| (2.20)| (1.76)| (1.94)| (1.76)| (1.62)| (1.82)
Agricultural Soil Carbon 0.76| 0.50| 050, 057 057 0.60| 054 058 056| 058| 058 0.58
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Landfilled Yard Trimmings

and FoodScraps (0.12)| (0.05)| (0.05)| (0.05)| (0.05)| (0.05)| (0.04)| (0.06)| (0.05)| (0.04)| (0.05)| (0.05)

Urban Trees (0.48)| (0.60)| (0.61)| (0.62)| (0.60)| (0.60)| (0.60)| (0.59)| (0.59)| (0.58)| (0.59)| (0.60)

Forest Carbon (2.79)| (1.86)| (1.89)| (1.95)| (2.07)| (2.04)| (2.02)| (1.90)| (1.90)| (1.80)| (1.78)| (1.83)

Forest Fires 0.02| 0.06f 0.16| 0.03] 0.09, 0.03] 0.01, 0.22| 0.05/ 0.09 0.21| 0.08
Total (Sources) 1.47 1.10| 1.18 1.08 1.09 1.08 1.01 1.25 1.06 1.10 1.22 1.11
Total (Sinks) (2.40)| (2.50)| (2.54)| (2.62)| (2.73)| (2.69)| (2.66)| (2.56)| (2.54)| (2.43)| (2.42)| (2.48)
Total Net Emissions (0.93)| (1.41)| (1.36)| (1.55)| (1.63)| (1.61)| (1.65)| (1.31)| (2.49)| (1.32)| (1.20)| (1.37)

+ Does not exceed 0.005 MMT £ED,.
Notes: Totals may not sum due to independemiinding. Parentheses indicate negative values or sequestration.

TableL-17: Emissions from Enteric Fermentation by Gas (MMT: EQ.)

2005

2018

2019

2021

2022

1990
0.35

CH

031

0.32

0.30

0.26

0.28

0.28

0.28

0.29

0.27

0.29

TableL-18: Emissions from Manure Management by Gas (MMT2EQ.)

1990 2005 ~ 2007 = 2010 2015 2016 2018 | 2019
CH 013 0.05 003| 002 002 002 002 0.02 0.01 001 001 0.01
N.O 0.01 + + + + + + + + + + +
Total 0.14 0.05 004| 002] 002] 002] o002 0.02 0.02 0.01 0.01 0.01

+ Does not exceed 0.005 MMT {FD.
Note: Totals may not sum due to independent rounding.

Tablel-19: Emissions from Agricultural Soil Management by Gas (MM EfD)

1990 2005 2007 2010 ‘ 2015 ‘ 2016 2018 2019
N.O 0.16 0.14 0.15 0.15 0.14 0.14 0.14 0.14 0.14 0.14 0.14 0.15
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Tablel-20: Emissions from Field Burning of Agricultural Residues Emissions by Gas (MHgQO

1990 = 2005 | 2007 2010 2015 2016 2017 2018
CH 0.03 0.03 001 o001] 001 001 NO NO NO NO NO
N-O + + + + + + NO NO NO NO NO
Total 0.03 0.03 001] 001 001] o001 NO NO NO NO NO

+ Does not exceed 0.005 MMT £XD,.

Note: Totals may not sum due to independent rounding.

TableL-21: Emissions from Urea Application by Gas (MMT2EQ.)

1990

2005

2007 2010 | 2015

2016

2017

+ Does not exceed 0.005 MMT £XD.

TablelL-22: Emissions from Agricultural Soil Carbon by Gas (MM EX))

1990 2005 2007 2010 2015 2016 2017
CQ 0.76 0.50 0.50 0.57 0.57 0.60 0.54 0.58 0.56 0.58 0.58 0.58

CQ 0.02 0.05 0.14 0.02 0.08 0.03 0.01 0.19 0.04 0.08 0.18 0.07
CH + + 0.01 + 0.01 + + 0.02 + 0.01 0.02 0.01
N2O + + 0.01 + + + + 0.01 + + 0.01 +
Total 0.02 0.06 0.16 0.03 0.09 0.03 0.01 0.22 0.05 0.09 0.21 0.08

+ Does noexceed 0.005 MMT CGE&g.

Note: Totals may not sum due to independent rounding.
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