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Executive Summary 

¢ƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ƛǎ ŎƻƳƳƛǘǘŜŘ ǘƻ ǊŜŘǳŎƛƴƎ ƛǘǎ ŎƻƴǘǊƛōǳǘƛƻƴ ǘƻ Ǝƭƻōŀƭ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜ ŀƴŘ Ƙŀǎ ǘŀƪŜƴ 

ŜŦŦƻǊǘǎ ǘƻ ƳŜŀǎǳǊŜ ŀƴŘ ǊŜŘǳŎŜ ǎǘŀǘŜǿƛŘŜ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ όDIDύ ŜƳƛǎǎƛƻƴǎΦ Lƴ нллтΣ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 

passed !Ŏǘ нопΣ {Ŝǎǎƛƻƴ [ŀǿǎ ƻŦ Iŀǿŀƛ ƛ нллт ό!Ŏǘ ноп ƻŦ нллтύΣ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǎǘŀǘŜΩǎ ǇƻƭƛŎȅ 

framework and requirements to address GHG emissions. The law sought to achieve emission levels at or 

ōŜƭƻǿ Iŀǿŀƛ ƛΩǎ мффл DID ŜƳƛǎǎƛƻƴǎ ōȅ WŀƴǳŀǊȅ мΣ нлнл όŜȄŎƭǳŘƛƴƎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŀƛǊǇƭŀƴŜǎύΦ Lƴ нллу, 

the State ƻŦ Iŀǿŀƛ ƛ ŘŜǾŜƭƻǇŜŘ ǎǘŀǘŜǿƛŘŜ DID ŜƳƛǎǎƛƻƴ ƛƴǾŜƴǘƻǊƛŜǎ ŦƻǊ мффл ŀƴŘ нллтΦ ¢ƻ ƘŜƭǇ Iŀǿŀƛ ƛ 

ƳŜŜǘ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ǘŀǊƎŜǘΣ Iŀǿŀƛ ƛ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ wǳƭŜǎ όI!wύΣ /ƘŀǇǘŜǊ мм-60.1 was amended in 2014 to 

establish a facility-level GHG emissions cap for large existing stationary sources with potential GHG 

emissions at or above 100,000 tons of CO2 Eq. per year. In recent years, further GHG emissions goals 

have been set. Act 238Σ {Ŝǎǎƛƻƴ [ŀǿǎ ƻŦ Iŀǿŀƛ ƛ 2022 (Act 238 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 airplanes. Act 15, Session 

[ŀǿǎ ƻŦ Iŀǿŀƛ ƛ 2018 (Act 15 of 2018), established a statewide carbon net-negative goal by 2045. In an 

ŜŦŦƻǊǘ ǘƻ ǘǊŀŎƪ ǇǊƻƎǊŜǎǎ ǘƻǿŀǊŘ ŀŎƘƛŜǾƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ нлнлΣ нлолΣ ŀƴŘ нлпр DID ǊŜŘǳŎǘƛƻƴ ƎƻŀƭǎΣ ǘƘƛǎ 

report presents updated 1990, 2005, 2007, 2010, 2015, 2016, 2017, 2018, 2019, 2020, and 2021 

emissions estimates;1 emissions estimates developed for 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 

estimated to have been lower than net GHG emissions (excluding aviation) in 1990 pursuant to Act 2342. 

Net GHG emissions (including aviation) in 2030 are projected to be greater than the target emissions 

level of 50 percent below 2005 levels (including aviation) pursuant to Act 238, and in 2045 are projected 

to be greater than the target of net-negative levels pursuant to Act 15. While the development of future 

inventory reports as well as ongoing quantitative assessment of uncertainties will further inform 

ǿƘŜǘƘŜǊ Iŀǿŀƛ ƛ will meet the 2030 and 2045 statewide targets, this report finds that Iŀǿŀƛ ƛ met the 

2020 target, butτgiven existing policies, anticipated adoption of technologies, and economic 

expectationsτis not expected to meet the 2030 and 2045 targets. 

Background 

Greenhouse gases trap heat in the atmosphere by absorbing infrared radiation and thereby warm the 

planet. These gases include carbon dioxide (CO2), methane (CH4), nitrous oxide (N2O), 

 

 

1 It is best practice to review GHG emission 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. 
2 Net emissions account for both GHG emissions and carbon sinks. 
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hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), sulfur hexafluoride (SF6), and nitrogen trifluoride 

(NF3). The amount of warming caused by each GHG depends on how effectively the gas traps heat 

(radiative efficiency) and how long it stays in the atmosphere (lifetime). 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 gas, CO2 (IPCC 2014). Specifically, 

GWPs measure how much energy the emissions of 1 ton of gas will absorb relative to 1 ton of CO2 over a 

specified time period. Therefore, throughout this report, the relative contribution of each gas is shown 

in million metric tons of carbon dioxide equivalent (MMT CO2 Eq). The GWP values used in this report 

are from the IPCC Fifth Assessment Report (AR5) (IPCC 2013), assuming a 100-year time horizon.3 

Inventory Scope and Methodology 

The GHG emission estimates presented in this report include anthropogenic4 GHG emissions and sinks 

for the state of Hawaii for 1990, 2005, 2007, 2010, 2015, 2016, 2017, 2018, 2019, 2020, 2021, and 2022 

from the following four sectors: Energy; 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 (EPA 2021a). This 

report includes on-island5 GHG emissions only. Lifecycle emission estimates are not included ς only 

emissions occurring within the physical boundaries of the islands that constitute the State of Hawaii. 

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 production of fuel 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 for 1990, 2005, 2007, 2010, 2015, 2016, 2017, 2018, 2019, 2020, and 2021 and newly 

developed estimates for 2022. 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 consumption, vehicle-miles traveled, 

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

factors relate quantities of emissions to an activity (EPA 2024b). Key guidance and resources included 

the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, the 2019 Refinements to the 2006 

IPCC Guidelines for National Greenhouse Gas Inventories, the ¦Φ{Φ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ 

 

 

  
3 Recent decisions under the Paris Agreement and the UNFCCC require Parties to use 100-year GWP values from  
the IPCC Fifth Assessment Report (AR5) for calculating CO2-equivalents in their national reporting (IPCC 2013) by  
the end of 2024. This reflects updated science and ensures that greenhouse gas inventories are comparable. This 
report uses AR5 100-year 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. 
5 DƻƳŜǎǘƛŎ ƛƴǘŜǊǎǘŀǘŜ ŀŎǘƛǾƛǘƛŜǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ όŜΦƎΦΣ ŦƭƛƎƘǘǎ ŦǊƻƳ Iƻƴƻƭǳƭǳ ǘƻ [ƻǎ !ƴƎŜƭŜǎύ are also included in 
Iŀǿŀƛ ƛ inventory totals. 

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
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(EPA) Greenhouse Gas Reporting Program (GHGRP), the 9t!Ωǎ Inventory of U.S. Greenhouse Gas 

Emissions and Sinks: 1990-2022, and 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭ ό{L¢ύ.  

Quality Assurance and Quality Control (QA/QC) 

ICF implemented a number 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 relevance of data 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, 

representatives from the Department of Health (DOH) as well as a group of other government entities 

reviewed the results.6 ICF incorporated the comments and feedback provided by the review team into 

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, uncertainty in the activity data collected, the use 

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

unavailable, and uncertainty in scientific understanding of emission pathways. For some sources (e.g., 

CO2 emissions from fuel combustion), emissions are relatively well understood, and uncertainty is 

typically low and largely dependent on the accuracy of activity data. For other sources (e.g., CH4 and N2O 

emissions from wastewater and CO2 emissions from agricultural soil carbon), emission estimates 

typically have greater uncertainty.  

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

developed using the best available activity data, emission factors, and methodologies availableτ

but rather to guide prioritization of improvements to the accuracy of future inventories (EPA 2024b). 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 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 for net emissions. 

Emission Results  

In нлннΣ ǘƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 20.32 MMT CO2 Eq. Net emissions, which take into account 

carbon sinks, were 17.83 MMT CO2 Eq. Emissions from the Energy sector accounted for the largest 

 

 

6 The review team included representatives from the Hawaii Department of Business, Economic Development & 
Tourism (DBEDT), Division of Consumer Advocacy (DCA), and Public Utilities Commission (PUC). 

https://www.epa.gov/ghgreporting
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.
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ǇƻǊǘƛƻƴ ƻŦ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ !Ch[¦ ǎŜŎǘƻǊ (when excluding sinks), the IPPU 

sector, and the Waste sector. Figure ES-1 below illustrates the emissions results for the new inventory 

year by sector.  

Figure ES-1Υ Iŀǿŀƛ ƛ нлнн DID 9Ƴƛǎǎƛƻƴǎ ōȅ {ŜŎǘƻǊ όLƴŎƭǳŘƛƴƎ !Ǿƛŀǘƛƻƴύ and Relative Contribution of Sector 

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 ES-2 shows emissions for the new inventory year, by gas.  

 



 

 

 

Executive Summary ES-5 

Figure ES-2Υ Iŀǿŀƛ ƛ нлнн DID 9Ƴƛǎǎƛƻƴǎ ōȅ Dŀǎ 

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

excluding sinks and including aviation. 

Emissions Trends 

¢ƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ ǎǘŜŀŘƛƭȅ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ мффл ǘƻ нллт ōŜŦƻǊŜ ŜȄǇŜǊƛŜƴŎƛƴƎ ŀƴ ƻǾŜǊŀƭƭ 

decrease from 2007 to 2022. Net emissions followed a similar trend. Figure ES-3 below shows emissions 

for each inventory year. Statewide emissions and sinks by sector and source category for all inventory 

years are available in Table L-1. 
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Figure ES-3Υ Iŀǿŀƛ ƛ 9Ƴƛǎǎƛƻƴǎ ¢ǊŜƴŘǎ όaa¢ /h2 Eq.) 

Notes: Emission estimates include sinks and domestic aviation emissions. Emissions estimates were calculated for 

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

developed through linear interpolation. 

Figure ES-4Υ Iŀǿŀƛ ƛ DID Emissions by Sector (Including Sinks and Aviation) shows GHG emissions by 

sector (including sinks and aviation) for each inventory year ƛƴ Iŀǿŀƛ ƛΦ In all inventory years, emissions 

from the Energy sector accounted for the largest portion (more than 85 percent) of total emissions in 

Iŀǿŀƛ ƛΦ !ǎ ǘƘŜ ƭŀǊƎŜǎǘ ǎƻǳǊŎŜ ƻŦ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛΣ ǘƘŜ 9ƴŜǊƎȅ ǎŜŎǘƻǊ ƛǎ ŀ ƳŀƧƻǊ ŘǊƛǾŜǊ ƻŦ ǘƘŜ ƻǾŜǊŀƭƭ 

emissions trends, accounting for 81.4 percent of the emissions increase from 1990 to 2007 and 87.5 

percent of reductions between 2007 and 2022. Transportation emissionsτwhich increased between 

1990 and 2007, and then decreased through 2022τaccounted for the largest share of Energy sector 

emissions in all inventory years. Stationary combustion emissionsτwhich similarly increased between 

1990 and 2007, before decreasing through 2022τare the second largest share of Energy sector 

emissions. This trend is 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 subsectors, 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 about 24.0 percent between 1990 and 2022. Similarly for the Waste 

sector, the year 1990 marked peak emissions during the time period evaluated and emissions decreased 

by about 60.7 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 is attributable to the growth in HFC and PFC emissions from substitution of ODS; there is no 

longer cement pǊƻŘǳŎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛΣ ŀƴŘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ electrical transmission and distribution has 
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decreased over the time period 1990 to 2022. Lastly, carbon removals from AFOLU sinks have also 

increased since 1990, growing by roughly 3.6 percent between 1990 and 2022. 

Figure ES-4Υ Iŀǿŀƛ ƛ DID Emissions by Sector (Including Sinks and Aviation) 

Notes: Emission estimates include sinks and domestic aviation emissions. Emissions estimates were calculated for 

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

developed through linear interpolation. 

Additionally, county level emissions were estimated for 2022. In 2022, Honolulu County accounted for 

the largest share of net GHG emissions (71.3 percent), followed by Maui County7 (15.3 ǇŜǊŎŜƴǘύΣ Iŀǿŀƛ ƛ 

/ƻǳƴǘȅ όуΦс ǇŜǊŎŜƴǘύΣ ŀƴŘ Yŀǳŀ ƛ /ƻǳƴǘȅ ό4.8 percent). More information on emissions by county can be 

found in Section 2.3. 

Emission Projections 

The projections analysis uses a combination of top-down and bottom-up approaches to develop 

baseline projections of statewide and county-level GHG emissions for the years 2025, 2030, 2035, 2040, 

and 2045. The projections for several sources (residential, commercial, and industrial energy use, 

domestic and international aviation, non-energy uses, composting and wastewater treatment) are based 

on either a long-range forecast for gross state/county product or future population (including visitor 

arrivals), using the 2022 statewide GHG inventory as a starting point. Source-specific approaches were 

taken for several small categories. 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 activity data using historical 

trends and published information available on expected future trends. Bottom-up approaches are used 

 

 

7 Maui County includes emissions from Kalawao County. 
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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 component of future GHG emissions. Therefore, a 

more comprehensive sectoral approach was used to develop baseline projections for these emission 

sources.  

Figure ES-5 shows net GHG emissions for the current inventory year and projected inventory years 

under different scenarios. In addition to the baseline scenario, three major points of uncertainty, namely 

world oil prices, renewable energy deployment, and ground transportation technology adoption, were 

assessed by modeling six alternate scenarios for statewide GHG emissions in 2025, 2030, 2035, 2040, 

and 2045. Alternate Scenario 1A and 1B are based on world oil prices. This alternate scenario looks at 

both high (Alternate Scenario 1A) and low (Alternate Scenario 1B) future oil price pathways. Alternate 

Scenario 2A and 2B are based on renewable energy deployment. Alternate Scenario 2A assumes a more 

aggressive path for renewable energy deployment than the Baseline Scenario. Alternate Scenario 2B 

projects renewable energy deployment based on the rate of deployment since 2016. Alternate Scenario 

3A and 3B are based on ground transportation technology adoption. This alternate scenario creates a 

high EV adoption scenario (Alternate Scenario 3A) and a low EV adoption scenario (Alternate Scenario 

3B). Iŀǿŀƛ ƛ DID ŜƳƛǎǎƛƻƴǎ ŦƻǊ мффлΣ нллрΣ нлнлΣ ŀƴŘ нлнн ŀƴŘ Ǉrojections of statewide emissions and 

sinks by sector for 2025, 2030, 2035, 2040, and 2045 are summarized in Table ES-1. 

Figure ES-5Υ Iŀǿŀƛ ƛ bŜǘ DID 9Ƴƛǎǎƛƻƴǎ tǊƻƧŜŎǘƛƻƴǎ όaa¢ /hн Eq.) (Including Sinks and Aviation) 

 

Note: Emission estimates include sinks and domestic aviation emissions.  
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Table ES-1Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ ŦƻǊ мффлΣ 2005, 2020, and 2022 and Projections by Sector under the Baseline 

Scenario for 2025, 2030, 2035, 2040, and 2045 (MMT CO2 Eq.) (Including Sinks, Excluding Aviation) 

 Historical Emissions Projections 

Sector 1990 2005 2020 2022a 2025 2030 2035 2040 2045 

Energyb 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  

AFOLU (Sources)  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   0.98   0.41  0.40   0.36   0.35   0.34   0.33   0.32  

Total Emissions (Excluding 
Sinks) 22.90 25.29 16.93 20.32  19.89  17.91  15.79  14.74  12.95  

Net Emissions (Including 
Sinks) 20.51 22.78 14.50 17.83  17.45  15.51  13.34  12.23  10.35  

Aviationc  5.11   7.16   3.17   5.67   6.10   6.24   6.32   6.38   6.40  

Net Emissions (Including 
Sinks, Excluding Aviation)c 15.40 15.62 11.33 12.16 11.35  9.26  7.02  5.85  3.94  

a Inventory year 2022 is included as it is used as the starting point of emissions projections.  
b Emissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines. 

c Domestic aviation and military emissions, which are reported under the Energy sector, are excluded from 

HawaiƛΩǎ DID ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ Ǝƻŀƭ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ !Ŏǘ ноп ƻŦ нллтΦ 

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 expected through 2045. 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 a 

slight decrease from 2022 to 2025, followed by more substantial decreases through 2045. When 

excluding aviation, net emissions are projected to decrease at a faster rate, with reductions lower in 

2030, 2045, and 2050. 

Hawaiᾶi GHG Goals Progress 

Progress Towards 2020 GHG Goal: Excluding aviation, 1990 statewide GHG emissions were estimated to 

be 15.40 MMT CO2 Eq., which represents the 2020 emission target (statewide GHG emissions must be at 

or below this level for all years 2020 and beyond). As net GHG emissions (excluding aviation) were 11.33 

MMT CO2 Eq. in 2020, 12.25 in 2021, and 12.16 in 2022, this report finds that Iŀǿŀƛ ƛ continues to meet 

the 2020 statewide GHG emissions target set by Act 234 of 2007. 

Figure ES-6 shows net GHG emissions (including sinks, excluding aviation) in Hawaii for the 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 ES-6Υ Iŀǿŀƛ ƛ bŜǘ GHG Emissions Estimates and Projections (MMT CO2 Eq.) (Including Sinks, Excluding 

Aviation ) 

 
Note: Emission estimates include sinks but exclude domestic aviation emissions. 

Progress Towards 2030 and 2045 GHG Goals: Act 15 of 2018 established a net-negative GHG emissions 

target to be achieved by 2045. In 2022, Act 238 established the interim target of achieving a 50 percent 

reduction from 2005 net emissions by 2030. Currently, that target is 11.39 MMT CO2 Eq., but may 

continue to change with future updates to the 2005 emissions estimate. Net emissions (including sinks) 

for year 2030 are projected to be between 14.23 ς 16.39 MMT CO2 Eq. in 2030, and 6.00 ς 11.29 MMT 

CO2 Eq. in 2045. As such, ǘƘƛǎ ǊŜǇƻǊǘ ŦƛƴŘǎ ǘƘŀǘ Iŀǿŀƛ ƛ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻǘ ƻƴ ǘǊŀŎƪ ǘƻ ƳŜŜǘ ǘƘŜ нлол ƻǊ 

2045 statewide emissions targets, set by Act 238 of 2022 and Act 15 of 2018 respectively.  

Figure ES-7 shows net GHG emissions (including aviation) in Hawaii for the inventory years presented in 

this report; GHG emission projections by scenario; and the 2030 and 2045 statewide targets. 
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Figure ES-7Υ Iŀǿŀƛ ƛ bŜǘ DID 9Ƴƛǎǎƛƻƴǎ 9ǎǘƛƳŀǘŜǎ ŀƴŘ tǊƻƧŜŎǘƛƻƴǎ όaa¢ /h2 Eq.) (Including Sinks and Aviation) 

Note: Emission estimates include sinks and domestic aviation emissions. 
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1. Introduction 

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

efforts to measure and reduce statewide greenhouse gas (GHG) emissions. In 2007, the State of Hawaii 

ǇŀǎǎŜŘ !Ŏǘ ноп ό!Ŏǘ ноп ƻŦ нллтύ ǘƻ ŜǎǘŀōƭƛǎƘ ǘƘŜ ǎǘŀǘŜΩǎ ǇƻƭƛŎȅ ŦǊŀƳŜǿƻǊƪ ŀƴŘ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ ŀŘŘǊŜǎǎ 

GHG emissions. The law sought to achieve emission levels at or below HawaiƛΩǎ мффл DID ŜƳƛǎǎƛƻƴǎ ōȅ 

January 1, 2020 (excluding emissions from airplanes). In 2008, the State of Hawaii developed statewide 

GHG emission inventories for 1990 and 2007. To help Hawaii meet the emissions target, Hawaii 

Administrative Rules (HAR), Chapter 11-60.1 was amended in 2014 to establish a facility-level GHG 

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

tons of CO2 Eq. per year. In recent years, further GHG emissions goals have been set. Act 238, Session 

[ŀǿǎ ƻŦ Iŀǿŀƛ ƛ нлнн ό!Ŏǘ ноу ƻŦ нлнн), 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 airplanes. Act 15Σ {Ŝǎǎƛƻƴ [ŀǿǎ ƻŦ Iŀǿŀƛ ƛ 2018 (Act 15 of 

2018), established a statewide carbon net-negative goal by 2045. In an effort to track progress toward 

ŀŎƘƛŜǾƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ нлнлΣ 2030, and 2045 GHG reduction goals, this report presents updated 1990, 

2005, 2007, 2010, 2015, 2016, 2017, 2018, and 2019, 2020 and 2021;8 emissions estimates for 2022; and 

emission projections for 2025, 2030, 2035, 2040 and 2045.  

Excluding aviation, 1990 statewide GHG emissions were estimated to be 15.40 MMT CO2 Eq.,9 which 

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 GHG emissions (excluding aviation) were 11.33 

MMT CO2 Eq. in 2020, 12.25 in 2021, and 12.16 in 2022. Thus, ǘƘƛǎ ǊŜǇƻǊǘ ŦƛƴŘǎ ǘƘŀǘ Iŀǿŀƛ ƛ continues to 

meet the statewide GHG emissions target set by Act 234 of 2007. 

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

interim target at 50 percent of 2005 net emissions or 11.39 MMT CO2 Eq. (including sinks and aviation) 

by 2030. Net GHG emissions (including sinks and aviation) are projected to be between 13.93 ς 16.86 

MMT CO2 Eq. in 2030, and 6.08 ς 11.37 MMT CO2 Eq. in 2045. The 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. !ǎ ǎǳŎƘΣ ǘƘƛǎ ǊŜǇƻǊǘ ŦƛƴŘǎ ǘƘŀǘ Iŀǿŀƛ ƛ ƛǎ ŎǳǊǊŜƴǘƭȅ ƴƻǘ ƻƴ ǘǊŀŎƪ ǘƻ ƳŜŜǘ ǘƘŜ нлол ƻǊ нлпр 

statewide emissions targets.  

 

 

8 It 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 reflect advances 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 (CO2), methane (CH4), nitrous oxide 

(N2O), hydrofluorocarbons (HFCs), perfluorocarbons (PFCs), 

sulfur hexafluoride (SF6), and nitrogen trifluoride (NF3). While 

some of these gases occur naturally in the environment, human 

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 to 

anthropogenic or human-caused increases in GHGs in the 

atmosphere (IPCC 2013).  

The amount of warming caused by each GHG depends on how 

effectively the gas traps heat and how long it stays in the 

atmosphere. 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 gas, CO2 (IPCC 2013). 

Throughout this report the relative contribution of each gas is 

shown in million metric tons of carbon dioxide equivalent (MMT 

CO2 Eq.). Recent decisions on common metrics adopted at the 

27th United Nations Framework Convention on Climate Change 

(UNFCCC) Conference of Parties (COP27) require Parties to use 

100-year GWP values from the IPCC Fifth Assessment Report 

(AR5) (IPCC 2013). The GWP values used in this report, assuming 

a 100-year time horizon, are summarized in Table 1-1. 

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 causing glaciers and sea ice levels to decrease, global mean sea levels to rise, and an 

increase in extreme weather events (IPCC 2013). In an effort to better understand the sources and 

drivers of GHG emissions and to mitigate their global impact, communities and organizations at all 

levelsτincluding federal governments, state and local jurisdictions, multinational firms, and local 

enterprisesτdevelop GHG inventories. A GHG inventory quantifies emissions and sinks for a given 

jurisdictional or organizational boundary. The results of these inventories, which are continually 

Table 1-1: AR5 Global Warming Potentials 

(GWPs) used in this Report 

Gas GWP 

CO2 1 

CH4 28 

N2O 265 

HFC-23 12,400 

HFC-32 677 

HFC-125 3,170 

HFC-134a 1,300 

HFC-143a 4,800 

HFC-152a 138 

HFC-227ea 3,350 

HFC-236fa 8.060 

HFC-4310mee 1,650 

CF4 6,630 

C2F6 11,100 

C4F10 9,200 

C6F14 7,910 

SF6 23,500 

NF3 16,100 

Note: This inventory uses GWPs with a 100-year 
time horizon in accordance with Mandatory 
GHG Reporting (EPA 2021a). 
Source: IPCC Fifth Assessment Report (AR5) 
(2013).  

https://www.ipcc.ch/assessment-report/ar5/
https://www.ipcc.ch/assessment-report/ar5/
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improved over time to reflect advances in the field of GHG accounting, are then used to inform 

strategies and policies for emission reductions, and to track the progress of actions over time.  

1.2 Inventory Scope 

The GHG emission estimates presented in this Technical Support Document include anthropogenic10 

GHG emissions and natural and anthropogenic sinks11 within the state of Hawaii for 1990, 2005, 2007, 

2010, 2015, 2016, 2017, 2018, 2019, 2020, 2021, and 2022 from the following four sectors:  

¶ Energy, including emissions from stationary combustion, transportation, incineration of waste 

for energy purposes, and oil and natural gas systems.   

¶ Industrial Processes and Product Use (IPPU), including emissions from cement production, 

electrical transmission and distribution, and substitution of ozone depleting substances.  

¶ Agriculture, Forestry, and Other Land Use (AFOLU), including 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 agricultural residues, 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.   

¶ Waste, including emissions from waste management and treatment activities such as landfills, 

composting, and wastewater treatment. 

 

 

10 ¢ƘŜ ǘŜǊƳ άŀƴǘƘǊƻǇƻƎŜƴƛŎΣέ ƛƴ ǘƘƛǎ ŎƻƴǘŜȄǘΣ ǊŜŦŜǊǎ ǘƻ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎ ǘƘŀǘ ŀǊŜ ŀ ŘƛǊŜŎǘ 
result of human activities or are the result of natural processes that have been affected by human activities (IPCC 
2006).  
11 ¢ƘŜ ǎƛƴƪ ŎŀǇŀŎƛǘȅ ŜƴŎƻƳǇŀǎǎŜǎ ōƻǘƘ άƴŀǘǳǊŀƭέ ŀƴŘ άŀƴǘƘǊƻǇƻƎŜƴƛŎέ ǎȅǎǘŜƳ ǎǘŀǘŜǎΦ  

The Climate Impact of Black Carbon  

Beyond GHGs, other emissions are known to contribute to climate change. For example, black 

carbon is an aerosol that forms during incomplete combustion of certain fossil fuels (primarily coal 

and diesel) and biomass (primarily fuel wood and crop waste). Current research suggests that black 

ŎŀǊōƻƴ Ƙŀǎ ŀ ǇƻǎƛǘƛǾŜ ǊŀŘƛŀǘƛǾŜ ŦƻǊŎƛƴƎ ōȅ ƘŜŀǘƛƴƎ ǘƘŜ 9ŀǊǘƘΩǎ ŀǘƳƻǎǇƘŜǊŜ ŀƴŘ ŎŀǳǎƛƴƎ ǎǳǊŦŀŎŜ 

warming when deposited on ice and snow (EPA 2024b, IPCC 2013). Black carbon also influences 

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

2024b). There is no single accepted method for summarizing the range of effects of black carbon 

emissions on the climate or representing these effects and impacts in terms of carbon dioxide 

equivalent; ǎƛƎƴƛŦƛŎŀƴǘ ǎŎƛŜƴǘƛŦƛŎ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ǊŜƳŀƛƴ ǊŜƎŀǊŘƛƴƎ ōƭŀŎƪ ŎŀǊōƻƴΩǎ ǘƻǘŀƭ ŎƭƛƳŀǘŜ ŜŦŦŜŎǘ 

(IPCC 2013). Although literature increasingly recognizes black carbon as a major heat source for the 

planet (Ramanathan and Carmichael 2008, Bond et al. 2013), it is not within the scope of a GHG 

inventory to quantify black carbon climate impacts. 
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This report includes state-originated GHG emissions only. Lifecycle emission estimates are not included 

ς only emissions originating within the physical boundaries of the islands that constitute the State of 

Hawaii. 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 

ƻǇŜǊŀǘƛƻƴǎΣ ōǳǘ ŜȄŎƭǳŘŜ ǳǇǎǘǊŜŀƳ ŜƳƛǎǎƛƻƴǎ ƻŎŎǳǊǊƛƴƎ ƻǳǘǎƛŘŜ Iŀǿŀƛi from the production of fuel used 

by the farming equipment, or the emissions related to the manufacturing of fertilizers and pesticides. 

This inventory was developed in accordance with the 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories12 and the 2019 Refinements to the 2006 IPCC Guidelines for National Greenhouse Gas 

Inventories13, 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 Hawaii imports 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 scope of this report, results are presented 

by source and sink category and gas. Appendix A provides 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 for previous inventory years and newly developed estimates for 2022. The previous inventory 

year 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 are largely due to the following: 

1. Updates to Iŀǿŀƛ ƛ specific data for wastewater treatment plants (WWTP) (e.g., flow rates and 

BOD5 National Pollutant Discharge Elimination System [NPDES]). See Section 6.3. 

2. Updates to Iŀǿŀƛ ƛ specific data for annual area burned in wildfires, soil emissions, urban tree 

cover, and the distribution of crop and grasslands by county. See Sections 5.6, 5.7, and 5.9. 

3. ¦ǇŘŀǘŜǎ ǘƻ Iŀǿŀƛ ƛ ǎǇŜŎƛŦƛŎ Řŀǘŀ όŜΦƎΦΣ ƘƛǎǘƻǊƛŎŀƭ ǇƻǇǳƭŀǘƛƻƴ ƴǳƳōŜǊǎύΦ See Sections 5.1 and 5.2. 

4. Incorporation of emissions from the consumption of renewable natural gas (RNG) produced by 

the Honouliuli Wastewater Treatment Plant. See Sections 3.1 and 3.7.  

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 consumption and is not duplicative of 

other biodiesel consumption already incorporated in the inventory. See Sections 3.2 and 3.6.  

6. The CH4 emission factor for jet fuel was updated to match updates to the U.S. Greenhouse Gas 

Inventory. Across the timeseries, the Emission Factor is now zero. See Section 3.2.  

 

 

12 The 2006 IPCC Guidelines are inventory guidelines from the IPCC. These guidelines are still widely in use, as they 
largely reflect the most up-to-date scientific information for estimating emissions. 
13 The 2019 Refinements to the 2006 IPCC Guidelines are the most recent inventory guidelines from the IPCC. They 
reflect the most up-to-date scientific information for estimating emissions, but do not include updates or 
refinements for each sector. These refinements have been incorporated into emissions calculation methodologies. 

https://www.ipcc-nggip.iges.or.jp/public/2006gl/
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/
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Updates to the ¦Φ{Φ 9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ (EPA) Inventory of U.S. Greenhouse Gas 

Emissions and Sinks: 1990-2022 (hereafter referred to as 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 transmission and 

distribution. These and other updates that impacted emission estimates are discussed on a source-by-

source basis in the subsequent sections of this report. Appendix B summarizes the changes made to 

emission estimates since the 2021 inventory report. Appendix C additionally summarizes the effort 

undertaken to investigate and implement areas for improvement that were identified since the 2017 

inventory report.  

1.3 Methodologies and Data Sources 

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 consumption, vehicle-miles traveled, raw material processed, animal 

populations, crop production, land area, and waste landfilled. Emission factors relate quantities of 

emissions to an activity (EPA 2024b).  

Key guidance and resources included the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 

2019 Refinements to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories, 9t!Ωǎ 

Greenhouse Gas Reporting Program (GHGRPύΣ 9t!Ωǎ Inventory of U.S. Greenhouse Gas Emissions and 

Sinks: 1990-2022, ŀƴŘ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭ ό{L¢).  

The 2006 IPCC Guidelines highlight 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 (UNFCCC). As appropriate and feasible, emissions and removals from 

source and sink categories included in this report were estimated using methodologies that are 

consistent with the 2006 IPCC Guidelines. The methodologies used to estimate emissions align with the 

Lt// ά¢ƛŜǊέ ŀǇǇǊƻŀŎƘΣ ǿƘƛŎƘ ƛǎ ŀ ǳǎŜŦǳƭ ŦǊŀƳŜǿƻǊƪ ŦƻǊ ŀŘŘǊŜǎǎƛƴƎ ǘƘŜ ŎƻƳōƛƴŜŘ ŎƘŀƭƭŜƴƎŜǎ ƻŦ Řŀǘŀ 

availability and resources, while maintaining transparency and consistency. For most source and sink 

categories, the 2006 IPCC Guidelines suggest three tiers: Tier 1 is the most basic; Tier 2 provides an 

intermediate approach; and Tier 3 is the most resource-intensive (requiring highly specific activity data 

inputs). Specific data sources and methodologies used to develop estimates are discussed for each 

source and 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 reflect the 2019 

Refinements to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. 

1.4 Quality Assurance and Quality Control (QA/QC) 

ICF implemented a number 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 relevance of data 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.  

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


 

 

Introduction  17 

Evaluation of Data Inputs. As 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 complexity (e.g., 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 Management. ICF used a series 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 error-checking and updating. The spreadsheets incorporate 

automated error checks to facilitate QA/QC. Prior to the finalization of this report, ICF conducted a 

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 spreadsheet, (2) 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 provided in 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 Estimates. ICF reviewed the results of this work against other available data sets and emission 

ŜǎǘƛƳŀǘŜǎΦ L/C ŀƭǎƻ ǳǎŜŘ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ŀƴŘ tǊƻƧŜŎǘƛƻƴ ¢ƻƻƭ ǘƻ ŜǎǘƛƳŀǘŜ DID ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǎƛƴƪǎ 

ŦƻǊ Iŀǿŀƛ ƛ ǳǎƛƴƎ ŘŜŦŀǳƭǘ ǾŀƭǳŜǎ ŀƴŘ ŎƻƳǇŀǊŜŘ ǘƘŜ ƻǳǘǇǳǘ ŀƎŀƛƴǎǘ ǘƘe 2022 inventory and the inventory 

projections for 2025, 2030, and 2045.14 The results of this comparison are presented and discussed in 

Appendix K. In addition, the results were reviewed by representatives from the Department of Health 

(DOH) as well as a group of other government entities.15 ICF then incorporated the comments and 

feedback provided by the review team into this report. 

Documentation of Results. As 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, uncertainty in the activity data collected, the use 

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

unavailable, and uncertainty in scientific understanding of emission pathways. For some sources (e.g., 

CO2 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., CH4 

 

 

14 2021 is the most recent inventory year available in the SIT as of December 2024.  
15 The review team included representatives from the Hawaii Department of Business, Economic Development & 
Tourism (DBEDT), Division of Consumer Advocacy (DCA), and Public Utilities Commission (PUC). 
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and N2O emissions from wastewater and CO2 emissions from agricultural soil carbon), emission 

estimates typically have greater uncertainty. Parameter uncertainty, 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 variability. Appendix I provides additional 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 estimatesτwhich 

were developed using the best available activity data, emission factors, and methodologies availableτ

but rather to guide prioritization of improvements to the accuracy of future inventories (EPA 2024b). 

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 estimate. This analysis helps to inform and prioritize 

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. 

Overall, it 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 IPCC. This methodology is discussed in more detail in Appendix I. Overall and 

sector-level uncertainty estimates are summarized below in Table 1-2. 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 for net emissions. 

Source category-level uncertainty results and a discussion of specific factors affecting the uncertainty 

associated with the GHG emission estimates for each emission source and sink category are provided in 

the subsequent sections of this report.16  

 

 

16 Uncertainty was quantified for each emission source and sink category. Uncertainty end-use cases (such as 
stationary combustion and transportation) were not quantified but are discussed qualitatively in Chapter 3. 
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Table 1-2: Overall Estimated Quantitative Uncertainty (MMT CO2 Eq. and Percent) 

Sector 

2022 Emission 
Estimate  

Uncertainty Range Relative to Emission 
Estimatea 

Meanb Standard 
Deviationb 

(MMT CO2 
Eq.) 

(MMT CO2 Eq.) (percent) 

(MMT CO2 Eq.) Lower 
Boundc 

Upper 
Boundc 

Lower 
Bound 

Upper 
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  

AFOLU (Sources) 1.4  (1.4)            4.1  -194.3% 180.0%       1.4             1.4  

AFOLU (Sinks)                (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  17.4  22.9  -13.8% 13.7% 20.2             1.4  

Net Emissions 17.8  14.9  20.6  -16.0% 15.6%      17.8             1.4  
a The uncertainty estimates correspond to a 95 percent confidence interval, with the lower bound corresponding 
to 2.5th percentile and the upper bound corresponding to 97.5th percentile. 
b Mean value indicates the arithmetic average of the simulated emission estimates; standard deviation indicates 
the extent of deviation of the simulated values from the mean. 
c The lower and upper bound emission estimates for the sub-source categories do not sum to total emissions 
because the low and high estimates for total emissions were calculated separately through simulations. 

1.6 Organization of Report 

The remainder of this report is organized as follows:  

¶ Chapter 2: Emissions Results ς Summarizes 2022 ƛƴǾŜƴǘƻǊȅ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΣ 

trends in GHG emissions and sinks across the inventory years since 1990, and emissions by 

county. 

Chapters 3 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: 

¶ Chapter 3: Energy ς Presents GHG emissions that occur from stationary and mobile energy 

combustion activities.  

¶ Chapter 4: Industrial Processes and Product Use (IPPU) ς Presents GHG emissions that occur  

¶ from industrial processes and product use. 

¶ Chapter 5: Agriculture, Forestry and Other Land Uses (AFOLU) ς Presents GHG emissions from 

agricultural activities, land use, changes in land use, and land management practices.  

¶ Chapter 6: Waste ς 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. 

¶ Chapter 7: Emission Projections ς Presents projections for statewide GHG emissions and sinks 

for 2025, 2030, 2035, 2040, and 2045 under a baseline and six alternate scenarios. County-level 
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projected GHG emissions and sinks for 2025, 2030, 2035, 2040, and 2045 under the baseline 

scenario are also provided. 

¶ Chapter 8: GHG Reduction Goal Progress ς Provides an assessment of statewide progress 

relative to the statewide GHG emissions limit based on the emission estimates developed.   

¶ Chapter 9: References ς Lists the sources of data and other information used in the 

development of this report.  

Appendices 

¶ Appendix A: IPCC Source and Sink Categories ς Provides 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. 

¶ Appendix B: Updates to the Historical Emission Estimates Presented in the 2022 Inventory 

Report ς Summarizes changes in emission estimates relative to the 2021 inventory report. 

¶ Appendix C: Inventory Improvements ς Summarizes the effort undertaken to investigate and 

implement areas for improvement that were identified in the 2021 inventory report. 

¶ Appendix D: County Emissions Methodology ς Summarizes the methodology used to quantify 

Iŀǿŀƛ ƛΩǎ DID ŜƳƛǎǎƛƻƴǎ ōȅ ŎƻǳƴǘȅΦ 

¶ Appendix E: Iŀǿŀƛ ƛ Administrative Rule (HAR) Facility Data ς Summarizes annual GHG 

emissions from HAR affected facilities for 2010 to 2022. 

¶ Appendix F: Activity Data ς Summarizes by sector the activity data used to develop the 

inventory presented in this report. 

¶ Appendix G: Emission Factors ς Summarizes by sector the emission factors used to develop the 

inventory presented in this report. 

¶ Appendix H: ODS Emissions ς Summarizes for informational purposes estimated emissions from 

ƻȊƻƴŜ ŘŜǇƭŜǘƛƴƎ ǎǳōǎǘŀƴŎŜǎ όh5{ύ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΦ 

¶ Appendix I: Uncertaintyς Provides a summary of the methodology used to develop the 

quantitative uncertainty results as well as a discussion on limitations of the uncertainty analysis. 

¶ Appendix J: Emission Projections Methodology ς 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. 

¶ Appendix K: Comparison of Results with the State Inventory Tool and Projection Tool ς 

/ƻƳǇŀǊŜǎ ŜƳƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜǎ ŦƻǊ Iŀǿŀƛ ƛ ƎŜƴŜǊŀǘŜŘ ōȅ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ŀƴŘ tǊƻƧŜŎǘƛƻƴǎ 

Tool against the results of the 2021 inventory and the emission projections for 2025, 2030, and 

2045. 

¶ Appendix L: Full Emissions Data Series ς Provides the full emissions data series by sector and by 

county for 1990, 2005, 2007, 2010, and 2015 ς 2022. 
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2. Emissions Results 

This chapter summarizes 2022 ƛƴǾŜƴǘƻǊȅ ǊŜǎǳƭǘǎ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΣ ǘǊŜƴŘǎ ƛƴ DID ŜƳƛǎǎƛƻƴǎ ŀƴŘ 

sinks across the inventory years since 1990, and emissions by county. Inventory year 2022 is the most 

recent year for which a full inventory has been developed. 

2.1 Overview of 2022 GHG Emissions 

Lƴ нлннΣ ǘƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 20.32 MMT CO2 Eq. Net emissions, which take into account 

carbon sinks, were 17.83 MMT CO2 Eq. Emissions from the Energy sector accounted for the largest 

ǇƻǊǘƛƻƴ ƻŦ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛΣ ŦƻƭƭƻǿŜŘ ōȅ ǘƘŜ !Ch[¦ ǎŜŎǘƻǊ when excluding sinks, the IPPU 

sector, and the Waste sector. Figure 2-1 below illustrates the emissions results for the new inventory 

year by sector.  

Figure 2-1Υ Iŀǿŀƛ ƛ нлнн DID 9Ƴƛǎǎƛƻƴǎ ōȅ {ŜŎǘƻǊ όLƴŎƭǳŘƛƴƎ !Ǿƛŀǘƛƻƴύ 

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

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 2-2 shows emissions for the new inventory year by gas.  
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Figure 2-2Υ Iŀǿŀƛ ƛ нлнн DID 9Ƴƛǎǎƛƻƴǎ ōȅ Dŀǎ 

 

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

excluding sinks and including aviation. 

2.2 Emission Trends 

¢ƻǘŀƭ DID ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ ǎǘŜŀŘƛƭȅ ƛƴŎǊŜŀǎŜŘ ŦǊƻƳ мффл ǘƻ нллт ōŜŦƻǊŜ experiencing an overall 

decrease from 2007 to 2022. Net emissions followed a similar trend. As the Energy sector is the largest 

ǎƻǳǊŎŜ ƻŦ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛΣ ŎƘŀƴƎŜǎ ǿƛǘƘƛƴ ǘƘŜ 9ƴŜǊƎȅ ǎŜŎǘƻǊ are a major driver of statewide overall 

emissions trends. The overall emission declines observed from 2007 onward can largely be attributed to 

factors such as emissions standards in vehicles and increased fuel prices. The increase in total emissions 

between 2020 and 2022 was driven largely by an increase in CO2 emissions from fossil fuel combustion 

across most end-use sectors due in part to increased energy use from the continued rebound of 

economic activity after the height of the COVID-19 pandemic. Figure 2-3 below shows total and net GHG 

emissions for each inventory year compiled between 1990 and 2022.  
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Figure 2-3Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ LƴǾŜƴǘƻǊȅ 9ǎǘƛƳŀǘŜǎ (1990 ς 2022)  

 

 
NotesΥ ά¢ƻǘŀƭ 9Ƴƛǎǎƛƻƴǎέ ŜȄŎƭǳŘŜ ǎƛƴƪǎ ŀƴŘ ƛƴŎƭǳŘŜ ŀǾƛŀǘƛƻƴΣ άbŜǘ 9Ƴƛǎǎƛƻƴǎέ ƛƴŎƭǳŘŜ ǎƛƴƪǎ ŀƴŘ ŀǾƛŀǘƛƻƴΣ ŀƴŘ άbŜǘ 

9Ƴƛǎǎƛƻƴǎ ό9ȄŎƭǳŘƛƴƎ !Ǿƛŀǘƛƻƴύέ ƛƴŎƭǳŘŜ ǎƛƴƪǎ ŀƴŘ ŜȄŎƭǳŘŜ ŀǾƛŀǘƛƻƴΦ Emissions estimates were calculated for 1990, 

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 

ǇŜǊŎŜƴǘύ ƻŦ ǘƻǘŀƭ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ, and therefore is a major driver of the overall emissions trends. 

Transportation emissionsτwhich have decreased since 2007τaccounted for the largest share of Energy 

sector emissions in all inventory years. Transportation emissions are primarily driven by domestic 

aviation and ground transportation emissions. Stationary combustion emissions are the second largest 

share 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 

subsectors due to increased energy efficiency and the growth of renewable energy. Renewable energy 

sourcesτsolar, wind, geothermal, biomass, and hydropowerτhave contributed an increasing share of 

ǘƘŜ ǎǘŀǘŜΩǎ ŀƴƴǳŀƭ electricity generation in the past decade.  

The year 1990 marked peak emissions from AFOLU sources during the time period evaluated; since 

then, emissions from AFOLU sources have significantly decreased between 1990 and 2022. Similarly for 

the Waste sector, the year 1990 marked peak emissions during the time period evaluated, followed by 

substantial decline between 1990 and 2022. In contrast, 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 is attributable to the growth in HFC and PFC emissions from substitution of 
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h5{Τ ǘƘŜǊŜ ƛǎ ƴƻ ƭƻƴƎŜǊ /ŜƳŜƴǘ tǊƻŘǳŎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛΣ ŀƴŘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ 9ƭŜŎǘǊƛŎŀƭ ¢ǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ 

Distribution has decreased over the time period 1990 to 2022. Lastly, carbon removals from AFOLU sinks 

have also seen a slight increase since 1990. 

Figure 2-4 below shows emissions for each inventory year by sector. Emissions by source and year for all 

inventory years are summarized in Appendix L. Further discussion regarding trends specific to each 

sector and for source categories are included in the Energy (Chapter 3), IPPU (Chapter 4), AFOLU 

(Chapter 5), and Waste (Chapter 6) chapters. 

Figure 2-4Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ ōȅ {ŜŎǘƻǊ όLƴŎƭǳŘƛƴƎ {ƛƴƪǎ ŀƴŘ !Ǿƛŀǘƛƻƴύ 

Notes: Emission estimates include sinks and domestic aviation emissions. Emissions estimates were calculated for 
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, CO2 made up the vast majority of emissions. As CO2 is the primary gas emitted 

from fossil fuel consumption, trends in CO2 emissions are consistent with Energy sector emission trends, 

increasing between 1990 and 2007 and decreasing between 2007 and 2022. Other gases, including 

methane, HFCs & PFCs, SF6, and N2O are also critical due to their high global warming potential. 

Methane emissions followed a decreasing trajectory between 1990 and 2022. Emissions of HFCs and 

PFCs grew substantially from 1990 to 2022, while SF6 emissions decreased over the same period. 

Emissions of N2O similarly decreased between 1990 and 2007 and continue to decrease slightly between 

2007 and 2022, largely due to forest fires. Figure 2-5 shows emissions for each inventory year by gas. 
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Figure 2-5Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ ōȅ Dŀǎ ό9ȄŎƭǳŘƛƴƎ {ƛƴƪǎ ŀƴŘ LƴŎƭǳŘƛƴƎ !Ǿƛŀǘƛƻƴύ 

Notes: Emissions estimates include domestic aviation emissions but exclude sinks. Emissions estimates were 

calculated for 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 

In 2022, Honolulu County accounted for the largest share of net GHG emissions (71.3 percent), followed 

by Maui CountyF17 (15.3 ǇŜǊŎŜƴǘύΣ Iŀǿŀƛ ƛ /ƻǳƴǘȅ ό8.6 ǇŜǊŎŜƴǘύΣ ŀƴŘ Yŀǳŀ ƛ /ƻǳƴǘȅ ό4.8 percent). The 

majority of emissions in all four counties were generated within the energy sector. Figure 2-6 shows the 

breakout of net emissions by county in 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions by county 

for all inventory years are available in Appendix L. This appendix also displays county level data for the 

subsectors within each sector for 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 counties. Figure 2-7 shows net emissions by county and sector in 2022.  

The methodology used to develop estimates of emissions and sequestration varies by the source or sink. 

For some sources, county-level activity data were available to build bottom-up county level emissions 

estimates. For other sources, only state-level activity data were available, requiring emissions to be 

apportioned to each county using data such as population or vehicle miles traveled (VMT). Appendix D 

ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ǳǎŜŘ ǘƻ ǉǳŀƴǘƛŦȅ Iŀǿŀƛ ƛΩǎ DID ŜƳƛǎǎƛƻƴǎ ōȅ ŎƻǳƴǘȅΦ 

 

 

17 Maui County includes emissions from Kalawao County. 
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Figure 2-6: Net GHG Emissions by County (Excluding Sinks and Including Aviation) 

Notes: Emissions estimates represent total emissions excluding sinks and including domestic aviation emissions. 
Emissions estimates were calculated for 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for 
interim years, as presented here, were developed through linear interpolation. 

Figure 2-7: Net GHG Emissions by County and Sector in 2022 (Including Sinks and Aviation) 

Note: Emissions estimates include sinks and aviation emissions. 
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3. Energy  

This chapter presents GHG emissions that result from energy-related activities, primarily fuel 

ŎƻƳōǳǎǘƛƻƴ ŦƻǊ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀƴŘ ƎŜƴŜǊŀǘƛƻƴ ƻŦ ŜƭŜŎǘǊƛŎƛǘȅΦ CƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΣ ŜƴŜǊƎȅ ǎŜŎǘƻǊ 

emissions are estimated from the following sources: stationary combustion (IPCC Source Categories 

1A1, 1A2, 1A4, 1A5), transportation (IPCC Source Category 1A3), incineration of waste for energy 

purposes (IPCC Source Category 1A1a), oil and natural gas systems18 (IPCC Source Category 1B2), and 

non-energy uses19 (NEUs) (IPCC Source Category 2D).20 Emissions from international bunker fuels (IPCC 

Source Category 1: Memo Items) and CO2 emissions from wood biomass and biofuel consumption (IPCC 

Source Categories 1A) are also estimated as 

part of this analysis; however, these 

emissions are not included in the totals, 

consistent with IPCC (2006) guidelines. 

In 2022, emissions from the Energy sector 

were 17.95 MMT CO2 Eq., accounting for 

88.4 percent of HawaiƛΩǎ ǘƻǘŀƭ emissions. 

Emissions from transportation accounted 

for the largest share of Energy sector 

emissions across the timeseries. Figure 3-1 

and Figure 3-2 show emissions (% and MMT 

CO2 Eq.) from the Energy sector by source 

for 2022. 

 

 

18 The state of Hawaii does not have any natural gas exploration, production, or processing. Sources of emissions 
in the natural gas systems category include fugitive emissions from propane and synthetic natural gas transmission 
and distribution. 
19 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. 
20 IPCC Source Categories for which emissions were not estimated for the state of Hawaii include: fugitive 

emissions from solid fuels (1B1) and CO2 transport, injection and geological storage (1C). Appendix A provides 
information on why emissions were not estimated for these IPCC Source Categories. 

Figure 3-1: 2022 Energy Emissions (%) by Source (Including 

Aviation) 

 
Notes: Totals may not sum due to independent rounding. 
Percentages represent the percent of energy emissions 

including aviation. 
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Figure 3-2: 2022 Energy Emissions by Source (MMT CO2 Eq.) (Including Aviation) 

Notes: Biogenic CO2 emissions 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. 

Figure 3-3 shows energy sector emissions by source and year (including aviation) for all inventory years 

in Iŀǿŀƛ ƛΦ Relative to 1990, emissions from the Energy sector in 2022 were lower by roughly 11.3 

percent. In general, sector emission trends follow trends in transportation emissions, as transportation 

accounts for the majority of energy sector emissions. Transportation emissions are largely driven by 

domestic aviation and ground transportation emissions, which together account for roughly 82.8 

percent of transportation emissions and 41.2 percent of overall statewide emissions. The next largest 

contributor, stationary combustion, is primarily driven 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 

(COVID-19) pandemic had on travel and economic activities; the increase in emissions in from 2020 to 

2022 is due to continued rebound of economic activity after the height of the pandemic. Emissions by 

source and year are summarized in Table L-3.  
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Figure 3-3: Energy Sector Emissions by Source and Year (MMT CO2 Eq.) (Including Aviation) 

 
Notes: Emission estimates include domestic aviation emissions. Emissions estimates were calculated for 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. Facility-level data for 

Iŀǿŀƛ ƛ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ wǳƭŜ όI!wύ ŀŦŦŜŎǘŜŘ ŦŀŎƛƭƛǘƛes are provided in Appendix E.21 Activity data and 

emission factors used in the analysis are summarized in Appendix F and Appendix G, respectively.  

  

 

 

21 HAR affected facilities refers to large existing stationary sources with potential GHG emissions at or above 
100,000 tons of CO2 Eq. per year. Iŀǿŀƛ ƛ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ wǳƭŜǎΣ Chapter 11-60.1, excludes municipal 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) 

Fossil fuels are burned to generate energy for a variety 

of stationary sources, including electric power plants, 

industrial facilities, commercial businesses, and homes. 

When fossil fuels are combusted, they release CO2, CH4, 

and N2O emissions. In 2022, emissions from stationary 

ŎƻƳōǳǎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 7.44 MMT CO2 Eq., 

accounting for 41.4 percent of Energy sector emissions 

and 36.6 percent of statewide total emissions (excluding 

sinks), as shown in Figure 3-4. 

Stationary combustion emissions can be broken out by 

economic sector (i.e., energy industries22, residential, 

commercial, and industrial).  The contribution of each 

economic sector to the energy sector emissions and 

overall statewide emissions are presented in Table 3-1. 

Table 3-1: Share of Stationary Combustion Emissions in 2022 

(%) by Economic Subsector 

Economic Sector 
Share of Stationary Combustion 

Emissions 
Share of Statewide Total 

Emissions 

Energy Industries 85.7%  31.4% 

Residential 7.4%  2.7% 

Commercial 6.0%  2.2% 

Industrial 0.9%  0.03% 

Relative to 1990, emissions from stationary combustion in 2022 were lower by roughly 12.2 percent. 

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 between 6.37 and 8.33 MMT CO2 Eq. over the time period. Similarly, 

emissions from the residential sector followed an inconsistent trend, fluctuating between 0.05 and 0.09 

MMT CO2 Eq. over the time period.23 Emissions from the commercial sector fluctuated over the 

timeseries, and 2022 emissions were 27 percent below 1990 emissions levels. Figure 3-5 presents 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǎǘŀǘƛƻƴŀǊȅ ŎƻƳōǳǎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ōȅ ŜŎƻƴƻƳƛŎ ǎŜŎǘƻǊ ŦƻǊ мффлΣ нллрΣ нллтΣ ŀƴŘ 2015 to 

2022. The full timeseries of emissions by economic sector and gas are found in Table L-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. 
23 All inventory years are available in Appendix L. 

Figure 3-4: Stationary Combustion Sector 

Contributions to Statewide Total Gross Emissions 
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Figure 3-5: GHG Emissions from Stationary Combustion by Economic Sector and Year (MMT CO2 Eq.) 

 

Notes: Emissions estimates were calculated for 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for 

interim years, as presented here, were developed through linear interpolation. 

Methodology  

With ǘƘŜ ŜȄŎŜǇǘƛƻƴ ƻŦ ŜƳƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜǎ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 9t!Ωǎ DIDwtΣ /h2 emissions from 

stationary combustion were calculated using an IPCC (2006) Tier 2 methodology. Emissions were 

calculated using the following equation24:  

ὅὕ ὉάὭίίὭέὲί  ὊόὩὰ ὅέὲίόάὴὸὭέὲὅ  
ττ

ρς
 

where, 

Fuel Consumption  = total amount of fuel combusted (Billion British Thermal Units or Bbtu) 

Cfuel = fuel specific Carbon Content Coefficient (lbs C/Bbtu) 

44/12 = conversion of carbon to CO2 

 

Methane and N2O emissions were calculated using an IPCC (2006) Tier 1 methodology. Emissions were 

calculated using the following equation25: 

 

 

24 All CO2 emissions have been converted to MMT CO2 Eq. based on the conversion factor for pounds to MMT, 
which is 0.00045359 lb/MMT. 
25 All CH4 and N2O emissions have been converted to MMT CO2 Eq. based on the GWPs provided in Table 1-1. 
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ὅὌ ὥὲὨ ὔὕ ὉάὭίίὭέὲί  ὊόὩὰ ὅέὲίόάὴὸὭέὲὉὊ  

where, 

Fuel Consumption = total amount of fuel combusted (Billion British Thermal Units or Bbtu) 

EFfuel   = emission factor of CH4 and N2O by fuel type (MT gas/Bbtu) 

 

Carbon content coefficients for estimating CO2 emissions, which are specific to each fuel type, were 

taken from the U.S. Inventory (EPA 2024b). Methane and N2O emission factors were obtained from the 

2006 IPCC Guidelines (IPCC 2006) for fossil fuels, wood biomass, ethanol, and biodiesel. 

Fuel consumption data by end-ǳǎŜ ǎŜŎǘƻǊ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ {ǘŀǘŜ 

Energy Data System (SEDS) (EIA 2024b) for all years.26 For some fuel types, consumption data were not 

available in SEDS and were obtained from additional data sources. Specifically, fuel gas and naphtha 

ŎƻƴǎǳƳǇǘƛƻƴ ǿŜǊŜ ŎƻƭƭŜŎǘŜŘ ōȅ ǘƘŜ Iŀǿŀƛ ƛ 5ŜǇŀǊǘƳŜƴǘ ƻŦ .ǳǎƛƴŜǎǎΣ 9ŎƻƴƻƳƛŎ 5ŜǾŜƭƻǇƳŜƴǘΣ ŀƴŘ 

Tourism (DBEDT 2008a) for 2007.27 Fuel gas and naphtha consumption estimates for 2005 were set 

equal to 2007 estimates. For 2010, and 2015 to 2022, CO2, CH4, and N2O emissions from fuel gas and 

ƴŀǇƘǘƘŀ ŎƻƴǎǳƳǇǘƛƻƴ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! нлнпŎύΦ 9t!Ωǎ DIDwt ŦǳŜƭ-level 

emissions data had already been converted by EPA into CO2-equivalent units, using AR4 GWP values. 

The ratio of AR5 GWP values to AR4 GWP values was applied to these values to convert them into CO2-

equivalent units in AR5 GWP values. Methane and N2O emissions from biodiesel consumption at the 

Iŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ /ƻƳǇŀƴȅ όI9/hύΣ Iŀǿŀƛ ƛ 9ƭŜŎǘǊƛŎ [ƛƎƘǘ /ƻƳǇŀƴȅ όI9[/hύΣ ŀƴŘ ǘƘŜ aŀǳƛ 9ƭŜŎǘǊƛŎ 

/ƻƳǇŀƴȅ όa9/hύ ǿŜǊŜ ŜǎǘƛƳŀǘŜŘ ōŀǎŜŘ ƻƴ ōƛƻŘƛŜǎŜƭ ŎƻƴǎǳƳǇǘƛƻƴ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ 5.95¢Ωǎ 5ŀǘŀ 

²ŀǊŜƘƻǳǎŜ ό5.95¢ нлнпŀύ ŀƴŘ Iŀǿŀƛ ƛ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ όIŀǿŀƛ ƛ 5hI нлнлύΦ28 

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 includes fuel used 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) includes RNG. RNG consumption obtained from City & County of Honolulu 
(2022 and 2024) 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 Section 3.7. 
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¶ Emissions from the consumption of RNG were incorporated into the inventory. As of 2018, this 

wbD ƛǎ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ Iƻƴƻǳƭƛǳƭƛ ²²¢t ŀƴŘ ŎŀǇǘǳǊŜŘ ōȅ Iŀǿŀƛ ƛ Dŀǎ ƴŀǘǳǊŀƭ Ǝŀǎ ŦƻǊ ƛƴƧŜŎǘƛƻƴ 

ƛƴǘƻ ǘƘŜƛǊ ǎȅƴǘƘŜǘƛŎ ƴŀǘǳǊŀƭ Ǝŀǎ ό{bDύ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ όIŀǿŀƛ ƛ CǊee Press 2018). Starting in 

нлмфΣ wbD ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ƛǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƴǎǳƳǇǘƛƻƴ ǘƻǘŀƭǎ ǊŜǇƻǊǘŜŘ ƛƴ 

9L!Ωǎ {95{Φ ¢ƘŜǊŜŦƻǊŜΣ wbD ŎƻƴǎǳƳǇǘƛƻƴ ƛǎ ǎǳōǘǊŀŎǘŜŘ ŦǊƻƳ ƴŀǘǳǊŀƭ Ǝŀǎ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ ǘƘŜ 

residential and commercial sectors to avoid double 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.  

¶ The percentage of non-energy use consumption by fuel type was updated to reflect changes 

made in the U.S. Greenhouse Gas Inventory. Non-energy use consumption is subtracted from 

consumption for energy use, which impacts historical estimates. 

¶ In the 2021 inventory report, the CH4 emission 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.  

¶ The CO2, CH4, and N2O 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 the timeseries. 

The resulting changes in historical emission estimates are presented in Table 3-2. 

Table 3-2: Change in Emissions from Stationary Combustion Relative to the 2021 Inventory Report (MMT CO2 

Eq.) 

Emission Estimates 1990  2005  2007  2017 2018 2019 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 9.56 9.37 8.09 8.16 8.32 7.29 7.44 

Percent Change +%  +%  +%  +% +% (+%) (+%) (+%) 
+ Does not exceed 0.05 percent. (+) Does not exceed -0.05 percent.    

Uncertainties  

Uncertainties associated with stationary consumption estimates include the following: 

¶ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ŦǳŜƭ Ǝŀǎ ŀƴŘ ƴŀǇƘǘƘŀ ŎƻƴǎǳƳǇǘƛƻƴ ǿŜǊŜ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ 9t!Ωǎ DIDwt 

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 2005, so 2007 DBEDT 

data is used to estimate emissions in 2005. As DBEDT is the conduit of this data but not the 

source, there is uncertainty associated with data collected by DBEDT.  

¶ Emissions from fuel gas and naphtha consumption in the energy industries sector for 2010 and 

2015 through 2021 ǘƘŀǘ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! 2024c) do not include emissions 
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from facilities that are below the reporting threshold of 25,000 metric tons of carbon dioxide 

equivalent (MT CO2 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 judgment. Uncertainty ranges for activity data were developed 

using the 2006 IPCC Guidelines due to lack of available information from EIA. The 2006 IPCC Guidelines 

provide 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 industry-ǎǇŜŎƛŦƛŎ ǎǳǊǾŜȅǎΣ ǘƘŜǎŜ Řŀǘŀ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ Ŧŀƭƭ ǳƴŘŜǊ ǘƘŜ ά²Ŝƭƭ ŘŜǾŜƭƻǇŜŘ 

ǎǘŀǘƛǎǘƛŎŀƭ ǎȅǎǘŜƳǎΥ {ǳǊǾŜȅǎέ ŎŀǘŜƎƻǊȅΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǊŀƴƎŜ ƻŦ ǳƴŎertainties were used for this analysis. 

This value may change as additional analysis is conducted in the future. 

The following parameters contributed the most to the quantified uncertainty estimates: (1) CO2 

emission factor for coal consumption in the energy industries sector, (2) CO2 emission 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 summarized in Table 3-3. 

Emissions from stationary combustion were estimated to be between 7.40 and 7.55 MMT CO2 Eq. at the 

95 percent confidence level. This confidence level indicates a range of approximately one percent below 

and one percent above the emission estimate of 7.44 MMT CO2 Eq.  

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

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

7.44 7.40 7.55 -1% 1% 
a Range 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) 

Emissions from transportation result from the 

combustion of fuel for ground, domestic marine, 

domestic aviation, military aviation, and military 

(non-aviation) transportation. Ground 

transportation includes passenger cars, light trucks, 

motorcycles, and heavy-duty vehicles (i.e., trucks 

and buses). In 2022, emissions from transportation 

ŀŎǘƛǾƛǘƛŜǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ млΦмн aa¢ /h2 Eq, 

accounting for 56.3 percent of Energy sector 

emissions and 49.8 percent of statewide total 

emissions (excluding sinks), as shown in Figure 3-6. 

The contributions of each end-use sector to energy 

sector and statewide emissions are presented in 

Table 3-4. 

Table 3-4: Share of Transportation Emissions (%) by 

End-Use Sector 

End-Use Sector 
Share of Transportation 

Emissions 
Share of Statewide Total 

Emissions 

Domestic Aviation 85.7%  24.1% 

Ground Transportation 7.4%  17.1% 

Military Aviation 6.0%  3.8% 

Domestic Marine 0.9%  3.2% 

Military Non-Aviation 1.8% 1.6% 

 

Relative to 1990, emissions from transportation in 2022 were lower by 9.1 percent. Emissions 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 increased from 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 kerosene. Emissions from domestic marine and military transportation fluctuated across the 

timeseries and followed a similar trend in consumption of residual fuel, diesel fuel, and jet fuel 

kerosene. Figure 3-7 presents ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ōȅ ŜƴŘ-use sector for 1990, 

2005, 2007, and 2018 to 2022. The full timeseries of emissions can be found in Table L-5 and Table L-6 

extracts emissions from electric vehicles over the timeseries for informational purposes only.  

Figure 3-6: Transportation Sector Contribution to 

Statewide Total Gross Emissions 
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Figure 3-7: Transportation Emissions by End-Use Sector and Year (MMT CO2 Eq.) (Including Aviation) 

Notes: Emission estimates include domestic aviation emissions. Emissions estimates were calculated for 1990, 

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

through linear interpolation. 

 

Methodology  

Calculating CO2 emissions from all transportation sources (except EVs) 

Carbon dioxide emissions were estimated using the following equation, consistent with IPCC (2006): 

ὅὕ ὉάὭίίὭέὲί  ὊόὩὰ ὅέὲίόάὴὸὭέὲ  ὍὄὊ ὅέὲίόάὴὸὭέὲ ὅ   
ττ

ρς
 

where, 

Domestic vs. International Aviation and Marine  

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

transportation sector: 

¶ LƴŎƭǳŘŜŘ ƛƴ Iŀǿŀƛ ƛ LƴǾŜƴǘƻǊȅ ¢ƻǘŀƭǎΥ !ƭƭ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ƻŎŎǳǊ ǿƛǘƘƛƴ Iŀǿŀƛ ƛ όŜΦƎΦΣ 

flights from OŀƘǳ ǘƻ aŀǳƛύ ŀƴŘ ŘƻƳŜǎǘƛŎ ƛƴǘŜǊǎǘŀǘŜ ŀŎǘƛǾƛǘƛŜǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ όŜΦƎΦΣ ŦƭƛƎƘǘǎ 

from Honolulu to Los Angeles).  

¶ 9ǎǘƛƳŀǘŜŘ ōǳǘ 9ȄŎƭǳŘŜŘ ŦǊƻƳ Iŀǿŀƛ ƛ LƴǾŜƴǘƻǊȅ ¢ƻǘŀƭǎΥ Any fuel combustion used for 

ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŦƭƛƎƘǘǎ ŀƴŘ ƳŀǊƛƴŜ ǾƻȅŀƎŜǎ ǘƘŀǘ ƻǊƛƎƛƴŀǘŜ ƛƴ Iŀǿŀƛ ƛ όŜΦƎΦΣ ŦƭƛƎƘǘǎ ŦǊƻƳ Iƻƴƻƭǳƭǳ ǘƻ 

Hong Kong). 

¶ Not Estimated: !ƭƭ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ƻǊƛƎƛƴŀǘŜ ƻǳǘǎƛŘŜ Iŀǿŀƛ ƛ όŜΦƎΦΣ ǘǊŀǾŜƭ ŦǊƻƳ [ƻǎ 

Angeles to Honolulu, travel from Tokyo to Honolulu). 
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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) 

Cfuel    = total mass of carbon per unit of energy in each fuel (lbs C/Bbtu) 

44/12 = conversion of carbon to CO2 

 

Carbon content coefficients for estimating CO2 emissions, which are specific to each fuel type, were 

taken from the U.S. Inventory (EPA 2024b). Fuel consumption data for transportation were obtained 

ŦǊƻƳ 9L!Ωǎ {95{ ό9L! нлнпōύ ŦƻǊ ŀƭƭ ȅŜŀǊǎΦ29 These data were available at an aggregate level by fuel type. 

9L!Ωǎ {95{ Řŀǘŀset is used because it covers the entire timeseries, is reliable and well documented, and 

represents the data inputs needed to follow IPCCΩǎ ŀǇǇǊƻŀŎƘ for estimating fuel consumption emissions. 

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 and ground transportation for each fuel type. 

Aviation gasoline is assumed to all be used for aviation.  

Aviation gasoline and naphtha-type jet fuel for military were obtained from EIA (2019) for all years prior 

to 2017.30 5ƛŜǎŜƭ ŦǳŜƭ ŀƴŘ ǊŜǎƛŘǳŀƭ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9L!Ωǎ tŜǘǊƻƭŜǳƳ ŀƴŘ hǘƘŜǊ 

Liquids dataset through 2020 (EIA 2024c). Data for the years 2021 and 2022 were set equal to 2020 

while awaiting data replacement from the EIA. Aviation gasoline and naphtha-type jet fuel were 

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

consumed for non-aviation purposes. These values were subtracted from the aggregate transportation 

aviation gasoline, diesel fuel, and residual fuel consumption data from EIA (2024a) prior to estimating 

emissions for the other subcategories.31  

9L!Ωǎ {95{ Ŧƻƭƭƻǿǎ ŀƴ ǳǇŘŀǘŜŘ ƳŜǘƘƻŘƻƭƻƎȅ ŦƻǊ ǘƘŜ нлнл Řŀǘŀ ǇǳōƭƛŎŀǘƛƻƴ ǘƻ ŜǎǘƛƳŀǘŜ ǎǘŀǘŜ-level jet fuel 

consumption for 2010 onwards. While conversations with EIA indicated that this update produces more 

accurate fuel estimates, EIA did not make this adjustment 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). EIA revised 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 the years 1990, 2005, and 2007.  To 

maintain timeseries consistency, jet fuel consumption was back-casted 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 developed using the 2020 data publication and the 2018 data publication methodology 

 

 

29 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 Unpublished military fuel consumption data from SEDS for 2017 through 2022 were not available, therefore 
consumption for these fuel types were set equal to 2016 data.  
31 9L! {95{ όнлнпŀύ ŘƻŜǎ ƴƻǘ ƛƴŎƭǳŘŜ ŀƴȅ ƴŀǇƘǘƘŀ ŎƻƴǎǳƳǇǘƛƻƴ ŦƻǊ Iŀǿŀƛ ƛΣ ǎƻ ƴŀǇƘǘƘŀ-type jet fuel consumption 
in 1990 obtained from EIA (2024c) was assumed to be excluded from SEDS. 
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ǿƘƛŎƘ ŀƭƭƻǿǎ ŦƻǊ ǘƘƛǎ ǘŜŎƘƴƛǉǳŜ ǘƻ ōŜ ǳǎŜŘΦ ¢ƘŜ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ŘŜǾŜƭƻǇŜŘ ǳǎƛƴƎ Lt//Ωǎ ƻǾŜǊƭŀǇ ƳŜǘƘƻŘ 

(IPCC 2006) as described by equation 5.1: 

ώ  ὼ
ρ

ὲ ά ρ
  

ώ

ὼ
 

where, 

y0 = recalculated jet fuel kerosene consumption (Bbtu) 

x0 = 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 2010 ς 2018 (Bbtu) 

m, n    = years in which the overlap of SEDS data were occurring (2010 ς 2018)  

 

For 1990 and 2007, kerosene-type 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 aviation.32 This 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 2015 to 2022, total transportation jet fuel 

consumption data from EIA (2024a) were allocated to military transportation and non-military 

transportation using the 2007 proportional breakout, as estimates for military jet fuel consumption 

were not available for these 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 

methodology used to apportion aviation and marine fuel consumption into domestic or international 

consumption is discussed in Section 3.6.   

Calculating CH4 and N2O emissions from highway vehicles (except EVs) 

Methane and N2O 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 CH4 and N2O emissions from highway vehicles: 

ὅὌ ὥὲὨ ὔὕ ὉάὭίίὭέὲί  ὠὓὝὉὊ 

where, 

VMT  = Vehicle Miles Traveled by vehicle type, fuel, model year and control 

technology (mi) 

EFt  = Emission Factor by vehicle type and control technology (kg CH4 or N2O/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 C of Iŀǿŀƛ ƛ 5hI (2021).  
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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 

ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ CŜŘŜǊŀƭ IƛƎƘǿŀȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ όCI²!ύ !ƴƴǳŀƭ IƛƎƘǿŀȅ 

Statistics (FHWA 2005; 2010; 2015 to 2022). The distribution of annual VMT by vehicle type for each 

ŦǳƴŎǘƛƻƴŀƭ Ŏƭŀǎǎ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΣ ǿƘƛŎƘ ǿŀǎ ŀƭǎƻ ƻōǘŀƛƴŜŘ ŦǊƻƳ CI²! όнллрΤ нлмлΤ нлмр ǘƻ 

2022), was then used to calculate VMT by vehicle type. For 1990 and 2007, VMT estimates by vehicle 

ǘȅǇŜ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ Iŀǿŀƛ ƛ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴ ό5h¢ύ όIŀǿŀƛ ƛ 5h¢ нллуύΦ A small 

amount of VMT by electric vehicles (EVs) was subtracted from the FHWA vehicle types of passenger cars 

and light trucks. This is because EVs rely on electric motors instead of internal combustion engines and 

ǘƘŜǊŜŦƻǊŜΣ Řƻ ƴƻǘ ǇǊƻŘǳŎŜ /Iј ŀƴŘ bіh ǘŀƛƭǇƛǇŜ ŜƳƛǎǎƛƻƴǎΦ VMT by EVs is calculated according to the 

methodology detailed in the Calculating VMT by electric vehicles section below. Vehicle 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 2024b).33  

Calculating VMT by electric vehicles 

VMT by EVs were estimated using the following equation: 

ὠὓὝ  
ὉὰὩὧὸὶὭὧὭὸώ ὅέὲίόάὴὸὭέὲ

ὯὡὬ ὴὩὶ άὭὰὩ
 

where, 

Electricity Consumption  = Total electricity consumption per vehicle type (kWh) 

kWh per mile  = Average kWh consumed per mile 

Electricity consumption data for Battery Electric Vehicles (BEVs) and Plug-in Hybrid Electric Vehicles 

όtI9±ǎύ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9L!Ωǎ {95{ to ensure consistency with the main data source used 

throughout Energy sector calculations (EIA 2024b). CǳǊǘƘŜǊ ŀŘƧǳǎǘƳŜƴǘǎ ǿŜǊŜ ƳŀŘŜ ǘƻ 9L!Ωǎ {95{ Řŀǘŀ 

on electricity consumption as outlined in the Calculating CO2, CH4, and N2O emissions from electric 

vehicles section below. Electricity consumption data for BEVs and PHEVs were further disaggregated 

among passenger cars and light trucks based on the ratio of passenger cars to light trucks for BEVs and 

PHEVs, calculated using mileage data for the most popular types of BEVs and PHEVs in the United States 

from iSeeCars (iSeeCars 2023). This mileage data was used to disaggregate electricity consumption 

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

Miles per gallon of gasoline equivalent (MPGGe) for all four vehicle types (passenger car BEV, passenger 

car PHEV, light truck BEV, and light truck PHEV) were calculated by taking the average of all makes and 

models per vehicle type and year, available from DOE (DOE 2024). By multiplying the inverse of MPGGe 

 

 

33 9Ƴƛǎǎƛƻƴ ŦŀŎǘƻǊǎ ōȅ ǾŜƘƛŎƭŜ ǘȅǇŜ ŀƴŘ ŎƻƴǘǊƻƭ ǘŜŎƘƴƻƭƻƎȅ Ŏŀƴ ōŜ ŦƻǳƴŘ ƛƴ !ƴƴŜȄ оΦн ǘŀōƭŜ άEmission Factors for 
CH4 and N2O for On-Road VehiclesέΦ 
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per vehicle type (gallons of gasoline equivalent per mile) by the standard conversion value of 33.7 

kWh/gallon, published by the EPA, the fuel efficiency values are converted into units of kWhs/mile (EPA 

2024e). Then, the electricity consumption per vehicle type was divided by the corresponding fuel 

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

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

and light truck PHEV VMT were added to obtain total VMT by electric light trucks.  

Calculating CH4 and N2O emissions from non-highway vehicles 

Methane and N2O emissions from non-highway vehicles34 were estimated using the following equation, 

consistent with the IPCC (2006) Tier 1 methodology: 

ὅὌ ὥὲὨ ὔὕ ὉάὭίίὭέὲί  ὅ  ὅ ὉὊ   

where, 

CNon Highway  = total amount of fuel combusted by non-highway vehicles by fuel type (Bbtu) 

CIBF  = total amount of international bunker fuels combusted by fuel type (Bbtu) 

EF   = emission factor for non-highway vehicles (kg CH4 or N2O/Bbtu) 

 

Default emission factors for estimating emissions from non-highway vehicles were obtained from the 

U.S. Inventory (EPA 2024b). This source was used because the 2006 IPCC Guidelines do not include 

updated emission factors for non-highway vehicles.  

Calculating CH4 and N2O emissions from alternative fuel vehicles (except EVs) 

Methane and N2O emissions from alternative fuel (i.e., biodiesel and ethanol) vehicles were estimated 

using the following equation, consistent with the IPCC (2006) Tier 1 methodology:35 

ὅὌ ὥὲὨ ὔὕ ὉάὭίίὭέὲί  ὊόὩὰ ὅέὲίόάὴὸὭέὲὉὊ  

where, 

Fuel Consumption = total amount of biodiesel or ethanol combusted (Bbtu) 

EFfuel   = emission factor of CH4 and N2O by fuel type (kg CH4 or N2O/Bbtu) 

Methane and N2O emission factors were taken from IPCC (2006) for ethanol and biodiesel. 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 

ƛƴŘǳǎǘǊƛŜǎΣ ŀǎ ƻōǘŀƛƴŜŘ ŦǊƻƳ 5.95¢Ωǎ 9Ŏonomic Data Warehouse (DBEDT 2024a) ŀƴŘ Iŀǿŀƛ ƛ 5hI 

(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 for off-road purposes, among others. 
35 Carbon dioxide emissions from wood biomass and biofuels consumption are reported in Section 3.7. 
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consumed by the transportation sector. Ethanol 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 CO2, CH4, and N2O emissions from electric vehicles ς INFORMATIONAL ONLY 

CO2, CH4, and N2O emissions from EVs were estimated using the following equation, consistent with the 

IPCC (2006) Tier 1 methodology: 

ὅὕȟὅὌȟὥὲὨ ὔὕ ὉάὭίίὭέὲί  ὉὰὩὧὸὶὭὧὭὸώ ὅέὲίόάὴὸὭέὲὉὊ  

where, 

Electricity Consumption = Total electricity consumption per vehicle type (kWh) 

EF = Emission factor (kg CO2, CH4, or N2O/kWh) 

Electricity consumption data and the number of registered vehicles for BEVs and PHEVs were obtained 

from the EIAΩǎ SEDS to ensure consistency with the main data source used throughout Energy sector 

calculations (EIA 2024b). This electricity consumption data were converted from million kilowatt hours 

to kWh by multiplying by 1,000,000. This registered vehicles data were converted from thousands of 

registered vehicles to total vehicles by multiplying by 1,000. Note that the EIA only publishes the 

number of registered vehicles for light-duty stock and estimates kWh based on the number of registered 

ǾŜƘƛŎƭŜǎΦ ¢ƘŜ 9L!Ωǎ ƳŜǘƘƻŘƻƭƻgy is outlined in Appendix D Electric Vehicle Consumption (EIA 2024a).  

EIAΩǎ SEDS does not contain annual counts of registered EVs prior to 2016. However, according to the 

Hawaii DOT Motor Safety data, EVs were driven in Iŀǿŀƛ ƛ as early as 2013 (Iŀǿŀƛ ƛ 5h¢ нлнп). 

Although the Hŀǿŀƛ ƛ DOT data does not cover pre-2013, the number of EVs in 2013 was very small, at 

only 338 EVs, compared to 4,030 in 2015, supporting the current assumption that no EVs were driven in 

Hawaii in 2010. Data from before 2010 requires additional research to refine and confirm the 

assumption. Therefore, annual counts of registered BEVs and PHEVs in 2015 from EIAΩǎ SEDS were 

estimated by apportioning 2016 EIAΩǎ SEDS data using the ratio of 2015 to 2016 EVs from the Hŀǿŀƛ ƛ 

DOT data. Additionally, EIAΩǎ SEDS did not contain annual BEV and PHEV electricity consumption prior to 

2018. Annual BEV and PHEV electricity consumption for the years 2015 through 2017 were estimated by 

apportioning thƻǎŜ ȅŜŀǊǎΩ BEV and PHEV vehicle counts by the 2018 ratio of BEV and PHEV vehicle 

counts to electricity consumption. 

Finally, emissions were estimated by multiplying kWh consumption by annually variable Hawaii-specific 

CO2, CH4, and N2O total output emission rates (kg gas/kWh), from EPA eGRID (EPA 2024f). These 

emissions are estimated only for informational purposes and are not added to overall transportation or 

energy sector emissions. The GHG emissions from electricity consumption is covered already in the 

stationary combustion energy industries subsector. Because the Hawaii inventory is a generation-based 

GHG inventory that estimates emissions created by the power sector, emissions from electricity 

consumption (e.g., by electric vehicles) would be double counted. GHG emissions from electricity used 

in electric vehicles provide a comparison of the general GHG emission magnitudes 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: 

¶ The CH4 Emission Factor for jet fuel was updated to match updates made in the U.S. Greenhouse 

Gas Inventory. Across the timeseries, this Emission Factor is now zero. According to the U.S. 

DǊŜŜƴƘƻǳǎŜ Dŀǎ LƴǾŜƴǘƻǊȅΣ άwŜŎŜƴǘ ǊŜǎŜŀǊŎƘ ƛƴŘƛŎŀǘŜǎ ǘƘŀǘ ƳƻŘŜǊƴ ŀƛǊŎǊŀŦǘ ƧŜǘ ŜƴƎƛƴŜǎ ŀǊŜ 

typically net consumers of methane (Santoni et al., 2011). Methane is emitted at low power and 

idle operation, but at higher power modes aircraft engines consume methane. Over the range of 

engine operating modes, aircraft engines are net consumers of methane on average. Based on 

this data, CH4 emissions factors for jet aircraft were changed to zero to reflect the latest 

ŜƳƛǎǎƛƻƴǎ ǘŜǎǘƛƴƎ ŘŀǘŀΦέ 

¶ In the 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 of Hawai i and is not 

duplicative of other biodiesel consumption already being incorporated in the inventory. 

Biodiesel consumption is subtracted from diesel consumption, 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. 

¶ In the 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 gasoline was inadvertently 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 from the analysis. The disaggregation of motor 

gasoline and lubricants consumption has been corrected in the 2022 inventory.  

¶ The CO2, CH4, and N2O 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 the timeseries. 

¶ In the 2022 inventory, annual VMT by EVs was subtracted from the FHWA VMT data to improve 

the accuracy of emissions estimates for on-road vehicles with internal combustion engines. CO2, 

CH4, and N2O emissions were also calculated for EVs as an informational item in the Iŀǿŀƛ ƛ 

inventory. 

The resulting changes in historical emission estimates are presented in Table 3-5. 

Table 3-5: Change in Emissions from Transportation Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Emission Estimates 1990  2005  2007  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 +% (+%) (+%) (+%) (+%) (+%) (+%) (1.0%) 
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Emission Estimates 1990  2005  2007  2017 2018 2019 2020 2021  

Domestic Marine 

2021 Inventory Report 1.53  

 

0.37  

 

2.81  

 

0.49 0.40  0.63  0.34  0.52  

This Inventory Report 1.53  0.37  2.81  0.49 0.40  0.63  0.34  0.52  

Percent Change (+%) +% (+%) (+%) 0.2% 0.1% (+%) (+%) 

Domestic Aviation 

2021 Inventory Report 3.70  

 

6.14  

 

4.87  

 

4.61 4.78  4.96  2.73  4.59  

This Inventory Report 3.69  6.13 4.86 4.61 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 CO2 Eq.) 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 
(MMT CO2 Eq.) 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 CO2 Eq.) 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 exceed -0.05 percent..  

Uncertainties 

Uncertainties associated with transportation estimates include the following: 

¶ 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. 

¶ 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 DBEDT-collected data by fuel type and end-use sector; however, since 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 sector consumption, net emissions excluding aviation are not 

impacted by this uncertainty. 
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¶ Due to a SEDS methodology change for years prior to 2010, SEDS kerosene-type jet fuel for 

1990, 2005, and 2007 was back casted to remain compatible with data for years after and 

including 2010.  

¶ Kerosene-type jet fuel consumption for military was not available from EIA. For 1990 and 2007, 

the analysis used kerosene-type jet fuel consumption data for military as collected by DBEDT. As 

DBEDT is the conduit of this data but not the source, there is uncertainty 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 non-military for 1990. The 2007 data collected by DBEDT 

were used to disaggregate the jet fuel consumption from EIA into military or non-military for 

2005, 2007, 2010, and 2015 through 2021. This resulted in some uncertainty. 

¶ There are uncertainties around the data on electricity consumption by BEVs and PHEVs from 

9L!Ωǎ {95{Φ ¢Ƙƛǎ Řŀǘŀ ǿŀǎ ŜǎǘƛƳŀǘŜŘ ōȅ 9L! ōŀǎŜŘ ƻƴ ǘƘŜ ŀƴƴǳŀƭ ƴǳƳōŜǊ ƻŦ ǊŜƎƛǎǘŜǊŜŘ ǾŜƘƛŎƭŜǎΣ 

following the methodology outlined in Appendix D Electric Vehicle Consumption (EIA 2024a). 

There are also uncertainties around the data and methodology used to calculate VMT by EVs 

based on the annual electricity consumption, including back-calculating electricity consumption 

for the year 2015, disaggregating annual VMT by passenger cars and light trucks, and converting 

annual electricity consumption into annual VMT using MPGGe averages. On average, VMT by 

EVs made up around 0.5% of total VMT, so the associated 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. Uncertainty ranges for activity data were developed using 

the 2006 IPCC Guidelines due to lack of available information from EIA. The 2006 IPCC Guidelines provide 

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 

industry-ǎǇŜŎƛŦƛŎ ǎǳǊǾŜȅǎΣ ǘƘŜǎŜ Řŀǘŀ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ Ŧŀƭƭ ǳƴŘŜǊ ǘƘŜ ά²Ŝƭƭ ŘŜǾŜƭƻǇŜŘ ǎǘŀǘƛǎǘƛŎŀƭ ǎȅǎǘŜƳǎΥ 

{ǳǊǾŜȅǎέ ŎŀǘŜƎƻǊȅΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǊŀƴƎŜ ƻŦ ǳƴŎŜǊǘŀƛƴǘies were used for this analysis. This value may change 

as additional analysis is conducted in the future. 

The following parameters contributed the most to the quantified uncertainty estimates: (1) CO2 

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) CO2 emission factor for motor gasoline. The results of the quantitative uncertainty analysis are 

summarized in Table 3-6. Emissions from transportation were estimated to be between 9.70 and 10.61 

MMT CO2 Eq. at the 95 percent confidence level. This confidence level indicates a range of 

approximately four percent below and five percent above the emission estimate of 10.12 MMT CO2 Eq. 
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Table 3-6: Quantitative Uncertainty Estimates for Emissions from Transportation 

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 10.12   9.70   10.61  -4% 5% 
a Range 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 1A1a) 

Municipal solid waste (MSW) emits CO2, CH4, and N2O emissions when combusted. In 2022, emissions 

from the incineration of waste for energy purposes ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 0.26 MMT CO2 Eq., accounting for 

1.5 percent of Energy sector emissions and 1.3 percent of statewide total emissions (excluding sinks).36 

Lƴ мффлΣ a{² ǿŀǎ ŎƻƳōǳǎǘŜŘ ƛƴ Iŀǿŀƛ ƛ ŀǘ ǘǿƻ ŦŀŎƛƭƛǘƛŜǎΥ ǘƘŜ Iƻƴƻƭǳƭǳ tǊƻƎǊŀƳ ƻŦ ²ŀǎǘŜ 9ƴŜǊƎȅ 

Recovery (H-POWER) plant and the Waipahu Incinerator. The Waipahu Incinerator ceased operations in 

the early 1990s. As a result, emissions from the incineration of waste for energy purposes ƛƴ Iŀǿŀƛ ƛ 

decreased between 1990 and 2007. Between 2007 and 2016 emissions increased due to expansions in 

H-th²9wΩǎ ǇǊƻŎŜǎǎƛƴƎ ŎŀǇŀŎƛǘȅΤ ŜƳƛǎǎƛƻƴǎ ǘƘŜƴ ŘŜŎǊŜŀǎŜŘ ŦǊƻƳ нлмс ǘƻ нлмт ōŜŦƻǊŜ ƛƴŎǊŜŀǎƛƴƎ ŀƎŀƛƴ 

from 2017 to 2021, and slightly decreasing again in 2022. Table L-7 summarizes emissions from the 

incineration of waste for energy purposes ƛƴ Iŀǿŀƛ ƛ ōȅ Ǝŀǎ ŦƻǊ the entire timeseries. 

Methodology  

2010 and 2015 ς 2022 

Emissions for the H-th²9w Ǉƭŀƴǘ ŦƻǊ нлмл ŀƴŘ нлмр ǘƻ нлнн ǿŜǊŜ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 9t!Ωǎ DIDwt 

(EPA 2024c). This includes non-biogenic CO2, CH4, and N2O emissions and biogenic CH4 and N2O 

emissions. 

1990, 2005, and 2007 

Waipahu Incinerator: For the Waipahu Incinerator, CO2, CH4, and N2O emissions were calculated using 

the IPCC (2006) Tier 1 methodology. For CO2 emissions, 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:  

ὅὕ ὉάὭίίὭέὲίὓὛὡ ὼ ὡὊ ὼ Ὠά ὼ ὅὊ ὼ ὊὅὊ ὼ ὕὊ 

 

 

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, 

 CO2 Emissions  = CO2 emissions in the inventory year 

 MSW   = total amount of Municipal Solid Waste incinerated 

 WFi   = fraction of waste type/material of component i in the MSW 

 dmi  = dry matter content in the waste incinerated 

 CFi   = fraction of carbon in the dry matter (total carbon content) 

 FCFi   = fraction of fossil carbon in the total carbon 

 OFi   = oxidation factor 

 i   = type of waste incinerated 

For CH4 emissions, this Tier 1 approach uses the waste input to the incinerator and a default emission 

factor, as described in the following equation: 

ὅὌ ὉάὭίίὭέὲίὍὡ ὼ ὉὊ 

where, 

 CH4 Emissions = CH4 emissions in the inventory year 

 IW  = amount of incinerated waste 

 EF  = CH4 emission factor 

For N2O emissions, this Tier 1 approach uses the waste input to the incinerator and a default emission 

factor, as described in the following equation: 

ὔὕ ὉάὭίίὭέὲίὍὡ ὼ ὉὊ 

where, 

 N2O Emissions = N2O emissions in the inventory year 

 IW   = amount of incinerated waste 

 EF   = N2O 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 in the waste stream ǿŜǊŜ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ ¦Φ{Φ 9t!Ωǎ {ǘŀǘŜ 

Inventory Tools ς Solid Waste Module (EPA 2024d). 

H-POWER plant: For the H-POWER 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 believed to be more 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-specific steam output data from H-POWER to estimate CO2, CH4, and N2O emissions from the 

combustion of refuse-derived fuel (RDF) which is processed from MSW, as described in the following 

equation: 
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ὉάὭίίὭέὲί ὌὩὥὸ ὼ ὉὊ 

where, 

 Emissions  = GHG emissions in the inventory year 

 Heat   = heat output at a given facility 

 EFi   = default emission factor for GHG i 

 i   = type of GHG emitted (CO2, CH4, and N2O) 

Facility-specific information for the H-POWER plant for 1990, 2005, and 2007 was obtained directly from 

Covanta Energy, which operates the H-POWER facility. This data included steam generation, refuse-

derived fuel (RDF) composition, biogenic carbon ratios, fuel consumption data, and CO2 and N2O 

emissions (Hahn 2008). 

Changes in Estimates since the Previous Inventory Report 

No changes were made to emissions from the incineration of waste for energy purposes since 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 (EPA 2024b) and expert judgment. The quantified uncertainty 

estimated for non-biogenic CO2 emissions for H-POWER facility contributed the vast majority to the 

quantified uncertainty estimates. The remaining input variables had a minor impact on the overall 

uncertainty of this source category.  

The results of the quantitative uncertainty analysis are summarized in Table 3-7. Emissions from waste 

incineration were estimated to be between 0.24 and 0.30 MMT CO2 Eq. at the 95 percent confidence 

level. This confidence level indicates a range of approximately eight percent below and 13 percent 

above the emission estimate of 0.26 MMT CO2 Eq. 

Table 3-7: Quantitative Uncertainty Estimates for Emissions from Waste Incineration 

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.26   0.24   0.30  -8% 13% 
a 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) 

Refinery activities release CO2, CH4, and N2O to the atmosphere as fugitive emissions, vented emissions, 

and emissions from operational upsets.37 Prior to 2020, two refineries, Par West and Par East,38 

ƻǇŜǊŀǘŜŘ ƛƴ Iŀǿŀƛ ƛ ǘƘŀǘ ŎƻƴǘǊƛōǳǘŜŘ ǘƻ ǘƘŜǎŜ ŜƳƛǎǎƛƻƴǎ ό9L! нлнпŎύΦ tŀǊ ²Ŝǎǘ ōŜƎŀƴ ǎƘǳǘǘƛƴƎ Řƻǿƴ 

operations in 2020, with some equipment still running and generating emissions until they were fully 

shut down in 2022 (Widlansky 2024). In addition, CH4 fugitive emissions occur from the distribution and 

transmission of propane and synthetic natural gas along pipelines. In 2022, emissions from oil and 

ƴŀǘǳǊŀƭ Ǝŀǎ ǎȅǎǘŜƳǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ лΦмл aa¢ /h2 Eq., accounting for 0.5 percent of Energy sector 

emissions and 0.5 percent of statewide total emissions (excluding sinks). Relative to 1990, emissions 

from oil and natural gas systems in 2022 were lower by roughly 77.4 percent. This decrease is attributed 

to a reduction in crude oil throughput over this time period. Table L-8 summarizes emissions from oil 

ŀƴŘ ƴŀǘǳǊŀƭ Ǝŀǎ ǎȅǎǘŜƳǎ ƛƴ Iŀǿŀƛ ƛ ōȅ Ǝŀǎ across the timeseries.39 

Methodology  

Refinery emissions for 2010, 2015 ς 2022 

9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ƻƛƭ ŀƴŘ Ǝŀǎ ǎȅǎǘŜƳǎ ŦƻǊ нлмл ŀƴŘ нлмр ǘƻ нлнн ǿŜǊŜ ǘŀƪŜƴ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 9t!Ωǎ DIDwt 

(EPA 2024c). This includes non-biogenic CO2, CH4, and N2O fugitive emissions from petroleum refining 

ŀƴŘ ƘȅŘǊƻƎŜƴ ǇǊƻŘǳŎǘƛƻƴ ŦƻǊ Iŀǿŀƛ ƛΩǎ ǘǿƻ ǊŜŦƛƴŜǊƛŜǎΦ  

Refinery emissions for 1990, 2005, and 2007 

Emissions from oil and gas systems for 1990 and 2007 were estimated by scaling 2010 emissions data 

ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! нлнпŎύ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ŎǊǳŘŜ ƻƛƭ ǊŜŦƛƴŜŘ όƛΦŜΦΣ ǘƘǊƻǳƎƘǇǳǘύ in 1990 and 

2007 for the two refineries relative to 2010. This methodology assumes that emissions are proportional 

to the amount of crude oil processed. 2005 estimates are set equal to 2007 emissions without any 

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

collected by DBEDT as 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 Hawaii does not have any natural gas exploration, production, or processing. Sources of emissions 
in the natural gas systems category include fugitive emissions from propane and synthetic natural gas transmission 
and distribution. 
38 The Par West Refinery was previously known as the Island Energy Services Refinery and, prior to that, as the 
/ƘŜǾǊƻƴ tǊƻŘǳŎǘǎ /ƻƳǇŀƴȅ Iŀǿŀƛ ƛ wŜŦƛƴŜǊȅΤ ǘƘŜ tŀǊ 9ŀǎǘ wŜŦƛƴŜǊȅ ǿŀǎ ǇǊŜǾƛƻǳǎƭȅ ƪƴƻǿƴ ŀǎ wŜŦƛƴŜǊȅ YŀǇƻƭŜƛ 
ǿƘƛŎƘ ǿŀǎ ǇǊŜǾƛƻǳǎƭȅ ƪƴƻǿƴ ŀǎ ǘƘŜ Iŀǿŀƛi Independent Energy Petroleum Refinery. 
39 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 the following equation40: 

ὅὌ ὉάὭίίὭέὲίὓ ὖὒὊ ὓ ὖὒὊ   

where, 

 Mdistribution = pipeline miles used for natural gas distribution by material type 

 Mtransmission = pipeline miles used for natural gas transmission 

 PLFmaterial = distribution pipeline leak factor for CH4 by material type (mscf/mile-year) 

 PLFtransmission  = transmission pipeline leak factor for CH4 (mscf/mile-year) 

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 obtained from the 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 

CǳƎƛǘƛǾŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǇŜǘǊƻƭŜǳƳ ǊŜŦƛƴƛƴƎ ŦƻǊ мффлΣ нллрΣ ŀƴŘ нллт ǿŜǊŜ ƴƻǘ ŀǾŀƛƭŀōƭŜ ŦǊƻƳ 9t!Ωǎ 

GHGRP. These emissions were instead estimated based on annual throughput for each refinery. For 

well-controlled systems the primary source of emissions are fugitive equipment leaks, which are 

independent of system throughputs (IPCC 2000). As a result, there is uncertainty associated with using 

throughput as an estimate for emissions in 1990, 2005, and 2007. Additionally, annual throughput for 

the Par West Refinery 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 purposes of this analysis, it was assumed that 

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

ǘǊŀƴǎƳƛǎǎƛƻƴ ŀǊŜ ŘƛǎŀƎƎǊŜƎŀǘŜŘ ōȅ ǇƛǇŜƭƛƴŜ ƳŀǘŜǊƛŀƭΦ 5ŀǘŀ ŦǊƻƳ 5h¢Ωǎ tIa{! ŘƻŜǎ ƴƻǘ ǇǊƻǾƛŘŜ ŘŜǘŀƛƭǎ 

on the material tȅǇŜǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ άƻǘƘŜǊ ƳŀǘŜǊƛŀƭǎέ ŎŀǘŜƎƻǊȅ ŦƻǊ Ǝŀǎ ŘƛǎǘǊƛōǳǘƛƻƴ ǎŜǊǾƛŎŜǎΦ !ƴ ŀǾŜǊŀƎŜ 

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 quantified uncertainty estimated for CO2 emissions for the Par 

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

 

 

40 All CH4 emissions are converted to MMT CO2 Eq. based on the GWPs provided in Table 1-1 and the conversion 
factor for thousand standard cubic feet to MMT, which is 0.00000001926 mscf/MMT. 
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variables had a minor impact on the overall uncertainty of this source category. The results of the 

quantitative uncertainty analysis are summarized in Table 3-8. Emissions from oil and natural gas 

systems were estimated to be between 0.10 and 0.10 MMT CO2 Eq. at the 95 percent confidence level. 

This confidence level indicates a range of approximately 0.1 percent below and 0.1 percent above the 

emission estimate of 0.10 MMT CO2 Eq. 

Table 3-8: Quantitative Uncertainty Estimates for Emissions from Oil and Natural Gas Systems 

2022 Emissions Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

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

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

In addition to being combusted for energy, fossil fuels are also consumed for non-ŜƴŜǊƎȅ ǳǎŜǎ ƛƴ Iŀǿŀƛ ƛΦ 

9Ƴƛǎǎƛƻƴǎ Ƴŀȅ ƻŎŎǳǊ ŘǳǊƛƴƎ ǘƘŜ ƳŀƴǳŦŀŎǘǳǊŜ ƻŦ ŀ ǇǊƻŘǳŎǘ ƻǊ ŘǳǊƛƴƎ ǘƘŜ ǇǊƻŘǳŎǘΩǎ ƭƛŦŜǘƛƳŜΦ CǳŜƭǎ ǳǎŜŘ ƛƴ 

non-energy uses include coal, diesel fuel, propane, asphalt and road oil, lubricants, and waxes. In 2022, 

emissions from non-ŜƴŜǊƎȅ ǳǎŜǎ ƻŦ ŦǳŜƭǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ лΦ04 MMT CO2 Eq., accounting for 0.2 percent 

of Energy sector emissions and 0.2 percent of statewide total emissions (excluding sinks). These 

emissions are included under the Energy sector, rather than the IPPU sector, consistent with the U.S. 

Inventory (EPA 2024b) and in compliance with IPCC Guidelines. The 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 NEU.41 Table L-9 summarizes emissions from non-

ŜƴŜǊƎȅ ǳǎŜǎ ƻŦ ŦǳŜƭǎ ƛƴ Iŀǿŀƛ ƛ ōȅ Ǝŀǎ across the timeseries. 

Methodology  

Carbon dioxide emissions were estimated using the following equation, consistent with IPCC (2006):42 

ὅὕ ὉάὭίίὭέὲί  ὊόὩὰ ὅέὲίόάὴὸὭέὲ ὔὉὟ ὅέὲίόάὴὸὭέὲ Ϸ ὅ   
ττ

ρς
 ρ ὅ   

 

 

41 As depicted in Figure 3-3 of the U.S. 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. Emissions are reported 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 from non-energy uses of 
fossil fuels, the entire calculation of carbon storage and emissions is conducted within the non-energy uses 
category under Energy. 
42 Methane and N2O emissions from non-energy 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 end-use sector (Bbtu) 

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

Cfuel    = total mass of carbon per unit of energy in each fuel (lbs C/Bbtu) 

44/12 = conversion of carbon to CO2 

Cstored = carbon storage factor by fuel type (percent) 

 

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

ό9t! нлнпōύ ŀƴŘ ŀǇǇƭƛŜŘ ǘƻ ǘƻǘŀƭ ŎƻƴǎǳƳǇǘƛƻƴ ǾŀƭǳŜǎ ŦƻǊ ŦǳŜƭǎ ōȅ ŜƴŘ ǳǎŜ ǎŜŎǘƻǊ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9L!Ωǎ 

SEDS (EIA 2024b).43 Carbon content coefficients for estimating CO2 emissions, which are specific to each 

fuel type, were taken from the U.S. Inventory (EPA 2024b). The percentage of C stored in non-energy 

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: 

¶ The percentage of non-energy use consumption by fuel type were updated for historical years 

to match updates made in the U.S. Greenhouse Gas Inventory.  

¶ In the 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 year-to-year, it is annually variable. The correct annual carbon storage factor has 

been applied to the timeseries in the 2022 inventory.  

¶ The CO2, CH4, and N2O 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 the timeseries. 

The resulting changes in historical emission estimates are presented in Table 3-9. 

Table 3-9: Change in Emissions from Non-Energy Uses Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Emission Estimates 1990  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 Report 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% 
 

 

 

43 /ƻƴǎǳƳǇǘƛƻƴ ǾŀƭǳŜǎ ŦƻǊ ŦǳŜƭǎ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘŜ ǎǘŀǘƛƻƴŀǊȅ ŎƻƳōǳǎǘƛƻƴ ǎƻǳǊŎŜ ŎŀǘŜƎƻǊȅ ŦǊƻƳ 9L!Ωǎ {95{ ό9L! 2024b) 
were adjusted to subtract non-energy uses. 
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Uncertainties 

Uncertainties associated with non-energy use estimates include the following: 

¶ Non-energy use CO2 emission factors are not available from the U.S. Inventory (EPA 2024b), 

therefore industrial sector emission factors, by fuel type are used.  

¶ Non-energy use estimates are based on U.S.-specific storage factors. The storage factor for 

feedstocks is based on an analysis of long-term storage and emissions. Rather than modeling the 

total uncertainty around each process, the current analysis addresses only the storage rates, 

ŀƴŘ ŀǎǎǳƳŜǎ ǘƘŀǘ ŀƭƭ / ǘƘŀǘ ƛǎ ƴƻǘ ǎǘƻǊŜŘ ƛǎ ŜƳƛǘǘŜŘΦ CǳǊǘƘŜǊ ŀƴŀƭȅǎƛǎ Ƴŀȅ ƛƴǾŜǎǘƛƎŀǘŜ Iŀǿŀƛ ƛ-

specific non-energy use storage factors and processes.  

To estimate uncertainty associated with emissions from non-energy uses, uncertainties associated with 

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

based on IPCC (2006) and expert judgment. The following parameters contributed the most to the 

quantified uncertainty estimates: (1) industrial lubricant consumption, (2) transportation lubricant 

consumption, and (3) industrial LPG consumption.  

The results of the quantitative uncertainty analysis are summarized in Table 3-10. Emissions from non-

energy uses were estimated to be between 0.029 and 0.040 MMT CO2 Eq. at the 95 percent confidence 

level. This confidence level indicates a range of approximately 25 percent below and 1.4 percent above 

the emission estimate of 0.039 MMT CO2 Eq. 

Table 3-10: Quantitative Uncertainty Estimates for Emissions from Non-Energy Uses 

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.039   0.029   0.040  -25% 1.4% 
a 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)44 

International bunker fuels (IBFs) are defined as marine and aviation ǘǊŀǾŜƭ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ ŀƴŘ 

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 produces CO2, 

CH4, and N2O emissions from both marine and aviation fuels. In 2022, emissions from international 

ōǳƴƪŜǊ ŦǳŜƭǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ лΦуо aa¢ /h2 Eq., which is 46.5 percent lower than 1990 levels. Table L-10 

ǎǳƳƳŀǊƛȊŜǎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ōǳƴƪŜǊ ŦǳŜƭǎ ƛƴ Iŀǿŀƛ ƛ by gas across the timeseries. 

 

 

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): 

ὅὕ ὉάὭίίὭέὲί  ὍὄὊ ὅέὲίόάὴὸὭέὲ ὅ   
ττ

ρς
 

where, 

IBF Consumption = total consumption of international bunker fuels by fuel type (Bbtu) 

Cfuel    = total mass of carbon per unit of energy in each fuel (lbs C/Bbtu) 

44/12 = conversion of carbon to CO2 

 

Methane and N2O emissions were calculated using an IPCC (2006) Tier 1 methodology. Emissions were 

calculated using the following equation: 

ὅὌ ὥὲὨ ὔὕ ὉάὭίίὭέὲί  ὍὄὊ ὅέὲίόάὴὸὭέὲὉὊ  

where, 

IBF Consumption = total amount of International Bunker Fuel combusted (Bbtu) 

EFfuel   = emission factor of CH4 and N2O by fuel type (MT/Bbtu) 

 

Carbon dioxide emission factors were obtained from the U.S. Inventory (EPA 2024b), while CH4 and N2O 

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. Aircraft-specific fuel efficiency estimates (miles/gal) and mileage data 

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

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

consumption. 9L!Ωǎ {95{ Ŧƻƭƭƻǿǎ ŀ ƴŜǿ ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ ǊŜǾƛǎŜŘ ŜǎǘƛƳŀǘŜǎ ŦƻǊ ǎǘŀǘŜ-level jet fuel 

consumption for 2010 onwards (EIA 2024b). This change impacts fuel consumption for domestic and 

military aviation, as well as aviation international bunker fuels. The method employed to back-cast SEDS 

consumption data prior to 2010 is described in Section 3.2. 

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

ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ !ƛǊƭƛƴŜ 5ŀǘŀ LƴŎΦΩǎ ό!5Lύ CƻǊƳ пм CǳŜƭ {ǘŀǘƛǎǘƛŎǎ ŘŀǘŀǎŜǘ ό!5L мффл to 2022)45. Annual fuel 

efficiencies per aircraft type were calculated by dividing annual miles traveled by annual gallons 

ŎƻƴǎǳƳŜŘΦ LƴǘŜǊƴŀǘƛƻƴŀƭ ŦƭƛƎƘǘǎ ŀǊŜ ǘƘƻǎŜ ƭŀōŜƭŜŘ ŀǎ ά!ǘƭŀƴǘƛŎέΣ ά[ŀǘƛƴ !ƳŜǊƛŎŀέΣ ŀƴŘ άtŀŎƛŦƛŎέΣ ǿƘƛƭŜ 

 

 

45 !ƛǊƭƛƴŜ 5ŀǘŀ LƴŎΦΩǎ CƻǊƳ пм Fuel Statistics dataset (ADI 1990 to 2022) is a cleaned and user-friendly version of the 
same data available from BTS (1990 to 2022). 
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ŘƻƳŜǎǘƛŎ ŦƭƛƎƘǘǎ ŀǊŜ ǘƘƻǎŜ ƭŀōŜƭŜŘ ŀǎ ά5ƻƳŜǎǘƛŎέ ƛƴ ǘƘƛǎ ŘŀǘŀǎŜǘΦ The calculated year-specific fuel 

efficiencies by aircraft type were then multiplied by the total distance traveled by year for domestic and 

ƛƴǘŜǊƴŀǘƛƻƴŀƭ ŦƭƛƎƘǘǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ to back-calculate total gallons consumed (BTS 1990 to 2022). 

That percentage of international consumption out of total consumption (i.e., international and domestic 

consumption) was multiplied by total non-ƳƛƭƛǘŀǊȅ ƧŜǘ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ Iŀǿŀƛ ƛΣ ŀǎ ŘŜǊƛǾŜŘ Ŧrom EIA 

(2019 and 2024a), to calculate aviation international bunker fuel consumption.  

ὍὄὊ ὅέὲίόάὴὸὭέὲ  ὐὩὸ ὊόὩὰὐὩὸ ὊόὩὰ
Ὃὥὰὰέὲί

Ὃὥὰὰέὲί Ὃὥὰὰέὲί 
  

where, 

IBF Consumption = total consumption of international bunker fuels from jet fuel (Bbtu) 

Jet FuelT  = total jet fuel consumption from SEDS (Bbtu) 

Jet FuelM = military jet fuel consumption (Bbtu) 

GallonsI Ґ Ǝŀƭƭƻƴǎ ŎƻƴǎǳƳŜŘ ŦƻǊ ƛƴǘŜǊƴŀǘƛƻƴŀƭ ǘǊƛǇǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ 

GallonsD Ґ Ǝŀƭƭƻƴǎ ŎƻƴǎǳƳŜŘ ŦƻǊ ŘƻƳŜǎǘƛŎ ǘǊƛǇǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ 

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 except 1990, marine bunker fuel consumption for 

Iŀǿŀƛ ƛ ǿŀǎ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ /Ŝƴǎǳǎ .ǳǊŜŀǳ ό5h/ нллрΣ нллтΣ нлмлΣ нлмр ǘƘǊƻǳƎƘ нлннύΦ CƻǊ 

1990, marine bunker fuel consumption for all international traveling vessels was estimated by applying 

the averagŜ ƻŦ нллс ŀƴŘ нллт Iŀǿŀƛ ƛ ƳŀǊƛƴŜ ōǳƴƪŜǊ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ όǘƘŜ ŜŀǊƭƛŜǎǘ ŀǾŀƛƭŀōƭŜ ȅŜŀǊǎ ŦƻǊ 

Iŀǿŀƛ ƛ ƳŀǊƛƴŜ ōǳƴƪŜǊ ŦǳŜƭύ ǘƻ ŀǇǇƻǊǘƛƻƴ ¦Φ{Φ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ мффлΦ !ƴ ŀǾŜǊŀƎŜ ƻŦ ǘƘŜ ǘǿƻ ȅŜŀǊǎ ǿŀǎ 

used to account for annual fluctuations in consumption. National marine bunker fuel consumption was 

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

Changes in Estimates since the Previous Inventory Report 

The CO2 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 across the timeseries. The 

resulting changes in historical emission estimates are presented in Table 3-11 and Table 3-12. 

Table 3-11: Change in Emissions from Marine Bunker Fuels Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Emission Estimates 1990  2005  2007  2017 2018 2019 2020 2021  

2021 Inventory Report  0.11  

 

 0.79  

 

 0.05  

 

0.12  0.20   0.11   0.11   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 exceed -0.05 percent. 
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Table 3-12: Change in Emissions from Aviation Bunker Fuels Relative to the 2021 Inventory Report (MMT CO2 

Eq.) 

Emission Estimates 1990  2005  2007  2017 2018 2019 2020 2021  

2021 Inventory Report  1.45  

 

 1.44  

 

 1.04  

 

1.64  1.57   1.53   0.57   0.32  

This Inventory Report  1.45   1.44   1.04  1.64  1.57   1.53   0.57   0.32  

Percent Change 0.0%  0.0%  (+%)  0.0% 0.0% 0.0% 0.0% 0.0% 

(+) Does not exceed -0.05 percent 

Uncertainties 

Uncertainties associated with international bunker fuel estimates include the following: 

¶ Due to a SEDS methodology change for years prior to 2010, SEDS kerosene-type jet fuel 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 domestic and international for 

all years. 

¶ Kerosene-type jet fuel consumption for military was not available from EIA. For 1990 and 2007, 

the analysis used kerosene-type jet fuel consumption data for military as collected by DBEDT. As 

DBEDT is the conduit of this data but not the source, there is also uncertainty associated with 

data collected by DBEDT. The data collected by DBEDT were used to disaggregate total jet fuel 

consumption from EIA into military or non-military for all years. Non-military jet fuel 

consumption was then disaggregated into domestic and international for all years.  

¶ 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 trips oǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ ƴƻǘ 

available.  

¶ There is some uncertainty with estimating marine bunker fuel consumption in 1990 due to a lack 

of available data and use of the average of 2006 and 2007 data to apportion total U.S. 

consumption.  

¶ 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 (EPA 2024b).  

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 judgment. Uncertainty ranges for activity data were 

developed using the 2006 IPCC Guidelines due to lack of available information from EIA. The 2006 IPCC 

Guidelines provide 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 industry-ǎǇŜŎƛŦƛŎ ǎǳǊǾŜȅǎΣ ǘƘŜǎŜ Řŀǘŀ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ Ŧŀƭƭ ǳƴŘŜǊ ǘƘŜ ά²Ŝƭƭ ŘŜǾŜƭƻǇŜŘ 

ǎǘŀǘƛǎǘƛŎŀƭ ǎȅǎǘŜƳǎΥ {ǳǊǾŜȅǎέ ŎŀǘŜƎƻǊȅΦ ¢ƘŜ ƘƛƎƘŜǎǘ ǊŀƴƎŜ ƻf uncertainties were used for this analysis. 

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 (3) CO2 emission 

factor for jet fuel. The results of the quantitative uncertainty analysis are summarized in Table 3-13. 

Emissions from international bunker fuels were estimated to be between 0.74 and 0.93 MMT CO2 Eq. at 

the 95 percent confidence level. This confidence level indicates a range of approximately 11 percent 

below and 12 percent above the emission estimate of 0.83 MMT CO2 Eq. 

Table 3-13: Quantitative Uncertainty Estimates for Emissions from International Bunker Fuels 

2022 Emissions Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.83   0.74   0.93  -11% 12% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval. 

3.7 CO2 from Wood Biomass and Biofuel Consumption (IPCC 

Source Categories 1A)46 

Ethanol, biodiesel, and other types of biomass release CO2 emissions when combusted.47,48 According to 

IPCC (2006), since these emissions are biogenic, CO2 emissions from biomass in combustion should be 

estimated separately from fossil fuel CO2 emissions and should not be included in emission totals. This is 

to avoid double-counting of biogenic CO2 emissions from the AFOLU sector. In 2022, CO2 emissions from 

ǿƻƻŘ ōƛƻƳŀǎǎ ŀƴŘ ōƛƻŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ мΦмф aa¢ CO2 Eq., which is 51.0 percent lower 

than 1990 levels. Table L-11 summarizes CO2 emissions from wood biomass and biofuel consumption in 

Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

Biofuels 

Carbon dioxide emissions from biofuel (ethanol or biodiesel) combustion were calculated using the 

following equation: 

ὅὕ ὉάὭίίὭέὲί  ὄὭέὪόὩὰ ὅέὲίόάὴὸὭέὲ  ὌὌὠ   ὉὊ   

 

 

46 This source category is not included in inventory totals in accordance with IPCC (2006) guidance. 
47 9ǘƘŀƴƻƭ ƛǎ ōƭŜƴŘŜŘ ǿƛǘƘ ƳƻǘƻǊ ƎŀǎƻƭƛƴŜ ŀǘ ƻƛƭ ǊŜŦƛƴŜǊƛŜǎΦ Iŀǿŀƛ ƛ ōŜƎŀƴ ōƭŜƴŘƛƴƎ ŜǘƘŀƴƻƭ ƛƴǘƻ ƳƻǘƻǊ ƎŀǎƻƭƛƴŜ 
supply in 2006.  
48 In addition to CO2, small amounts of CH4 and N2O are also emitted from biomass sources. Unlike CO2 emissions 
from biomass, these CH4 and N2O 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. 
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where, 

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

HHVbiofuel = Default high heat values of ethanol and biodiesel (Million Btu or 

MMBtu/gal) 

 EFbiofuel   = Ethanol- and biodiesel-specific default CO2 emission factors (kg  

CO2/MMBtu) 

Carbon dioxide emissions from RNG combustion were calculated using the following equation: 

ὅὕ ὉάὭίίὭέὲί  ὙὔὋ ὅέὲίόάὴὸὭέὲ  ὉὊ  

where, 

 RNG Consumption = total amount of RNG combusted (Bbtu) 

 EFRNG   = RNG gas default CO2 emission factor (lb CO2/MMBtu) 

Biogenic carbon dioxide emissions from the incineration of waste at the H-POWER plant for 2010 and 

нлмр ǘƻ нлнн ǿŜǊŜ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! нлнпŎύΦ  

Wood Biomass 

Carbon dioxide emissions from wood biomass combustion were calculated using the following equation: 

ὅὕ ὉάὭίίὭέὲί  ὡέέὨ ὄὭέάὥίί ὅέὲίόάὴὸὭέὲ  ὉὊ   

where, 

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

 EFwood biomass   = Wood biomass default CO2 emission factor (lb CO2/MMBtu) 

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 residential sector and 50% by the commercial 

sector (City & County of Honolulu 2024). Carbon dioxide combustion emission factors for ethanol and 

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

factors for wood biomass and RNG consumption were obtained from U.S. EPA (EPA 2024a). Biogenic 

ŎŀǊōƻƴ ŘƛƻȄƛŘŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ƛƴŎƛƴŜǊŀǘƛƻƴ ƻŦ ǿŀǎǘŜ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! 

2024c). 

Changes in Estimates since the Previous Inventory Report 

Changes that were implemented relative to the 2021 inventory report include the following: 

¶ A new SEDS category for other petroleum products consumed by the transportation sector was 

added with biodiesel consumption consumed by the transportation sector. This new SEDS 

category was determined to contain only biodiesel consumption for the state of Hawaii and was 

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.  

¶ Emissions from the consumption of RNG was incorporated into the inventory. As of 2018, this 

wbD ƛǎ ǇǊƻŘǳŎŜŘ ōȅ ǘƘŜ Iƻƴƻǳƭƛǳƭƛ ²²¢t ŀƴŘ ŎŀǇǘǳǊŜŘ ōȅ Iŀǿŀƛ ƛ Dŀǎ ƴŀǘǳǊŀƭ Ǝŀǎ ŦƻǊ ƛƴƧŜŎǘƛƻƴ 

ƛƴǘƻ ǘƘŜƛǊ ǎȅƴǘƘŜǘƛŎ ƴŀǘǳǊŀƭ Ǝŀǎ ό{bDύ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳ όIŀǿŀƛ ƛ CǊŜe Press 2018). Therefore, 

this methodological change impacts 2018 through 2021 historical estimates.  

¶ The emission factor for CO2 emissions from wood biomass was updated. 

The resulting changes in historical emission estimates are presented in Table 3-14. 

Table 3-14: Change in CO2 Emissions from Wood Biomass and Biofuel Consumption Relative to the 2021 

Inventory Report (MMT CO2 Eq.) 

Emission Estimates 1990  2005  2007  2017 2018 2019 2020 2021 

2021 Inventory Report 2.43  0.59  0.88  1.28 1.30 1.25 1.16 1.15 

This Inventory Report 2.43  1.04  0.88  1.28 1.30 1.25 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 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 uncertainly. The 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 CO2 emissions from wood biomass and biofuel consumption, 

uncertainties associated with all input variables were assessed. Uncertainty was estimated 

quantitatively around each input variable based on IPCC (2006) and expert judgment. The following 

parameters contributed the most to the quantified uncertainty estimates: (1) H-Power plant biogenic 

CO2 emissions, (2) transportation ethanol consumption, and (3) CO2 emission factor for ethanol.  

The results of the quantitative uncertainty analysis are summarized in Table 3-15. Carbon dioxide 

emissions from wood biomass and biofuel consumption were estimated to be between 1.08 and 1.31 

MMT CO2 Eq. at the 95 percent confidence level. This confidence level indicates a range of 

approximately 10 percent below and 10 percent above the emission estimate of 1.19 MMT CO2 Eq. 

Table 3-15: Quantitative Uncertainty Estimates for Emissions from Wood Biomass and Biofuel Consumption 

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

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) 

This chapter presents GHG emissions that occur 

from industrial processes and product use (IPPU). 

CƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΣ Ltt¦ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎ 

are estimated from the following sources: 

cement production (IPCC Source Category 2A1), 

electrical transmission and distribution (IPCC 

Source Category 2G1), and substitution of ozone 

depleting substances (IPCC Source Category 2F).49 

In 2022, emissions from the IPPU sector were 

0.85 MMT CO2 Eq., accounting for 4.2 percent of 

ǘƻǘŀƭ Iŀǿŀƛ ƛ ŜƳƛǎǎƛƻƴǎΦ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ 

substitution of ozone depleting substances 

accounted for the majority of emissions from the 

IPPU sector, representing 98.7 percent of IPPU 

emissions and 4.1 percent of statewide total 

emissions (excluding sinks). The remaining 1.3 

percent of IPPU emissions are from electrical 

transmission and distribution. Clinker production 

ƛƴ Iŀǿŀƛ ƛ ŎŜŀǎŜŘ ƛƴ мффс ŀƴŘΣ ŀǎ ŀ ǊŜǎǳƭǘΣ 

emissions from cement production in 2022 were 

zero. Figure 4-1 and Figure 4-1 show emissions (% 

and MMT CO2 Eq.) from the IPPU sector by source for 2022. 

 

 

49 IPCC Source Categories for which emissions were not estimated for the state of Iŀǿŀƛ ƛ include: lime production 
(2A2), glass production (2A3), other process uses of carbonates (2A4), chemical industry (2B), metal industry (2C), 
electronics industry (2E), SF6 and PFCs from other product uses (2G2), and N2O from product uses (2G3). Appendix 
A provides information on why emissions were not estimated for these IPCC Source Categories. 

Figure 4-1: 2022 IPPU Emissions (%) by Source 

 
Note: Totals may not sum due to independent rounding. 
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Figure 4-1: 2022 IPPU Emissions by Source (MMT CO2 Eq.) 

 

Relative to 1990, emissions from the IPPU sector in 2022 were higher by nearly 378.4 percent.  The 

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 out under the Montreal Protocol (EPA 2024b). Sulfur hexafluoride 

emissions from electrical transmission and distribution decreased by 84.9 percent from 1990 to 2022, 

also consistent with national emissions. This decrease is attributed to increasing SF6 prices and industry 

efforts to reduce emissions (EPA 2024b). Figure 4-3 below shows IPPU sector emissions by source 

category for each inventory year. Emissions by source and year are also summarized in Table L-12. 

Figure 4-3: IPPU Emissions by Source and Year (MMT CO2 Eq.) 

 
Notes: Emissions estimates were calculated for 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 summarized in Appendix F and Appendix G, respectively. 

4.1 Cement Production (IPCC Source Category 2A1) 

Carbon dioxide emissions are released as a by-product of the clinker production process, an 

ƛƴǘŜǊƳŜŘƛŀǘŜ ǇǊƻŘǳŎǘ ǳǎŜŘ ǇǊƛƳŀǊƛƭȅ ǘƻ ƳŀƪŜ ǇƻǊǘƭŀƴŘ ŎŜƳŜƴǘΦ Lƴ Iŀǿŀƛ ƛΣ ŎƭƛƴƪŜǊ ǿŀǎ ǇǊƻŘǳŎŜŘ ƻƴ-site 

ƛƴ h ŀƘǳ ǳƴǘƛƭ ǇǊƻŘǳŎǘƛƻƴ ŎŜŀǎŜŘ ƛƴ мффсΣ ŀŦǘŜǊ ǿƘƛŎƘ ŎƭƛƴƪŜǊ ǿŀǎ ƛƳǇorted (Wurlitzer 2008). Portland 

ŎŜƳŜƴǘ ǇǊƻŘǳŎǘƛƻƴ ŜƴŘŜŘ ƛƴ Iŀǿŀƛ ƛ ƛƴ нллм ό²ǳǊƭƛǘȊŜǊ нллуύΦ !ǎ ŀ ǊŜǎǳƭǘΣ ƛƴ нлннΣ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ 

ŎŜƳŜƴǘ ǇǊƻŘǳŎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ ȊŜǊƻΦ Table L-13 summarizes emissions from cement production in 

Iŀǿŀƛ ƛ across the timeseries.  

Methodology  

Process-related CO2 emissions from cement production were estimated using IPCC (2006) Tier 2 

methodology, plant-specific clinker production provided by Hawaiian Cement (Wurlitzer 2008), and 

default factors for calcium oxide content and cement kiln dust (CKD) from the 2006 IPCC Guidelines 

(IPCC 2006). Emissions were calculated using the following equation: 

ὅὕ ὉάὭίίὭέὲίὓ ὉὊ ὅὊὥὧ    

where: 

Mclinker   = weight (mass) of clinker produced, tonnes 

EFclinker   = emission factor for clinker 

CFaccement kiln dust = emissions 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) 

Sulfur hexafluoride (SF6) and carbon tetrafluoride (CF4) emissions from electrical transmission and 

distribution systems result from leaks in transmission equipment. SF6 is used as an electrical insulator 

and interrupter for equipment. CF4 is mixed with SF6 to avoid liquefaction at low temperatures. In 2022, 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜƭŜŎǘǊƛŎŀƭ ǘǊŀƴǎƳƛǎǎƛƻƴ ŀƴŘ ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ лΦ01 MMT CO2 Eq., 
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accounting for 1.3 percent of IPPU sector emissions and 0.1 percent of statewide total emissions 

(excluding sinks). Relative to 1990, emissions from electrical transmission and distribution systems in 

2022 were lower by 84.9 percent. Nationally, these emissions have decreased over time due to a sharp 

increase in the price of SF6 during the 1990s and a growing awareness of the environmental impact of 

SF6 emissions (EPA 2024b). Table L-14 summarizes emissions from electrical transmission and 

ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳǎ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

9Ƴƛǎǎƛƻƴǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŀǇǇƻǊǘƛƻƴƛƴƎ ¦Φ{Φ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘƛǎ ǎƻǳǊŎŜ ǘƻ Iŀǿŀƛ ƛ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ 

ƻŦ Iŀǿŀƛ ƛ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ǘƻ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎΦ 9ǎǘƛƳŀǘŜǎ ƻŦ ƴŀǘƛƻƴŀƭ {C6 and CF4 emissions data were 

taken from the U.S. Inventory (EPA 2024b). National electricity sales data come from the U.S. 

5ŜǇŀǊǘƳŜƴǘ ƻŦ 9ƴŜǊƎȅ ό5h9ύΣ 9ƴŜǊƎȅ LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ ό9L! нлноύΦ Iŀǿŀƛ ƛ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ 

Řŀǘŀ ŎƻƳŜ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ Book (DBEDT 2023). 

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 

ǊŜǇƻǊǘŜŘ ƘƛǎǘƻǊƛŎŀƭ Řŀǘŀ ƛƴ 9t!Ωǎ DIDwt ŀƴŘ ŎƻǊǊŜŎǘƛƻƴǎ ǘƻ ǘƘŜ Řŀǘŀ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ {C6 emissions from 

electrical equipment manufacturing as well as the data used to estimate non-reporter emissions. As the 

ŜǎǘƛƳŀǘŜǎ ŦƻǊ Iŀǿŀƛ ƛ ŀǊŜ ŎŀƭŎǳƭŀǘŜŘ ōȅ ŀǇǇƻǊǘƛƻƴƛƴƎ ¦Φ{Φ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘƛǎ ǎƻǳǊŎŜ ǘƻ Iŀǿŀƛ ƛΣ ǘƘƛǎ 

resulted in a change to the estimates.  

Compared to the previous inventory from 2021, average annual change in CO2-equivalent emissions 

from electrical transmission and distribution decreased 0.9 percent over the time period. The resulting 

changes in historical emissions estimates are presented in Table 4-1. 

Table 4-1: Change in Emissions from Electrical Transmission and Distribution Relative to the 2021 Inventory 

Report (MMT CO2 Eq.) 

Emission Estimates 1990  2005  2007  2017 2018 2019  2020 2021 

2021 Inventory Report 0.08 

 

0.03 

 

0.03 

 

0.01 0.01 0.01 0.01 0.01 

This Inventory Report 0.08 0.03 0.03 0.01 0.01 0.01 0.01 0.01 

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 

ŘƛǎǘǊƛōǳǘƛƻƴ ǎȅǎǘŜƳǎ ƛƴ Iŀǿŀƛ ƛ ƛƴǎǘŜŀŘ ƻŦ ǘƘŜ Lt// ƳŜǘƘƻŘƻƭƻƎȅ ōŜŎŀǳǎŜ Řŀǘŀ ƻƴ {C6 purchases and 

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 reduce SF6 emissions from electrical transmission and distribution systems 

beyond the average rate of national emission reductions). These 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.S. SF6 electricity transmission and 

ŘƛǎǘǊƛōǳǘƛƻƴ ŜƳƛǎǎƛƻƴǎΣ όнύ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎΣ ŀƴŘ όоύ Iŀǿŀƛ ƛ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎΦ ¦ƴŎŜǊǘŀƛƴǘȅ ǿŀǎ 

estimated quantitatively around each input variable based on expert judgment. Each input variable 

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

The results of the quantitative uncertainty analysis are summarized in Table 4-2. Emissions from 

electrical transmission and distribution systems were estimated to be between 0.01 MMT CO2 Eq. and 

0.02 MMT CO2 Eq. at the 95 percent confidence level. This confidence level indicates a range of 

approximately 30 percent below and 36 percent above the emission estimate of 0.011 MMT CO2 Eq. 

Table 4-2: Quantitative Uncertainty Estimates for Emissions from Electrical Transmission and Distribution  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.011 0.01 0.02 -30% 36% 
a 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 and PFCs are used as alternatives to 

ODS that are being phased out under the 

Montreal Protocol and the Clean Air Act 

Amendments of 1990. These chemicals are 

most commonly used in refrigeration and 

air conditioning equipment, solvent 

cleaning, foam production, fire 

extinguishing, and aerosols. In 2022, 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ h5{ ǎǳōǎǘƛǘǳǘŜǎ ƛƴ Iŀǿŀƛ ƛ 

were 0.84 MMT CO2 Eq., accounting for 

98.7 percent of IPPU sector emissions and 

4.1 percent of statewide total emissions 

(excluding sinks). Nationally, emissions from 

ODS substitutes have risen dramatically 

since 1990, and now represent one of the 

largest sources of GHG emissions from the 

IPPU sector (EPA 2024b). Table L-15 

summarizes emissions from HFCs and PFCs 

that are used as substitutes of ODS in 

Iŀǿŀƛ ƛ across the timeseries. While not 

included in the inventory totals, estimated 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ h5{ ƛƴ Iŀǿŀƛ ƛ ŀǊŜ 

presented in Appendix H.50 

 

Methodology  

In contrast to source categories in which 

emissions are calculated based on 

production data or are directly monitored 

at a small number of point sources, 

emissions of HFCs and PFCs can occur from 

thousands of types of equipment from 

millions of sources, including refrigeration 

 

 

50 Per IPCC (2006) guidelines, emissions of ODS, which are also GHGs, are not included in this inventory. For 
ƛƴŦƻǊƳŀǘƛƻƴŀƭ ǇǳǊǇƻǎŜǎΣ h5{ ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ŜǎǘƛƳŀǘŜŘ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ŀƴŘ ŀǊŜ ǇǊŜǎŜƴǘŜŘ ƛƴ Appendix H. 

Figure 4-3: 2022 Emissions (%) from ODS Substitutes by Gas 

 
Note: Totals may not sum due to independent rounding. 

Figure 4-2: 2022 Emissions (%) from ODS Substitutes by Sub-Category 

 
Note: Totals may not sum due to independent rounding. 
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and air-conditioning units, aerosols, and solvents. Percentage of emissions by sub-category are shown in 

Figure 4-2. 

!ǘ ǘƘŜ ƴŀǘƛƻƴŀƭ ƭŜǾŜƭΣ ǘƘŜǎŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ 9t!Ωǎ ±ƛƴǘŀƎƛƴƎ aƻŘŜƭΣ ǿƘƛŎƘ ǘǊŀŎƪǎ ǘƘŜ ǳǎŜ 

characteristics of equipment currently in use for more than 70 different end-use categories and applies 

HFC and PFC leak rates to estimate annual emissions. In the U.S. Inventory (EPA 2024b), emissions are 

presented for the following sub-categories: 

¶ Mobile air-conditioning 

¶ Other refrigeration and air-conditioning 

¶ Aerosols 

¶ Foams 

¶ Solvents 

¶ Fire extinguishing 

Iŀǿŀƛ ƛ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƳƻōƛƭŜ ŀƛǊ-conditioning systems were estimated by apportioning national 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ¦Φ{Φ LƴǾŜƴǘƻǊȅ ό9t! нлнпōύ ǘƻ Iŀǿŀƛ ƛ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ Iŀǿŀƛ ƛ ǾŜƘƛŎƭŜ 

ǊŜƎƛǎǘǊŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύ ǘƻ U.S. vehicle registrations from the 

¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ ¢ǊŀƴǎǇƻǊǘŀǘƛƻƴΣ CŜŘŜǊŀƭ IƛƎƘǿŀȅ !ŘƳƛƴƛǎǘǊŀǘƛƻƴ όCI²! нлноύΦ Iŀǿŀƛ ƛ ŜƳƛǎǎƛƻƴǎ 

from other air-conditioning systems (i.e., air conditioning systems excluding mobile air conditioners) 

were estimated by apǇƻǊǘƛƻƴƛƴƎ ƴŀǘƛƻƴŀƭ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ¦Φ{Φ LƴǾŜƴǘƻǊȅ ό9t! нлнпōύ ǘƻ Iŀǿŀƛ ƛ 

ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƘƻǳǎŜǎ ǿƛǘƘ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊǎ ƛƴ Iŀǿŀƛ ƛ ǘƻ ǘƘŜ ƴǳƳōŜǊ ƻŦ ƘƻǳǎŜǎ 

ǿƛǘƘ ŀƛǊ ŎƻƴŘƛǘƛƻƴŜǊǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎΦ ¢ƘŜ ƴǳƳōŜǊ ƻŦ ƘƻǳǎŜǎ ƛƴ Iŀǿŀƛ ƛ ǿƛǘh air conditioners was 

estimated by apportioning the total number of houses with air conditioners in hot and humid climate 

ǊŜƎƛƻƴǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǳǎƛƴƎ 9L!Ωǎ нллфΣ нлмрΣ ŀƴŘ нлнл wŜǎƛŘŜƴǘƛŀƭ 9ƴŜǊƎȅ /ƻƴǎǳƳǇǘƛƻƴ {ǳǊǾŜȅ 

(RECS) and U.S. Department of EneǊƎȅΩǎ ό5h9ύ DǳƛŘŜ ǘƻ 5ŜǘŜǊƳƛƴƛƴƎ /ƭƛƳŀǘŜ wŜƎƛƻƴǎ ōȅ /ƻǳƴǘȅ ό5h9 

2015; EIA 2013; EIA 2018; EIA 2022). For the remaining sub-categories, national emissions from the U.S. 

LƴǾŜƴǘƻǊȅ ό9t! нлнпōύ ǿŜǊŜ ŀǇǇƻǊǘƛƻƴŜŘ ǘƻ Iŀǿŀƛ ƛ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ Iŀǿŀƛ ƛ ǇƻǇǳƭŀǘƛon from 

DBEDT (2024a) to U.S. population from the U.S. Census Bureau (2023). Percentage of emissions by gas 

are shown in Figure 4-3. 

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 emissions from 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 agents. Additionally, two new end-uses were added to the Vintaging Model to represent 

multi-split air-conditioning units. The impact of these updates had very little effect on total emissions 

across the timeseries (EPA 2024b).  
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Compared to the 2021 inventory, the average annual change in CO2-equivalent emissions from 

Substitution of ODS over the time period is a decrease of 0.1 percent. The resulting changes in historical 

emissions estimates are presented in Table 4-3.  

Table 4-3: Change in Emissions from Substitutes of ODS Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Emission Estimates 1990  2005  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 CO2 Eq. (+) Does not exceed -.005 MMT CO2 Eq. or -0.05 percent. 

Uncertainties 

This emissions estimate is calculated using the disaggregation of national emissions totals. As a result, it 

ƛǎ ƛƴǎŜƴǎƛǘƛǾŜ ǘƻ IŀǿŀƛΩƛ-ǎǇŜŎƛŦƛŎ ǘǊŜƴŘǎ ŀƴŘ IŀǿŀƛΩƛ-specific activities that may result in 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 

ŀǇǇǊƻŀŎƘ ǳǎŜŘ ƛƴ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭ ό9t! 2024d). Because emissions from substitutes of ODS 

are closely tied to the prevalence of the products in which they are used, in the absence of state-specific 

policies that control the use and management of these chemicals, emissions from this source closely 

correlate with vehicles registered and population. These model uncertainties were not assessed as part 

of the quantitative uncertainty analysis. 

To estimate 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 parameters contributed 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 summarized in Table 4-4. Emissions from 

substitutes of ODS were estimated to be between 0.80 and 0.88 MMT CO2 Eq. at the 95 percent 

confidence level. This confidence level indicates a range of approximately four percent below and five 

percent above the emission estimate of 0.84 MMT CO2 Eq.  

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

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.84 0.80 0.88 -4% 5% 
a 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) 

This chapter 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 

άǎƻǳǊŎŜǎΣέ ǿƘƛŎƘ ŜƳƛǘ DIDǎ ƛƴǘƻ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ 

Land use, changes in land use, and land management 

ǇǊŀŎǘƛŎŜǎ Ƴŀȅ ŜƛǘƘŜǊ ōŜ DID άǎƻǳǊŎŜǎέ ƻǊ DID 

άǎƛƴƪǎέ (sinks remove CO2 from the atmosphere).  

CƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΣ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ǊŜƳƻǾŀƭǎ 

from agriculture, forestry, and other land uses 

(AFOLU) are estimated from the following source and 

sink categories:51 enteric fermentation (IPCC Source 

Category 3A1); manure management (IPCC Source 

Category 3A2 and 3C6); agricultural soil management 

(IPCC Source Categories 3C4 and 3C5); field burning 

of agricultural residues (IPCC Source Category 3C1b); 

urea application (IPCC Source Category 3C3); 

agricultural soil carbon (IPCC Source Categories 3B2 

and 3B3); forest fires (IPCC Source Category 3C1a); 

landfilled yard trimmings and food scraps (IPCC 

Source Category 3B5a); urban trees (IPCC Source 

Category 3B5a); and forest carbon (IPCC Source 

/ŀǘŜƎƻǊȅ о.мŀύΦ Lƴ Iŀǿŀƛ ƛΣ ƭŀƴŘŦƛƭƭŜŘ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ 

and food scraps, urban trees, and forest carbon are 

CO2 sinks. The remaining AFOLU categories 

presented in this chapter are sources of GHGs. Figure 

5-1 shows emissions from the AFOLU sector by 

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

In 2022, total emissions (excluding sinks) from the 

AFOLU sector were 1.11 MMT CO2 Eq., accounting 

for 5.5 ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ Iŀǿŀƛ ƛ ŜƳƛǎǎƛƻƴǎΦ 

 

 

51 IPCC Source and Sink Categories for which emissions were not estimated for the state of Iŀǿŀƛ ƛ include: land 
converted to forest land (3B1b), wetlands (3B4), land converted to settlements (3B5b), other land (3B6), biomass 
burning in grassland (3C1c), biomass burning in all other land (3C1d), liming (3C2), rice cultivation (3C7), and 
harvested wood products (3D1). Appendix A provides information on why emissions were not estimated for these 
IPCC source categories. 

Figure 5-1: 2022 AFOLU Emissions (%) by Source 

(Excluding Sinks) and AFOLU Removals (%) by Carbon Sink 

 

 
Notes: Totals may not sum due to independent rounding. 

Percentages represent the percent of AFOLU emissions not 

including emission sinks. 
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Agricultural soil carbon accounted for the largest share of AFOLU emissions, followed by enteric 

fermentation, agricultural soil management, forest fires, manure management, urea application, and 

field burning of agricultural residues. Figure 5-2 shows emissions from the AFOLU sector by source for 

2022 (MMT CO2 Eq.).  

Figure 5-2: 2022 AFOLU Emissions by Source (MMT CO2 Eq.) (Excluding Sinks) 

Notes: AFLOLU sources represent 5.5 percent of total gross emissions. Overall, AFOLU sector net total (including 
both sources and sinks) is a net sink ŀƴŘ ƻŦŦǎŜǘǎ т ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ ƎǊƻǎǎ ŜƳƛǎǎƛƻƴǎ ƛƴ IŀǿŀƛΩƛΦ  

Carbon removals by sinks were 2.48 MMT CO2 Eq. in 2022. Therefore, the AFOLU sector resulted in a net 

increase in carbon stocks (i.e., net CO2 removals) of 1.37 MMT CO2 Eq. 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 AFOLU increased by 47.2 percent in 2022 compared to 

мффл όƛΦŜΦΣ ǘƘƛǎ ǎŜŎǘƻǊ άǊŜƳƻǾŜǎέ ƳƻǊŜ ŎŀǊōƻƴ ǘƘŀƴ ƛǘ ŘƛŘ ƛƴ мффлύΦ Figure 5-3 presents AFOLU emissions 

ŀƴŘ ǊŜƳƻǾŀƭǎ ōȅ ǎƻǳǊŎŜ ŀƴŘ ǎƛƴƪ ŎŀǘŜƎƻǊȅ ƛƴ Iŀǿŀƛ ƛ ŦƻǊ ŜŀŎƘ ƛƴǾŜƴǘƻǊȅ ȅŜŀǊΦ 9Ƴƛǎǎƛƻƴ ǎƻǳǊŎŜǎ ŀƴŘ ǎƛƴƪǎ 

by category and year are also summarized in Table L-16. 
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Figure 5-3: AFOLU Emissions and Removals by Source and Sink Category and Year (MMT CO2 Eq.) 

 

Notes: Emissions estimates were calculated for 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 summarized in Appendix F and Appendix G, respectively.  

5.1 Enteric Fermentation (IPCC Source Category 3A1) 

Methane is produced as part of the digestive processes in ruminant animals, which is a microbial 

fermentation process referred to as enteric fermentation. The amount of CH4 emitted by an animal 

ŘŜǇŜƴŘǎ ōƻǘƘ ǳǇƻƴ ǘƘŜ ŀƴƛƳŀƭΩǎ ŘƛƎŜǎǘƛǾŜ ǎȅǎǘŜƳΣ ŀƴŘ ǘƘŜ ŀƳƻǳƴǘ ŀƴŘ ǘȅǇŜ ƻŦ ŦŜŜŘ ƛǘ ŎƻƴǎǳƳŜǎ ό9t! 

2024b). This source includes CH4 emissions from enteric fermentation in dairy and beef cattle, sheep, 

goats, swine, and horses. 

In 2022, CH4 emissions from enteric fermentation were 0.29 MMT CO2 Eq., accounting for 26.2 percent 

of AFOLU sector emissions and 1.4 percent of statewide total emissions (excluding sinks). Table L-17 

ǎǳƳƳŀǊƛȊŜǎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŜƴǘŜǊƛŎ ŦŜǊƳŜƴǘŀǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

The IPCC (2006) Tier 1 methodology was used to estimate emissions of CH4 from enteric fermentation. 

Emissions were calculated using the following equation:  

ὅὌ ὉάὭίίὭέὲίὪέὶ ὩὥὧὬ ὥὲὭάὥὰ ὸώὴὩ t  ὉὊ   
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where, 

 P   = animal population (head) 

 EFenteric   = animal-specific emission factor for CH4 from cattle, sheep, goats, swine and  

                                horses (kg CH4 per head per year) 

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

¶ tƻǇǳƭŀǘƛƻƴ Řŀǘŀ ŦƻǊ ǎǿƛƴŜ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŘƛǊŜŎǘƭȅ ŦǊƻƳ ǘƘŜ ¦Φ{Φ 5ŜǇŀǊǘƳŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΩǎ 

(USDA) National Agriculture Statistics Service (NASS) (USDA 2024a).  

¶ 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 USDA NASS was released 

annually from 1990 to 2012. After 2012, USDA stopped reporting annual county level population 

ŜǎǘƛƳŀǘŜǎ ŦƻǊ Iŀǿŀƛ ƛ ŀƴŘ ǎǿƛǘŎƘŜŘ ǘƻ ǊŜǇƻǊǘƛƴƎ Ŏƻǳƴǘȅ ƭŜǾŜƭ ŎŀǘǘƭŜ ǇƻǇǳƭŀǘƛƻƴǎ ƛƴ ǘƘŜ /Ŝƴǎǳǎ ƻŦ 

Agriculture, which are released every 5 years. County scaling factors were interpolated between 

2012 and 2017 and set equal to 2017 for all years after 2017.   

¶ 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 data for 1987, 1992, 1997, 2002, 

2007, 2012, 2017, and 2022 were obtained 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.  

¸ŜŀǊƭȅ ŜƳƛǎǎƛƻƴ ŦŀŎǘƻǊǎ ŦƻǊ ŀƭƭ ŎŀǘǘƭŜ ǘȅǇŜǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ŦƻǊ ŀƭƭ ȅŜŀǊǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ 

from the U.S. Inventory through a data request to U.S. EPA (EPA 2024b).52 Constant 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: 

¶ There is uncertainty associated with animal population data. Population 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 

 

 

52 The U.S. Inventory includes annually variable emission factors for the following cattle types: dairy cows, beef 
cows, dairy replacement heifers 7-11 months, dairy replacement heifers 12-23 months, other dairy heifers, beef 
replacement heifers 7-11 months, beef replacement heifers 12-23 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 for 2018,2019, 

and 2021.  

¶ There is some uncertainty associated with state-level cattle populations. USDA NASS does not 

Ƴŀƛƴǘŀƛƴ ŘŜǘŀƛƭŜŘ ŎŀǘǘƭŜ Řŀǘŀ ōȅ ŀƎŜΣ ŎƭŀǎǎΣ ŀƴŘ ŘƛŜǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ Iŀǿŀƛ ƛ ǎǇŜŎƛŦƛŎ ŎŀǘǘƭŜ 

population data by class (e.g., steer stocker, dairy heifer) was obtained through a data request 

to EPA (2024a).  

¶ 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 (EPA 2024a). In addition, the emission factors for non-cattle 

animal types, also obtained from the U.S. Inventory, ŀǊŜ ƴƻǘ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛΦ  

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). The following parameters contributed the most to 

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

heifers emission factor: 12-24 months, and (3) sheep emission factor. The quantified uncertainty 

estimated for the 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 summarized in Table 5-1. Emissions from enteric 

fermentation were estimated to be between 0.25 and 0.34 MMT CO2 Eq. at the 95 percent confidence 

level. This confidence level indicates a range of approximately 16 percent below and 15 percent above 

the emission estimate of 0.29 MMT CO2 Eq. 

Table 5-1: Quantitative Uncertainty Estimates for Emissions from Enteric Fermentation  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.29 0.25 0.34 -16% 15% 
a Range 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 main GHGs emitted by the treatment, storage, and transportation of livestock manure are CH4 and 

N2O. Methane is produced by the anaerobic decomposition of manure. Direct N2O emissions are 

produced through the nitrification and denitrification of the organic nitrogen (N) in livestock dung and 

urine. Indirect N2O emissions result from the volatilization of N in manure and the runoff and leaching of 

N from manure into water (EPA 2024b). This category includes CH4 and N2O emissions from dairy and 

beef cattle, sheep, goats, swine, horses, and chickens. In 2022, emissions from manure management 

were 0.01 MMT CO2 Eq., accounting for 0.7 percent of AFOLU sector emissions and less than 0.1 percent 

of statewide total emissions (excluding sinks). Table L-18 summarizes emissions from manure 

ƳŀƴŀƎŜƳŜƴǘ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 



 

 

Agriculture, Forestry, and Other Land Uses (AFOLU) 72 

Methodology  

The IPCC (2006) Tier 2 method was employed to estimate emissions of both CH4 and N2O using the 

following equations:  

ὅὌ ὉάὭίίὭέὲίὖ  Ὕὃὓ  ὠὛ  ὄ  ύὓὅὊ  πȢφχ 

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) 

 B0  = maximum methane producing capacity for animal waste (m3 CH4 / kg VS) 

 wMCF  = weighted methane conversion factor (percent) 

 0.67  = conversion factor of m3 CH4 to kg CH4 

 

ὔὕ ὉάὭίίὭέὲὖ Ὢέὶ ὩὥὧὬ ὡὓὛ Ὕὃὓ  ὔὩὼ  σφυ  ρ ὠ  ὡὓὛ ὠὛ  ὉὊ  

ττ

ςψ
 

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) 

 V  = volatilization (percent) 

 WMS VS = fraction volatile solids distribution by animal type and waste management  

   system (percent) 

 EFWMS  = emission factor for waste management system (kg N2O-N/kg N) 

 44/28  = conversion from N2O-N to N2O 

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

¶ 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 released annually from 1990 to 2012. 

!ŦǘŜǊ нлмнΣ ¦{5! ǎǘƻǇǇŜŘ ǊŜǇƻǊǘƛƴƎ ŀƴƴǳŀƭ Ŏƻǳƴǘȅ ƭŜǾŜƭ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ŦƻǊ Iŀǿŀƛ ƛ ŀƴŘ 

switched to reporting county level cattle populations in the Census of Agriculture, which are 

released every 5 years. County scaling factors were interpolated between 2012 and 2017 and set 

equal to 2017 for all years after 2017.  

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

¶ 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) and population data 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 interpolated based on available data and 

population data for 2015, 2016, and 2018 to 2021 were extrapolated based on historic data.  

¶ 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. Specifically, population 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 CH4 emissions from manure management, typical animal mass (TAM) and maximum 

potential emissions (B0) 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 chicken by waste management system were obtained from the U.S. 

Inventory (EPA 2024b). Volatile solids (VS) excretion rates by animal type and year for Iŀǿŀƛ ƛ were 

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

To calculate N2O emissions from manure management, nitrogen excretion (Nex) rates for all animal 

types ŦƻǊ Iŀǿŀƛ ƛ were obtained from the U.S. Inventory (EPA 2024b). The distributions of waste by 

animal in different waste management systems (WMS) ŦƻǊ Iŀǿŀƛ ƛ were obtained 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 from the 2006 IPCC 

Guidelines (IPCC 2006). 

The weighted averages of chicken and broiler VS rates, Nex rates, TAM and B0 factors, based on the 

ǇŜǊŎŜƴǘŀƎŜ ƻŦ ŜŀŎƘ ŎƘƛŎƪŜƴ ǘȅǇŜ ƛƴ Iŀǿŀƛ ƛ ŦǊƻƳ ¦{5! όнлнпŎύΣ ǿŜǊŜ ŀǇǇƭƛŜŘ ǘƻ ǘƻǘŀƭ Iŀǿŀƛ ƛ ŎƘƛŎƪŜƴ 

population data. Similarly, the weighted averages of swine VS rates, Nex rates, TAM and B0 factors, 

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

Iŀǿŀƛ ƛ ǎǿƛƴŜ ǇƻǇǳƭŀǘƛƻƴ ŘŀǘŀΦ  

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: 

¶ There is uncertainty associated with animal population data. Population 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 obtain estimates for 1990, 2010, 2015, and 2016 and 

extrapolated to obtain estimates for 2018,2019, 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 2015, 2016 and extrapolated to obtain estimates for 2018, 2019, and 2021.  

¶ There is some uncertainty associated with state-level cattle populations. USDA NASS does not 

maintain detailed data on cattle ōȅ ŀƎŜΣ ŎƭŀǎǎΣ ŀƴŘ ŘƛŜǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ Iŀǿŀƛ ƛ ǎǇŜŎƛŦƛŎ ŎŀǘǘƭŜ 

population data by class (e.g., steer stocker, dairy heifer) was obtained through a data request 

to EPA (2024a).  

¶ 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.  

¶ There is some uncertainty associated with the manure management emission factors. 

Specifically, the static emission factors for non-cattle 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. Inventory are ƴƻǘ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛΦ 

Finally, according to the U.S. Inventory, B0 data used to estimate emissions from manure 

management are dated (EPA 2024a).  

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). The following parameters contributed the most to 

the quantified uncertainty estimates: (1) the emission factors for dry lot manure systems, (2) typical 

animal mass for chickens, and (3) the B0 for beef cows.  

The results of the quantitative uncertainty analysis are summarized in Table 5-2. Emissions from manure 

management were estimated to be between 0.009 and 0.013 MMT CO2 Eq. at the 95 percent confidence 

level. This confidence level indicates a range of approximately 19 percent below and 21 percent above 

the emission estimate of 0.01 MMT CO2 Eq. 

Table 5-2: Quantitative Uncertainty Estimates for Emissions from Manure Management  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.01 0.009 0.013 -19% 21% 
a 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) 

Although nitrous 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 direct N2O emissions from 

nitrification and denitrification (EPA 2024b). An example of such an activity would be the application of 

N fertilizers to agricultural soils. This category includes N2O emissions from synthetic fertilizer, organic 

fertilizer, manure N, as well as crop residue inputs from sugarcane, pineapples, sweet potatoes, ginger 

root, taro, corn for grain, and seed production. In 2022, emissions from agricultural soil management 
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were 0.15 MMT CO2 Eq., accounting for 13.0 percent of AFOLU sector emissions and 0.7 percent of 

statewide total emissions (excluding sinks). Table L-19 summarizes emissions from agricultural soil 

ƳŀƴŀƎŜƳŜƴǘ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

The IPCC (2006) Tier 1 approach was used to calculate N2O emissions from agricultural soil management. 

The overall equation for calculating emissions is as follows: 

ὔὕ ὉάὭίίὭέὲίὈὭὶὩὧὸ ὔὕ ὉάὭίίὭέὲίὍὲὨὭὶὩὧὸ ὔὕ ὉάὭίίὭέὲί  

The following equations were used to calculate direct emissions: 

ὈὭὶὩὧὸ ὔὕ ὉάὭίίὭέὲίὔ  ὉὊ ὔ   ὉὊ  ὔ   ὉὊ  ὔ   ὉὊ

 ὔ   ὉὊ     

where, 

ὔ ὃὋ   ὃ  ὔ Ὑ   ὔ  

ὃὋ ὣὭὩὰὨ  ὈὙὣ  ίὰέὴὩὭὲὸὩὶὧὩὴὸ 

where,  

NF = 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  

NPRP1 = N inputs to agricultural soils from pasture, range, and paddock manure from cattle,  

swine, and poultry  

NPRP2 = N inputs to agricultural soils from pasture, range, and paddock manure from sheep, 

goats, and horses  

EFF = emission factor for direct N2O emissions from synthetic and organic fertilizers and 

crop residues (kg N2O-N/kg N input) 

EFCR = emission factor for direct N2O emissions from crop residues (kg N2O-N/kg N input) 

EFPRP1 = emission factor for direct N2O emissions from pasture, range, and paddock manure 

from cattle, swine, and poultry (kg N2O-N/kg N input) 

EFPRP2 = emission factor for direct N2O emissions from pasture, range, and paddock manure 

from sheep, goats, and horses (kg N2O-N/kg N input) 

AGDM = aboveground residue dry matter (Mg/hectares) 

A = crop area (hectares) 

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

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

RBG-BIO = 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 AGDM for each crop type  

Intercept  = default intercept value for AGDM for each crop type 

 44/28 = conversion from N2O-N to N2O 

The following equations were used to calculate indirect emissions: 

ὍὲὨὭὶὩὧὸ ὔὕ ὉάὭίίὭέὲίὍὲὨὭὶὩὧὸ ὉάὭίίὭέὲί Ὢὶέά ὠέὰὥὸὭὰὭᾀὥὸὭέὲ
ὍὲὨὭὶὩὧὸ ὉάὭίίὭέὲί Ὢὶέά ὒὩὥὧὬὭὲὫȾὶόὲέὪὪ  

where, 

ὍὲὨὭὶὩὧὸ ὉάὭίίὭέὲί Ὢὶέά ὠέὰὥὸὭὰὭᾀὥὸὭέὲὔ  ὒ ὔ   ὒ

 ὔ   ὒ   ὉὊ    

ὍὲὨὭὶὩὧὸ ὉάὭίίὭέὲί Ὢὶέά ὒὩὥὧὬὭὲὫȾὙόὲέὪὪὔ ὔ ὔ ὔ   ὒ   ὉὊ       

where, 

 

 NF = 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  

NPRP = N inputs to agricultural soils from pasture, range, and paddock manure from all 

animals 

Lvol-F = fraction N lost through volatilization from synthetic fertilizer inputs 

Lvol-O = fraction N lost through volatilization from organic fertilizer and manure inputs   

Lleach = fraction N lost through leaching/runoff from all N inputs 

EFvol = emission factor for indirect N2O emissions from N volatilization (kg N2O-N /  kg NH3ς

N + NOxςN volatilized) 

EFleach = emission factor for N2O emissions from pasture, range, and paddock manure from 

cattle, swine, and poultry (kg N2O-N /  kg N leached/runoff) 

44/28 = conversion from N2O-N to N2O 

 

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, 1994, 1999a, 2004a, 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 interpolating and extrapolating data between 2002 and 

2017 (USDA 2004a and USDA 2019). Percent distribution of waste to various animal waste management 
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systems ŦƻǊ Iŀǿŀƛ ƛ, used to estimate 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 USDA (USDA 2004b, 2015, 2022). 

!ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜ ¦{5!Σ ǎŜŜŘ ŎƻǊƴ ŀŎŎƻǳƴǘǎ ŦƻǊ ƻǾŜǊ фр ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ǾŀƭǳŜ ƻŦ Iŀǿŀƛ ƛΩǎ ǎŜŜŘ ƛƴŘǳǎǘǊȅ 

(USDA 2022b). 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 average production per acre of corn for 

grain as a proxy. 

Synthetic and organic fertilizer N application data were obtained from the annual Commercial 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 on the trend from the last 5 years of available data, 

нлмо ǘƻ нлмтΦ !ŎŎƻǊŘƛƴƎ ǘƻ ǘƘŜǎŜ Řŀǘŀ ǎƻǳǊŎŜǎΣ ŎƻƳƳŜǊŎƛŀƭ ƻǊƎŀƴƛŎ ŦŜǊǘƛƭƛȊŜǊ ƛǎ ƴƻǘ ŀǇǇƭƛŜŘ ƛƴ Iŀǿŀƛ ƛΦ 

Crop residue factors for corn were obtained from the 2006 IPCC Guidelines (IPCC 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. However, as nearly 100 percent of aboveground sugarcane residues are burned in 

Iŀǿŀƛ ƛΣ ǘƘŜǊŜ ƛǎ ƭƛǘǘƭŜ ŎǊƻǇ ǊŜǎƛŘǳŜ b ƛƴǇǳǘ ŦǊƻƳ ǎǳƎŀǊŎŀƴŜΦ !ƭƭ ŜƳƛǎǎƛƻƴ ŀƴŘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ŀǊŜ Lt// 

(2006) defaults. 

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: 

¶ Swine population data for all years were obtained directly from USDA NASS (USDA 2024a).  

¶ 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 released annually from 1990 to 2012. 

!ŦǘŜǊ нлмнΣ ¦{5! ǎǘƻǇǇŜŘ ǊŜǇƻǊǘƛƴƎ ŀƴƴǳŀƭ Ŏƻǳƴǘȅ ƭŜǾŜƭ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ŦƻǊ Iŀǿŀƛ ƛ ŀƴŘ 

switched to reporting county level cattle populations in the Census of Agriculture, which are 

released every 5 years. County scaling factors were interpolated between 2012, 2017, and 

2022.  

¶ 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 to2022 

were extrapolated based on available population data. Broiler chicken population data were 

obtained directly from and estimated using the USDA Census of Agriculture (USDA 1989, 1994, 

1999a, 2004a, 2009, 2014, 2019, and 2024b).  

¶ 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 data for 2007, 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 with agricultural soil management estimates include the following: 

¶ There is uncertainty associated with animal population data. Population 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 obtain estimates for 1990, 2005, 2010, 2015 and 2016 and 

extrapolated to obtain estimates for 2018, 2019, and 2021. Similarly, chicken population data 

(excluding broilers) are available through 2010 from 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 2018, 2019, and 2021.  

¶ There is some uncertainty associated with state-level cattle populations. USDA NASS does not 

Ƴŀƛƴǘŀƛƴ ŘŜǘŀƛƭŜŘ Řŀǘŀ ƻƴ ŎŀǘǘƭŜ Řŀǘŀ ōȅ ŀƎŜΣ ŎƭŀǎǎΣ ŀƴŘ ŘƛŜǘΦ !ǎ ŀ ǊŜǎǳƭǘΣ Iŀǿŀƛ ƛ ǎǇŜŎƛŦƛŎ ŎŀǘǘƭŜ 

population data by class (e.g., steer stocker, dairy heifer) was obtained through a data request 

to EPA (2024a).  

¶ There is also some uncertainty associated with crop area and crop production data. Crop 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 of Agriculture or 2012 Census of 

Agriculture, so data through 2021 were extrapolated using 1997 and 2002 data.  

Á There is uncertainty associated with the extrapolation of synthetic fertilizer N application data 

to 2021 as 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).  

Á Crop residue factors were obtained from sources published over 10 years ago and may not 

accurately reflect current practices.  

Á There is uncertainty associated with seed production data since the USDA provides seed 

production data only for out-shipments of seed. Data on out-shipments of seed are not 

ǊŜǇǊŜǎŜƴǘŀǘƛǾŜ ƻŦ ǘƻǘŀƭ ǎŜŜŘ ǇǊƻŘǳŎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ōŜŎŀǳǎŜ ǘƘŜ ƳŀƧƻǊƛǘȅ ƻŦ ǘƘŜ ǎŜŜŘs produced 

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 grain as a proxy. 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 (EPA 2024b), IPCC (2006), and expert judgment. The following 
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parameters contributed the most to the quantified uncertainty estimates: (1) total fertilizer 

consumption in 2017; (2) beef cows N excretion rate; and (3) total fertilizer consumption in 2016.  

The results of the quantitative uncertainty analysis are summarized in Table 5-3. Emissions from 

agricultural soil management were estimated to be between 0.10 and 0.26 MMT CO2 Eq. at the 95 

percent confidence level. This confidence level indicates a range of approximately 33 percent below and 

77 percent above the emission estimate of 0.15 MMT CO2 Eq. 

Table 5-3: Quantitative Uncertainty Estimates for Emissions from Agricultural Soil Management  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.15 0.10 0.26 -33% 77% 
a 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) 

Field burning is a method that farmers use to manage the vast amounts of agricultural crop residues 

that can be created during crop production. Crop residue burning is a net source of CH4 and N2O, which 

are released during combustion (EPA 2024b).53 This source includes CH4 and N2O emissions from 

ǎǳƎŀǊŎŀƴŜ ōǳǊƴƛƴƎΣ ǿƘƛŎƘ ƛǎ ǘƘŜ ƻƴƭȅ ƳŀƧƻǊ ŎǊƻǇ ƛƴ Iŀǿŀƛ ƛ ǿƘƻǎŜ ǊŜǎƛŘǳŜǎ ŀǊŜ ǊŜƎǳƭŀǊƭȅ ōǳǊƴŜŘ όIǳŘǎƻƴ 

2008). There are no large-scale burnings of other agricultural products that would make a material 

impact on emissions estimates, although Hawaii DOH offers Agricultural Burning Permits to burn green 

waste54. 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 were 0.0 MMT CO2 9ǉΦΣ ŘǳŜ ǘƻ ǘƘŜ ŎƭƻǎǳǊŜ ƻŦ ǘƘŜ ƭŀǎǘ ǎǳƎŀǊŎŀƴŜ Ƴƛƭƭ ƛƴ Iŀǿŀƛ ƛ ƛƴ 

2016. Table L-20 ǎǳƳƳŀǊƛȊŜǎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŦƛŜƭŘ ōǳǊƴƛƴƎ ƻŦ ŀƎǊƛŎǳƭǘǳǊŀƭ ǊŜǎƛŘǳŜǎ ƛƴ Iŀǿŀƛ ƛ across the 

timeseries. 

Methodology 

The IPCC/UNEP/OECD/IEA (1997) Tier 1 approach was used to calculate CH4 and N2O 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 because CO2 from agricultural biomass is not considered a 
net source of emissions. This is because the carbon released to the atmosphere as CO2 from the 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/2022-10/9-Agricultural-Burning-in-Hawaii.pdf 

https://www.nrcs.usda.gov/sites/default/files/2022-10/9-Agricultural-Burning-in-Hawaii.pdf
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IPCC (2006) approach because it is more flexible for incorporating country-specific data and therefore is 

considered more appropriate for conditions in the United States (EPA 2024b). Emissions were calculated 

using the following equation: 

ὅὌ ὥὲὨ ὔὕ ὉάὭίίὭέὲίὅὶέὴ  Ὑ    ὈὓὊ  Ὂὶὥὧ  ὄὉ  ὅὉ 

 ὅ έὶ ὔ ὧέὲὸὩὲὸ έὪ ὶὩίὭὨόὩ  Ὑ  Ὂ   

where, 
Crop = crop production; annual weight of crop produced (kg) 

RRC = residue-crop ratio; amount of residue produced per unit of crop production 

DMF = dry matter fraction; amount of dry matter per unit of biomass 

FracBURN = fraction of crop residue burned amount of residue which is burned per unit 

  of total residue 

BE = burning efficiency; the proportion of pre-fire fuel biomass consumed 

CbE = combustion efficiency; the proportion of C or N released with respect to the  

  total amount of C or N available in the burned material 

C or N content  
of residue = amount of C or N per unit of dry matter 
Remissions = emissions ratio; g CH4-C/g C released or g N2O-N/g N release (0.0055 and  

  0.0077, respectively) 

Fconversion = conversion factor; conversion of CH4-C to C or N2O-N to N (16/12 and 44/28, 

respectively) 

Annual sugarcane area and production estimates were obtained directly from USDA NASS (USDA 

2024d). The residue/crop ratio and burning efficiency 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 

¢Ƙƛǎ ŀƴŀƭȅǎƛǎ ŀǎǎǳƳŜǎ ǘƘŀǘ ǎǳƎŀǊŎŀƴŜ ƛǎ ǘƘŜ ƻƴƭȅ ƳŀƧƻǊ ŎǊƻǇ ƛƴ Iŀǿŀƛ ƛ ǿƘƻǎŜ ǊŜǎƛŘǳŜǎ ǿŜǊŜ ǊŜƎǳƭŀǊƭȅ 

burned and that sugarcane burning is no longer practiced as the last sugarcane mill closed in 2016 

(Hudson 2008). Therefore, emissions from the field burning of crop residues are assumed to be zero.  

5.5 Urea Application (IPCC Source Category 3C3)  

Urea (CO(NH2)2) is a nitrogen fertilizer that is often applied to agricultural soils. When urea is added to 

soils, bicarbonate forms and evolves into CO2 and water (IPCC 2006). In 2022, emissions from urea 

application were 0.001 MMT CO2 Eq., accounting for less than 0.1 percent of AFOLU sector emissions 
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and statewide emissions. Table L-21 suƳƳŀǊƛȊŜǎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǳǊŜŀ ŀǇǇƭƛŎŀǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ across the 

timeseries. 

Methodology  

The IPCC (2006) Tier 1 methodology was used to estimate emissions from urea application. Emissions 

were calculated using the following equation: 

ὅὕ ὉάὭίίὭέὲίὓ  ὉὊ  
ττ

ρς
 

where: 

M  = annual amount of urea fertilization, metric tons 

EFurea  = emission factor, metric tons C/metric ton urea 

44/12  = conversion of carbon to CO2 

 

Fertilizer sales data were obtained from the annual Commercial Fertilizers publication 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 June).55 Historical usage patterns were 

used to apportion these sales to the inventory calendar years (January through December). Urea 

fertilizer application data were not available after 2016, so 2017 to 2022 were estimated based on 2016 

data. 

The 2006 IPCC Guidelines default emission factor was used to estimate the carbon emissions, in the form 

of CO2, 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 data to 2022 as 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 parameters contributed 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: (1) Urea consumption in 2016, (2) Urea consumption in 2012 and (3) urea consumption in 

2015. 

The results of the quantitative uncertainty analysis are summarized in Table 5-4. Emissions from urea 

application were estimated to be between 0.0007 and 0.0014 MMT CO2 Eq. at the 95 percent 

confidence level. This confidence level indicates a range of approximately 44 percent below and six 

percent above the emission estimate of 0.001 MMT CO2 Eq. 

Table 5-4: Quantitative Uncertainty Estimates for Emissions from Urea Application  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.001 0.0007 0.0014 -44% 6% 

+ Does not exceed 0.005 MMT CO2 Eq. 
a 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 soil carbon refers to the change in carbon stock in agricultural soilsτeither in cropland or 

grasslandsτthat have been converted from other land uses. Agricultural soils can be categorized into 

organic soils, which contain more than 12 to 20 percent organic carbon by 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 atmosphere due to 

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. Nationwide, increased carbon sequestration by agricultural soils is due to 

employment of sustainable practices, such as: enrollment in the Conservation Reserve Program, 

conservation tillage practices, increased hay production, and intensified crop production. In 2022, 

emissions from agricultural soils were 0.58 MMT CO2 Eq., accounting for 52.4 percent of AFOLU sector 

emissions 2.9 percent of statewide total emissions (excluding sinks). Table L-22 summarizes emissions 

ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎƻƛƭǎ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

9Ƴƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳ Iŀǿŀƛ ƛΩǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎƻƛƭǎ ŀǊŜ ōŀǎŜŘ ƻƴ ǎǘŀǘŜ-level data obtained from the 

1990 to 2022 U.S. Inventory (EPA 2024b). All the emissions and sinks from mineral and organic sources 

from land converted to grassland, grassland remaining grassland, land converted to cropland, and 

ŎǊƻǇƭŀƴŘ ǊŜƳŀƛƴƛƴƎ ŎǊƻǇƭŀƴŘ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ǿŜǊŜ ǎǳƳƳŜŘ ǘƻ ƎŜǘ ǘƘŜ ƴŜǘ ŎŀǊōƻƴ ŜƳƛǎǎƛƻƴǎ 

ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎƻƛƭ ŎŀǊōƻƴ ƛƴ Iŀǿŀƛ ƛΦ {ǘŀǘŜ-level emission estimates from the U.S. Inventory (EPA 

2024b) developed using the DAYCENT model continue to reflect the best available estimates of 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŀƎǊƛŎǳƭǘǳǊŀƭ ǎƻƛƭ ŎŀǊōƻƴ ƛƴ Iŀǿŀƛ ƛΦ 
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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 2024b). Additionally, the methodology used to attribute state-level 

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). Changes in historical emissions 

estimates are detailed in Table 5-5.  

Table 5-5: Change in Emissions from Agricultural Soil Carbon Relative to the 2021 Inventory Report (MMT CO2 

Eq.) 

Emission 
Estimates 1990  2005  2007  2017 2018 2019 2020 2021 

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%)  (26.2%)  (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 to cropland or grassland (EPA 2024b).  

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 EPA (2024a) and Selmants et al. (2017). The following parameters contributed the 

most to the quantified uncertainty estimates: (1) carbon stock changes in organic soils in grassland (from 

1990 to2022 U.S. Inventory estimates), (2) carbon stock changes in mineral soils in grassland (from 1990 

to2022 U.S. Inventory estimates), and (3) carbon stock changes in organic soils in cropland (from 1990 

to2022 U.S. Inventory estimates).  

The results of the quantitative uncertainty analysis are summarized in Table 5-6. Emissions from 

agricultural soil carbon were estimated to be between -2.08 and 2.99 MMT CO2 Eq. at the 95 percent 

confidence level. This confidence level indicates a range of approximately 457 percent below and 412 

percent above the emission estimate of 0.58 MMT CO2 Eq. 

Table 5-6: Quantitative Uncertainty Estimates for Emissions from Agricultural Soil Carbon  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

0.58  (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 3C1a) 

Forest and shrubland fires (herein referred to as forest fires) emit CO2, CH4, and N2O 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 Exchange (PFE) (1990 to 2022) (Trauernicht et al., 2015).56 In 2022, emissions from forest 

fires were 0.08 MMT CO2 Eq., accounting for 7.5 percent of AFOLU sector emissions. Table L-23 

ǎǳƳƳŀǊƛȊŜǎ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŦƻǊŜǎǘ ŦƛǊŜǎ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

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 generated emission factors for each vegetation class, moisture 

scenario, and biomass pool using the First-Order 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 obtained from Hawaii Annual Area 

Burned 1904-2022, published by the PFE (Trauernicht et al. 2015). The PFE was chosen as the foundation 

for calculating wildfire emissions in Hawaii because it provides a complete, statewide dataset released 

ŀƴƴǳŀƭƭȅΦ ¢Ƙƛǎ ŘŀǘŀǎŜǘ ŀƭǎƻ Ƙŀǎ ǘƘŜ ōŜƴŜŦƛǘ ƻŦ ōŜƛƴƎ Iŀǿŀƛ ƛ ŦƻŎǳǎŜŘΣ ǿƘƛŎƘ ŜƭƛƳƛƴŀǘŜǎ ǘǊŜƴŘ ōƛŀǎŜǎ ŦǊƻƳ 

the drastically different ecosystems of the rest of the U.S.. The result is a uniform dataset that can be 

ǊŜƭƛŜŘ ǳǇƻƴ ǘƻ ǇǊƻŘǳŎŜ Iŀǿŀƛ ƛ-specific estimates of acres burned by wildfires through time, thus 

producing a complete and consistent inventory results. Other datasets considered include:  

1. The DOFAW dataset ς this 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 5ƛǎǘǳǊōŀƴŎŜ[ ǘƘƛǎ ŘŀǘŀǎŜǘ ǇǊƻǾƛŘŜǎ ŜǎǘƛƳŀǘŜǎ ƻŦ ŘƛǎǘǳǊōŀƴŎŜ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 

for 2001, 2022, and 2023. Due to the large gap in data years, this dataset was eliminated in fvor 

ƻŦ ǘƘŜ ŀƴƴǳŀƭƛȊŜŘ ŀƴŘ Iŀǿŀƛ ƛ -specific PFE data.  

The ratio of total forestland area to wildland area was developed based on data from the National 

!ǎǎƻŎƛŀǘƛƻƴ ƻŦ {ǘŀǘŜ CƻǊŜǎǘŜǊǎ όb!{CύΣ 5[bwΣ ŀƴŘ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύΦ ¢ƘŜ 

estimate of wildland area was obtained, in million acres, for years 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 compared to wildfires. Emissions from prescribed fires are not included in this analysis due to 
limitations in data availability and because prescribed burning is not a common practice in Iŀǿŀƛ ƛ. Emissions from 
this activity are expected 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. 

aŀƴŀƎŜŘ ŦƻǊŜǎǘƭŀƴŘ ŀǊŜŀ Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύΦ !ǊŜŀ 

estimates of private forestland in the conservation district were summed with reserve forestland in the 

conservation district, forested natural areas, and wooded farmland in order to generate total managed 

ŦƻǊŜǎǘŜŘ ƭŀƴŘ ŀǊŜŀ ƛƴ Iŀǿŀƛ ƛ ŦƻǊ мффлΣ нллрΣ нллтΣ ŀƴŘ нлму ǘƻ нлннΦ ¦ƴƳŀƴŀƎŜŘ ŦƻǊŜǎǘǎ ŀǊŜ ƴƻǘ 

included in this analysis per IPCC guidelines because the majority of anthropogenic GHG emissions occur 

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 average for each vegetation class from this timeseries 

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 CO2 

emissions.  Emission factors for CH4 and N2O 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 2022 (Trauernicht et al., 2015). The result of this change are 

minor disagreements in emissions magnitude for certain data years as compared to previous inventory 

reports. The resulting change in historical emissions estimates is presented in Table 5-7.  

Table 5-7: Change in Emissions from Forest Fires Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Emission Estimates 1990  2005  2007  2017 2018 2019 2020 2021 

2021 Inventory Report 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: 

¶ 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 burned data, so 1994 data may not 

accurately represent wildfire acres burned in 1990.  

¶ 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 through 2021.  

¶ 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 CO2 

Eq.) by taking an average of each moisture scenario.  
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¶ According to the United States Forest Service (USFS 2019b), emissions from prescribed fires are 

ŜȄǇŜŎǘŜŘ ǘƻ ōŜ ƳŀǊƎƛƴŀƭΣ ōŜŎŀǳǎŜ ǇǊŜǎŎǊƛōŜŘ ōǳǊƴƛƴƎ ƛǎ ƴƻǘ ŎƻƳƳƻƴ ƛƴ Iŀǿŀƛ ƛΦ IƻǿŜǾŜǊΣ 

ŜƳƛǎǎƛƻƴ ŜǎǘƛƳŀǘŜǎ ŦǊƻƳ ǇǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ ƛƴ Iŀǿŀƛ ƛ ǘƘŀǘ ŀǊŜ ǇǳōƭƛǎƘŜŘ ōȅ 9t!Ωǎ bŀǘƛƻƴŀƭ 

9Ƴƛǎǎƛƻƴ LƴǾŜƴǘƻǊȅ όb9Lύ ǇǊƻƎǊŀƳ ƛƴŘƛŎŀǘŜ ǘƘŀǘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǇǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 

1.92 MMT CO2 Eq. in 2014 and 0.08 MMT CO2 Eq. in 2017.57 The NEI additionally does not report 

ŀƴȅ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǿƛƭŘŦƛǊŜǎ ƛƴ Iŀǿŀƛ ƛ ŘǳǊƛƴƎ ǘƘŜǎŜ ȅŜŀǊǎΦ DƛǾŜƴ ǘƘŀǘ ǇǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ ŀǊŜ ƴƻǘ 

ŎƻƳƳƻƴ ƛƴ Iŀǿŀƛ ƛ ŀƴŘ ǘƘŀǘ ǘƘŜ b9L Řŀǘŀ ŦƻǊ ǇǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ ŀǊŜ ƛƴŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ ǿƛƭŘŦƛǊŜ 

data obtained from DLNR, NEI data were not used to estimate emissions from forest fires in this 

report (See Appendix C for 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 (2019a), IPCC (2006), and expert judgment. The following parameters contributed the 

most to the quantified uncertainty estimates: (1) 2021 reported forest area burned, (2) 2021 Iŀǿŀƛ ƛ 

private forested area in conservation district, and (3) CH4 emission factor. 

The results of the quantitative uncertainty analysis are summarized in Table 5-8. Emissions from forest 

fires were estimated to be between 0.07 and 0.10 MMT CO2 Eq. at the 95 percent confidence level. This 

confidence level indicates a range of approximately 15 percent below and 16 percent above the 

emission estimate of 0.08 MMT CO2 Eq. 

Table 5-8: Quantitative Uncertainty Estimates for Emissions from Forest Fires  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.08   0.07   0.10  -15% 16% 
a Range 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 landfills. Yard trimmings (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 landfills. The carbon stored in these products does not completely 

decompose in landfills as it would under natural conditions such as composting. Therefore, carbon is 

removed from the global carbon cycle, stored, and, thus, considered a sink. The long-term stored carbon 

in Solid Waste Disposal Sites (SWDS) is reported as an informational item under the IPPC guidance in the 

Waste sector (EPA 2010). Harvested wood products (HWP), including paper and cardboard, wood and 

 

 

57 Available online at: https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei. 

https://www.epa.gov/air-emissions-inventories/national-emissions-inventory-nei
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garden, and park waste is equal to the carbon stock change of HWP from domestic consumption 

disposed into SWDS (EPA 2010). The First Order Decay (FOD) model provides a waste composition 

option to calculate the long-term stored carbon from HWP in SWDS. As this is the portion of degradable 

matter not lost through decay. Carbon 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 Greenhouse Dŀǎ LƴǾŜƴǘƻǊƛŜǎ ŀƴŘ 9t!Ωǎ ¦{ DID LƴǾŜƴǘƻǊȅ ƳŜǘƘƻŘǎΦ Hawaii-specific data, while 

limited, indicates that not all harvested wood products are composted within the State. In 2022, 

landfilled yard trimmings sequestered 0.05 MMT CO2 Eq., accounting for 1.9 percent of carbon sinks. 

Table L-24 ǎǳƳƳŀǊƛȊŜǎ ŎƘŀƴƎŜǎ ƛƴ ŎŀǊōƻƴ ǎǘƻŎƪǎ ƛƴ ƭŀƴŘŦƛƭƭŜŘ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ŀƴŘ ŦƻƻŘ ǎŎǊŀǇǎ ƛƴ Iŀǿŀƛ ƛ 

across the timeseries.  

Methodology  

9ǎǘƛƳŀǘŜǎ ƻŦ ǘƘŜ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƛƴ ƭŀƴŘŦƛƭƭŜŘ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ŀƴŘ ŦƻƻŘ ǎŎǊŀǇǎ ŦƻǊ Iŀǿŀƛ ƛ ǿŜǊŜ 

ƎŜƴŜǊŀǘŜŘ ǳǎƛƴƎ ŀ ƳŜǘƘƻŘƻƭƻƎȅ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭ ό9t! 2024d). The State 

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: 

ὒὊὅȟ  ὡȟ ρ ὓὅ Ὅὅὅ ὅὛ Ὅὅὅ ρ ὅὛ Ὅὅὅ Ὡ  

where: 

t   = the year for which carbon stocks are being estimated 

LFCi,t  = the stock of carbon in landfills in year t, for waste i (grass, leaves, branches,  

and food scraps) 

Wi,n   = the mass of waste i disposed in landfills in year n, in units of wet weight 

n   = the year in which the waste was disposed, where 1960 < n < t 

MCi   = moisture content of waste i 

CSi   = the proportion of carbon that is stored permanently in waste i 

ICCi   = 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 the yard 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 (EPA 2024d) 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 (EPA 2024d), were used to calculate the national-ƭŜǾŜƭ ŜǎǘƛƳŀǘŜǎΦ Iŀǿŀƛ ƛ 

ǇƻǇǳƭŀǘƛƻƴ Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύΦ  

Changes in Estimates since the Previous Inventory Report 

wŜƭŀǘƛǾŜ ǘƻ ǘƘŜ нлнм ƛƴǾŜƴǘƻǊȅ ǊŜǇƻǊǘΣ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ǳǇŘŀǘŜŘ ƛƴ ǘƘŜ 

нлнн Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ŀƴŘ ¦Φ{Φ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ǳǇŘŀǘŜŘ ŦǊƻƳ ǘƘŜ ¦Φ{Φ /Ŝƴǎǳǎ .ǳǊŜŀǳ 

(2024). The resulting changes in historical sink estimates from landfilled yard trimmings and food scraps 

are presented in Table 5-9. 

Table 5-9: Change in Sinks from Landfilled Yard Trimmings and Food Scraps Relative to the 2021 Inventory 

Report (MMT CO2 Eq.) 

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 values or sequestration.  

Uncertainties 

The methodology used to estimate carbon sequestration in landfilled yard trimmings and food scraps is 

ōŀǎŜŘ ƻƴ ǘƘŜ ŀǎǎǳƳǇǘƛƻƴ ǘƘŀǘ ǘƘŜ ǇƻǊǘƛƻƴ ƻŦ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ƻǊ ŦƻƻŘ ǎŎǊŀǇǎ ƛƴ ƭŀƴŘŦƛƭƭŜŘ ǿŀǎǘŜ ƛƴ Iŀǿŀƛ ƛ 

is consistent with national estimates. This emissions estimate is calculated using a population-based 

ŘƛǎŀƎƎǊŜƎŀǘƛƻƴ ƻŦ ŀ ƴŀǘƛƻƴŀƭ ŜƳƛǎǎƛƻƴǎ ǘƻǘŀƭΦ !ǎ ŀ ǊŜǎǳƭǘΣ ƛǘ ƛǎ ƛƴǎŜƴǎƛǘƛǾŜ ǘƻ IŀǿŀƛΩƛ-specific trends and 

IŀǿŀƛΩƛ-specific activities that may result in emissions reductions. For example, the City and County of 

Honolulu prohibits commercial and government entities from disposing yard trimmings in landfills (City 

& County of Honolulu 2005). 

Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜǊŜ ŀǊŜ ǳƴŎŜǊǘŀƛƴǘƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎŎŀƭƛƴƎ ¦Φ{Φ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǘƻ Iŀǿŀƛ ƛ ōŀǎŜŘ ƻƴ 

population only. Sequestration in landfilled yard trimmings and food scraps may vary by climate and 

composition of yard trimmings (e.g., branches, grass) for a particular 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 

quantitatively around each input variable based on expert judgment. 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 summarized in Table 5-10. Sinks from landfilled 

yard trimmings and food scraps were estimated to be between -0.09 and -0.02 MMT CO2 Eq. at the 95 

percent confidence level. This confidence level indicates a range of approximately 98 percent below and 

63 percent above the sink estimate of -0.05 MMT CO2 Eq. 

Table 5-10: Quantitative Uncertainty Estimates for Sinks from Landfilled Yard Trimmings and Food Scraps  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 (0.05)  (0.09)  (0.02) 98% -63% 
a 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 in urban areas (i.e., urban ŦƻǊŜǎǘǎύ ǎŜǉǳŜǎǘŜǊ ŎŀǊōƻƴ ŦǊƻƳ ǘƘŜ ŀǘƳƻǎǇƘŜǊŜΦ ¦Ǌōŀƴ ŀǊŜŀǎ ƛƴ Iŀǿŀƛ ƛ 

ǊŜǇǊŜǎŜƴǘŜŘ ŀǇǇǊƻȄƛƳŀǘŜƭȅ ŦƛǾŜ ǇŜǊŎŜƴǘ ƻŦ Iŀǿŀƛ ƛΩǎ ǘƻǘŀƭ ŀǊŜŀ ƛƴ мффлΣ ǎƛȄ ǇŜǊŎŜƴǘ ƻŦ Iŀǿŀƛ ƛΩǎ ǘƻǘŀƭ ŀǊŜŀ 

in 2010, and six percent in 2020 (U.S. Census Bureau 1990a, 2012, and 2022). In 2022, urban trees 

sequestered 0.60 MMT CO2 Eq., accounting for 24.4 percent of carbon sinks. Table L-25 summarizes 

carbon flux from urban trees across the timeseries. 

Methodology  

Carbon flux from urban trees was calculated using a methodology consistent with the U.S. Inventory 

(EPA 2024b) and the IPCC (2006) default Gain-Loss methodology. Carbon flux estimates from urban 

trees were calculated using the following equation. 

ὅὕ Ὂὰόὼὃ Ὕ  Ὓ 
ττ

ρς
 

where: 

A   = total urban area (including clusters), km2   

Tpercent   = percent of urban area covered by trees, dimensionless 

Sc   = C sequestration rates of urban trees, metric tons C/km2 

44/12   = conversion of carbon to CO2 

 

The 1990 to 2022 U.S. Inventory provides state-level carbon sequestration rates from trees in 

Settlements Remaining Settlements, a land-use category that includes urban areas (EPA 2024b). Using 

ǘƘŜ Iŀǿŀƛ ƛ-specific estimates, a rate of annual carbon sequestration per square kilometer of tree 

canopy (MT C/km2 tree cover) was calculated.  



 

 

Agriculture, Forestry, and Other Land Uses (AFOLU) 90 

Census-ŘŜŦƛƴŜŘ ǳǊōŀƴƛȊŜŘ ŀǊŜŀǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǳǊōŀƴƛȊŜŘ ŀǊŜŀ ƛƴ Iŀǿŀƛ ƛΦ58 State-level urban 

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 provided directly from the U.S. Census Bureau (2002, 2012). A linear trend 

was fitted to the 2000 and 2010 data to establish a timeseries from 2001 to 2009. Then, a linear trend 

was fitted to the 2010 and 2020 data to establish a timeseries from 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 urban areas that appeared in 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 was proxied to 2020. Urban area in square kilometers for 1990, 2005, 2007, and 2018 to 2022 are 

summarized in Table 5-11. 

Table 5-11: Statewide Urban Area (sq.km) 

Area 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, 2017, 2019, and 2021 (USFS 2023). Then tree cover 

estimates were interpolated throughout the timeseries based on available data. According to Nowak 

όнлмнύΣ олΦп ǇŜǊŎŜƴǘ ƻŦ ǳǊōŀƴ ŀǊŜŀǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ ŎƻǾŜǊŜŘ ōȅ ǘǊŜŜǎ ŎƛǊŎŀ нллрΣ ǿƘŜǊŜŀǎ ǎǘŀǘŜ-wide 

urban tree cover in NLCD was 29.71% in 2011. The change in state-level urban tree cover in 2005 was 

used to scale down county-level urban tree cover for the last year of NLCD data and interpolate 

between 2005 and 2011. Urban tree cover by county was held constant at 2005 levels for prior years.  

²ƛǘƘ ŀƴ ŜǎǘƛƳŀǘŜ ƻŦ ǘƻǘŀƭ ǳǊōŀƴ ǘǊŜŜ ŎƻǾŜǊ ŦƻǊ Iŀǿŀƛ ƛ ōȅ ȅŜŀǊΣ ǘƘŜ Iŀǿŀƛ ƛ-specific sequestration factor 

(MT C/km2 tree cover) was applied to this area to calculate total C sequestration by urban trees (MT 

C/year). 

 

 

58 Definitions for urbanized area changed between 2000 and 2010 and between 2010 and 2020. In 2000, the U.S. 
/Ŝƴǎǳǎ ǊŜǇƭŀŎŜŘ ǘƘŜ ΨǳǊōŀƴ ǇƭŀŎŜǎΩ ŎŀǘŜƎƻǊȅ ǿƛǘƘ ǘƘŜ ƴŜǿ ŎŀǘŜƎƻǊȅ ƻŦ ŎŀƭƭŜŘ ŀƴ ΨǳǊōŀƴ ŎƭǳǎǘŜǊΦΣΩ Ψ¦Ǌōŀƴ ŎƭǳǎǘŜǊǎΩ 
included areas with more than 500 pŜƻǇƭŜ ǇŜǊ ǎǉǳŀǊŜ ƳƛƭŜΦ Lƴ нлмл /ŜƴǎǳǎΣ ΨǳǊōŀƴ ŀǊŜŀǎΩ ǿŜǊŜ ǳǇŘŀǘŜŘ ǘƻ 
ŜƴŎƻƳǇŀǎǎ /Ŝƴǎǳǎ ǘǊŀŎǘ ŘŜƭƛƴŜŀǘŜŘ ŎƛǘƛŜǎ ǿƛǘƘ рлΣллл ƻǊ ƳƻǊŜ ǇŜƻǇƭŜ ŀƴŘ ΨǳǊōŀƴ ŎƭǳǎǘŜǊǎΩ ǿŜǊŜ ǳǇŘŀǘŜŘ ǘƻ Ŏƻƴǘŀƛƴ 
Census tract delineated locations with between 2,500 and 50,000 people (U.S. Census 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 unit 
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 rest of Iŀǿŀƛ ƛ only, 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 in Table 5-12. 

Table 5-12: Change in Sinks from Urban Trees Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Sink Estimates 1990  2005  2007  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 CO2 flux estimates include the following: 

¶ The methodology used to estimate urban area in 2015, 2016, 2017, 2018, 2019, and 2021 is 

ōŀǎŜŘ ƻƴ ¦{D{ ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ŀǊŜŀ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛ ŀƴŘ ŎƻƴǎƛŘŜǊ ƭŀƴŘ ǘǊŀƴǎƛǘƛƻƴǎΣ 

impacts of climate change, and other factors under a BAU scenario (Selmants et al. 2017). This 

methodology does not consider potential changes in the rate of urbanization over time.  

¶ The average and net sequestration rates are based on estimates of the settlement area in 

Iŀǿŀƛ ƛ ŀƴŘ ǘƘŜ ŀǎǎƻŎƛŀǘŜŘ ǇŜǊŎŜƴǘ ǘǊŜŜ ŎƻǾŜǊ ƛƴ ŘŜǾŜƭƻǇŜŘ ƭŀƴŘΦ ¢Ƙƛǎ ƳŜǘƘƻŘƻƭƻƎȅ Ƙŀǎ 

associated uncertainty resulting from the land cover data used to generate the area and 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), Selmants et al. (2017), U.S. Census (2023), EPA (2024a), 

and expert judgment. The following parameters contributed the most to the quantified uncertainty 

ŜǎǘƛƳŀǘŜǎΥ όмύ ƴŜǘ ŎŀǊōƻƴ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǇŜǊ ŀǊŜŀ ƻŦ ǳǊōŀƴ ǘǊŜŜ ŎƻǾŜǊ ƛƴ Iŀǿŀƛ ƛΣ όнύ Iŀǿŀƛ ƛ ǘǊŜŜ ŎƻǾŜǊΣ 

and (3) 2020 urban area in Honolulu. The quantified uncertainty estimated for net carbon sequestration 

ǇŜǊ ŀǊŜŀ ƻŦ ǳǊōŀƴ ǘǊŜŜ ŎƻǾŜǊ ƛƴ Iŀǿŀƛ ƛ ŎƻƴǘǊƛōǳǘŜŘ ǘƘŜ Ǿŀǎǘ ƳŀƧƻǊƛǘȅ ǘƻ ǘƘŜ ǉǳŀƴǘƛŦƛŜŘ ǳƴŎŜǊǘŀƛƴǘȅ 

estimates. The remaining input variables contributed relatively evenly to the overall uncertainty of the 

sink estimate. 

The results of the quantitative uncertainty analysis are summarized in Table 5-13. Sinks from urban trees 

were estimated to be between -0.93 and -0.34 MMT CO2 Eq. at the 95 percent confidence level. This 

confidence level indicates a range of approximately 54 percent below and 44 percent above the sink 

estimate of -0.56 MMT CO2 Eq. 
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Table 5-13: Quantitative Uncertainty Estimates for Sinks from Urban Trees  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 (0.60)  (0.93)  (0.34) 54% -44% 
a Range 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 3B1a) 

Iŀǿŀƛ ƛ forests and 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 aboveground biomass, 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 discriminate between anthropogenic and non-anthropogenic sources and sinks because 

the majority of anthropogenic GHG emissions and sinks occur on managed land.59 In 2022, forests and 

shrubland sequestered 1.83 MMT CO2 Eq., accounting for 73.8 percent of carbon sinks. Table L-26 

ǎǳƳƳŀǊƛȊŜǎ ŎŀǊōƻƴ ŦƭǳȄ ŦǊƻƳ ŦƻǊŜǎǘǎ ŀƴŘ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛ ŦƻǊ мффлΣ нллрΣ нллтΣ 2010, and 2015 to 

2022. 

Methodology  

The Tier 1 Gain Loss Method as outlined by the 2006 IPCC Guidelines (IPCC 2006) was used to calculate 

ŎŀǊōƻƴ ŦƭǳȄ ƛƴ ƳŀƴŀƎŜŘ Iŀǿŀƛ ƛ ŦƻǊŜǎǘǎΦ ¦ƴƳŀƴŀƎŜŘ ŦƻǊŜǎǘǎ ŀǊŜ ƴƻǘ ƛƴŎƭǳŘŜŘ ƛƴ ǘƘƛǎ ŀƴŀƭȅǎƛǎ ǇŜǊ Lt// 

guidelines. This method requires forestland acreage data as well as annual net C sequestration per unit 

area. The Gain Loss method calculates annual increase in carbon stocks using the following equation: 

ὊέὶὩίὸ ὅὕ Ὂὰόὼ ὃ  Ὓ ȟ  
ττ

ρς
 

where, 

A   = forest land area, hectares  

SNet,i  = net C sequestration rate, tonnes of C/hectare/year 

44/12   = conversion of carbon to CO2 

i   Ґ ŦƻǊŜǎǘ ǘȅǇŜ όŦƻǊŜǎǘ ƻǊ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛύ 

 

 

 

59 Managed forests, under IPCC (2006) guidelines, are deemed to be a human-influenced GHG sink and, 
accordingly, are included here. This encompasses any forest that is under any sort of human intervention, 
alteration, maintenance, or legal protection. Unmanaged forests are not under human influence and thus out of 
the purview of this inventory. 
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aŀƴŀƎŜŘ ŦƻǊŜǎǘƭŀƴŘ ŀŎǊŜŀƎŜ Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύΦ 

Area estimates of private forestland in the conservation district were summed with reserve forestland in 

the conservation district, forested natural areas and wooded farmland in order to generate total 

ƳŀƴŀƎŜŘ ŦƻǊŜǎǘŜŘ ƭŀƴŘ ŀǊŜŀ ƛƴ Iŀǿŀƛ ƛ ŦƻǊ мффлΣ нллрΣ нллтΣ ŀƴŘ нлму ǘƻ нлннΦ  

Forestland was divided into two sub-categories: forest and shrub/scrubland using the island-specific 

ŦƻǊŜǎǘƭŀƴŘ ǘƻ ǎƘǊǳōƭŀƴŘ Ǌŀǘƛƻǎ ŘŜǊƛǾŜŘ ŦǊƻƳ ǘƘŜ bŀǘƛƻƴŀƭ hŎŜŀƴƛŎ ŀƴŘ !ǘƳƻǎǇƘŜǊƛŎ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ 

Coastal Change Analysis Program (NOAA-CCAP) land cover study in 2000 and the USGS assessment of 

land cover in 2014 (NOAA-CCAP 2000; Selmants et al. 2017). 

According to NOAA-//!tΣ ǊƻǳƎƘƭȅ ƘŀƭŦ ƻŦ Iŀǿŀƛ ƛΩǎ ŦƻǊŜǎǘƭŀƴŘ ƛƴ нллл ǿŀǎ ǎƘǊǳōκǎŎǊǳōƭŀƴŘΣ ŘŜŦƛƴŜŘ ŀǎ 

land with vegetation less than 20 feet tall (NOAA-//!t нлллύΦ Lƴ нлмпΣ ǘƘŜ ǎƘŀǊŜ ƻŦ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛ 

decreased to approximately 32 percent according to USGS (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 using forest 

and shrubland area in 2000 (NOAA-CCAP) and 2014 (Selmants et al. 2017).  

bŜǘ ŜŎƻǎȅǎǘŜƳ ǇǊƻŘǳŎǘƛƻƴ ŦƻǊ ŦƻǊŜǎǘ ŀƴŘ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ ¦{D{ ŦƻǊ нлмм 

through 2025 (Selmants 2020). Net ecosystem production represents the net carbon accumulation from 

all carbon fluxes in an ecosystem, including storage in aboveground and belowground biomass, losses 

from oxidation, and exportation to other systems (Randerson, et al., 2002). Net C sequestration rates 

were calculated by dividing annual net ecosystem production for each land class by the associated area 

ǘƻ ƻōǘŀƛƴ ŀ ȅŜŀǊƭȅ ǊŀǘŜ όa¢ /κƘŀκȅŜŀǊύΦ 9ŀŎƘ ȅŜŀǊΩǎ ƴŜǘ / ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǊŀǘŜ ŦƻǊ ŦƻǊŜǎǘ ŀƴŘ ǎƘǊǳōƭŀƴŘ 

were applied to the respective land area. For years prior to 2011, the average sequestration rate across 

the entire timeseries was 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 based on land 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 different land-use/climate change 

projections. Yearly forest and shrubland sequestration rates are only available after 2011; all years prior 

to 2011 use an average rate across the available timeseries (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 judgment. The following parameters contributed the most to 

the quantified uncertainty estimates: (1) 2022 forest net ecosystem production, (2) 2022 Iŀǿŀƛ ƛ ǇǊƛǾŀǘŜ 

forested area in conservation district, and (3) 2022 total forest area.  



 

 

Agriculture, Forestry, and Other Land Uses (AFOLU) 94 

The results of the quantitative uncertainty analysis are summarized in Table 5-14. Sinks from forest 

carbon were estimated to be between -2.19 and -1.52 MMT CO2 Eq. at the 95 percent confidence level. 

This confidence level indicates a range of approximately 20 percent below and 17 percent above the 

sink estimate of -1.83 MMT CO2 Eq. 

Table 5-14: Quantitative Uncertainty Estimates for Sinks from Forest Carbon  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 (1.83)  (2.19)  (1.52) 20% -17% 
a 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 

This chapter presents GHG emissions from waste 

management and treatment activities. For the state of 

ǘƘŜ Iŀǿŀƛ ƛΣ ǿŀǎǘŜ ǎŜŎǘƻǊ ŜƳƛǎǎƛƻƴǎ ŀǊŜ estimated from the 

following sources: landfills (IPCC Source Category 4A1), 

composting (IPCC Source Category 4B), and wastewater 

treatment (IPCC Source Category 4D).60 Emissions from the 

incineration of waste are reported under the Energy sector, 

consistent with the U.S. Inventory, since the incineration of 

waste generally occurs at facilities where energy is 

recovered. 

In 2022, emissions from the Waste sector were 0.4 MMT CO2 

Eq., accounting for 1.9 percent of total Iŀǿŀƛ ƛ emissions. 

Emissions from landfills accounted for the largest share of 

Waste sector emissions, followed by emissions from 

wastewater treatment, and composting. Figure 6-1 and 

Figure 6-2 show emissions (% and MMT CO2 Eq.) from the 

Waste sector by source for 2022.  

Figure 6-2: 2022 Waste Emissions by Source (MMT CO2 Eq.) 

 

 

 

60 Lƴ Iŀǿŀƛ ƛΣ ƛƴŎƛƴŜǊŀǘƛƻƴ ƻŦ a{² ƻŎŎǳǊǎ ŀǘ ǿŀǎǘŜ-to-energy facilities and thus emissions from incineration of 
waste for energy purposes (IPCC Source Category 1A1a) are accounted for in the Energy sector. 

Figure 6-1: 2022 Waste Emissions (%) by Source 

Note: Totals may not sum due to independent 
rounding. 
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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 in all inventory years. These emissions decreased between 

1990 and 2022 as a result of an increase in the volume of landfill gas recovered for flaring. Landfill flaring 

is a process used to safely dispose of landfill gas ς mainly CH4 and CO2τ by burning it instead of letting it 

escape into the atmosphere. During flaring, CH4 is converted to CO2 (a GHG with a lower global warming 

potential), water vapor, and trace compounds. Figure 6-3 below shows Waste sector emissions by 

source category for each inventory year. Emissions by source and year are also summarized in Table 

L-27. 

Figure 6-3: Waste Sector Emissions by Source and Year (MMT CO2 Eq.) 

 

Notes: Emissions estimates were calculated for 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 summarized in Appendix F and Appendix G, respectively.  

6.1 Landfills (IPCC Source Category 4A1) 

When placed 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 approximately 50 percent biogenic CO2 and 50 percent CH4, by 

volume (EPA 2024b). Consistent with IPCC (2006), biogenic CO2 from landfills is not reported under the 

Waste sector. In 2022, CH4 ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƭŀƴŘŦƛƭƭǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 0.32 MMT CO2 Eq., accounting for 

79.8 percent of Waste sector emissions and 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 

ǊŜŎƻǾŜǊŜŘ ŦƻǊ ŦƭŀǊƛƴƎ ƛƴ Iŀǿŀƛ ƛ which reduces CH4 emissions. Changes in emissions year over year at 

individual landfills can also be attributed to landfill gas recovery due to technologies coming online or 

technological difficulties based on location. Table L-28 summarizes CH4 emissions from landfills in 

Iŀǿŀƛ ƛ ŦƻǊ across the timeseries. 

Consistent with the methodology used for the U.S. Inventory (EPA 2024b), potential MSW landfill 

ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ŀ ŎƻƳōƛƴŀǘƛƻƴ ƻŦ ǊŜǇƻǊǘŜŘ ŜƳƛǎǎƛƻƴǎ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ DǊŜŜƴƘƻǳǎŜ Dŀǎ 

Reporting Program (GHGRP) (EPA 2024c), waste in place data prƻǾƛŘŜŘ ōȅ 9t!Ωǎ [aht ό9t! нлннb), and 

ŀƴƴǳŀƭ ŀƳƻǳƴǘǎ ƻŦ ǿŀǎǘŜ ƭŀƴŘŦƛƭƭŜŘ ƛƴ Iŀǿŀƛ ƛΦ 5ŀǘŀ ƻƴ ǘƘŜ ǘƻƴǎ ƻŦ ǿŀǎǘŜ ƭŀƴŘŦƛƭƭŜŘ ǇŜǊ ȅŜŀǊ ƛƴ Iŀǿŀƛ ƛ 

ŦƻǊ мффр ǘƘǊƻǳƎƘ нлнн ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ ǘƘŜ Iŀǿŀƛ ƛ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ ό5hIύΣ {ƻƭƛŘ ²ŀǎǘŜ .ǊŀƴŎƘ 

όIŀǿŀƛ ƛ 5hI нлн4 and Otsu 2008). Historical MSW generation and disposal volumes from 1960 through 

мффп ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ ŘŜŦŀǳƭǘ ǿŀǎǘŜ ƎŜƴŜǊŀǘƛƻƴ ŀƴŘ ŘƛǎǇƻǎŀƭ Řŀǘŀ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ ŦǊƻƳ 

9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭ ς Municipal Solid Waste Module (EPA 2024d).  

For the years 2010 to 2022, direct measurements of CH4 ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ DIDwt 

database, using Equation HH-8 for MSW landfills and Equation TT-с ŦƻǊ Iŀǿŀƛ ƛΩǎ ƻƴŜ ƛƴŘǳǎǘǊƛŀƭ ƭŀƴŘŦƛƭƭ 

(EPA 2024c). GHGRP emissions are considered an IPCC Tier 3 approach (IPCC 2006) that consider flared 

and captured CH4 ŦǊƻƳ ǘƘŜ ƭŀƴŘŦƛƭƭΩǎ ƻǇŜǊŀǘƛƻƴǎΣ ƘƻǳǊǎ ƻŦ ƻǇŜǊŀǘƛƻƴ ƻŦ ŎŀǇǘǳǊƛƴƎ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ǘƘŜ 

collection efficiency of the system. Since only landfills that surpass 25,000 MT CO2 Eq. of emissions 

annually are required to report to GHGRP, a scaling factor, which changes annually based on the amount 

of waste in place in facilities, the GHGRP provided waste in place data, and island population numbers, is 

applied to most county emissions to account for the municipal landfills that fall under the GHGRP 

reporting threshold.61 No scaling factor was applied to Honolulu County due 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 for eŀŎƘ ȅŜŀǊΣ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ [ahtΩǎ ǿŀǎǘŜ ƛƴ ǇƭŀŎŜ Řŀǘŀ ŀƴŘ ŀƴƴǳŀƭ ǘƛǇǇƛƴƎ 

ŀƳƻǳƴǘǎ ŦǊƻƳ Iŀǿŀƛ ƛ 5hIΦ 

!ƴƴǳŀƭ ǊŜǇƻǊǘƛƴƎ ǊŜǉǳƛǊŜƳŜƴǘǎ ǘƻ 9t!Ωǎ DIDwt ŦƻǊ ŀǇǇƭƛŎŀōƭŜ ƭŀƴŘŦƛƭƭǎ ōŜƎŀƴ ƛƴ нлмлΦ ¢ƘŜǊŜŦƻǊŜΣ 

reported CH4 generation obtained from GHGRP were back-casted to the years 1990, 2005, and 2007 and 

the total amount of flared CH4 for each year was subtracted. Emissions from the Waimanalo Gulch 

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 year for anaerobic conditions 

to be established and methane-producing bacteria to start decomposing waste (EPA 2023b). 

Equation HH-8 for MSW landfills as described by GHGRP is as follows: 

 

 

61 The scale up factor is determined by the difference between one and 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 data and the formula takes into account changes year over year. 
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Ὁ
Ὑ

ὅὉ zὪ
Ὑ  zρ ὕὢ  Ὑ  zρ  ὈὉ zὪ  

where, 

E = amount of CH4 emitted 

R = quantity of recovered CH4 from GHGRP equation HH-4 (metric tons) 

CE = collection efficiency estimated at landfill 

fRec = fraction of hours the recovery system was operating 

OX = oxidation factor 

DE = destruction efficiency  

fDest = fraction of hours the destruction device was operating 

 

Equation TT-6 for industrial landfills as described by GHGRP is as follows: 

ὓὋ Ὃ  zρ ὕὢ 

where, 

MG = amount of CH4 generated, adjusted for oxidation 

GCH4 = modeled methane generation from GHGRP Equation TT-1  

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 

back-cast emissions for the years 1990, 2005, and 2007. The current report includes 2022 GHGRP values 

to improve back-casted estimates. Additionally, updated population numbers for years 2011 to 2022 

were incorporated into this inventory report. The resulting changes in historical emission estimates are 

presented in Table 6-1. 

Table 6-1: Change in Emissions from Landfills Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Sink Estimates 1990  2005  2007  2017 2018 2019 2020 2021 

2021 Inventory Report 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 -0.05 percent. 
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Uncertainties  

To estimate uncertainty associated with emissions from landfills, uncertainties for several sources and 

activity data were assessed, including: (1) landfill methane emissions from GHGRP, (2) landfill waste-in-

ǇƭŀŎŜ Řŀǘŀ ŦǊƻƳ 9t!Ωǎ [ahtΣ όоύ ƳŜǘƘŀƴŜ ƎŜƴŜǊŀǘƛƻƴ ǇƻǘŜƴǘƛŀƭΣ όпύ ƳŜǘƘŀƴŜ ƎŜƴŜǊŀǘƛƻƴ ǊŀǘŜ ŎƻƴǎǘŀƴǘΣ 

(5) Hawaii state population, and (6) landfill disposal rates. Uncertainty was estimated quantitatively 

around each input variable based on expert judgment, IPCC (2006), and EPA (2024a). The following 

parameters contributed the most to the quantified uncertainty estimates for MSW landfills: (1) reported 

ƳŜǘƘŀƴŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ {ƻǳǘƘ Iƛƭƻ ƭŀƴŘŦƛƭƭΣ όнύ aŀǳƛ ŎƻǳƴǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴΣ ŀƴŘ όоύ ǊŜǇƻǊǘŜŘ ƳŜǘƘŀƴŜ 

emissions from the Central Maui ƭŀƴŘŦƛƭƭΦ {ƛƴŎŜ Iŀǿŀƛ ƛ ƻƴƭȅ Ƙŀǎ ƻƴŜ ƛƴŘǳǎǘǊƛŀƭ ƭŀƴŘŦƛƭƭ ŀƴŘ ƳŜǘƘŀƴŜ 

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 summarized in Table 6-2 for MSW landfills and 

Table 6-3 for industrial landfills. Emissions from MSW landfills were estimated to be between 0.26 and 

0.28 MMT CO2 Eq. at the 95 percent confidence level. This confidence level indicates a range of 

approximately three percent below and four percent above the emission estimate of 0.27 MMT CO2 Eq. 

Emissions from industrial landfills were estimated to be between 0.046 and 0.051 MMT CO2 Eq. at the 

95 percent confidence level. This confidence level indicates a range of approximately five percent below 

and five percent above the emission estimate of 0.05 MMT CO2 Eq. 

Table 6-2: Quantitative Uncertainty Estimates for Emissions from MSW Landfills 

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.27   0.26   0.28  -3% 4% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval. 

Table 6-3: Quantitative Uncertainty Estimates for Emissions from Industrial Landfills 

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.05   0.046   0.051  -5% 5% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval. 

6.2 Composting (IPCC Source Category 4B) 

Composting involves the aerobic decomposition of organic waste materials, wherein large portions of 

the degradable organic carbon in the waste materials are converted into CO2. The remaining solid 

portion is often recycled as fertilizer and soil amendment or disposed of in a landfill. During the 

composting process, trace amounts of CH4 and N2O can form, depending on how the compost pile is 

ƳŀƴŀƎŜŘ ό9t! нлнпōύΦ Lƴ нлннΣ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŎƻƳǇƻǎǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 0.03 MMT CO2 Eq., 
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accounting for 6.7 percent of Waste sector emissions and 0.1 percent of statewide total emissions 

(excluding sinks). Relative 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 35.2 percent, relative to 2021. Table L-29 summarizes 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŎƻƳǇƻǎǘƛƴƎ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

Methane and N2O emissions from composting were calculated using the IPCC default (Tier 1) 

methodology, summarized in the equations below (IPCC 2006).  

ὅὌ ὉάὭίίὭέὲίὓ  zὉὊ Ὑ 

where, 

M = mass of organic waste composted in inventory year 

EF = emission factor for composting 

R = total amount of CH4 recovered in inventory year  

ὔὕ ὉάὭίίὭέὲίὓ z ὉὊ 

where, 

M = mass of organic waste composted in inventory year 

EF = emission factor for composting 

Tons of waste composted per year and by county were provided by the Office of Solid Waste 

Management within Iŀǿŀƛ ƛΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ όIŀǿŀƛ ƛ 5hI нлнпύΦ This data is an annual report 

of composting facilities permitted by the Solid Hazardous Waste Branch for facilities that process more 

than 3,000 tons of green waste. The emission factors for composting were obtained from IPCC (2006). It 

was assumed that CH4 ǊŜŎƻǾŜǊȅ ŘƛŘ ƴƻǘ ƻŎŎǳǊ ŀǘ ŎƻƳǇƻǎǘƛƴƎ ƻǇŜǊŀǘƛƻƴǎ ƛƴ Iŀǿŀƛ ƛΦ 

Changes in Estimates since the Previous Inventory Report 

This inventory report incorporated updated population numbers for years 2011 to 2022. The resulting 

changes in historical emission estimates are presented in Table 6-4. 

Table 6-4: Change in Emissions from Composting Relative to the 2021 Inventory Report (MMT CO2 Eq.) 

Sink Estimates 1990  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 composting, uncertainties for the following 

were assessed: (1) CH4 emission factor, (2) N2O emission factor, (3) waste composted by county, and (4) 
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Hawaii population data. Uncertainty was estimated quantitatively around each input variable based on 

expert judgment, IPCC (2006), and EPA (2024a). The following parameters contributed the most to the 

quantified uncertainty estimates: (1) CH4 emission factor, (2) N2O emission factor, and (3) Honolulu 

County composting tonnage amount. 

The results of the quantitative uncertainty analysis are summarized in Table 6-5. Emissions from 

composting were estimated to be between 0.01 and 0.04 MMT CO2 Eq. at the 95 percent confidence 

level. This confidence level indicates a range of approximately 51 percent below and 63 percent above 

the emission estimate of 0.03 MMT CO2 Eq. 

Table 6-5: Quantitative Uncertainty Estimates for Emissions from Composting  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.03   0.01   0.04  -51% 63% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval. 

6.3 Wastewater Treatment (IPCC Source Category 4D) 

Wastewater produced from domestic, commercial, and industrial sources is treated either on-site (e.g., 

in septic systems) or in central treatment systems to remove solids, pathogenic organisms, and chemical 

contaminants (EPA 2024b). During the wastewater treatment process, CH4 is generated when 

microorganisms biodegrade soluble organic material in wastewater under anaerobic conditions. The 

generation of N2O occurs during both the nitrification and denitrification of the nitrogen present in 

ǿŀǎǘŜǿŀǘŜǊΦ hǾŜǊ нл ŎŜƴǘǊŀƭƛȊŜŘ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ Ǉƭŀƴǘǎ ƻǇŜǊŀǘŜ ƛƴ Iŀǿŀƛ ƛΣ ǎŜǊǾƛƴƎ Ƴƻǎǘ ƻŦ ǘƘŜ 

stateΩǎ ǇƻǇǳƭŀǘƛƻƴΦ ¢ƘŜ ǊŜƳŀƛƴƛƴƎ ǿŀǎǘŜǿŀǘŜǊ ƛǎ ǘǊŜŀǘŜŘ ŀǘ ƻƴ-site wastewater systems. In 2022, 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 0.05 MMT CO2 Eq., accounting for 13.5 percent of 

Waste sector emissions and 0.3 percent of statewide total emissions (excluding sinks). Relative to 1990, 

emissions from wastewater treatment in 2022 were lower by 42.5 percent. Table L-30 summarizes 

ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǿŀǎǘŜǿŀǘŜǊ ǘǊŜŀǘƳŜƴǘ ƛƴ Iŀǿŀƛ ƛ across the timeseries. 

Methodology  

Wastewater treatment emissions were calculated using a methodology consistent with the 

ƳŜǘƘƻŘƻƭƻƎȅ ǳǎŜŘ ŦƻǊ ǘƘŜ ¦Φ{Φ LƴǾŜƴǘƻǊȅ ό9t! нлнпōύ ŀƴŘ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭǎ ς Wastewater 

Module (EPA 2024d). Wastewater emissions from municipal wastewater treatment, 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 CH4 emissions from municipal wastewater treatment, the total annual 5-day biochemical 

oxygen demand (BOD5) production in metric tons was multiplied by the fraction that is treated 

anaerobically and by the CH4 produced per metric ton of BOD5: 
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ὅὌτ ὉάὭίίὭέὲί ὄὕὈυ  zὉὊz ὃὈ 

where, 

BOD5 = total annual 5-day biochemical oxygen demand production 

EF = emission factor for municipal wastewater treatment 

AD = percentage of wastewater BOD5 treated through anaerobic digestion 

 

Municipal wastewater treatment direct N2O 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 N2O emission factor per person per year:  

ὈὭὶὩὧὸ ὔὕ ὉάὭίίὭέὲίὛὩὴὸὭὧ zὉὊ 

where, 

Septic = percentage of the population by region not using septic wastewater treatment 

EF = emission factor for municipal wastewater treatment 

 

Municipal wastewater N2O emissions from biosolids were calculated using the equation below:  

ὄὭέίέὰὭὨί ὔὕ ὉάὭίίὭέὲίὖ  zὔ  zὊ ὔ  zρ ὄὭέίέὰὭὨί zὉὊ 

where, 

P = total annual protein consumption 

NP = nitrogen content of protein 

FN = fraction of nitrogen not consumed 

NDirect = direct N2O emissions 

Biosolids = percentage of biosolids used as fertilizer 

EF = emission factor for municipal waste treatment 

Biosolids, a type of sewage sludge that has been treated and processed to meet specific regulatory 

standards for land application, are 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 double counted. For all 

inventory years, it was assumed that no biosolids were used as fertilizer. 

Data on National Pollutant Discharge Elimination System (NPDES) and non-NPDES wastewater treatment 

plants, including flow rate and BOD5Σ ǿŜǊŜ ǇǊƻǾƛŘŜŘ ōȅ Iŀǿŀƛ ƛ 5hIΣ ²ŀǎǘŜǿŀǘŜǊ .ǊŀƴŎƘ όtǊǳŘŜǊ нллуΣ 

Iŀǿŀƛ ƛ 5hI нлмтΣ Iŀǿŀƛ ƛ 5hI нлмуΣ ŀƴŘ Iŀǿŀƛ ƛ 5hI нлннŀΣ нлннōΣ нлннŎΣ нлннŘΣ нлннŜύ ƻǊ 

ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ 9ƴŦƻǊŎŜƳŜƴǘ ŀƴŘ /ƻƳǇƭƛŀƴŎŜ IƛǎǘƻǊȅ hƴƭƛƴŜ ό9/Ihύ 5ŀǘŀōŀǎŜ ό9t! нлннŘύΦ ²ƘŜǊŜ 

sufficient data were available, it was used to characterize BOD5 for a given island and inventory year. 

When sufficient data were not available, data for a particular WWTP were either proxied to the most 

ǊŜŎŜƴǘ ȅŜŀǊ ǿƛǘƘ ŘŀǘŀΣ ƻǊ ǘƻ ǘƘŜ Iŀǿŀƛ ƛ ŘŜŦŀǳƭǘ .h55 value from the 1997 inventory of 0.1356 due to it 

ōŜƛƴƎ ǘƘŜ ōŜǎǘ ŀǾŀƛƭŀōƭŜ Řŀǘŀ ǘƘŀǘ ƛǎ Iŀǿŀƛ ƛ-ǎǇŜŎƛŦƛŎ ŀƴŘ ǎƻǳǊŎŜŘ ŦǊƻƳ ǘƘŜ Iŀǿŀƛ ƛ {ǘŀǘŜ 5ŜǇŀǊǘƳŜƴǘ ƻŦ 

IŜŀƭǘƘ ό5.95¢ ŀƴŘ 5hI мффтύΦ {ǇŜŎƛŦƛŎŀƭƭȅΣ ōŜŎŀǳǎŜ ƻŦ ƛƴŎƻƳǇƭŜǘŜ ƘƛǎǘƻǊƛŎŀƭ ŘŀǘŀΣ ǘƘŜ Iŀǿŀƛ ƛ ŘŜŦŀǳƭǘ 
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BOD5 value from the 1997 inventory was used across all counties for the 1990, 2005, and 2007 inventory 

years.  

tƻǇǳƭŀǘƛƻƴ Řŀǘŀ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύΣ U.S. Census Bureau data (1990b), 

and Pruder (2008) were used to calculate wastewater treatment volumes and the share of households 

on septic systems. For the full timeseries comprehensive 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 estimate the 

percent of Hawaƛ ƛΩǎ ǇƻǇǳƭŀǘƛƻƴ ǳǎƛƴƎ ǎŜǇǘƛŎ ǎȅǎǘŜƳǎ ŦƻǊ ŀƭƭ ƛƴǾŜƴǘƻǊȅ ȅŜŀǊǎ ό9t! нлнпōύΦ 9Ƴƛǎǎƛƻƴ 

ŦŀŎǘƻǊǎ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭ ό9t! нлнпŘύΦ 

Changes in Estimates since the Previous Inventory Report 

This inventory updated historical emission estimates by incorporating newly obtained flow rates and 

BOD5 ŦƻǊ bt59{ ²²¢tǎΣ ŦǊƻƳ Iŀǿŀƛ ƛ 5hI ²ŀǎǘŜǿŀǘŜǊ .ǊŀƴŎƘ ŀƴŘ ŦǊƻƳ 9t!Ωǎ 9/Ih 5ŀǘŀōŀǎŜΣ 

respectively. In addition, this inventory report incorporated updated population numbers for years 2011 

to 2022. The resulting changes in historical emission estimates are presented in Table 6-6. 

Table 6-6. Change in Emissions from Wastewater Treatment Relative to the 2021 Inventory Report (MMT CO2 

Eq.) 

Sink Estimates 1990  2005  2007  2017 2018 2019 2020 2021 

2021 Inventory Report 0.09 

 

0.11 

 

0.11 

 

0.07 0.07 0.07 0.05 0.06 

This Inventory 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 0.005 MMT CO2 Eq. or 0.05 percent. 

Uncertainties  

5ǳŜ ǘƻ ǘƘŜ ƭŀŎƪ ƻŦ Iŀǿŀƛ ƛ-specific data, default emission ŦŀŎǘƻǊǎ ŦǊƻƳ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ ¢ƻƻƭǎ ς 

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 household septic systems were unavailable, so a U.S. country average was used in its place. For 

instances where BOD or flow rate data from 2022 were not available, data from the most recent 

available year was used to estimate emissions for 2022. This emissions estimate is calculated using 

averages and disaggregations of national valuesΦ !ǎ ŀ ǊŜǎǳƭǘΣ ƛǘ ƛǎ ƛƴǎŜƴǎƛǘƛǾŜ ǘƻ IŀǿŀƛΩƛ-specific trends 

ŀƴŘ IŀǿŀƛΩƛ-specific activities that may result in emissions reductions. 

To estimate uncertainty associated with emissions from wastewater treatment, uncertainties for six 

quantities were assessed: (1) wastewater treatment plan flow rates, (2) BOD5 values, (3) direct N2O 

emissions rate, (4) biosolid N2O emission factor, (5) CH4 emission factor, and (6) percentage of biosolids 

used as fertilizer. Uncertainty 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: (1) N2O emission factor, (2) CH4 emission factor, (3) fraction of non-consumption nitrogen, 

and (4) fraction of nitrogen in protein. 

The results of the quantitative uncertainty analysis are summarized Table 6-7. Emissions from 

wastewater treatment were estimated to be between 0.04 and 0.07 MMT CO2 Eq. at the 95 percent 

confidence level. This confidence level indicates a range of approximately 26 percent below and 29 

percent above the emission estimate of 0.05 MMT CO2 Eq. 

Table 6-7: Quantitative Uncertainty Estimates for Emissions from Wastewater Treatment  

2022 Emissions 
Estimate  

(MMT CO2 Eq.) 

Uncertainty Range Relative to Emissions Estimatea 

(MMT CO2 Eq.) (percent) 

Lower Bound Upper Bound Lower Bound Upper Bound 

 0.05   0.04   0.07  -26% 29% 
a Range of emission estimates predicted by Monte Carlo Stochastic Simulation for a 95 percent confidence interval 
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7. Emission Projections 

¢Ƙƛǎ ŎƘŀǇǘŜǊ ǇǊŜǎŜƴǘǎ ǇǊƻƧŜŎǘƛƻƴǎ ŦƻǊ Iŀǿŀƛ ƛ ǎǘŀǘŜǿƛŘŜ ŀƴŘ Ŏƻǳƴǘȅ-level GHG emissions and sinks for 

2025, 2030, 2035, 2040, and 2045. This chapter includes a summary of the baseline projection results 

and the methodology used to develop these projections. This chapter also includes scenario-based 

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 how different economic factors, technology, and policy 

influence GHG emissions. 

7.1 Methodology Overview 

Methodology 

DID ŜƳƛǎǎƛƻƴǎ ǊŜǎǳƭǘ ŦǊƻƳ ŜŎƻƴƻƳƛŎ ŀŎǘƛǾƛǘƛŜǎ ƻŎŎǳǊǊƛƴƎ ǿƛǘƘƛƴ Iŀǿŀƛ ƛΦ ¢ƘŜǎŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƛƳǇŀŎǘŜŘ 

by the overall level of economic activities, the types of energy and technologies used, land use decisions, 

and other factors. Estimating future GHG emissions relies 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 top-down and bottom-up approaches to develop baseline 

projections of statewide and county-level GHG emissions for the years 2025, 2030, 2035, 2040, and 

2045. The projections for several sources (residential, commercial, and industrial energy use, domestic 

and international aviation, non-energy uses, composting and wastewater treatment) are based on either 

a long-range forecast for gross state/county product or future population (including visitor arrivals), 

using the 2022 statewide GHG inventory as a starting point. Sector-specific 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 agriculture, forestry, 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. Bottom-up approaches are used 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 component of future GHG emissions. Therefore, a 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 the baseline scenario62, three major points of uncertainty were assessed by modeling six 

alternate scenarios for statewide GHG emissions in 2025, 2030, 2035, 2040, and 2045, as described 

ōŜƭƻǿΦ bƻǘŀōƭȅΣ ǘƘŜǎŜ ŀƭǘŜǊƴŀǘŜ ǎŎŜƴŀǊƛƻǎ ŀǊŜ ǿƛǘƘƛƴ ǘƘŜ ŜƴŜǊƎȅ ǎŜŎǘƻǊΦ Lƴ Iŀǿŀƛ ƛΣ ŦƻƭƭƻǿƛƴƎ ƴŀǘƛƻƴŀƭ 

trends, the energy sector is the dominant contributor to GHG emissions. In addition, the energy sector is 

highly susceptible 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.  

¶ Alternate Scenario 1A and 1B: World 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 based on the U.S. Energy 

LƴŦƻǊƳŀǘƛƻƴ !ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪ нлно ό9L! нлноύΦ  

¶ Alternate Scenario 2A and 2BΥ wŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŘŜǇƭƻȅƳŜƴǘΦ Iŀǿŀƛ ƛ ŀŘƻǇǘŜŘ ŀ wŜƴŜǿŀōƭŜ 

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 2045 (HRS §269-92). 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 Plan).63 For Alternate Scenario 2B, renewable energy 

deployment is projected based on the rate of deployment since 2016. 

¶ Alternate Scenario 3A and 3B: Ground transportation technology adoption. To meet ǘƘŜ {ǘŀǘŜΩǎ 

ƻōƧŜŎǘƛǾŜ ƻŦ άŎŀǊōƻƴ ƴŜǘ ƴŜƎŀǘƛǾŜέ ōȅ нлпрΣ transportation is a key sector and has been the focus of 

decarbonization effortsΦ aƻǊŜƻǾŜǊΣ ƛƴ нлмтΣ Iŀǿŀƛ ƛΩǎ ŦƻǳǊ Ŏƻǳƴǘȅ ƳŀȅƻǊǎ ŎƻƳƳƛǘǘŜŘ ǘƻ ŀ ǎƘŀǊŜŘ 

Ǝƻŀƭ ƻŦ ǊŜŀŎƘƛƴƎ млл ǇŜǊŎŜƴǘ άǊŜƴŜǿŀōƭŜ ƎǊƻǳƴŘ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴέ ōȅ нлпр όCity & County of Honolulu 

2018a). 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. This alternate 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 J. The methodologies used to identify county-level estimates are also detailed in Appendix J.   

 

 

62 A modeled emissions baseline scenario estimates emissions under current policy and trends.   
63 The baseline scenario uses the IGP Land Constrained for Oahu but assumes fewer renewable energy builds in 

2045. All other counties follow a linear path to 100 percent renewables in 2045. 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 J. The methodologies used to identify 

county-level estimates are also detailed in Appendix J. 

https://www.capitol.hawaii.gov/hrscurrent/Vol05_Ch0261-0319/HRS0269/HRS_0269-0092.htm
https://www.honolulu.gov/cms-csd-menu/site-csd-sitearticles/985-site-csd-news-2017-cat/29848-12-12-17-hawaii’s-mayors-commit-to-shared-goal-of-100-percent-renewable-ground-transportation-by-2045.html
https://www.honolulu.gov/cms-csd-menu/site-csd-sitearticles/985-site-csd-news-2017-cat/29848-12-12-17-hawaii’s-mayors-commit-to-shared-goal-of-100-percent-renewable-ground-transportation-by-2045.html
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Limitations of the Projections Analysis 

As with 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 exist, as discussed 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: 

¶ Inventory Estimates: The 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.  

¶ Macroeconomy and Population Projections: GHG emissions are influenced by various economic 

ŦŀŎǘƻǊǎΦ CƻǊ Iŀǿŀƛ ƛΣ ǘƘŜ ƪŜȅ ŦŀŎǘƻǊǎ ŀǊŜ ƎǊƻǎǎ ǎǘŀǘŜ ǇǊƻŘǳŎǘΣ ǇƻǇǳƭŀǘƛƻƴΣ ŀƴŘ ǾƛǎƛǘƻǊ ŀǊǊƛǾŀƭǎ ŀƴŘ 

expenditures. How these economic factors will change over time is unknown; therefore, the 

variability in these economic measures introduces uncertainty into emissions estimates. This 

analysis uses the DBEDT (2024d) short-run forecast of Gross State Product (GSP), visitor arrivals, 

population, and de facto population (a measure of both residents and visitors that accounts for 

typical visitor length of stay) through 2025 to project these respective macroeconomic statistics 

from 2022 to 2025. From there, the DBEDT long-term forecast is applied (DBEDT 2024e) to 

project these statistics from 2025 to 2045.  

¶ Future Technology: Breakthroughs in technology, for example in large-scale battery storage or 

direct carbon air capture, will change the available suite and relative cost-effectiveness of 

commercially available low carbon technologies. 

¶ Policy: Elements of other recently adopted policies such as Act 15, Session Law of Iŀǿŀƛ ƛ нлму 

(Act 15 of 2018ύΣ ǿƘƛŎƘ ŦƻŎǳǎŜǎ ƻƴ ƛƴŎǊŜŀǎƛƴƎ DID ǎŜǉǳŜǎǘǊŀǘƛƻƴ ƛƴ Iŀǿŀƛ ƛϥǎ ŀƎǊƛŎǳƭǘǳǊŀƭ ŀƴŘ 

natural environment, and Act 16, {Ŝǎǎƛƻƴ [ŀǿǎ ƻŦ Iŀǿŀƛ ƛ 2018 (Act 16 of 2018), which 

establishes a framework for a carbon offset program, were not directly considered in this 

analysis. 

¶ Linear Projections: Historical data were used as a basis for linear projections within the report. 

These projections relied on the assumption that future data will follow a trend consistent with 

the past. Confounding factors such 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 decrease by two percent 

36 percent by 2045. Over the same period, net emissions are projected to decrease by two percent 42 

percent. And when excluding aviation, net emissions are projected to decrease by 68 percent.  

Figure 7-1 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 presented in Figure 

7-2. Discussion of emission projections by sector is provided in the following sections. 

https://www.capitol.hawaii.gov/sessions/session2018/bills/GM1115_.PDF
https://www.capitol.hawaii.gov/sessions/session2018/bills/GM1116_.PDF
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Figure 7-1Υ Iŀǿŀƛ ƛ bŜǘ DID 9Ƴƛǎǎƛƻƴǎ ōȅ ¸ŜŀǊ (MMT CO2 Eq.) (Including Sinks and Aviation) 

 
Notes: Emission estimates include sinks and domestic aviation emissions. Emissions estimates were calculated for 
1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were 
developed through linear interpolation. 

Figure 7-2Υ tǊƻƧŜŎǘŜŘ Iŀǿŀƛ ƛ DID bŜǘ 9Ƴƛǎǎƛƻƴǎ ǳƴŘŜǊ ŜŀŎƘ {ŎŜƴŀǊƛƻ (MMT CO2 Eq.) (Including Sinks and 

Aviation) 

 
Note: Emission estimates include domestic aviation and sinks. 

Table 7-1 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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Table 7-1Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ ό9ȄŎƭǳŘƛƴƎ {ƛƴƪǎύ ōȅ {ŎŜƴŀǊƛƻ ŦƻǊ нлнрΣ нлолΣ нлорΣ нлплΣ ŀƴŘ нлпр 

(MMT CO2 Eq.) 

Scenario 
Total Emissions (Excluding Sinks)a,b  

2025 2030 2035 2040 2045 

Baseline Scenario 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 1B 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 2B 19.89  18.46  16.41  15.41  13.60  

Alternate Scenario 3A 19.89  17.83  15.44  14.27  12.44  

Alternate Scenario 3B 19.89  17.92  15.84  15.05  13.69  
a Emissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines. 
b Iŀǿŀƛ ƛ 's GHG emission reduction goals require the inclusion of domestic aviation emissions, which are reported 
under the Energy sector. 

Table 7-2 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 to Act 238 of 2022.  

Table 7-2Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ όLƴŎƭǳŘƛƴƎ {ƛƴƪǎύ ōȅ {ŎŜƴŀǊƛƻ ŦƻǊ нлнрΣ нлолΣ нлорΣ нлплΣ ŀƴŘ нлпр 

(MMT CO2 Eq.) 

Scenario 
Net Emissions (Including Sinks)a,b 

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  
a Emissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines. 
b Iŀǿŀƛ ƛ 's GHG emission reduction goals require the inclusion of domestic aviation emissions, which are reported 

under the Energy sector. 

Table 7-3 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 

Act 234 of 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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Table 7-3Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ όLƴŎƭǳŘƛƴƎ {ƛƴƪǎΣ 9ȄŎƭǳŘƛƴƎ !Ǿƛŀǘƛƻƴύ ōȅ {ŎŜƴŀǊƛƻ ŦƻǊ нлнрΣ нлолΣ 

2035, 2040, and 2045 (MMT CO2 Eq.) 

Scenario 
Net Emissions (Including Sinks, Excluding Aviation)a,b 

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  
a Emissions from international bunker fuels are not included in the totals, as per IPCC (2006) guidelines. 
b Iŀǿŀƛ ƛΩǎ DID ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ Ǝƻŀƭ ŦƻǊ нлнл ŜǎǘŀōƭƛǎƘŜŘ ƛƴ !Ŏǘ ноп ƻŦ нллт excludes domestic aviation 
emissions, which are reported under the Energy sector. 

Under the alternate scenarios, total and net GHG emissions are highest under the low world oil price 

scenario (scenario 1B), highlighting the influence of transportation subsector emissions. When excluding 

aviation, net emissions after 2025 are highest under the low 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 variable changes described.  

7.3 Energy 

For the 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 account for 89 percent 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 in Table 7-4. 

Table 7-4: GHG Emission Projections from the Energy Sector under the Baseline Scenario by Source (MMT CO2 

Eq.)a 

Sourceb 2022 2025 2030 2035 2040 2045 

Stationary Combustion 6.90 5.16 3.72 3.45 2.28 6.90 

Energy Industriesc 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 
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Sourceb 2022 2025 2030 2035 2040 2045 

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 Marined 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 Aviatione 0.87 0.87 0.87 0.87 0.87 0.87 

Military Non-
Aviatione 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 
a Emissions estimates for 2022 are calculated based on reported data and are presented for comparison purposes. 
b Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are 
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines. 
c Includes fuel combustion emissions from electric power plants and petroleum refineries. 
d ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ Iŀǿŀƛ ƛΩǎ ŦƻǊŜŎŀǎǘŜŘ D{t ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ 9L!Ωǎ ŦƻǊŜŎŀǎǘ ŦƻǊ ŜŦŦƛŎƛŜƴŎȅ 
improvement in commercial shipping. 
e 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 (within stationary 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 percent between 2022 and 2045 

due to an increase in the share of electricity generated from renewable sources. Transportation 

emission levels are projected to be 13 percent lower in 2045 due to increases in transportation fuel 

efficiency. Figure 7-3 shows historical and projected emissions from the Energy sector by source 

category for each inventory year.  
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Figure 7-3: GHG Emissions and Projections from the Energy Sector under the Baseline Scenario (MMT CO2 Eq.) 

 
Notes: Emission estimates include domestic aviation emissions. Emissions estimates were calculated for 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 in Table 7-5 and graphically shown in Figure 7-4. 

Table 7-5: GHG Emission Projections from the Energy Sector under the Alternate Scenarios by Source (MMT CO2 

Eq.) 

Sourcea 2025 2030 2035 2040 2045 

Baseline Scenario 

Stationary Combustion 6.90 5.16 3.72 3.45 2.28 

Energy Industriesb 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 Marinec 0.68 0.71 0.75 0.79 0.82 

Domestic Aviation 5.23 5.37 5.45 5.51 5.53 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 
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Sourcea 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 Industriesb 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 Marinec 0.68 0.71 0.75 0.79 0.82 

Domestic Aviation 4.71 4.53 4.49 4.55 4.49 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 0.09 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 Industriesb 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 Marinec 0.68 0.71 0.75 0.79 0.82 

Domestic Aviation 5.75 5.86 5.99 6.05 6.10 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 0.10 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 4.74 3.25 3.00 1.56 

Energy Industriesb 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 Marinec 0.68 0.71 0.75 0.79 0.82 
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Sourcea 2025 2030 2035 2040 2045 

Domestic Aviation 5.23 5.37 5.45 5.51 5.53 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 

Stationary Combustion 6.90 5.70 4.34 4.12 2.93 

Energy Industriesb 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 Marinec 0.68 0.71 0.75 0.79 0.82 

Domestic Aviation 5.23 5.37 5.45 5.51 5.53 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 Industriesb 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 Marinec 0.68 0.71 0.75 0.79 0.82 

Domestic Aviation 5.23 5.37 5.45 5.51 5.53 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 Industriesb 5.82 4.03 2.55 2.19 1.00 
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Sourcea 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 Marinec 0.68 0.71 0.75 0.79 0.82 

Domestic Aviation 5.23 5.37 5.45 5.51 5.53 

Military Aviationd 0.87 0.87 0.87 0.87 0.87 

Military Non-Aviationd 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 
a Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are 
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines. 
b Includes fuel combustion emissions from electric power plants and petroleum refineries. 
c ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ Iŀǿŀƛ ƛΩǎ ŦƻǊŜŎŀǎǘŜŘ D{t ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ 9L!Ωǎ ŦƻǊŜŎŀǎǘ ŦƻǊ ŜŦŦƛŎƛŜƴŎȅ 
improvement in commercial shipping. 
d 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. 
Notes: Totals may not sum due to independent rounding. Emission totals include aviation emissions.
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Figure 7-4: GHG Projections from the Energy Sector under each Scenario by Source (MMT CO2 Eq.) 

 
Notes: Emission estimates include domestic aviation emissions. Incineration of waste for energy purposes and non-energy uses remain 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 2025 at 0.80 MMT 

CO2 Eq., and then drop steadily from there through 2045.  These emissions account for four percent of 

total projected statewide emissions under the baseline scenario in 2025, four percent in 2030, and two 

percent in 2045. Projected emissions by source for 2025 through 2045 are summarized in Table 7-6. 

Emissions from the IPPU sector are not expected to vary under the six alternative energy scenarios 

discussed in Section 7, thus only projections from the baseline scenario are discussed in this section. 

Table 7-6: GHG Emission Projections from the IPPU Sector under the Baseline Scenario by Source (MMT CO2 Eq.)a 

Source 2022 2025 2030 2035 2040 2045 

Cement Production NO 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 
a Emissions estimates for 2022 are calculated based on reported data and are presented for comparison purposes. 
NO (emissions are Not 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 due to the American Innovation and Manufacturing (AIM) 

Act, which was included in the 2021 Consolidated Appropriations Act. The 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 MMT CO2 Eq. (or rounding 

error). Emissions from cement production, which were zero in 2022, are projected to remain at zero 

through 2045. Figure 7-5 shows historical and projected emissions from the IPPU sector by source 

category for select years under the baseline scenario.  

https://www.epa.gov/system/files/documents/2024-09/hfc-allocation-rule-nprm-fact-sheet-finalrule_9.30.2024_4.pdf
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Figure 7-5: GHG Emissions and Projections from the IPPU Sector under the Baseline Scenario by Source (MMT 

CO2 Eq.) 

 

Notes: Emissions estimates were calculated for 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 emissions (excluding sinks) under the baseline scenario from the AFOLU sector are projected 

account for five percent, five percent, and six ǇŜǊŎŜƴǘ ƻŦ ǘƻǘŀƭ Iŀǿŀƛ ƛ ŜƳƛǎǎƛƻƴǎΣ in the years 2025, 

2030, and 2045, respectively. Carbon sinks are projected to fluctuate over the timeseries, but overall, 

the AFOLU sector is projected to result in a net increase in carbon sinks (i.e., net CO2 removals). 

Projected emissions by source and sink category for 2025, 2030, 2035, 2040, and 2045 are summarized 

in Table 7-7. Emissions from the AFOLU sector are not expected to vary under the six alternate energy 

scenarios discussed in Chapter 7, thus only projections from the baseline scenario are discussed below. 

Table 7-7: GHG Emission Projections from the AFOLU Sector under the Baseline Scenario by Source and Sink 

Category (MMT CO2 Eq.)a 

Category 2022 2025 2030 2035 2040 2045 

Agriculture 0.45 0.43 0.42 0.42 0.41 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 

Field Burning of 
Agricultural Residues NO NO NO NO NO NO 

Urea Application + + + + + + 
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Category 2022 2025 2030 2035 2040 2045 

Land Use, Land-Use 
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) (0.04) (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) (2.44) (2.41) (2.44) (2.52) (2.60) 

Net Emissions (1.37) (1.41) (1.43) (1.51) (1.63) (1.76) 
a Emissions estimates for 2022 are calculated based on reported data and are presented for comparison purposes. 
+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not 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 increase. Figure 7-6 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 historic trends and currently policies such as the  

passage of a Honolulu bill that aims to have 35 percent urban tree cover by 2035 (City & County of 

Honolulu 2019). Please see the urban trees methodology in Section 5.9 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 

ƭŀǎǘ ǎǳƎŀǊ Ƴƛƭƭ ƛƴ Iŀǿŀƛ ƛ ƛƴ нлмуΣ ǿƘƛƭŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǳǊŜŀ ŀǇǇƭƛŎŀǘƛƻƴ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ǊŜƳŀƛƴ ŦƭŀǘΦ  

Forest carbon and agricultural soil carbon are projected to sequester less carbon (i.e., become a smaller 

sink) from 2022 to 2045 based 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 from a ¦{D{ ǎǘǳŘȅ ƻƴ ǇǊƻƧŜŎǘŜŘ ŦǳǘǳǊŜ ŎŀǊōƻƴ ǎǘƻǊŀƎŜ ƛƴ Iŀǿŀƛ ƛ which assumes that 

wildfires would burn, on average, 41 km2 per year (Selmants et al. 2017). However, 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 

https://static1.squarespace.com/static/5e3885654a153a6ef84e6c9c/t/5f108d69df26ce51d7675667/1594920335850/FINAL+CCSR+Annual+Sustainability+Report+2019.pdf
https://static1.squarespace.com/static/5e3885654a153a6ef84e6c9c/t/5f108d69df26ce51d7675667/1594920335850/FINAL+CCSR+Annual+Sustainability+Report+2019.pdf
https://pubs.usgs.gov/publication/pp1834
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reported data from recent high event years (2018-2022), a trend expected to continue in reported 2023 

data due to large-scale wildfires occurring in the year.  

Figure 7-6: GHG Emissions and Projections from the AFOLU Sector under the Baseline Scenario by Source and 

Sink Category (MMT CO2 Eq.) 

 
Notes: FBAR = Field Burning of Agricultural Residues, LFYTFS = Landfilled Yard Trimmings and Food Scraps. 

Emissions estimates were calculated for 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 projected to decrease, 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 summarized in Table 7-8. Emissions from the Waste sector is 

not expected to vary under the six alternate energy scenarios discussed in Section 7, thus only 

projections from the baseline scenario are discussed below. 

Table 7-8: GHG Emission Projections from the Waste Sector under the Baseline Scenario by Source (MMT CO2 

Eq.)a 

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 

Wastewater Treatment 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 
a Emissions 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 CO2 

Eq. in 2022 and declining to 0.23 MMT CO2 Eq. 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 period. Overall, the downward trend in landfill emissions will drive a decrease 

in Waste emissions. Figure 7-7 shows historical and projected emissions from the waste sector by source 

category for select years. 

Figure 7-7: GHG Emissions and Projections from the Waste Sector under the Baseline Scenario by Source (MMT 

CO2 Eq.) 

 

Notes: Emissions estimates were calculated for 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 

This section 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 Maui CouƴǘȅΣ Iŀǿŀƛ ƛ /ƻǳƴǘȅΣ ŀƴŘ Yŀǳŀ ƛ /ƻǳƴǘȅΦ 

Figure 7-8 shows net emission projections by county and year. 
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Figure 7-8: Projected Net GHG Emissions under the Baseline Scenario by County (MMT CO2 Eq.) (2025, 2030, 

2035, 2040, and 2045) 

 

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 counties except 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 county-level data. To estimate data for sources where only state-

level was available, emissions were allocated to each county by attributing proportional values of 

relevant economic data, such as county population projections, or by assuming proportional emissions 

consistent with the 2022 county-level estimates. Appendix J details the methodology used to quantify 

HawaiƛΩǎ ǇǊƻƧŜŎǘŜŘ DID ŜƳƛǎǎƛƻƴǎ ōȅ ŎƻǳƴǘȅΦ 9Ƴƛǎǎƛƻƴ ǇǊƻƧŜŎǘƛƻƴǎ ōȅ ǎŜŎǘƻǊ ŀƴŘ ȅŜŀǊ ŦƻǊ ŜŀŎƘ Ŏƻǳƴǘȅ 

are summarized in Table 7-9. 
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Table 7-9: GHG Emission Projections under the Baseline Scenario by Sector and County for 2025, 2030, 2035, 

2040, and 2045 (MMT CO2 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  

AFOLU (Sources) 0.08 0.10  0.09  0.09  0.09  0.08  

AFOLU (Sinks) (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  

Iŀǿŀƛ ƛ /ƻǳƴǘȅ 

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  

AFOLU (Sources) 0.66 0.61  0.58  0.56  0.54  0.52  

AFOLU (Sinks) (1.31) (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  

Maui County 

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  

AFOLU (Sources) 0.24 0.19  0.18  0.17  0.15  0.14  

AFOLU (Sinks) (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  

Yŀǳŀ ƛ /ƻǳƴǘȅ 

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  

AFOLU (Sources) 0.14 0.13  0.12  0.12  0.11  0.11  

AFOLU (Sinks) (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: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration. 
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Figure 7-9, Figure 7-10, Figure 7-11, and Figure 7-12 show 2025, 2030, 2035, 2040, and 2045 emission 

projections by sector for each county. Detailed county level estimates can be found in Table 7-10, Table 

7-11, Table 7-12, and Table 7-13.  

Figure 7-9: Honolulu County GHG Emission Projections under the Baseline Scenario by Sector (MMT CO2 Eq.) 

(2025, 2030, 2035, 2040, and 2045) 

 

Table 7-10: Honolulu County GHG Emission Projections under the Baseline for 2025, 2030, 2035, 2040, and 2045 

(MMT CO2 Eq.) 

Sector / Sub-Category 2025 2030 2035 2040 2045 

Energy a 12.37  11.21  9.53  8.92  7.49  

Stationary Combustion 5.36  4.29  2.90  2.63  1.54  

Energy Industriesb 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 Marinec 0.68  0.71  0.75  0.79  0.82  

Domestic Aviation 2.74  2.80  2.83  2.85  2.87  

Military Aviationd 0.87  0.87  0.87  0.87  0.87  
Military Non-Aviationd 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 0.03  0.03  0.03  0.04  0.04  
Industrial Processes and Product 
Use 0.52  0.43  0.28  0.18  0.16  
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Sector / Sub-Category 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 Food 
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 Total Emissions 
(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  

a Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are 
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines. 
b Includes fuel combustion emissions from electric power plants and petroleum refineries. 
c ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ Iŀǿŀƛ ƛΩǎ ŦƻǊŜŎŀǎǘŜŘ D{t ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ 9L!Ωǎ ŦƻǊŜŎŀǎǘ ŦƻǊ ŜŦŦƛŎƛŜƴŎȅ 
improvement in commercial shipping. 
d 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. 
+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not Occurring).  
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration. 
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Figure 7-10Υ Iŀǿŀƛ ƛ /ƻǳƴǘȅ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ .ŀǎŜƭƛƴŜ {ŎŜƴŀǊƛƻ ōȅ {ŜŎǘƻǊ όaa¢ /h2 Eq.) 

(2025, 2030, 2035, 2040, and 2045) 

 

Table 7-11Υ Iŀǿŀƛ ƛ /ƻǳƴǘȅ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ .ŀǎŜƭƛƴŜ ŦƻǊ нлнрΣ нлолΣ нлорΣ нлплΣ ŀƴŘ нлпр 

(MMT CO2 Eq.) 

Sector / Sub-Category 2025 2030 2035 2040 2045 

Energy a 1.97  1.59  1.54  1.47  1.38  

Stationary Combustion 0.68  0.29  0.30  0.31  0.31  

Energy Industriesb 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 Marinec NO NO NO NO NO 

Domestic Aviation 0.71  0.74  0.75  0.75  0.75  

Military Aviationd NO NO NO NO NO 

Military Non-Aviationd NO NO NO NO NO 

Incineration of Waste for 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  

Cement Production 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 / Sub-Category 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) (1.07) (1.07) 

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  

Iŀǿŀƛ ƛ County Total Emissions (Excluding 
Sinks) 2.83  2.40  2.29  2.17  2.05  

Iŀǿŀƛ ƛ County Net Emissions (Including Sinks) 1.56  1.18  1.05  0.92  0.78  
a Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are 
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines. 
b Includes fuel combustion emissions from electric power plants and petroleum refineries. 
c ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ Iŀǿŀƛ ƛΩǎ ŦƻǊŜŎŀǎǘŜŘ D{t ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ 9L!Ωǎ ŦƻǊŜŎŀǎǘ ŦƻǊ ŜŦŦƛŎƛŜƴŎȅ 
improvement in commercial shipping. 
d 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. 
+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not Occurring).  
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration. 

Figure 7-11: Maui County GHG Emission Projections under the Baseline Scenario by Sector (MMT CO2 Eq.) (2025, 

2030, 2035, 2040, and 2045) 
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Table 7-12: Maui County GHG Emission Projections under the Baseline for 2025, 2030, 2035, 2040, and 2045 

(MMT CO2 Eq.) 

Sector / Sub-Category 2025 2030 2035 2040 2045 

Energy a 2.38  2.16  2.10  2.04  1.90  

Stationary Combustion 0.68  0.43  0.41  0.43  0.38  

Energy Industriesb 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 Marinec NO NO NO NO NO 

Domestic Aviation 1.22  1.26  1.30  1.32  1.33  

Military Aviationd NO NO NO NO NO 

Military Non-Aviationd NO NO NO NO NO 

Incineration of Waste for Energy Purposes NO NO NO NO NO 

Oil and Natural Gas Systems NO NO NO NO NO 

Non-Energy 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  

AFOLU (Sinks) (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 Sinks) 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  
a Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are 
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines. 
b Includes fuel combustion emissions from electric power plants and petroleum refineries. 
c ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ Iŀǿŀƛ ƛΩǎ ŦƻǊŜŎŀǎǘŜŘ D{t ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ 9L!Ωǎ ŦƻǊŜŎŀǎǘ ŦƻǊ ŜŦŦƛŎƛŜƴŎȅ 
improvement in commercial shipping. 
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d 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. 
+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not Occurring).  
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration. 

Figure 7-12Υ Yŀǳŀ ƛ /ƻǳƴǘȅ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ .ŀǎŜƭƛƴŜ {ŎŜƴŀǊƛƻ ōȅ {ŜŎǘƻǊ όaa¢ /h2 Eq.) 

(2025, 2030, 2035, 2040, and 2045) 

 

Table 7-13Υ Yŀǳŀ ƛ /ƻǳƴǘȅ DID 9Ƴƛǎǎƛƻƴ tǊƻƧŜŎǘƛƻƴǎ ǳƴŘŜǊ ǘƘŜ .ŀǎŜƭƛƴŜ ŦƻǊ нлнрΣ нлолΣ нлорΣ нлплΣ ŀƴŘ нлпр 

(MMT CO2 Eq.) 

Sector / Sub-Category 2025 2030 2035 2040 2045 

Energy a 0.97  0.96  0.90  0.82  0.75  

Stationary Combustion 0.18  0.14  0.11  0.08  0.06  

Energy Industriesb 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 Marinec NO NO NO NO NO 

Domestic Aviation 0.56  0.57  0.58  0.58  0.59  

Military Aviationd NO NO NO NO NO 

Military Non-Aviationd NO NO NO NO NO 

Incineration of Waste for 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 / Sub-Category 2025 2030 2035 2040 2045 

Electrical Transmission 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  

AFOLU (Sinks) (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 + + + + + 

Yŀǳŀ ƛ County Total Emissions (Excluding 
Sinks) 1.16  1.14  1.06  0.96  0.88  

Yŀǳŀ ƛ County Net Emissions (Including Sinks) 0.86  0.84  0.76  0.65  0.57  
a Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are 
not projected because they are not included in the inventory total, as per IPCC (2006) guidelines. 
b Includes fuel combustion emissions from electric power plants and petroleum refineries. 
c ¢ƘŜ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ Iŀǿŀƛ ƛΩǎ ŦƻǊŜŎŀǎǘŜŘ D{t ƎǊƻǿǘƘ ŀƴŘ ǘƘŜ 9L!Ωǎ ŦƻǊŜŎŀǎǘ ŦƻǊ ŜŦŦƛŎƛŜƴŎȅ 
improvement in commercial shipping. 
d 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. 
+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not 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 

¢ƘŜ Iŀǿŀƛ ƛ {ǘŀǘŜ [ŜƎƛǎƭŀǘǳǊŜ Ƙŀǎ ǎŜǘ ǘƘǊŜŜ ǎŜǇŀǊŀǘŜ DID ǘŀǊƎŜǘǎ ŦƻǊ ǘƘŜ ǎǘŀǘŜΥ 

Á 2020 target. !Ŏǘ нопΣ {Ŝǎǎƛƻƴ [ŀǿǎ ƻŦ Iŀǿŀƛ ƛ 2007 (Act 234 of 2007) established a statewide 

GHG emissions limit at or below the statewide GHG emissions levels in 1990 to be achieved by 

January 1, 2020 (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 

Iŀǿŀƛ ƛΣ Act 234 of 2007 specifies that emissions from airplanes (i.e., domestic aviation and 

military aviation) shall not be included in this target.64 

¶ 2030 target. Act 238Σ {Ŝǎǎƛƻƴ [ŀǿǎ ƻŦ Iŀǿŀƛ ƛ 2022 (Act 238 of 2022) established 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. 

¶ 2045 target. Act 15, Session Law of Iŀǿŀƛ ƛ нлму ό!Ŏǘ мр ƻŦ 2018), established a statewide 

carbon net-negative goal. Specifically, Act 15 of 2018 calls for more atmospheric carbon and 

GHGs to be sequestered than emitted within the State as quickly as practicable, but no later 

than 2045. 

Figure 8-1 ǎƘƻǿǎ ƴŜǘ ŜƳƛǎǎƛƻƴǎ όŜȄŎƭǳŘƛƴƎ ŀǾƛŀǘƛƻƴύ ƛƴ Iŀǿŀƛ ƛ ŦƻǊ ƛƴǾŜƴǘƻǊȅ ȅŜŀǊǎ ǘƘǊƻǳƎƘ 2022 as well 

as emission projections for 2025, 2030, 2035, 2040, and 2045. Figure 8-1 also shows the 2020 statewide 

target, which is equal to 1990 emission levels, pursuant to Act 234 of 2007: excluding aviation, 1990 

statewide GHG emissions were estimated to be 15.40 MMT CO2 Eq., which 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 emissions (excluding aviation) for 2020 were 11.33 MMT CO2 Eq. in 2020. As such, this report finds 

ǘƘŀǘ Iŀǿŀƛ ƛ continues to meet the 2020 statewide emissions target set by Act 234 of 2007 (Figure 

8-1). 

 

 

64 Emissions from international aviation, which are reported under the International Bunker Fuels source category, 
are also not included ƛƴ Iŀǿŀƛ ƛΩǎ DID ǘŀǊƎŜǘ in accordance with IPCC (2006) guidelines for inventory development. 
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Figure 8-1Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ LƴǾŜƴǘƻǊȅ 9ǎǘƛƳŀǘŜǎ ŀƴŘ tǊƻƧŜŎǘƛƻƴǎ όaa¢ /h2 Eq.) (Including Sinks, 

Excluding Aviation) 

 
Note: Emission estimates include sinks but exclude domestic aviation emissions. Emissions estimates were 
calculated for 1990, 2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, 
were developed through linear interpolation. 

Figure 8-2 ǎƘƻǿǎ ƴŜǘ ŜƳƛǎǎƛƻƴǎ όƛƴŎƭǳŘƛƴƎ ǎƛƴƪǎ ŀƴŘ ŀǾƛŀǘƛƻƴύ ƛƴ Iŀǿŀƛ ƛ ŦƻǊ ƛƴǾŜƴǘƻǊȅ ȅŜŀǊǎ ǘƘǊƻǳƎƘ 2022 

as well as emission projections for 2025, 2030, 2035, 2040, and 2045. Figure 8-2 also shows the 2030 

statewide target of 11.39 MMT CO2 Eq., which is equal to 50 percent below 2005 emission levels, 

pursuant to Act 238 of 2022, and the 2045 carbon net-negative target pursuant to Act 15 of 2018. The 

target established by Act 238 of 2022 could change with future updates to the 2005 emission estimates, 

but it is not likely to change significantly. Net emissions (including sinks) for year 2030 are projected to 

be between 13.95 ς 16.39 MMT CO2 Eq. in 2030, and 8.99 ς 11.26 MMT CO2 Eq. in 2045. As such, this 

ǊŜǇƻǊǘ ŦƛƴŘǎ ǘƘŀǘ Iŀǿŀƛ ƛ ƛǎ currently not on track to meet the 2030 or 2045 statewide emissions 

targets, set by Act 238 of 2022 and Act 15 of 2018 respectively. Table 8-1 summarizes emissions in years 

1990, 2005, 2020, 2021 and 2022, and projections between 2025 and 2045.  
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Figure 8-2Υ Iŀǿŀƛ ƛ bŜǘ DID 9Ƴƛǎǎƛƻƴǎ .ȅ ¸ŜŀǊ όaa¢ /h2 Eq.) (Including Sinks) 

 
Note: Emission totals include sinks and domestic aviation emissions. Emissions estimates were calculated for 1990, 
2005, 2007, 2010, and 2015 to 2022. Emissions estimates for interim years, as presented here, were developed 
through linear interpolation. 

Table 8-1Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ ŦƻǊ мффлΣ нллрΣ нлнл ŀƴŘ tǊƻƧŜŎǘƛƻƴǎ ōȅ {ŜŎǘƻǊ ǳƴŘŜǊ ǘƘŜ .ŀǎŜƭƛƴŜ {ŎŜƴŀǊƛƻ ŦƻǊ 

2025, 2030, 2035, 2040, and 2045 (MMT CO2 Eq.) 

Sector 1990 2005 2020 2025 2030 2035 2040 2045 

Energya 20.25 22.72 14.66 17.69  15.92  14.08  13.25  11.52  

IPPU 0.18 0.50 0.76 0.80 0.66 0.44 0.28 0.26 

AFOLU (Sources) 1.47 1.10 1.10 1.03 0.98 0.93 0.89 0.85 

AFOLU (Sinks) (2.40) (2.50) (2.43) (2.44) (2.41) (2.44) (2.52) (2.60) 

Waste 1.01 0.98 0.41 0.36 0.35 0.34 0.33 0.32 

Total Emissions (Excluding 
Sinks) 22.92 25.29 16.93 19.89  17.91  15.79  14.74  12.95  

Net Emissions (Including 
Sinks) 20.51 22.78c 14.50 17.45  15.51  13.34  12.23  10.35  

Aviationb 5.11 7.16 3.17 6.10  6.24  6.32  6.38  6.40  

Net Emissions (Including 
Sinks, Excluding Aviation)b 15.40d 15.62 11.33 11.35  9.26  7.02  5.85  3.94  

a Emissions from International Bunker Fuels are not included in the totals, as per IPCC (2006) guidelines. 
b Domestic aviation and military emissions, which are reported under the Energy sector, are excluded from 

HawaiƛΩǎ DID ŜƳƛǎǎƛƻƴ ǊŜŘǳŎǘƛƻƴ Ǝƻŀƭ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ !Ŏǘ ноп ƻŦ нллтΦ  

c 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).  

d !Ŏǘ ноп ƻŦ нллт ŀƛƳǎ ǘƻ ŀŎƘƛŜǾŜ ŜƳƛǎǎƛƻƴ ƭŜǾŜƭǎ ŀǘ ƻǊ ōŜƭƻǿ Iŀǿŀƛ ƛΩǎ мффл DID ŜƳƛǎǎƛƻƴǎ ōȅ WŀƴǳŀǊȅ мΣ нлнл 
(excluding aviation emissions). 

Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.  
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Appendix A. IPCC Source and Sink Categories 

Table A-1: Summary of IPCC Source and Sink Categories Included/Excluded from the Analysis 

Category Code and Name 
Included in 
Inventory 

Notes 

Energy 

1A1 Fuel Combustion Activities Ṋ 
Includes emissions from fuel combustion for electricity generation 
and petroleum refining. 

1A2 Manufacturing Industries and Construction Ṋ  

1A3 Transport Ṋ  

1A4 Other Sectors Ṋ  

1A5 Non-Specified Ṋ  

1B1 Fugitive Emissions from Solid Fuels  NO: Solid fuels (e.g., coal) are not produced or processed in Iŀǿŀƛ ƛ. 

1B2 Oil and Natural Gas Ṋ  

1C Carbon Dioxide Transport and Storage  NO: CO2 is not transported or stored in Iŀǿŀƛ ƛ. 

IPPU 

2A1 Cement Production Ṋ  

2A2 Lime Production   NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2A3 Glass Production  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2A4 Other Process Uses of Carbonates  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2B Chemical Industry  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2C Metal Industry  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2D Non-Energy Products from Fuels and Solvent Use Ṋ IE: Included under the Energy sector. 

2E Electronics Industry   NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2F Product Uses as Substitutes for ODS Ṋ  

2G1 Electrical Equipment Ṋ  
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Category Code and Name 
Included in 
Inventory 

Notes 

2G2 SF6 and PFCs from Other Product Uses  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

2G3 N2O from Product Uses  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

AFOLU 

3A1 Livestock Enteric Fermentation Ṋ  

3A2 Livestock Manure Management Ṋ  

3B1a Forest Land Remaining Forest Land Ṋ  

3B1b Land Converted to Forest Land  NE: Data on land conversion are not readily available. 

3B2 Cropland Ṋ  

3B3 Grassland Ṋ  

3B4 Wetlands  NE: Data is not readily available and emissions are likely very small. 

3B5a Settlements Remaining Settlements Ṋ  

3B5b Land Converted to Settlements  NE: Data on land conversion are not readily available. 

3B6 Other Land  NE: Other Land is assumed to be unmanaged in Iŀǿŀƛ ƛ. 

3C1a Biomass Burning in Forest Lands Ṋ  

3C1b Biomass Burning in Croplands Ṋ  

3C1c Biomass Burning in Grassland  NE: Data is not readily available and emissions are likely very small. 

3C1d Biomass Burning in All Other Land   NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

3C2 Liming  NE: Activity data are either withheld or zero. 

3C3 Urea Application Ṋ  

3C4 Direct N2O Emissions from Managed Soils  Ṋ  

3C5 Indirect N2O Emissions from Managed Soils Ṋ  

3C6 Indirect N2O Emissions from Manure Management Ṋ  

3C7 Rice Cultivation  NO: Activity is not applicable to Iŀǿŀƛ ƛ. 

3D1 Harvested Wood Products  NE: Data is not readily available and sinks are likely very small. 

Waste 

4A1 Managed Waste Disposal Sites Ṋ  
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Category Code and Name 
Included in 
Inventory 

Notes 

4A2 Unmanaged Waste Disposal Sites  
NO: All waste disposal is assumed to occur in managed sites in 
Iŀǿŀƛ ƛ. 

4B Biological Treatment of Solid Waste Ṋ  

4C Incineration and Open Burning of Waste  
In Iŀǿŀƛ ƛ, incineration of MSW occurs at waste-to-energy facilities 
and thus emissions are accounted for under the Energy sector. 

4D Wastewater Treatment and Discharge Ṋ  

NO (emissions are Not Occurring); NE (emissions are Not 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, 2010, 2015, 2016, 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 are largely due to the following:  

1. Updates to Iŀǿŀƛ ƛ specific data for wastewater treatment plants (WWTP) (e.g., flow rates and 

BOD5 National Pollutant Discharge Elimination System [NPDES]).   

2. Updates to Iŀǿŀƛ ƛ specific data for annual area burned in wildfires, soil emissions, urban tree 

cover, and the distribution of crop and grasslands by county.   

3. ¦ǇŘŀǘŜǎ ǘƻ Iŀǿŀƛ ƛ ǎǇŜŎƛŦƛŎ Řŀǘŀ όŜΦƎΦΣ ƘƛǎǘƻǊƛŎŀƭ ǇƻǇǳƭŀǘƛƻƴ ƴǳƳōŜǊǎύΦ  

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 consumption and is not duplicative of 

other biodiesel consumption already incorporated in the inventory.  

6. The CH4 emission factor for jet fuel was updated to match updates to the U.S. Greenhouse Gas 

Inventory. Across the timeseries, 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 transmission and distribution. These and other updates that 

impacted emission estimates are discussed on a source-by-source 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 MMT CO2 Eq. (1.2 percent) in 

net emissions and 0.21 MMT CO2 Eq. (1.6 percent) in net emissions excluding aviation within the 

ǇǊŜǾƛƻǳǎ ǊŜǇƻǊǘΩǎ timeseries. Figure B-1 compares the net emissions between the 2021 report and this 

report.  
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Figure B-1: Net Emissions Comparison Between 2021 Report and 2022 Report 

 

Updates that impacted emission estimates are discussed by source in this report. A summary of the 

change in emission estimates relative to the 2021 inventory report is provided below in Table B-1. 
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Table B-1: Change in Emissions Relative to the 2021 Inventory Report 

Sector Energy 
Energy 

(Excluding 
Aviation) 

Energy 
(Aviation) 

IPPU 
AFOLU 

(Sources) 
AFOLU 
(Sinks) a 

Waste 

Total 
Emissions 
(Excluding 

Sinks) 

Net 
Emissions 
(Including 

Sinks) 

Net 
Emissions 
(Including 

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 

2021 Report  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 Change +% 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 exceed 0.005 MMT CO2 Eq. or 0.05 percent. 
(+) Does not exceed -0.005 MMT CO2 or -0.05 percent.  
a Positive percent change in this column indicates an increase in carbon sinks. 
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration.
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Appendix C. Inventory Improvements 

This appendix summarizes proposed areas for improvement to the Hawaii statewide 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 

ƛǘǎ ŀŎŎǳǊŀŎȅ ŀƴŘ ŎƻƳǇƭŜǘŜƴŜǎǎ ŦƻǊ ǳǎŜ ƛƴ ǘƘŜ ŘŜǾŜƭƻǇƳŜƴǘ ƻŦ ǘƘŜ Iŀǿŀƛ ƛ ǎǘŀǘŜǿƛŘŜ ƛƴǾŜƴǘƻǊȅΦ /ǳǊǊŜƴǘƭȅ, 

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 estimates. Alternative options for estimating military 

aviation fuel consumption across the relevant fuel types could be reviewed, as EIA no longer reports this 

data separately. Alternative options for estimating civil aviation fuel consumption could also be 

reviewed, such as the same BTS data that is used to estimate bunker fuels. Alternative options for 

estimating the fraction of transportation emissions that are from non-highway vehicles could be 

reviewed. Additionally, future research could be done into the potential to use GHGRP data in place of 

SEDS data to estimate stationary 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 on-site combustion for own use electricity and 
heating, are included in SEDS fuel consumption data. Currently, refinery-related fuels from SEDS data 
are recategorized from the industrial sector to the energy industries sector, to remain aligned with IPCC 
guidance. Further information from EIA is needed to confirm that all refinery-related fuels have been 
identified and recategorized, and that the SEDS data includes all stationary emissions from petroleum 
refining. If it is determined that SEDS data does not include all stationary emissions from petroleum 
refining, future research should be conducted to identify supplemental or alternative data sources. 

Area for Improvement #4 
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 (non-aviation) transportation. 
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Area for Improvement #5 
If data becomes available, marine bunker fuel consumption data for 1990 should be incorporated into 

emissions calculations. 

Area for Improvement #6 
Review emission factors that are updated annually and incorporate most up-to-date emission factors 

throughout emissions calculations. For example, review emission factors used to calculate fugitive 

emissions from natural gas distribution and transmission pipelines. 

Area for Improvement #7 
Research should be conducted into whether electricity was generated by the Waipahu Incinerator in 

1990. Based on the findings of this research, emissions estimates may need to be adjusted. 

Area for Improvement #8 
The methodology used to project 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 estimates. In addition, EV methodology should be reviewed to confirm assumptions about 

earliest instance of EV use in HawaiΩi.  

IPPU 

Area for Improvement #9 
ODS substitute emissions from refrigeration and AC Systems could be disaggregated by equipment size 

(i.e., systems above and below a 50 lbs. charge size). Further research would be required to establish 

assumptions and then incorporate them into the existing top-down estimation methodology. Similarly, 

national emissions for the AC sub-category could be disaggregated if metrics to do so are identified. For 

example, if available, information on the percentage of households with central or room air conditioning 

could be incorporated. Alternatively, a bottom-up approach to estimate emissions from this sector for 

which significant additional research would be required. 

Area for Improvement #10 
Homeland Infrastructure Foundation-Level Data (HIFLD) Open Data provides national geospatial data on 

electrical transmission and distribution systems. The methodology could be revised to incorporate 

Iŀǿŀƛ ƛ-specific transmission line data to apportion U.S. emissions, 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 #11 
If crop residue factors are updated and/or better data become available, future analyses should update 

the factors accordingly. Additional research was conducted on crop residue factors, but no new 

information was identified that could be used to inform emission estimates from agricultural soil 

management. Further research into updated crop residue factors may be considered in future analyses. 
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Area for Improvement #12 
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 consumption data. Additional research 

was conducted on urea ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ Iŀǿŀƛ ƛΣ ōǳǘ ƴƻ ƴŜǿ ƛƴŦƻǊƳŀǘƛƻƴ ǿŀǎ ƛŘŜƴǘƛŦƛŜŘ ǘƘŀǘ ŎƻǳƭŘ ōŜ 

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 the 2021 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 #13 
Research is being conducted ǘƻ ŘŜǾŜƭƻǇ ŀ ǎƻƛƭ ŎŀǊōƻƴ ƳŀǇ ŦƻǊ Iŀǿŀƛ ƛ ŀƴŘ ƴŜǿ ƳƻŘŜƭǎ ŀǊŜ ōŜƛƴƎ 

ŜȄǇƭƻǊŜŘ ǘƻ ƳƻŘŜƭ DID ŦƭǳȄ ŀƴŘ ǎƻƛƭ ŎŀǊōƻƴ ƛƴ Iŀǿŀƛ ƛΦ hǳǘǊŜŀŎƘ ǊŜƎŀǊŘƛƴƎ ǘƘƛǎ ǊŜǎŜŀǊŎƘ ǿƛƭƭ ōŜ 

conducted and further research into emission reductions from improved agricultural soil management 

practices may be considered in future analyses. This would contribute to agricultural soil management 

and, if data is sufficient, to a new forest soil carbon category. 

Area for Improvement #14 
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 (wildfƛǊŜǎ ŀƴŘ ǇǊŜǎŎǊƛōŜŘ ōǳǊƴƛƴƎύ ǇǳōƭƛǎƘŜŘ ƛƴ 9t!Ωǎ 

National Emissions Inventory (NEI), was contacted to inquire about the emission estimates from 

ǇǊŜǎŎǊƛōŜŘ ōǳǊƴƛƴƎ ƛƴ Iŀǿŀƛ ƛΦ In the 2016 inventory report, it was assumed there were no emissions 

from prescribed fires based on input from Christian Giardina from the Institute of Pacific Islands 

Forestry that ǇǊŜǎŎǊƛōŜŘ ōǳǊƴƛƴƎ ƛǎ ƴƻǘ ŀ ŎƻƳƳƻƴ ǇǊŀŎǘƛŎŜ ƛƴ Iŀǿŀƛ ƛΤ ǘƘŜǊŜŦƻǊŜΣ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ 

prescribed fires are likely very small. However, the NEI indicates that emissions from prescribed fires in 

Iŀǿŀƛ ƛ ǿŜǊŜ 0.13 MMT CO2 Eq. in 2011, 2.07 MMT CO2 Eq. in 2014, and 0.09 MMT CO2 Eq. in 2017. 

!ŎŎƻǊŘƛƴƎ ǘƻ ¢ŜǎƘΣ ŘƛŦŦŜǊŜƴǘ ƳƻŘŜƭǎ όŜΦƎΦΣ ǘƘŜ CLbb ƳƻŘŜƭΣ bh!!Ωǎ IŀȊŀǊŘ aŀǇǇƛƴƎ {ȅǎǘŜƳύ ǿŜǊŜ ǳǎŜŘ 

to identify acres-burned from prescribed fires for the NEI, which are the reason for the large variation in 

ǊŜǇƻǊǘŜŘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǇǊŜǎŎǊƛōŜŘ ŦƛǊŜǎ ŦƻǊ Iŀǿŀƛ ƛΦ  

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 fires in Iŀǿŀƛ ƛ ŀǊŜ ƴŜƎƭƛƎƛōƭŜ. Incorporating emissions from prescribed 

ǿƛƭŘŦƛǊŜǎ ƛƴǘƻ ǘƘŜ ǎǘŀǘŜǿƛŘŜ ƛƴǾŜƴǘƻǊȅ ŦƻǊ Iŀǿŀƛ ƛ ƛŦ Řŀǘŀ ōŜŎƻƳŜǎ ŀǾŀƛƭŀōƭŜ ǿŀǎ ŀƭǎƻ ƛŘŜƴǘƛŦƛŜŘ ŀǎ ŀ 

potential improvement. 
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Area for Improvement #15 
CǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ƛƴǘƻ Iŀǿŀƛ ƛ ǘǊŜƴŘǎ ƛƴ ŘƛǾŜǊǘƛƴƎ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ŀƴŘ ŦƻƻŘ ǎŎǊŀǇǎ ŦǊƻƳ ƭŀƴŘŦƛƭƭǎΣ ŀǎ ǿŜƭƭ ŀǎ 

ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ŀƴŘ ŦƻƻŘ ǎŎǊŀǇǎ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǊŀǘŜǎ ǘƘŀǘ ƛƴŎƻǊǇƻǊŀǘŜ Iŀǿŀƛ ƛΩǎ ŎƭƛƳŀǘŜ Ƴŀȅ ōŜ 

considered in future analyses. Additional research was ŎƻƴŘǳŎǘŜŘ ǘƻ ƛŘŜƴǘƛŦȅ Iŀǿŀƛ ƛ-specific waste 

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. 

CǳǘǳǊŜ ƛƳǇǊƻǾŜƳŜƴǘ ŎƻǳƭŘ ƛƴŎƭǳŘŜ ŦǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ƛƴǘƻ Iŀǿŀƛ ƛ ǘǊŜƴŘǎ ƛƴ ŘƛǾŜǊǘƛƴƎ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ŀƴŘ 

food scraps from landfills, as well as yard trimmings and food scraps sequestration rates that 

ƛƴŎƻǊǇƻǊŀǘŜ Iŀǿŀƛ ƛΩǎ ŎƭƛƳŀǘŜ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŦǳǘǳǊŜ ŀnalyses. 

Area for Improvement #16 

CǳǊǘƘŜǊ ƛƴǾŜǎǘƛƎŀǘƛƻƴ ƛƴǘƻ ǿƘŜǘƘŜǊ ŜǎǘƛƳŀǘŜŘ ŀŎǊŜŀƎŜ ƻŦ ƭŀƴŘ ǳǎŜ ŘƛǎǘǊƛŎǘǎΣ ōȅ ƛǎƭŀƴŘΣ ŦǊƻƳ ǘƘŜ Iŀǿŀƛ ƛ 

DBEDT Databook can be used for estimating urban areas should be conducted. The annual updating of 

ǘƘŜ Iŀǿŀƛ ƛ 5ŀǘŀōƻƻƪ ŀƴŘ ǘƘŜ ŎƘŀƴƎƛƴƎ ŘŜŦƛƴƛǘƛƻƴǎ ƻŦ ǳrban area in every U.S. Census could make using 

the databook estimates a more consistent approach. 

Area for Improvement #17 
Additional land cover data and annually variable net sequestration rates should be incorporated into 

ŦǳǘǳǊŜ ŀƴŀƭȅǎŜǎ ƛŦ ǘƘŜȅ ōŜŎƻƳŜ ŀǾŀƛƭŀōƭŜΦ CǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǘƘŜ ŀƎŜ ƻŦ Iŀǿŀƛ ƛ ŦƻǊŜǎǘǎΣ ƛƳǇǊƻǾŜŘ 

forest management practices, and their emissions reduction potential may also be considered in future 

analyses. 

The 2016 inventory report used carbon sequestration rates and land cover data by forest type for 

Iŀǿŀƛ ƛ ŦƻǊŜǎǘǎ ŦǊƻƳ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ DŜƻƭƻƎƛŎŀƭ {ǳǊǾŜȅ ό¦{D{ύ ǇŀǇŜǊ ǘƛǘƭŜŘ ά.ŀǎŜƭƛƴŜ ŀƴŘ tǊƻƧŜŎǘŜŘ 

Future Carbon Storage and Carbon Fluxes in Ecosystems of Hŀǿŀƛ ƛέ ό{ŜƭƳŀƴǘǎ Ŝǘ ŀƭΦ нлмтύΦ tŀǳƭ 

Selmants (USGS) was contacted in 2019 to confirm that the 2017 study contained the latest available 

ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ Iŀǿŀƛ ƛ ƭŀƴŘ-cover and sequestration rates. Paul indicated at that time that his team 

recently finished a new set of model runs that incorporate two new land use/land cover change 

scenarios and two new climate change scenarios. Based on that new information provided by Paul 

Selmants (USGS), new yearly carbon sequestration rates for forest and shrubland were calculated and 

incorporated into the 2017 ς 2022 inventory reports. Further improvements can include incorporating 

additional data on forest land cover if they become available as additional models are run. 

Area for Improvement #18 
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 include land 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 sinks that are not 

currently included in the Iŀǿŀƛ ƛ Inventory but no new information was identified that could be used to 
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estimate emissions from these categories for the current inventory report. Data for harvested wood 

product could be requested through the Uniform Information Practices Act from the Department of 

Land and Natural Resources Forestry program. It is 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 #19 
Further assessment can be done to ensure the accuracy of the back-casting method used to estimate 

emissions from landfills for years prior to 2010, when GHGRP reporting requirements began. The current 

back-casting method assumes that CH4 generation increases exponentially over time. Confirming waste 

ƛƴ ǇƭŀŎŜ Řŀǘŀ ōȅ Iŀǿŀƛ ƛ 5hI ƻǊ ƭŀƴŘŦƛƭƭǎ ǘƘŜƳǎŜƭǾŜǎ ǘƻ ŜƛǘƘŜǊ ǊŜǇƭŀŎŜ ƻǊ ŎƻƴŦƛǊƳ [aht Řŀǘŀ ǿƻǳƭŘ ƭŜŀŘ 

to more accurate scaling factors to account for landfills under the GHGRP reporting threshold. 

Area for Improvement #20 
Future improvement could be made by incorporating flow rate and BOD5 data for non-NPDES WWTPs 

for 2022 and historical years in which no or little data were available. Should state-specific data on total 

ƴǳƳōŜǊ ƻŦ ƘƻǳǎŜƘƻƭŘǎ ƻƴ ǎŜǇǘƛŎ ǎȅǎǘŜƳǎ ŀƴŘκƻǊ ǎƘŀǊŜ ƻŦ ƘƻǳǎŜƘƻƭŘǎ ƛƴ Iŀǿŀƛ ƛ ƻƴ ǎŜǇǘƛŎ ǎȅǎǘŜƳǎ 

become available, it can be incorporated. Additionally, more recent data on the percentage of biosolids 

from WWTPs used as fertilizer can be used to improve estimates. 
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Appendix D. County Emissions Methodology 

This appendix summarizes the methodology used to quantify Iŀǿŀƛ ƛΩǎ DID ŜƳƛǎǎƛƻƴǎ ōȅ ŎƻǳƴǘȅΦ ¢ƘŜ 

methodology used varies by emissions source, depending on data availability. For some sources, county-

level activity data were available to build bottom-up county level emissions estimates. For other 

sources, only state-level activity data were available, requiring emissions to be allocated to each county 

using proxy information such as population and VMT data. 

County Emissions estimates were calculated using 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 assumptions. Should 

additional data become available, the methodology described here will be revised for future inventories. 

Energy 

Stationary Combustion 

County-level stationary combustion emissions estimates were calculated for each economic sector using 

a combination of disaggregated state-level emission estimates and/or county-level activity data, based 

on the availability and reliability of data for each source category and inventory year. Results for each 

economic sector were then summed to calculate total county-level stationary combustion emissions.  

Emissions for the energy industries and industrial sectors for 2010 and 2015 to 2022 were calculated 

using the methodology described in Section 3.1 and allocated to each county based on county-level 

emission breakdowns calculated from GHGRP data (EPA 2024c). 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 described in Section 3.1 and 

allocated to each county by applying the 2010 county allocations derived from GHGRP facility level 

emissions data (EPA 2024c). 

Residential and commercial sector emissions for all inventory years were calculated using the 

methodology described in Section 3.1 and allocated to each county by population data from DBEDT  

(2024a).  

Transportation 

Ground transportation emissions for 2005, 2007, 2010, and 2015 to 2022 were calculated using the 

methodology described in Section 3.2 and allocated to each county based on motor vehicle registration 

data from DBEDT data book (DBEDT 2023). For 1990 ground transportation emissions, 1990 motor 

vehicle registration data were unavailable. Therefore, 1995 motor 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 non-aviation 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 transportation sectors occur in Honolulu. 

Emissions from domestic aviation transportation were calculated using the methodology described in    

Section 3.2 and allocated to each county based on domestic BTS flight data (DOT 2022a).  

Incineration of Waste for Energy Purposes 

Iŀǿŀƛ ƛΩǎ ǘǿƻ ǿŀǎǘŜ ƛƴŎƛƴŜǊŀǘƛƻƴ ŦŀŎƛƭƛǘƛŜǎΣ ²ŀƛǇŀƘǳ ŀƴŘ Ith²9wΣ ŀǊŜ ōƻǘƘ ƛƴ Iƻƴƻƭǳƭǳ /ƻǳƴǘȅΤ 

therefore, total emissions from the incineration of waste for energy purposes were allocated to 

Honolulu County, calculated using the methodology described in Section 3.3.  

Oil and Natural Gas Systems 

Iŀǿŀƛ ƛΩǎ one oil and natural gas facility currently in operation, Par East, is in Honolulu County; Iŀǿŀƛ ƛΩǎ 

other oil and natural gas facility that fully closed in 2022 was also in Honolulu County. Therefore, total 

emissions from oil and natural gas systems were allocated to Honolulu County, calculated using the 

methodology described in Section 3.4.  

Non-Energy Uses 

Emissions for non-energy uses for 2010 and 2015 to 2022 were calculated using the methodology 

described in Section 3.5 and allocated to each county based on county-level emission breakdowns for 

the energy industries and industrial sector calculated from GHGRP data (EPA 2024c). 

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 described in Section 

3.5 and allocated to each county by applying the 2010 county allocation for the energy industries and 

industrial sector derived from GHGRP facility level emissions data (EPA 2024c). 

IPPU 

Cement Production 

All process emissions from cement production 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 

Ǌŀǘƛƻ ƻŦ ǘƘŜ ƛǎƭŀƴŘΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ ǘƻ ¦Φ{Φ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎΦ 9ǎǘƛƳŀǘŜǎ ƻŦ ƴŀǘƛƻƴŀƭ {C6 and CH4 emissions 

data were taken from the U.S. Inventory (EPA 2024b). National electricity sales data come from the EIA 

(2023aύΦ Iŀǿŀƛ ƛ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ Řŀǘŀ ōȅ ƛǎƭŀƴŘ ŎƻƳŜ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлн3). 

Island-level data was aggregated by county to estimate county-level emissions. 
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Substitution of Ozone Depleting Substances   

Emissions from mobile air-conditioning systems were estimated by apportioning national emissions 

from the U.S. Inventory (EPA 2024bύ ǘƻ ŜŀŎƘ Ŏƻǳƴǘȅ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ǾŜƘƛŎƭŜ 

ǊŜƎƛǎǘǊŀǘƛƻƴǎ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлн3) to U.S. vehicle registrations from the 

U.S. Department of Transportation, Federal Highway Administration (FHWA 2023). County emissions 

from other air-conditioning systems (i.e., air conditioning systems excluding mobile air conditioners) 

were estimated by apportioning national emissions from the U.S. Inventory (EPA 2024b) to each county 

based on the ratio of the number of houses with air 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 

rŜƎƛƻƴǎ ƛƴ ǘƘŜ ¦ƴƛǘŜŘ {ǘŀǘŜǎ ǳǎƛƴƎ 9L!Ωǎ нллфΣ нлмрΣ ŀƴŘ нлнл w9/{ ǘƻ ŜŀŎƘ Ŏƻǳƴǘȅ ōŀǎŜŘ ƻƴ ǇƻǇǳƭŀǘƛƻƴ 

(EIA 2013; EIA 2018; EIA 2022). For the remaining sub-categories, national emissions from the U.S. 

Inventory (EPA 2024b) were apportioned to each county baǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǘƘŜ ŎƻǳƴǘȅΩǎ ǇƻǇǳƭŀǘƛƻƴ 

from DBEDT (2024a) to U.S. population from the U.S. Census Bureau (2023).  

AFOLU 

Enteric Fermentation  

County-level population data for total cattle, beef cattle, swine, and chickens were obtained from USDA 

NASS. County-level cattle population data were used to apportion state-level cattle population data 

from the U.S. Inventory (EPA 2024b) to each county, using the methodology described in Section 5.1. 

The years with county-level data available for these animal types varied based on the animal type and 

county, with 2022 being the most recent year that county-level data were available. Population 

estimates for years and animal types with no data were estimated based on state-level data. Emissions 

were calculated based on population data using the methodology described in Section 5.1. 

County-level 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 described in Section 5.1. 

Manure Management  

County-level population data for total cattle, beef cattle and swine were obtained from USDA NASS. 

County-level cattle population data were used to apportion state-level cattle population data from U.S. 

Inventory (EPA 2024b) to each county, using the methodology described in Section 5.2. 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 county-level data were available. Population estimates for 

years and animal types with no data were estimated based on state-level data. Emissions were 

calculated based on population data using the methodology described in Section 5.2. 
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County-level 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 described in Section 5.2. 

Agricultural Soil Management  

County-level annual sugarcane area and production estimates for the years 1990 to 2007, 2017, and 

2022 were obtained directly from USDA NASS. Between 2007 and 2017, county-level acreages were 

estimated based on the average proportion of county-level area (or production) to state-level area (or 

production) for sugarcane over the full timeseries. Sugarcane area and production was zeroed out in 

нлму ŀƴŘ ƻƴǿŀǊŘ ŘǳŜ ǘƻ ǘƘŜ ŎƭƻǎǳǊŜ ƻŦ ǘƘŜ ƭŀǎǘ ǎǳƎŀǊŎŀƴŜ Ƴƛƭƭ ƛƴ Iŀǿŀƛ ƛΦ CƻǊ ƻǘƘŜǊ ŎǊƻǇǎ όƛΦŜΦΣ 

pineapples, sweet potatoes, ginger root, taro, and corn for grain), county-level 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 ratio of county-level data to state-level 

data in 2022 (or the most recent year available) was used. Emissions from county-level crop data were 

estimated using the methodology described in Section 5.3. 

State-level 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 

¦ǎŜ aŀǇǎ όIŀǿŀƛ ƛ {ǘŀǘŜ hŦŦƛŎŜ ƻŦ tƭŀƴƴƛƴƎ нлмрύ ŦƻǊ ǘƘŜ ȅŜŀǊ мффн ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ Iŀǿŀƛ ƛ όнлмс 

and 2022) for 2015 and 2020. Agricultural land use by county for the years 1990 and 1991 were proxied 

to 1992, years 1993 through 2014 were interpolated based on 1992 and 2015 data, and years 2016 to 

2019 were interpolated between 2015 and 2020. Agricultural land use by county for 2021 and beyond 

was proxied to 2020. Emissions were then estimated using the methodology described in Section 5.3. 

Animal population data were used to calculate the N inputs to agricultural soils from pasture, range, and 

paddock manure from all animals. County-level population data for total cattle, beef cattle and swine 

were obtained from USDA NASS. County-level cattle population data were used to apportion state-level 

cattle population data from the U.S. Inventory (EPA 2024b) to each county, using the methodology 

described in Section 5.1. The years with county-level data available varied widely based on the animal 

type and county, with 2022 being the most recent year that county-level data were available. County-

level population estimates for years and animal types with no data were estimated based on state-level 

data. County-level 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 described in Section 5.3. 

Field Burning of Agricultural Residues  

County-level annual sugarcane area and production estimates for the years 1990 to 2007 were obtained 

directly from USDA NASS and for year 2017 from the USDA Census of Agriculture. Between 2007 and 

2017, county-level data were estimated based on the average proportion of county-level area (or 

production) to state-level area (or production) for sugarcane over the full timeseries. 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 

Iŀǿŀƛ ƛΦ 9Ƴƛǎǎƛƻƴǎ ǿŜǊŜ ǘƘŜƴ ŜǎǘƛƳŀǘŜŘ ǳǎƛƴƎ ǘƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŘŜǎŎǊƛōŜŘ ƛƴ Section 5.4. 

Urea Application  

State-level urea fertilizer application data were 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 

¦ǎŜ aŀǇǎ όIŀǿŀƛ ƛ {ǘŀǘŜ hŦŦƛŎŜ ƻŦ tƭŀƴƴƛƴƎ нлмрύ ŦƻǊ мффн ŀƴŘ ǘƘŜ ¦ƴƛǾŜǊǎƛǘȅ ƻŦ Iŀǿŀƛ ƛ όнлмс and 2022) 

for 2015 and 2020. Agricultural land use by county for the years 1990 and 1991 were proxied to 1992, 

years 1993 through 2014 were interpolated based on 1992 and 2015 data, and years 2016 to 2019 were 

interpolated between 2015 and 2020. Agricultural land use by county for the 2021 and beyond was 

proxied to 2020. Emissions were then estimated using the methodology described in Section 5.5. 

Agricultural Soil Carbon  

Emissions from agricultural soil carbon were estimated using the methodology described in Section 5.6 

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 from NASS 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 then interpolated throughout the timeseries based 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 described in Section 5.7 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 (DBEDT 2024a, NOAA-CCAP 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 in Section 5.8 and allocated to each county based on the ratio of county 

population to state population (DBEDT 2024a). 

Urban Trees  

Urban tree cover by county was estimated based on urbanized area and cluster data in 1990, 2000,  

2010, and 2020 from the U.S. Census and percent tree cover by county from the NLCD, as described in 

section 4.9. Census-defined urbanized areas were mapped to their respective county to establish 

county-level urban area estimates. Then, county-level urban area estimates and urban tree cover % 

were interpolated and extrapolated throughout the timeseries based on available data, as described in 

Urban Trees (IPCC Source Category 3B5a). CO2 sinks were calculated based on urban tree cover and 

Iŀǿŀƛ ƛ-specific sequestration rates, as described in Section 5.9Urban Trees (IPCC Source Category 

3B5a). 
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Forest Carbon 

Carbon sequestration in forests and shrubland were estimated using the methodology described in 

Forest Carbon (IPCC Source Category 3B1a) and allocated to each county based on forest and shrubland 

area data by island from DBEDT (2024a). County-level emissions estimates were then calculated as the 

sum of each island in the county. CO2 ǎƛƴƪǎ ǿŜǊŜ ŎŀƭŎǳƭŀǘŜŘ ǳǎƛƴƎ Iŀǿŀƛ ƛ-specific forest and shrubland 

sequestration rates (Selmants et al. 2017), as described in Section 5.10. 

Waste 

Landfills 

Landfill emissions were calculated for each county using the methodology described in Section 6.1. 

Composting  

Composting emissions were calculated based on per capita rates of composting per year by county, 

which were provided by Iŀǿŀƛ ƛΩǎ 5ŜǇŀǊǘƳŜƴǘ ƻŦ IŜŀƭǘƘ όIŀǿŀƛ ƛ 5hI нлнпύΦ  

Wastewater Treatment  

Wastewater treatment emissions were calculated for each island using the methodology described in 

Section 6.3; county-level emissions estimates were calculated as the sum of each island in the county.  
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Appendix E. Iŀǿŀƛ ƛ Administrative Rule (HAR) Facility Data 

Iŀǿŀƛ ƛ Administrative Rule (HAR) affected facilities refers to large existing stationary sources with 

potential GHG emissions at or above 100,000 tons of CO2 Eq. per year.65 These facilities are subject to an 

annual facility-ǿƛŘŜ DID ŜƳƛǎǎƛƻƴǎ ŎŀǇ ƻŦ мс ǇŜǊŎŜƴǘ ōŜƭƻǿ ǘƘŜ ŦŀŎƛƭƛǘȅΩǎ ǘƻǘŀƭ нлмл ōŀǎŜƭƛƴŜ όƻǊ 

alternate approved baseline) GHG emission levels to be achieved by January 1, 2020 and maintained 

thereafter. Table D-1 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 

ŦǊƻƳ ǘƘŜ 9t!Ωǎ DIDwt ό9t! нлнпŎύΦ ¢ƘŜ ǘŀōƭŜ ŀƭǎƻ ƛƴŎƭǳŘŜǎ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǘƘŜ ŦŀŎƛlity-specific 2020 

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 fugitive emissions from petroleum refineries. Biogenic CO2 emissions from 

HAR affected facilities are not presented, as these emissions are excluded from the annual facility-wide 

GHG emission cap. ¢ƘŜ Iŀǿŀƛ ƛ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ wǳƭŜǎ ŘƛŎǘŀǘŜ ǘƘŀǘ ŜǎǘƛƳŀǘŜǎ ǳǎŜŘ Ŧƻr permitting be 

developed using the GWPs published in Table A-1 to subpart A of 40 CFR 98 which is in alignment with 

GHGRP reporting. These GWPs are AR4 GWPs and therefore HAR facility emissions totals are reported 

here using AR4 GWPs for consistency.  

 

 

 

65 Iŀǿŀƛ ƛ !ŘƳƛƴƛǎǘǊŀǘƛǾŜ wǳƭŜǎΣ Chapter 11-60.1, available online at 
http://health.Hawaii.gov/cab/files/2014/07/HAR_11-60_1-typed.pdf, excludes municipal waste combustion 
operations and conditionally exempts municipal solid waste landfills. 

http://health.hawaii.gov/cab/files/2014/07/HAR_11-60_1-typed.pdf
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Table D-1: Reported  HAR Affected Facility Emissions (excluding biogenic CO2 emissions) (MMT CO2 Eq.) 

HAR Affected Facility 

Inventory 
Sector             

(IPCC) Source 
Category 

2
0
1

0 

2
0
1

1 

2
0
1

2 

2
0
1

3 

2
0
1

4 

2
0
1

5 

2
0
1

6 

2
0
1

7 

2
0
1

8 

2
0
1

9 

2
0
2

0 

2
0
2

1 

2
0
2

2 

2
0
2

0
 C

a
p 

D
if
fe

re
n
ce

 

!9{ Iŀǿŀƛ ƛΣ LƴŎΦ 
Energy Industries 

(1A1ai) 1.53 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  

IņƳņƪǳŀ Energy 
Partners 

Energy Industries 
(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 & 
Sugar Companya 

Industrial (1A2) 
0.14  0.13  0.12  0.15  0.14  0.12  0.04  +  +  NO  NO  NO  NO NA NA 

HELCO Kanoelehua Hill 
Generation Station 

Energy Industries 
(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 
Generating Station 

Energy Industries 
(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 
Generating Stationb 

Energy Industries 
(1A1ai) NE NE NE NO  NO  NO  NO  NO  NO  NO  NO  NO  NO NA NA 

HELCO Puna Generating 
Station 

Energy Industries 
(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 
Station 

Energy Industries 
(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 
Station 

Energy Industries 
(1A1ai)  2.52   2.63   2.41   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 Industrial 
Park Generating Station 

Energy Industries 
(1A1ai) NO  +  +  +  +  +  +  +  0.02  0.14  0.12  0.12  0.13 0.11 (0.01) 

HECO Honolulu 
Generating Stationc 

Energy Industries 
(1A1ai) 0.12  0.10  0.05  0.06  +  NO  NO  NO  NO  NO  NO  NO  NO  NA NA 

Hu Honua Bioenergy 
Pepeekeo Power Plantd 

Energy Industries 
(1A1ai) NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NO  NA NA 
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HAR Affected Facility 

Inventory 
Sector             

(IPCC) Source 
Category 
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Kalaeloa Cogeneration 
Plant 

Energy Industries 
(1A1ai)  0.95   0.99   0.91   0.96   0.92   0.95   0.85   0.86   0.88   0.90   0.79   0.84   0.88  1.06 0.27  

Yŀǳŀ ƛ LǎƭŀƴŘ ¦ǘƛƭƛǘȅ /ƻΦ 
Kapaia Power Station 

Energy Industries 
(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  

Yŀǳŀ ƛ LǎƭŀƴŘ ¦ǘƛƭƛǘȅ /ƻΦ 
Port Allen Generating 
Station 

Energy Industries 
(1A1ai) 

 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 
Generating Station 

Energy Industries 
(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 
Generating Station 

Energy Industries 
(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 Generating 
Station 

Energy Industries 
(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) 

Par West Refinerye,f 

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  

Oil and Natural 
Gas (1B2) 0.19  0.21  0.23  0.16  0.21  0.19  0.19  0.17  0.18  +  +  +  NO  NA NA 

Par East Refineryf 

Energy Industries 
(1A1ai)  0.44   0.45   0.41   0.26   0.43   0.44   0.43   0.47   0.48   0.48   0.44   0.51   0.49  0.62 0.18  

Oil and Natural 
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 Subtotalg 8.58  8.72  8.35  7.81  7.87  7.81  7.74  7.32  7.31  7.29  6.45  6.30  6.31 7.52 1.07 

Industrial Subtotalg 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 
a The Hawaiian Commercial & Sugar Company plant closed in December 2016. 
b The HELCO Shipman Generating Station was deactivated in 2012 and closed at the end of 2015.  
c The HECO Honolulu Generating Station was deactivated in January 2014. 
d The Hu Honua Bioenergy, LLC Pepeekeo Power Plant is currently under development. Once the plant becomes operational, emissions are still expected to not 
occur, based on the definitions set forth in administrative rules, because the plant will use biomass as its fuel source. 
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e Par West Refinery shut down in 2020, facility equipment remained running in 2021, but fully closed in 2022. 
f Par West Refinery was previously known as Island Energy Services Refinery and prior to that, as the Chevron Products Company Iŀǿŀƛ ƛ wŜŦƛƴŜǊȅΤ ǘƘŜ tŀǊ 9ŀǎǘ 
wŜŦƛƴŜǊȅ ǿŀǎ ǇǊŜǾƛƻǳǎƭȅ ƪƴƻǿƴ ŀǎ ǘƘŜ wŜŦƛƴŜǊȅ YŀǇƻƭŜƛ ǿƘƛŎƘ ǇǊŜǾƛƻǳǎƭȅ ǿŀǎ ƪƴƻǿƴ ŀǎ ǘƘŜ Iŀǿŀƛ ƛ LƴŘŜpendent Energy Petroleum Refinery. In 2018, the Island 
Energy Services refinery ceased refinery operations and converted to an import terminal (Mai 2018). 
g Sector subtotals presented in this table, which are based on facility-level data, differ from the estimates by end-use sector presented in this report, which are 
adjusted to ensure consistency with how SEDS allocates data by end-use sector. In addition, the data in this table only represent emissions from HAR facilities and 
may not represent total statewide emissions.  
+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not Occurring); NA (emissions are Not Applicable). 
Note: Totals may not sum due to independent rounding. 

 

Additionally, HAR-affected facilities have the option to combine the emissions from multiple partnering facilities and be regulated by a combined cap.    
Hawai ƛ Ƙŀǎ ǘƘǊŜŜ ǎŜǘǎ ƻŦ ǇŀǊǘƴŜǊƛƴƎ ŦŀŎƛƭƛǘƛŜǎ, each graphically shown with their caps in Figures Figure E-1, Figure E-2, and Figure E-3.  
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Figure E-1: Independent Power Producers and Hawaiian Electric Partnering Facilities 
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Figure E-2: Par Hawaii Refinery, LLC Partnering Facilities 

 
Note: In this stacked area chart, emissions from Par West Refinery began in 2018 and ended in 2021.  
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Figure E-3: Kauai Island Utility Cooperative Partnering Facilities 
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Appendix F. Activity Data 

This appendix summarizes activity data used to develop the inventory presented in this report. 

Energy 

Table F-1: Stationary Fuel Consumption by Fuel Type, Economic Sector, and Year (Bbtu) 

Sector/Fuel Type 1990 2005 2007 2010 2015 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 Gasolinea 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 3,553 3,805 3,517 3,275 3,183 3,183 

Other Fuelsb 1 0 0 0 0 0 0 0 0 0 0 0 

Industrialc  

Coal 695 1,411 1,795 1,415 1,136 271 0 0 0 0 0 0 

Diesel Fuel 4,222 2,977 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 Gasolinea 701 676 1,216 684 1,335 1,320 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 2,565 3,233 2,797 2,487 0 2,910 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 Fuelsb 2,653 1,425 169 5,349 4,404 2,917 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 Gasc 0  1,763  1,763  2,503  3,793  3,160  3,991  5,599  4,391  3,324  3,953  3,957  

Biodieseld 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 Fuelsb (2,905) 100  573  241  (148) 67  605  231  1,060  1,127  259  (3) 

Naphthae 0  4,065  4,065  4,419  6,240  5,413  5,579  6,515  7,558  4,156  4,475  4,870  
a The motor gasoline consumption totals by end-use 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.  
b Other fuels include asphalt and road oil, kerosene, lubricants, waxes, aviation gasoline blending components, aviation gasoline blending components and 
unfinished oils. 
c.  
c CǳŜƭ Dŀǎ Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! нлнпŎύ ŦƻǊ нлмлΣ нлмрΣ ŀƴŘ нлмс ŀƴŘ ǿŜǊŜ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ƛƴ aa¢ /h2 Eq. Fuel consumption in Bbtu was 
estimated by back-calculating emissions using the corresponding naphtha emissions factor from the U.S. Inventory (EPA 2024b). 
d Biodiesel Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t! нлнпŎύ ŦƻǊ нлмр ŀƴŘ нлмс ŀƴŘ ǿŜǊŜ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ƛƴ aa¢ /h2 Eq. Fuel consumption in Bbtu was 
estimated by back-calculating emissions using the corresponding biodiesel emissions factor from the U.S. Inventory (EPA 2024b). 
e bŀǇƘǘƘŀ Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ DIDwt ό9t!нлнпŎύ ŦƻǊ нлмлΣ нлмрΣ ŀƴŘ нлмс ŀƴŘ ǿŜǊŜ ƻƴƭȅ ŀǾŀƛƭŀōƭŜ ƛƴ aa¢ /h2 Eq. Fuel consumption in Bbtu was 
estimated by back-calculating emissions using the corresponding naphtha emissions factor from the U.S. Inventory (EPA 2024b). Naphtha data were obtained 
from DBEDT (2008a) for 1990 and 2007 in Bbtu.  
Sources: EIA (2024a); EPA (2024b); DBEDT (2008a). 
Note: Parentheses indicate negative values. 
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Table F-2: Transportation 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  

Aviation 
Gasoline 1,375 224 206 188 47 35 50 109 158 119 55 57 

Jet Fuel 
Kerosenea 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  

Diesel Fuelb 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 Gasolinec 39,916 55,034 55,301 47,059 49,072 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 

Biodieseld 0 58 204 38 0 584 576 699 558 566 984 1,017 

Marine  

Diesel Fuelb 5,771 8,241 9,601 6,061 627 973 772 819 1,098 1,097 434 1,880 

Motor Gasolinec 18 35 35 43 54 23 25 722 464 45 31 22 

Residual Fuele 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 + + + + + + + + + 

Jet Fuel 
Kerosenea 1,969 14,102 10,987 9,119 11,043 10,952 11,671 11,841 12,096 6,143 9,146 10,564 

Naphthaf 17,786 0 0 0 0 0 0 0 0 0 0 0 

Military Non-Aviation  

Diesel Fuelb 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 Fuele  806  0 0 0 0 0 0 0 0 0 0 0 
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+ Does not exceed 0.5 Bbtu. 
a SEDS jet fuel consumption was apportioned between aviation and military aviation based on the breakout of the data collected by DBEDT (2008a) into 
military aviation and non-military aviation. For 1990, a portion of jet fuel consumption was allocated to military aviation naphtha consumption based on direct 
communication with EIA (2019). 
b SEDS diesel consumption was apportioned between ground, marine, and military non-aviation based on the breakout of the data collected by DBEDT (2008a) 
by end-use sector. Biodiesel consumption data collected by DBEDT (2024a) was subtracted from the SEDS diesel total as the SEDS data includes biodiesel. 
c The motor gasoline consumption totals by end-use 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. 
d Biodiesel data was collected by DBEDT (2024a). 
e 1990 residual fuel data from SEDS were apportioned between marine and military non-aviation based on military residual fuel data obtained from EIA Fuel Oil 
and Kerosene Sales (EIA 2019). 
f Military aviation naphtha consumption was obtained from direct communication with EIA (2019). 
Sources: EIA (2024a); EIA (2019); DBEDT (2024a). 

Table F-3: Share of Consumption Used for Non-Energy Uses (%) 

Fuel Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Industrial   

Coal 0.5% 0.9% 0.9% 1.0% 1.3% 1.4% 1.5% 1.6% 1.8% 2.1% 2.1% 2.1% 

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% 1.2% 0.5% 0.6% 0.6% 0.6% 0.5% 0.5% 0.6% 0.6% 0.6% 

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% 

Source: EPA (2024c). 
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Table F-4: Non-Energy Use Consumption (Bbtu) 

Fuel Type 1990 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 Fuelsa  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 Fuelsa  214   184   185   14   45   51   44   60   105   63   97   89  

Ground Transportation 

Other Fuelsa  187   161   162   383   382   330   308   281   250   211   221   234  

Marine Transportation 

Other Fuelsa  61   53   53   66   27   22   22   20   16   8   3   13  
a Other fuels include asphalt and road oil, lubricants, and waxes. 
Sources: EIA (2024a), EPA (2024c). 

Table F-5: Derived Consumption Data Used to Apportion Jet Fuel 5ŀǘŀ ǘƻ LƴǘŜǊƴŀǘƛƻƴŀƭ .ǳƴƪŜǊ CǳŜƭǎ όΨллл Dŀƭƭƻƴǎύ 

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% 

NotesΥ /ƻƴǎǳƳǇǘƛƻƴ Řŀǘŀ ŀǊŜ ŦǊƻƳ ŦƭƛƎƘǘǎ ƻǊƛƎƛƴŀǘƛƴƎ ƛƴ Iŀǿŀƛ ƛΦ CƭƛƎƘǘǎ ǿƛǘƘ ŀ ŘŜǎǘƛƴŀǘƛƻƴ ǿƛǘƘƛƴ Iŀǿŀƛ ƛ ƻǊ ǘƻ ǘƘŜ ƳŀƛƴƭŀƴŘ ¦Φ{Φ are considered domestic while 
flights with an international destination are considered international. 
Source: DOT (2022a). 
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Table F-6: 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 

Aviationa  

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  

Marineb 

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  
a Calculated based on domestic and international flight mileage data from DOT (2022a). 
b Obtained directly from the Census Bureau (DOC 2005, 2007, 2010, 2015 through 2022). Data are provided in barrels, then converted to gallons using a 
conversion factor of 42 gallons per barrel before being converted to Bbtu using a conversion factor of 0.000139 Bbtu per gallon. For 1990, marine bunker fuel 
ŎƻƴǎǳƳǇǘƛƻƴ ǿŀǎ ŜǎǘƛƳŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ Iŀǿŀƛ ƛ ŎƻƴǎǳƳǇǘƛƻƴ ǘƻ ǘƻǘŀƭ ¦Φ{Φ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ нллс όǘƘŜ ŜŀǊƭƛŜǎǘ ȅŜŀǊ Řŀǘŀ ƛǎ ŀǾŀƛƭŀōƭŜ ŦƻǊ Iŀǿŀƛ ƛ ƳŀǊƛƴŜ 
bunker fuel). National marine bunker fuel consumption was obtained from the U.S. Inventory (EPA 2024b). 
Source: EIA (2024a), DOT (2022a), DOC (2005, 2007, 2010, 2015 through 2022), EPA (2024b). 

IPPU 

Table F-7: 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 ended in 2001. 

Table F-8: Electricity Sales by Year (million MWh) 

 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Iŀǿŀƛ ƛ 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 

{ƻǳǊŎŜǎΥ 9L! όнлноŀύ ό¦Φ{ΦύΤ 5.95¢ όнлноύ όIŀǿŀƛ ƛύΦ 
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Table F-9: Registered Vehicles by Year (thousands) 

 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Iŀǿŀƛ ƛ 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 

{ƻǳǊŎŜǎΥ CI²! όнлноύ ό¦Φ{ΦύΤ 5.95¢ όнлноύ όIŀǿŀƛ ƛύΦ 

Table F-10: U.S. GHG Emissions by Year (MMT CO2 Eq.) 

Source 1990 2005 2007 2010 2015 2016 2017 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 

Table F-11: Animal Population by Animal Type, Year (Thousand Head) 

Animal Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Cattle 198.8 157.8 159.3 149.1 128.9 136.2 138.1 139.5 139.7 135.7 132.9 143.9 

Dairy Cattle 22.8 10.7 6.8 3.7 4.3 4.3 4.6 4.1 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 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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 176.0 147.1 152.6 145.4 124.5 131.9 133.5 135.4 136.4 133.7 130.4 141.7 

Beef Cows 75.0 81.3 85.2 81.2 68.8 72.8 73.6 75.0 75.5 75.3 72.2 79.2 

Beef Replacement 
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 2.5 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 4.3 4.7 4.8 5.3 5.5 5.9 5.6 5.3 5.9 4.8 

Steer Stockers 17.3 3.5 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 42.1 43.4 41.5 35.2 37.5 37.6 38.7 38.5 37.6 36.7 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 15.6 16.2 17.0 17.8 18.5 19.2 12.3 

Swine 36.0 19.0 15.0 12.5 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 4.5 5.2 5.2 5.2 5.2 4.3 

Chickens 1,487.9 629.4 424.6 368.9 256.2 242.6 228.9 215.8 204.9 194.7 185.2 171.9 

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 304.9 82.4 2.1 2.9 9.0 10.9 12.8 12.5 13.6 14.8 16.0 12.8 
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Sources: (EPA 2024b) (cattle); (USDA 2024a) (swine); USDA (1989, 1994, 2009, 2014, 2019, and 2024b) [sheep, goats, horses, broilers, and chickens (for years 
1990 ς 2022)]. 

Table F-12: 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, 1994, 2009, 2014, 2019, 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. 

Table F-13: 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) 185.2 133.0 124.5 116.5 109.1 102.1 95.5 89.4 123.8 

Sweet potatoes 1.0 1.2 1.4 3.1 4.2 4.2 4.2 5.0 5.2 5.4 5.7 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 for grain 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, 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.  



   

 

Activity Data 184 

Table F-14: Fertilizer Consumption by Fertilizer Type, Fertilizer Years  

Year 
Urea Fertilizer 

Consumption (short 
tons) 

Synthetic Fertilizer 
Consumption (kg N) 

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 
Sources: TVA (1991 through 1994) (urea fertilizer); AAPFCO (1995 through 2019) (urea and synthetic fertilizer), EPA (2023a)  

Table F-15: 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 Exchange (Trauernicht et al., 2015)  

Table F-16: Forest and Shrubland Area (Hectares) 

Forest and 
Shrubland 
Area 

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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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Table F-17: Forest and Shrubland Area (%) 

Forest and 
Shrubland Area 

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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% 

Sources: NOAA-CCAP (2000); Selmants et al. (2017).  

Table F-18Υ Iŀǿŀƛ ƛ [ŀƴŘŦƛƭƭŜŘ ¸ŀǊŘ ¢ǊƛƳƳƛƴƎǎ ŀƴŘ CƻƻŘ {ŎǊŀǇǎ όǘƘƻǳǎŀƴŘ ǎƘƻǊǘ ǘƻƴǎΣ ǿŜǘ ǿŜƛƎƘǘύ 

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).  

Table F-19Υ Iŀǿŀƛ ƛ ¦Ǌōŀƴ !ǊŜŀ όƪƳ2) 

Iŀǿŀƛ ƛ ¦Ǌōŀƴ 
Area 

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Urban Area 
(km2) 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 

Sources: U.S. Census Bureau (1990a, 2002, 2012); Nowak et al. (2005). 

Waste 

Table F-20: Quantity of MSW Landfilled (MT) in Hawaii by Year 

Year Amount Year Amount Year Amount 

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 702,000 2012 517,978 

1971 565,703 1992 702,000 2013 480,571 

1972 598,176 1993 980,000 2014 500,888 

1973 629,328 1994 1,040,000 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 
{ƻǳǊŎŜǎΥ Iŀǿŀƛ ƛ 5hI όнлнпύΤ hǘǎǳ όнллуύΤ 9t! όнлнпŎύΦ 

Table F-21: Weight of Composted MSW (MT) per County by Year 

MSW 
Composted  

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Iŀǿŀƛ ƛ 22,564a 31,041 34,377 38,009 37,097 59,602 37,629 35,538 37,884 36,665 1,139 34,456 

Maui 37,455a 50,067a 51,390a 52,705 46,637 46,255 51,112 46,087 51,157 51,768 7,267 10,872 

Honolulu 60,190a 63,226 63,506a 75,163 65,233 90,465 98,608 100,745 86,412 95,628 95,544 83,030 
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MSW 
Composted  

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Yŀǳŀ ƛ 12,812a 14,869a 15,565a 15,547 22,019 16,591 14,811 16,548 22,644 20,236 7,892 22,810 
a Weight composted is calculated using a proxy to the nearest year with available data on per capita composting rate. 
{ƻǳǊŎŜΥ Iŀǿŀƛ ƛ 5hI όнлнпύΦ 

Table F-22: Per Capita Biological Oxygen Demand for Wastewater treatment (kg/person/day) by Island 

Island 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Iŀǿŀƛ ƛ 0.0615 0.0615 0.0615 0.0059 0.0052 0.0054 0.0052 0.0046 0.0042 0.0031 0.0026 0.0001 

Yŀǳŀ ƛ 0.0615 0.0615 0.0615 0.0001 0.0002 0.0007 0.0007 0.0002 0.0002 0.0003 0.0003 0.0002 

[ņƴŀ ƛ 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 

aƻƭƻƪŀ ƛ 0.0615 0.0615 0.0615 0.0615 0.0615 0.0008 0.0008 0.0010 0.0008 0.0011 0.0019 0.0024 

bƛ ƛƘŀǳ 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 ŀƘǳ 0.0615 0.0615 0.0615 0.0289 0.0264 0.0262 0.0261 0.0247 0.0249 0.0175 0.0174 0.0129 
{ƻǳǊŎŜǎΥ tǊǳŘŜǊ όнллуύΣ Iŀǿŀƛ ƛ 5hI όнлмтΣ 2018, 2022a, 2022b, 2022c, 2022d, and 2022e). 

Table F-23: 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). 

Table F-24Υ Iŀǿŀƛ ƛ !ƴƴǳŀƭ tǊƻǘŜƛƴ /ƻƴǎǳƳǇǘƛƻƴ όƪƎκǇŜǊǎƻƴκȅŜŀǊύ 

State 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Iŀǿŀƛ ƛ 43.1 44.9 44.9 43.8 44.3 44.5 44.7 44.9 44.4 44.6 44.6 44.4 

Source: EPA (2024d). 
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Appendix G. Emission Factors 

This appendix summarizes emission factors used to develop the inventory presented in this report. 

Energy 

Table G-1: CO2 Emission Factors Used to Estimate Emissions from Stationary Fuel Use by Fuel Type, Economic Sector, and Year (lb C/MMBtu) 

Sector/Fuel Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Residential  

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 

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 

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 42.59 43.14 42.75 42.44 42.46 42.51 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 

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 44.62 44.58 44.56 44.56 44.58 44.58 44.58 44.58 44.58 

Motor Gasoline 42.81 42.59 43.14 42.75 42.44 42.46 42.51 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 
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Sector/Fuel Type 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 31.88 31.88 31.88 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 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 44.53 

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 57.50 57.52 57.50 57.58 57.61 57.61 

Diesel Fuel 44.47 44.47 44.47 44.47 44.47 44.47 44.47 44.47 44.47 44.47 44.47 44.47 

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 42.90 42.90 42.90 42.90 42.90 42.90 42.90 42.90 42.90 

Unfinished 
Oils 44.42 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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Table G-2: CH4 and N2O Emission Factors Used to Estimate Emissions from Stationary Fossil Fuel Use by Fuel 

Type and End-Use Sector (g/GJ) 

Fuel Type/Sector CH4 N2O 

Coal 

Industrial 10 1.5 

Energy Industries 1 1.5 

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 Industries 30 4 

Source: IPCC (2006). 

Table G-3: C, CH4, and N2O Emission Factors Used to Estimate Emissions from Biofuel Use by Fuel Type 

Fuel Type 
C 

(lb C/MMBtu) 

CH4 

(kg/Bbtu) 

N2O 

(kg/Bbtu) 

Ethanol 41 19 NA 

Biodiesel 40 9.5 0.57 

Wooda 94 NA NA 

Renewable Natural Gas 52 3.2 0.63 

NA (emissions are Not Applicable). 
a Methane and N2O emission factors for Wood are reported in Source: EPA (2024b).
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Table G-4: CO2 Emission Factors Used to Estimate Emissions from Non-Highway Vehicles by Fuel Type and Year (lb C/MMBtu) 

Fuel Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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 44.91 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 42.51 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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Table G-5: CH4 and N2O Emission Factors Used to Estimate Emissions from Highway Vehicles by Vehicle Type and 

Control Technology (g/mile) 

Vehicle Type/Control Technology CH4 N2O 

Gasoline Passenger Cars 

  EPA Tier 3 / CARB LEV III 0.0045 0.0012 

  EPA Tier 2 0.0072 0.0048 

  CARB LEV II 0.0070 0.0043 

  CARB LEV 0.0100 0.0205 

  EPA Tier 1a 0.0271 0.0429 

  EPA Tier 0 a 0.0704 0.0647 

  Oxidation Catalyst 0.1355 0.0504 

  Non-Catalyst Control 0.1696 0.0197 

  Uncontrolled 0.1780 0.0197 

Gasoline Light-Duty Trucks 

  EPA Tier 3 / CARB LEV III 0.0065 0.0012 

  EPA Tier 2 0.0100 0.0025 

  CARB LEV II 0.0084 0.0057 

  CARB LEV 0.0148 0.0223 

  EPA Tier 1a 0.0452 0.0871 

  EPA Tier 0a 0.0776 0.1056 

  Oxidation Catalyst 0.1516 0.0639 

  Non-Catalyst Control 0.1908 0.0218 

  Uncontrolled 0.2024 0.0220 

Gasoline Heavy-Duty Vehicles 

  EPA Tier 3 / CARB LEV III 0.0411 0.0136 

  EPA Tier 2 0.0297 0.0015 

  CARB LEV II 0.0391 0.0049 

 CARB LEV 0.0300 0.0466 

  EPA Tier 1a 0.0655 0.1750 

  EPA Tier 0a 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 Light-Duty Trucks 

  Advanced 0.0009 0.0014 
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Vehicle Type/Control Technology CH4 N2O 

  Moderate 0.0009 0.0014 

  Uncontrolled 0.0011 0.0017 

Diesel Medium- and Heavy-Duty Trucks 

  Aftertreatment 0.0095 0.0431 

  Advanced 0.0051 0.0048 

  Moderate 0.0051 0.0048 

  Uncontrolled 0.0051 0.0048 

Diesel Medium- and Heavy-Duty 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). 

Table G-6: N2O Emission Factors Used to Estimate Emissions from Off-Road Vehicles by Vehicle Type and Fuel 

Type (g/kg fuel) 

Vehicle/Fuel 
Type 

1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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 

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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Table G-7: CH4 Emission Factors Used to Estimate Emissions from Off-Road Vehicles by Vehicle Type and Fuel 

Type (g/kg fuel) 

Vehicle/Fuel 
Type 

1990 2005 2007 2010 2015 2016 2017 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 Commercial Equipment 

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). 

Table G-8: CH4 and N2O Emission Factors Used to Estimate Emissions from Natural Gas Use for Off-Road Vehicles 

(kg/TJ fuel) 

Fuel Type CH4 N2O 

Natural Gas 92 3 

Source: IPCC (2006). 

Table G-9: CH4 and N2O Emission Factors Used to Estimate Emissions from International Bunker Fuels by Fuel 

Type (g/kg fuel) 

Fuel Type CH4 N2O 

Jet Fuel Kerosene NA 0.10  

Diesel Fuel 0.315 0.08  

Residual Fuel 0.315 0.08  

NA (emissions are Not Applicable). 
Source: IPCC (2006). 

IPPU 

Table G-10: Clinker Production Emission Factors and Correction Factor by Year (Ton CO2/Ton clinker produced) 

 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Clinker 
Production (EF) 0.51 0.51 0.51 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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AFOLU  

Table G-11: CH4 Cattle Emission Factors Used to Estimate Emissions from Enteric Fermentation by Cattle Type, and Year (kg CH4 per head per year) 

Cattle Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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 44.59 46.24 45.92 45.64 45.62 45.58 45.54 45.51 45.47 45.47 45.47 

Dairy Replacements 
12-23 months 72.54 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 64.54 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 74.26 74.26 74.27 74.27 74.27 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 35.32 33.32 34.95 34.95 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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Table G-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).   

Table G-13: Volatile Solids (VS) by Animal 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 1990 2005 2007 2010 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 lbs. 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 
lbs. 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 

Swine 120 - 179 
lbs. 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 

Swine > 180 lbs. 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 5.4 

Source: EPA (2024b). 
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Table G-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 143.8 129.5 125.9 124.4 133.0 129.1 136.8 137.3 83.8 83.8 83.8 83.8 

Dairy 
Replacement 
Heifers 79.1 72.0 71.3 68.9 68.8 69.0 68.9 69.0 68.9 69.1 69.1 69.2 

Other Dairy 
Heifers 79.1 72.0 71.3 68.9 68.8 69.0 68.9 69.0 68.9 69.1 69.1 69.1 

Dairy Calves 13.4 18.5 19.6 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 

Beef Cows 52.5 55.8 59.0 59.0 59.0 59.0 59.1 59.1 59.1 59.1 59.1 59.1 

Beef 
Replacement 
Heifers 33.6 38.8 41.2 40.7 40.8 40.9 41.3 41.0 41.0 40.9 40.9 41.0 

Heifer Stockers 33.6 38.8 41.2 40.7 40.8 40.9 41.3 41.0 41.0 40.9 40.9 41.0 

Heifer Feedlot 57.4 53.1 53.1 54.6 57.7 59.0 58.1 57.7 58.2 58.5 58.5 59.1 

Steer Stockers 30.8 31.9 33.4 33.5 33.4 33.6 33.4 33.3 33.4 33.3 33.3 33.5 

Steer Feedlot 59.9 54.3 54.6 56.1 58.7 60.1 59.3 58.9 59.6 59.9 59.9 61.1 

Beef Calves 13.4 18.5 19.6 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 20.1 

Bulls 61.1 65.1 68.5 68.5 68.5 68.5 68.5 68.5 68.5 68.5 68.5 68.5 

Sheep 10.5 11.0 11.2 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 11.3 

Goats 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.5 10.3 

Horses 49.3 43.0 41.1 40.2 40.2 40.2 40.2 40.2 40.2 40.2 40.2 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 17.0 15.2 14.8 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 14.6 

Swine < 50 lbs 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 lbs 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 
lbs 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).  

Table G-15: Weighted Methane Conversion Factor (MCF) by Animal Type and Year (%) 

Animal Type 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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% 

Steer 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% 

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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Table G-16: Non-Cattle Emission Factors for Enteric CH4 and Typical Animal Mass by Animal Types  

Animal Type 
Enteric CH4 (kg CH4 per head per 

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 lbs 1.50 15.88 

Swine 50 - 119 lbs 1.50 40.60 

Swine 120 - 179 lbs 1.50 67.82 

Swine > 180 lbs 1.50 90.75 

Horse 18.00 450.00 

Chickens NA 1.80 

Broilers NA 0.90 

Sources: EPA (2024b). 
NA (Not Applicable). 

Table G-17: Maximum Potential Emissions for Estimating Emissions from Manure Management by Animal Type 

Animal Type 

Maximum Potential 
Emissions (B0)  

(m3 CH4/kg VS) 

Dairy Cows 0.24 

Dairy Replacement Heifers 0.17 

Other Dairy Heifers 0.17 

Dairy Calves 0.17 

Beef Cows 0.17 

Beef Replacement Heifers 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 

Source: EPA (2024b) 
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Table G-18: Fraction Volatile Solids Distribution by Animal Type, Waste Management System (WMS), and Year (%) 

Animal Type WMS 1990 2005 2007 2010 2015 2016 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 
Heifers 

Liquid/Slurry 
1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 

Dairy 
Replacement 
Heifers 

Dry Lot 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 98% 

Other Dairy 
Heifers 

Liquid/Slurry 
1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 

Other Dairy 
Heifers 

Dry Lot 
100% 100% 100% 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 
Heifers 

Pasture 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 

Heifer 
Feedlot 

Liquid/Slurry 
1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 0% 

Heifer 
Feedlot 

Dry Lot 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 58% 

Heifer 
Stockers 

Pasture 
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 
Feedlot 

Liquid/Slurry 
1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 1% 0% 

Steer 
Feedlot 

Dry Lot 
100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 100% 58% 

Steer 
Stockers 

Pasture 
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% 

Chickens 
Poultry 
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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Table G-19: Urea Emission Factor 

Emissions Factor Value  

Urea Emission Factor (MT C/MT urea) 0.2 

Source: IPCC (2006).  

Table G-20: N2O Emission Factors by Waste Management System Type (kg N2O-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 

Drylot manure 0.02 

Poultry without bedding 0.001 

Source: IPCC (2006).  

Table G-21: Crop Residue Factors by Crop for Estimating Emissions from Agricultural Soil Management 

Crop 
IPCC Crop 

Proxy 

Dry matter 
fraction of 
harvested 
product 
(DRY) 

Aboveground 
residue dry matter 
AGDM(T) (Mg/ha): 
AGDM(T) = Crop(T) * 

slope(T) + intercept(T) 

N 
content 

of above-
ground 
residues 

(NAG) 

Ratio of 
below-
ground 

residues to 
above-
ground 
biomass 
(RBG-BIO) 

N 
content 

of below-
ground 
residues 

(NBG) 

Slope Intercept 

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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Table G-22: Sugarcane Residue and Crop Factors for Estimating Emissions from Field Burning of Agricultural 

Residues 

Crop 
Res/Crop 

Ratio 

Fraction 
Residue 
Burned 

Dry Matter 
Fraction 

Fraction 
Carbon 

Fraction 
Nitrogen 

Burning 
Efficiency 

Combustion 
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). 

Table G-23: Volatilization and Leaching/Runoff Fraction Lost and Emission Factors for Estimating Emissions from 

Agricultural Soil Management 

Emission Factor Value 

Fraction lost to volatilization (used for synthetic nitrogen applied) 0.1 

Fraction lost to volatilization (used for all non-Pasture, Range and Paddock manure 
deposited) 

0.2 

Fraction lost to leaching/runoff 0.3 

Emission Factor for volatilization 0.01 

Emission Factor for leaching/ runoff 0.0075 

Source: IPCC (2006).  

Table G-24: Emission Factors to Estimate Direct N2O Emissions from Agricultural Soil Management (kg N2O-N/kg 

N) 

Emission Factor Value 

Emission factor for N additions from mineral fertilizers, organic amendments, and crop 
residues 

0.01 

Emission factor for cattle, poultry, and pigs 0.02 

Emission factor for sheep and other animals 0.01 

Source: IPCC (2006). 

Table G-25: Fire Emission Factors, Forest and Shrubland (MT Carbon/ha) 

Emission Factor Value 

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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Table G-26Υ wŀǘƛƻ ƻŦ Iŀǿŀƛ ƛ CƻǊŜǎǘ [ŀƴŘ ǘƻ ²ƛƭŘƭŀƴŘ ό5ƛƳŜƴǎƛƻƴƭŜǎǎύ 

Factor 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Ratio of 
Iŀǿŀƛ ƛ 
forestland to 
wildland 

0.37 0.36 0.36 0.36 0.36 0.36 0.36 0.34 0.34 0.33 0.33 0.34 

Source: National Association of State Foresters (NASF) (1998, 2002); DLNR (2011, 2015, 2016, 2017, 2018, 2019, 
and 2020); Selmants et al. (2017).  

Table G-27: Forest Fire Emission Factor (g/kg dry matter burnt) 

Emission Factor Value 

CH4 4.70 

N2O 0.26 

Source: IPCC (2006).  

Table G-28: Carbon Storage Factors for Landfilled Yard Trimmings and Food Scraps  

Type of 
Waste 

Content of 
Yard 

Trimmings 
(percent) 

Moisture 
Content of 
Waste, MCi 
(percent ) 

Proportion of 
Carbon Stored 
Permanently in 

Waste, CSi 
(percent) 

Initial Carbon 
Content of 
Waste, ICCi 
(percent) 

First Order 
Decay Rate, k 

Grass  30.3 70.0 53.5 44.9 0.139 

Leaves 40.1 30.0 84.6 45.5 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). 

Table G-29: Urban Tree Sequestration Factor, Sc (MT C/km2) 

Factor Value 

Average net C sequestration per km2 tree cover (MT C/km2) (464.0) 

Source: EPA (2024b). 
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Table G-30: Forest Carbon Net Sequestration Factors 

Year 

Annual Net Forest C 
Sequestration Rate 

(MT C/ha/year) 

Annual Net Shrubland C 
Sequestration Rate 

(MT C/ha/year) 

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 

Table G-31: Landfilling CH4 Emission Factors for Estimating Emissions from Waste Sector 

Emission Factor Value  

Methane Generation Constant (yr-1) 0.04  

Methane Generation Potential (m3 CH4/Mg of 
refuse) 100 

Methane Oxidation Rate (percent) 10% 

Source: EPA (2024b). 

Table G-32: Composting CH4 and N2O Emission Factors for Estimating Emissions from Waste Sector 

Emission Factor CH4 N2O 

Waste Treated on a Wet Weight 
Basis (g of gas/Kg waste) 4 0.24 

Source: IPCC (2006). 
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Table G-33: Wastewater CH4 and N2O Emission Factors for Estimating Emissions from Waste Sector 

Emission Factor Value 

Direct Emissions from Wet waste (MT CH4/MT of waste) 0.6  

Direct Emissions from Wet waste (g N2O/person/year) 4.0 

Indirect Emissions from Wet waste (kg N2O-N/kg sewage N-produced) 0.005 

Fraction of wastewater BOD anaerobically digested 12.78% 

Fraction of Nitrogen in Protein (kg N/kg protein) 16% 

Fraction of Nitrogen not Consumed  1.75 

Percentage of Biosolids used as Fertilizer 0% 

Source: EPA (2024c).  

 



   

 

ODS Emissions 208 

Appendix H. ODS Emissions  

ODSτincluding chlorofluorocarbons (CFCs), halons, carbon tetrachloride, methyl chloroform, 

hydrochlorofluorocarbons (HCFCs), and other chlorine and bromine containing compoundsτhave been 

found to deplete the ozone levels in the stratosphere. In addition to contributing to ozone depletion, 

CFCs, halons, carbon tetrachloride, methyl chloroform, and HCFCs are also potent greenhouse gases. 

The GWP values for ODS are summarized in Table H-1.  

The Montreal Protocol on Substances that Deplete 

the Ozone Layer is the international treaty that 

controls ODS; parties to the Montreal Protocol are 

required to provide statistical data about ODS to the 

Ozone Secretariat annually. In the United States, the 

Clean Air Act Amendments of 1990 implement the 

Montreal Protocol controls. IPCC (2006) guidelines 

exclude the reporting of ODS emissions because they 

are controlled under the Montreal Protocol controls. 

For informational purposes, ODS emissions were 

ŜǎǘƛƳŀǘŜŘ ŦƻǊ ǘƘŜ ǎǘŀǘŜ ƻŦ Iŀǿŀƛ ƛΦ ¢ƻ ŜǎǘƛƳŀǘŜ h5{ 

ŜƳƛǎǎƛƻƴǎ ŦƻǊ Iŀǿŀƛ ƛΣ ƴŀǘƛƻƴŀƭ h5{ ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ 

ŀǇǇƻǊǘƛƻƴŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ Iŀǿŀƛ ƛ ǇƻǇǳƭŀǘƛƻƴ 

to U.S. population. Estimates of national ODS 

emissions (in kilotons (kt) by gas) were obtained from 

the U.S. Inventory (EPA 2024b). National population 

numbers were obtained from the U.S. Census Bureau 

όнлноύ ǿƘƛƭŜ Iŀǿŀƛ ƛ ǇƻǇǳƭŀǘƛƻƴ Řŀǘŀ ǿŜǊŜ ƻōǘŀƛƴŜŘ 

from the State of Hawaƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ нлноύΦ 

Table H-2 ǎǳƳƳŀǊƛȊŜǎ h5{ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ ōȅ 

gas for 1990, 2005, 2007, 2010, 2015 to 2022.66 

 

 

66 ¢ƘŜ ƳŜǘƘƻŘƻƭƻƎȅ ŀƴŘ Řŀǘŀ ǎƻǳǊŎŜǎ ǳǎŜŘ ǘƻ ŜǎǘƛƳŀǘŜ h5{ ŜƳƛǎǎƛƻƴǎ ƛƴ Iŀǿŀƛ ƛ ŀǊŜ ŎƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ 
methodology and data sources used to estimate emissions from ODS substitutes. 

Table H-1: 100-year Direct Global Warming 

Potentials for Ozone Depleting Substances 

Gas GWP 

CFC-11  4,660  

CFC-12  10,200  

CFC-113  5,820  

CFC-114  8,590  

CFC-115  7,670 

Carbon Tetrachloride  1,730  

Methyl Chloroform  160  

Halon 1211  1,750  

Halon 1301  6,290  

HCFC-22  1,760  

HCFC-123  79  

HCFC-124  527 

HCFC-141b  782 

HCFC-142b  1980  

HCFC-225ca 127 

HCFC-225cb 525 

Source: IPCC Fifth Assessment Report (AR5) 

(2013).  
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Table H-2: ODS Emissions by Gas (kt) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CFC-11 0.14  0.06  0.05  0.04  0.03  0.03  0.03  0.03  0.03  0.02  0.02  0.02  

CFC-12 0.68  0.11  0.07  0.03  0.02  0.02  0.01  0.01  + + + + 

CFC-113 0.30  0.08  0.06  0.03  NO NO NO NO NO NO NO NO 

CFC-114 0.02  0.01  + + NO NO NO NO NO NO NO NO 

CFC-115 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  + + + + + + + + + + + 

HCFC-22 0.15  0.35  0.36  0.34  0.29  0.27  0.25  0.23  0.21  0.18  0.16  0.14  

HCFC-123 NO + + + + + + + + + + + 

HCFC-124 NO 0.01  0.01  + + + + + + + + + 

HCFC-141b + 0.02  0.02  0.04  0.04  0.04  0.04  0.03  0.03  0.03  0.03  0.03  

HCFC-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  

HCFC-
225ca/cb NO + + + + + + + + + + + 

Total 2.51 0.67 0.62 0.51 0.40 0.38 0.36 0.34 0.31 0.27 0.25 0.22 
+ Does not exceed 0.005 kt; NO (emissions are Not Occurring). 
Note: Totals may not sum due to independent rounding.  
Source: EPA (2024b). 

9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ h5{ ƛƴ Iŀǿŀƛ ƛ ƘŀǾŜ ŘŜŎǊŜŀǎŜŘ ǎƛƎƴƛŦƛŎŀƴǘƭȅ ǎƛƴŎŜ мффлΣ ŦƻƭƭƻǿƛƴƎ ǘƘŜ ƛƳǇƭŜƳŜƴǘŀǘƛƻƴ ƻŦ 

the Montreal Protocol. Figure H-1 below presents combined emissions from ODS and ODS substitutes in 

Iŀǿŀƛ ƛΦ /ƻƳōƛƴŜŘ ŜƳƛǎǎƛƻƴǎ ƘŀǾŜ ǎƛƳƛƭŀǊƭȅ ŘŜŎǊŜŀǎŜŘ ōŜǘǿŜŜƴ мффл ŀƴŘ нлннΣ ŜǾŜƴ ǘƘƻǳƎƘ ŜƳƛǎǎƛƻƴǎ 

from ODS substitutes increased during the same period. 
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Figure H-1: 2022 Emissions from ODS and ODS Substitutes (MMT CO2 Eq.) 
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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 analysis. Consistent 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.e., 2022).  

Methodology 

Uncertainty analyses are conducted to qualitatively evaluate and quantify the uncertainty associated 

with GHG emission and sink estimates. 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 from models, measurement 

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 accuracy 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 activity data or by summing individual sub-source 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, have non-normal 

distributions, and are correlated with other input variables. Approach 2 is also appropriate if a 

sophisticated methodology or multiple input variables are used for the emissions 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 the 2019 Refinement to the 2006 IPCC Guidelines (IPCC 2019) and 2006 IPCC Guidelines 

(IPCC 2006). Under this method, GHG emissions (or sinks) for each source category are estimated by 

generating randomly-selected values according to the specified probability density function (PDF)67 for 

each of the constituent input variables (e.g., activity data, emission factor) 10,000 times using @RISK, a 

commercially-available simulation software. The results of this methodology are presented as an overall 

emission (or sinks) PDF for each source category. The quantified uncertainties for each source category 

 

 

67 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 sources were 

used for all years. As a result of timeseries consistency, 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 for the third ǘƛƳŜ ŦƻǊ ǘƘŜ Iŀǿŀƛ ƛ ƛƴǾŜƴǘƻǊȅΦ ¢ƘŜ Lt// ǇǳōƭƛǎƘŜǎ 

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 assessed for certain 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 data, PDFs were 

built around the input parameters using qualitative responses from data providers, default values 

ǇǊƻǾƛŘŜŘ ōȅ Lt//Σ ŀƴŘκƻǊ ŜȄǇŜǊǘ ƧǳŘƎŜƳŜƴǘ ōŀǎŜŘ ƻƴ L/CΩǎ ŜȄǇŜǊƛŜƴŎŜ ƛƴ ŘŜǾŜƭƻǇƛƴƎ ǳƴŎŜǊǘŀƛƴǘȅ ōƻǳƴŘǎ 

for the U.S. inventory of GHG emissions and sinks in accordance with the 2019 Refinements to the 2006 

IPCC Guidelines (IPCC 2019) and 2006 IPCC Guidelines (IPCC 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 model-based 

uncertainty, which arises when emission/sink estimation 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 been developed to 

estimate emissions from any one source. Nonetheless, these uncertainties are discussed qualitatively, 

where appropriate, for 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 

quantifying 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 to accurately 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 state/county product, visitor arrivals, future fossil fuel prices 

(residual oil, gasoline, diesel, and jet fuel), deployment of renewable energy technology, and the 

adoption of EVs in ground transportation. The study considers an additional uses alternate forecasts for 

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 forecasts of emissions. 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 prices and 

ǎǇŜŎƛŦƛŎŀƭƭȅ ƻƛƭ ǇǊƛŎŜǎ ǳǇƻƴ ǿƘƛŎƘ IŀǿŀƛΩƛ ŜƴŜǊƎȅ ǇǊƛŎŜǎ ǎǘƛƭƭ ƭŀǊƎŜƭȅ ǊŜƭȅΦ  

The forecast for Gross County Product (GCP) in Table J-1 was developed using DBEDT short-run forecast 

of GSP through 2025 and the DBEDT long-run expected growth rate applied for years between 2025 and 

(DBEDT 2024d, DBEDT 2024e). To generate county level projections, a ratio of county specific personal 

income forecasts were applied to the projected GSP (DBEDT 2024e).  

For simplicity, GCP and GSP are used interchangeably hereafter.  

Table J-1: Gross County Product (Normalized to 2022=1) 

Scenario 2025 2030 2035 2040 2045 

Iŀǿŀƛ ƛ  1.05 1.17 1.25 1.33 1.42 

Honolulu 1.05 1.11 1.19 1.28 1.36 

Yŀǳŀ ƛ 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 population, shown in Table J-2, used the DBEDT short-run forecast 

through 2025 and thereafter the long-run forecast (DBEDT 2024d, DBEDT 2024e).  

Table J-2: Resident Population by County (Normalized to 2022=1) 

Scenario 2025 2030 2035 2040 2045 

Iŀǿŀƛ ƛ  1.02 1.17 1.25 1.33 1.42 

Honolulu 1.02 1.11 1.19 1.28 1.36 

Yŀǳŀ ƛ 1.02 1.17 1.26 1.36 1.46 
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Scenario 2025 2030 2035 2040 2045 

Maui 1.02 1.17 1.27 1.38 1.49 

The forecast for de facto population, shown in Table J-3 below, was developed analogously to the 

population forecasts. 

Table J-3: De Facto Population for Each County (Normalized to 2022=1) 

Scenario 2025 2030 2035 2040 2045 

Iŀǿŀƛ ƛ  1.01 1.10 1.13 1.15 1.18 

Honolulu 1.02 1.06 1.07 1.08 1.08 

Yŀǳŀ ƛ 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 short-run forecast through 2025, and the 

DBEDT long-run forecast through 2045 (DBEDT 2024d, DBEDT 2024e). These forecasts are provided in 

Table J-4 below. 

Table J-4: Visitor Arrivals by Air for Each County (Normalized to 2022=1) 

Scenario 2025 2030 2035 2040 2045 

Iŀǿŀƛ ƛ  1.01 1.08 1.16 1.23 1.30 

Honolulu 1.01 1.04 1.08 1.10 1.14 

Yŀǳŀ ƛ 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. These forecasts were used to determine outcomes in Scenarios 1A and 

1B.68 Table J-5 below presents these forecasts using  the baseline AEO (EIA 2023) 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 end-use markups.  

Table J-5: Fuel Prices (Baseline=1) 

Fuel Type Scenario 2025 2030 2035 2040 2045 

Residual Fuel Oil 
High (1A) 1.45 1.64 1.65 1.65 1.69 

Low (1B) 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 

 

 

68 There was no 2024 AEO release due to ongoing efforts by the EIA to overhaul their forecasting models.  
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Fuel Type Scenario 2025 2030 2035 2040 2045 

Jet 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 based on macroeconomic forecasts along with 

the following assumptions for each sub-sector:  

¶ The energy industries subsector was further divided into petroleum refinery emissions and 

electric power sector emissions to develop long-run projections. 

o Petroleum Refinery: Emissions were projected from 2022 based on the projected growth 

in aviation emissions (see the Transportation section for the method used to project 

aviation emissions). 

o Electric Power: The baseline emissions forecast for the electric sector was driven by 

electricity demand forecasts, renewable energy deployment, and the projected demand 

from EVs. 

¶ For the residential, commercial, and industrial sectors, statewide emissions were assumed to 

grow at the rate of forecasted gross county products. 

2.1.a.i Energy Industries Subsector 

Petroleum Refinery Emissions Projections 

tŜǘǊƻƭŜǳƳ ǊŜŦƛƴŜǊƛŜǎ ƛƴ Iŀǿŀƛ ƛ ǇǊƻŘǳŎŜ ƧŜǘ ŦǳŜƭ ǳǎŜŘ ƛƴ ŀǾƛŀǘƛƻƴ ŀƴŘ ǘƘŜǊŜŦƻǊŜ ŜƳƛǎǎƛƻƴǎ ǇǊƻƧŜŎǘƛƻƴǎ 

between the two categories have a causal relationship. Given the additional data on projected aviation 

emissions, petroleum refinery emissions projections are scaled to align with growth in that sector.  

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 developed by integrating these factors along 

with fuel price adjustments and heart rate calculations. 

Emissions were calculated based on the demand for each type of fossil fuel-fired generation in each 

county for each year based on detailed unit level generation data developed for the IGP (Lau 2023).. The 

weighted average heart rate for fossil-fuel 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 fossil-fuel based generation 

decreases, subsequently reducing the electric sector emissions.  

The calculation method is as follows: 

Ὁȟ= В (Ὀȟȟ × ὌὙȟȟ  ὉὊ) 

where, 

Ὁȟ = Emissions of GHGs for year t (MMT CO2 Eq.) and county c (MMT CO2 Eq.) 

Ὀȟȟ = Demand (GWh) for each type of fossil fuel fired generation f (diesel, RFO, etc.) in 

county c in year t 

ὌὙȟȟ = Weighted average heat rate for fossil fuel fired generation f in county c within the 

PSIP69 or KIUC70 production plan for year t.  

ὉὊ = GHG CO2 Eq. emission factor for fuel in county c for year t (Mt CO2 Eq. per MMBtu) 

  

Underlying Electricity Demand Forecast 

Electricity use across the state is expected to grow by 17% percent between 2022 and 2045 primarily 

driven by EV demand.  CƻǊ Yŀǳŀ ƛ /ƻǳƴǘȅΣ ǇǊŜŘƛŎǘƛƻƴǎ ŦƻǊ ŦǳǘǳǊŜ ŜƭŜŎǘǊƛŎƛǘȅ ŘŜƳŀƴŘ ǎǘŀǊǘŜŘ ǿƛǘƘ ŀŎǘǳŀƭ 

нлно ǎŀƭŜǎ Řŀǘŀ όt¦/ нлнпύΦ ¢ƘŜ ǇǊƻƧŜŎǘƛƻƴǎ ŀǇǇƭƛŜŘ aŀǳƛΩǎ ƎǊƻǿǘƘ ǊŀǘŜ ŦǊƻƳ Iŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎΩǎ 

LƴǘŜƎǊŀǘŜŘ DǊƛŘ tƭŀƴ όLDtύ όIŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ нлноύΦ 9± ŀŘƻǇǘƛƻƴ ƻƴ Yŀǳŀ ƛ ǿŀǎ ŀǎǎǳƳŜŘ ǘƻ Ŧƻƭƭƻǿ aŀǳƛΩǎ 

rate (Hawaiian Electric 2023), as detailed in the Ground Transportation section. 

CƻǊ ǘƘŜ Iŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ ǎŜǊǾƛŎŜ ŀǊŜŀΣ ǘƘŜ ŘŜƳŀƴŘ ŦƻǊŜŎŀǎǘǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ LDt ά.ŀǎŜέ ǎŎŜƴŀǊƛƻ ŦƻǊ 

aŀǳƛ ŀƴŘ Iŀǿŀƛ ƛ /ƻǳƴǘƛŜǎ ŀƴŘ ǘƘŜ ά[ŀƴŘ /ƻƴǎǘǊŀƛƴŜŘέ ǎŎŜƴŀǊƛƻ ŦƻǊ Iƻƴƻƭǳƭǳ /ƻǳƴǘȅ όIŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ 

2023). The base scenario represents the middle-ground projection for future energy demand and 

infrastructure development under moderate growth scenarios and is often used as the benchmark 

ǎŎŜƴŀǊƛƻΦ Iƻƴƻƭǳƭǳ Ŏƻǳƴǘȅ ǳǎŜǎ ǘƘŜ άƭŀƴŘ ŎƻƴǎǘǊŀƛƴŜŘέ ǎŎŜƴŀǊƛƻ ŀǎ ƛǘ ǊŜŦlects the limitations of 

renewable energy infrastructure in urbanized areas. This scenario reflects greater reliance on distributed 

 

 

69 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, generation capacity, and plans for integrating renewable energy sources, 
enhancing grid reliability, and managing costs. 
70 KIUC production refers to the energy generation and operational activities of the Yŀǳŀ ƛ LǎƭŀƴŘ ¦ǘƛƭƛǘȅ 
Cooperative. As a member-ƻǿƴŜŘ ǳǘƛƭƛǘȅΣ YL¦/ ŦƻŎǳǎŜǎ ƻƴ ƎŜƴŜǊŀǘƛƴƎ ŜƭŜŎǘǊƛŎƛǘȅ ŦƻǊ Yŀǳŀ ƛΣ ǿƛǘƘ ŀƴ ŜƳǇƘŀǎƛǎ ƻƴ 
renewable energy sources like solar, hydropower, and biomass to reduce reliance on fossil fuels and align with 
Iŀǿŀƛ ƛϥǎ ŎƭŜŀƴ ŜƴŜǊƎȅ ǘŀǊƎŜǘǎΦ 

https://kiuc.coop/generation-portfolio
https://kiuc.coop/generation-portfolio
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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 towards the year 2045.  To better reflect realized 

electricity demand, the projections were further scaled using actual 2023 sales data, which turned out to 

be higher than previous forecasts for every county (PUC 2023). 

Figure J-1 reports the adoption of EVs in the light-duty vehicle fleet for each county and for the state as 

a whole. Figure J-2 and Table J-6 ŀƴŘ ǎƘƻǿ Iŀǿŀƛ ƛ ǎǘŀǘŜǿƛŘŜ ŀƴŘ Ŏƻǳƴǘȅ-level electricity demand for 

2022 and forecasts for 2025, 2030, 2035, 2040, and 2045 (including EVs). Figure J-3 shows renewable 

energy generation as a percentage of total electricity generation by county for the same years.  

Figure J-1Υ Iŀǿŀƛ ƛ {ǘŀǘŜǿƛŘŜ ŀƴŘ /ƻǳƴǘȅ-level Electric Vehicle Adoption for 2022 and 2023 and Forecasts for 

2024-2045 (EVs as % of light-duty vehicle fleet) 
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Figure J-2Υ Iŀǿŀƛ ƛ {ǘŀǘŜǿƛŘŜ ŀƴŘ /ƻǳƴǘȅ-level Electricity Demand for 2022 and Forecasts for 2025, 2030, 2035, 

2040, and 2045 (GWh) (Including EVs) 

 

Table J-6Υ Iŀǿŀƛ ƛ {ǘŀǘŜǿƛŘŜ ŀƴŘ /ƻǳƴǘȅ-level Electricity Demand for 2022 and 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 

Iŀǿŀƛ ƛ 1,331 1,335 1,421 1,456 1,554 1,685 

Yŀǳŀ ƛ 528 551 641 694 779 859 

Total  10,813 10,943 12,054 12,681 13,736 15,129 
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Figure J-3: County-Level Renewable Energy Generation as Percentage of Generation 

 

 

Renewable Energy Deployment 

The deployment of renewable energy is expected to grow substantially to 2045 but slower than 

projected by the utilities. Using the 2023 PUC RPS report (PUC 2023) as a baseline, the renewable share 

ŦƻǊ нлнр ǿŀǎ ŘŜǘŜǊƳƛƴŜŘ ōȅ ŀŘŘƛƴƎ ƴŜǿ ǇǊƻƧŜŎǘǎ ŦǊƻƳ ǘƘŜ Iŀǿŀƛ ƛ {ǘŀǘŜ 9ƴŜǊƎȅ hŦŦƛŎŜ όHSEO 2024). For 

Honolulu and Maui counties, this translated to an additional 121 GWh and 167 GWh of renewable 

ƎŜƴŜǊŀǘƛƻƴΣ ǊŜǎǇŜŎǘƛǾŜƭȅΣ ōȅ нлнрΦ bƻ ƴŜǿ ǇǊƻƧŜŎǘǎ ǿŜǊŜ ƛŘŜƴǘƛŦƛŜŘ ŦƻǊ Iŀǿŀƛ ƛ /ƻǳƴǘȅΦ ¢ƘŜ ²Ŝǎǘ Yŀǳŀƛ 

Energy Project, currently in the permitting phase, is assumed to be operational by 2030, contributing an 

ŀŘŘƛǘƛƻƴŀƭ мнт D²Ƙ ƻŦ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ ōȅ ǘƘŀǘ ȅŜŀǊΦ ¦ƴǘƛƭ ǘƘŜƴΣ Yŀǳŀ ƛΩǎ ǊŜƴŜǿŀōƭŜ ƎŜƴŜǊŀǘƛƻƴ 

capacity in 2025 is assumed to remain at 2023 levels. This slower expansion of renewable energy means 

Hawŀƛ ƛ ŀƴŘ Yŀǳŀ ƛ /ƻǳƴǘƛŜǎ ŀǊŜ ŜȄǇŜŎǘŜŘ ǘƻ ƘŀǾŜ ŀ ǎƭƛƎƘǘƭȅ ƭƻǿŜǊ wt{ ƛƴ нлнр ŎƻƳǇŀǊŜŘ ǘƻ нлноΣ ŀǎ 

rising electricity demand outpaces the growth in renewable generation. This higher demand is also the 

primary factor behind the projected increase in emissions for these counties in 2025.   

.ŜǘǿŜŜƴ нлол ŀƴŘ нлпрΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŜȄǇŀƴǎƛƻƴ ŦƻǊ Iƻƴƻƭǳƭǳ Ŏƻǳƴǘȅ ǳǎŜŘ ǘƘŜ LDtΩǎ άƭŀƴŘ 

ŎƻƴǎǘǊŀƛƴŜŘέ ǎŎŜƴŀǊƛƻΣ Iŀǿŀƛ ƛ ŀƴŘ aŀǳƛ ŎƻǳƴǘƛŜǎ ǳǎŜŘ ǘƘŜ άōŀǎŜέ ǎŎŜƴŀǊƛƻΦ DƛǾŜƴ ŎǳǊǊŜƴǘ ŘŜƭŀȅǎ ƛƴ ƎǊƛŘ-

scale renewable energy deployment, it is assumed that planned projects will become operational five 

ȅŜŀǊǎ ƭŀǘŜǊ ǘƘŀƴ ƛƴƛǘƛŀƭƭȅ ǇƭŀƴƴŜŘΦ CǊƻƳ нлол ƻƴǿŀǊŘΣ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴ ƛƴ Yŀǳŀ ƛ ƛǎ ŜȄǇŜŎǘŜŘ 

ǘƻ ƛƴŎǊŜŀǎŜ ƭƛƴŜŀǊƭȅ ǘƻ ƳŜŜǘ ǘƘŜ ǎǘŀǘŜΩǎ млл percent Renewable Portfolio Standard (RPS) target by 2045 

(Act 240 of 2022). Projected RPS by county and year are detailed in Table J-7. 
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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
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Table J-7: RPS by County and Year 

County 2025 2030 2035 2040 2045 

Honolulu 28% 49% 78% 83% 96% 

Maui 60% 76% 80% 81% 86% 

Iŀǿŀƛ ƛ 51% 87% 87% 87% 89% 

Yŀǳŀ ƛ 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). Heart rate calculations 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 electricity. 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 the IGP (Lau 2023).  

Fossil fuel generation was distributed across fuel typesτDFO, RFO, Naphtha, and biodieselτusing the 

share of generation for each county and fuel type, corresponding to the in the IGP (Lau 2023).  

2.1.a.ii Commercial, Residential, and Industrial Subsectors  

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 emissions ensuring 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. 

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 

ŦǳǘǳǊŜ DID ŜƳƛǎǎƛƻƴǎΦ Iŀǿŀƛ ƛΩǎ ŘŜƳŀƴŘ ŦƻǊ ǊŜŦƛƴŜŘ ǇŜǘǊƻƭŜǳƳ ǇǊƻŘǳŎǘǎ ŘŜǇŜƴŘǎ ƻƴ ǘƘŜ ǇǊƛŎŜ ƻŦ ǊŜŦƛƴŜŘ 

petroleum products. The EIA Annual Energy Outlook price forecast for refined petroleum products was 

ǳǎŜŘ ǘƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŜŦŦŜŎǘ ƻŦ ƻƛƭ ǇǊƛŎŜǎ ƻƴ Iŀǿŀƛ ƛΩǎ ŦǳǘǳǊŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ŜƭŜŎǘǊƛŎ 

sector (EIA 2023).71 Both a high (Alternate Scenario 1A) and low (Alternate Scenario 1B) future oil price 

ǇŀǘƘǿŀȅ ōŀǎŜŘ ƻƴ ǘƘŜ 9L!Ωǎ !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪ (AEO) 2023 for refined petroleum products (EIA 

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.72   

 

 

71 There was no 2024 AEO release due to ongoing efforts by the EIA to overhaul their forecasting models. 
72 An economy-wide 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 phased out in 2022, and natural gas currently represents a 
ǎƳŀƭƭ ǇƻǊǘƛƻƴ ƻŦ ǘƻǘŀƭ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ƛƴ Iŀǿŀƛ ƛΣ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ŀ ŎŀǊōƻƴ-pricing scheme on future coal and 
natural gas emissions is expected to be small. 
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As shown, in Table J-5 under the high oil 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 to be roughly 40 percent of 

the baseline case in all years.73 The price of diesel was expected to be between 75 percent higher in 

2025 and about 100 percent higher in 2045 under the high oil price forecast and roughly 40 percent 

lower in all years under the low 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 for each scenario 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 2023). The 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 demand is relatively inelastic, meaning that a one percent 

increase in price is expected to result in much less than a one percent decrease in demand (Coffman et 

al. 2016). For this analysis, an elasticity parameter equal to -0.1 was selected based on the Electric 

Power Research Institute (2010). 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 and Hamori (2010), Paul et al. (2009), and Metcalf (2008). Using this parameter, the change in 

demand for fossil fuel-based electricity under each scenario was calculated based on the following 

equation: 

ὈὛȟ Ὀὄȟ ρ ВϷЎὉὰὩὖὶὭὧὩ ȟ  ὊόὩὰὛὬὥὶὩ ȟȟ „  ὙὖὛȟ ὊόὩὰὖὶὭὧὩὙὥὸὭέȟ  

where, 

ὈὛȟ                       = Demand (GWh) in county c in Scenario 1A or 1B  

Ὀὄȟ                       = Baseline demand (GWh) in county c in year t  

ϷЎὉὰὩὖὶὭὧὩȟ                       = The percentage change from the baseline in electricity price in year t  

for fuel f 

ὊόὩὰὛὬὥὶὩ ȟȟ                          = The share of fossil fuel f in county c and year t 

„                       = Price elasticity of demand for electricity  

ὙὖὛȟ                                       = Total fossil fuel generation as a share of total generation in year t and 
county c 

 

 

73 For context, a $25/MT CO2 Eq. tax equates to approximately an additional $10/bbl of crude oil. 

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
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ὊόὩὰὖὶὭὧὩὙὥὸὭέȟ                 = The share of the total electricity price ($/kWh) attributable to fuel 
costs for 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. Scenario 2A and 2B assume lower and higher renewable 

energy deployment than the baseline, respectively. Table J-8 shows the renewable energy shares 

assumed in the scenarios for each county.  

Scenario 2A ŀǎǎǳƳŜŘ ǘƘŀǘ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŘŜǇƭƻȅƳŜƴǘ ƭŀǊƎŜƭȅ Ŧƻƭƭƻǿǎ ǘƘŜ LDt άōŀǎŜέ ǎŎŜƴŀǊƛƻ ŦƻǊ 

Maui and Hawaiƛ ŎƻǳƴǘƛŜǎ ŀƴŘ ǘƘŜ άƭŀƴŘ ŎƻƴǎǘǊŀƛƴŜŘέ ŦƻǊ Iƻƴƻƭǳƭǳ ŎƻǳƴǘȅΣ ŀǎ ǇǊŜǎŜƴǘŜŘ ƛƴ ǘƘŜ Ŧƛƴŀƭ LDt 

report (Hawaiian Electric 2023). The 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. Kauai will reach the goal of 100 percent renewables by 2033 according to the goal set by 

YL¦/Ωǎ ōƻŀǊŘ ƻŦ ŘƛǊŜŎǘƻǊǎ όwƻŎƪǿŜƭƭ нлнпύΦ  

Table J-8: Shares of Renewable Energy Assumed in Scenario 2A and 2B  

Scenario 2A 2025 2030 2035 2040 2045 

Iŀǿŀƛ ƛ  51% 95% 95% 95% 100% 

Honolulu 24% 52% 80% 86% 100% 

Yŀǳŀ ƛ 60% 74% 84% 93% 100% 

Maui 46% 85% 89% 89% 100% 

Scenario 2B 2025 2030 2035 2040 2045 

Iŀǿŀƛ ƛ  51% 57% 80% 78% 77% 

Honolulu 24% 29% 48% 76% 82% 

Yŀǳŀ ƛa 58% 69% 78% 87% 100% 

Maui 46% 52% 70% 72% 73% 
a CƻǊ Yŀǳŀ ƛ ǿŜ ŀǎǎǳƳŜŘ ǘƘŜ ǎŀƳŜ ǊŀǘŜ ƻŦ ŘŜǇƭƻȅƳŜƴǘ ƻŦ ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ŀǎ ƛƴ ǘƘŜ .ŀǎŜƭƛƴŜΦ 

CƻǊ {ŎŜƴŀǊƛƻ н!Σ Yŀǳŀ ƛΩǎ renewable energy deployment pathway follows KIUC board of directors newly 

established goal of reaching 100 percent ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ōȅ нлоо όwƻŎƪǿŜƭƭ нлноύΦ bƻ άƭƻǿέ 

ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ǎŎŜƴŀǊƛƻ ǿŀǎ ŘŜǾŜƭƻǇŜŘ ŦƻǊ Yŀǳŀ ƛ ŀǎ ƛǘ ƛǎ ƘƛƎƘƭȅ ƭƛƪŜƭȅ ǘƘŀǘ Yŀǳŀ ƛ ǿƛƭƭ ǊŜŀŎƘ млл 

percent renewables by 2045. 

Scenario 2B assumed that delays in grid-scale 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 grid-scale projects and distributed resources. This delay was estimated by taking the 

difference between proposed renewable energy generation in the PSIP (PUC 2016) and the amount of 

ǊŜƴŜǿŀōƭŜ ŜƴŜǊƎȅ ƎŜƴŜǊŀǘƛƻƴ ǇǊŜǎŜƴǘŜŘ ƛƴ Iŀǿŀƛ ƛ tǳōƭƛŎ ¦ǘƛƭƛǘƛŜǎ /ƻƳƳƛǎǎƛƻƴ όI9/hύ wt{ ǊŜǇƻǊǘǎ 

submitted to the Public Utilities Commission (PUC) in 2016 and 2024 (for calendar year 2023) (PUC 

https://hawaiipowered.com/igpreport/
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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 reasons ς from concerns about siting to 

changes in prices due to changes in the global market for supplies. The average annual delay in 

renewable energy capacity expansion was calculated using the following equation: 

ὙὉͅὈὩὰὥώ 

ὙὉ ȟȟ  ὙὉ ȟȟ

ςπςσςπρφ
 

Where, 

ὙὉͅὈὩὰὥώ   = Average annual delay in renewable energy capacity expansion (GWh) 

for county c 

ὙὉ ȟȟ   = Increase in renewable energy generation (GWh) between 2016 and 

2023 proposed in the PSIP. 

ὙὉ ȟȟ           = 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 the future 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 non-military air 

transportation. Where applicable, macroeconomic projections are applied for alignment with stationary 

combustion projections.  

2.2.a.i Ground Transportation 

Statewide emissions projections from ground transportation use 2022 fossil fuel consumption by fuel 

and vehicle type which is summarized in Figure J-4. HDVs have been split between buses and other 

vehicles, which includes large trucks and cranes.  



   

 

Emission Projections Methodology 225 

Figure J-4: Statewide Emissions from Ground Transportation in 2022 (MMT CO2 Eq.)   

bƻǘŜΥ hǘƘŜǊ I5±ǎ ƛƴŎƭǳŘŜǎ ƭŀǊƎŜ ǘǊǳŎƪǎ ŀƴŘ ŎǊŀƴŜǎΣ ŀƴŘ ƳƻǘƻǊŎȅŎƭŜǎ ŎƻƴǘǊƛōǳǘŜ лΦлннл aa¢/hі 9ǉΦΣ ƻǊ лΦтл 

percent, of LDV emissions. 

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 on-road gasoline consumption, which comprise 88 percent of 

2022 emissions in ground transportation.74 An 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 road. This makes them 

useful tools to understand future compositions of vehicle types, and therefore GHG emissions from 

vehicles. The LDV model was calibrated to 2022 and tracks the miles, fuel efficiency, and fuel use of the 

existing stock of vehicles as well as all post-2022 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 

ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ǿŜǊŜ ǳǎŜŘ ǘƻ ŎŀƭŎǳƭŀǘŜ ǘƘŜ ŦƭŜŜǘΩǎ ±a¢ ōȅ ƛƴǘŜǊƴŀƭ ŎƻƳōǳǎǘƛƻƴ ŜƴƎƛƴŜ ǾŜƘƛŎƭŜǎ όL/9±ǎύ 

and EVs, as well as the average fuel efficiency of each. DBEDT (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 total number of LDVs using 2022 EV sales and registrations (DBEDT 2024c). EVs include BEVs 

and PHEVs while 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: 

 

 

74 Lǘ ƛǎ ŀǎǎǳƳŜŘ ǘƘŀǘ ŀƭƭ ƎŀǎƻƭƛƴŜ ƛƴ Iŀǿŀƛ ƛ ƛǎ ǳǎŜŘ ōȅ [5±ǎΦ 
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ὍὅὉὠ
ȟ

ὍὅὉὠ
ȟ

 Ὁὠȟ ὠὓὝὴὩὶὠὩὬȟ  

where, 

 ὍὅὉὠ
ȟ

  = The distance (miles) driven by ICEVs by county c in 2022  

 ὍὅὉὠ
ȟ

  = The number of ICEVs by county c in 2022 (DBEDT 2023, Table 18.08) 

 Ὁὠȟ   = The number of EVs by county c in 2022  

ὠὓὝὴὩὶὠὩὬȟ  = the distance (miles) driven per vehicle by county c in 2022 (DBEDT 

2023, Table 18.17) 

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: 

ὍὅὉὠ ȟ ὍὅὉὠ
ȟ
 
ὋὥίέὰὭὲὩȟ

ρ ίὬὉ
 

where,  

ὍὅὉὠ ȟ    = Fuel efficiency of the stock of ICEVs by county c in 2022 

 ὋὥίέὰὭὲὩȟ    = Petroleum gasoline (E0) consumption in county c in 2022 

 ίὬὉ    = Share of ethanol in gasoline pool (10 percent) 

To forecast future LDV GHG emissions, the 2022 calibration was projected into the future based on the 

assumptions about the following additional elements:   

¶ A forecast for LDV VMT. For Honolulu, this forecast accounted for the proposed impact of the 

Honolulu rail transit project. 

¶ 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.  

¶ Assumptions about new vehicle characteristics such as fuel efficiency, and the rate of 

additional EV adoption. 

¶ 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 (DBEDT 2024eύ ŀƴŘ Ŏƻǳƴǘȅ ±a¢ ŦǊƻƳ мфтф ǘƻ нлннΦ ¦ǎƛƴƎ ǘƘŜ ǎǘŀǘŜΩǎ 

most current long range-forecast 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:   

ὠὓὝȟ ὍὲὸὩὶὧὩὴὸ ὧ ὛὰέὴὩ ὧ ὈὩὪὥὧὸέὖȟ 

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/
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where, 

 ὠὓὝȟ   = Total county level VMT from all LDVs in year  

ὍὲὸὩὶὧὩὴὸ ὧ  = Intercept term in the least squares fit by county 

ὛὰέὴὩ ὧ  = Slope term in the least squares fit by county 

ὈὩὪὥὧὸέὖȟ  = Forecast for de facto population by county in year t 

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 met through 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 million miles (HART 

2010). However, given the planned truncated service to the system and actual 2023 and 2024 ridership 

(HART 2019, DTS 2024), this original forecast was adjusted downward. Actual ridership for the first year 

of operation has averaged about 3,500 passengers on a weekday (Cruz 2024). 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 peak and off-peak 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 emissions from LDVs is small. For example, if the forecast 

were adjusted up by 50 percent from 2030 onward, forecasted VMT from LDVs would decline by about 1 

percent in 2030 and 3 percent in 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 vehicle. A multiplier of 0.5 is used as a simplifying assumption to 

attribute the total growth in aggregate VMT equally between two contributing factors. First, an increase 

in the number of LDVs, and second, an increase in the average VMT per LDV. The multiplier reflects an 

equal contribution to the total VMT growth in proportional terms. Assuming that the growth in number 

of vehicles and average VMT per vehicle are weighted equally, the VMT per LDV was given by the 

following: 

ὠὓὝὴὩὶὒὈὠȟ ρ πȢυ ὠὓὝὋὶέύȟ ὠὓὝὴὩὶὒὈὠȟ  

where, 

 ὠὓὝὴὩὶὒὈὠȟ   = Average VMT per Vehicle (miles) in county c in year t 

ὠὓὝὋὶέύȟ  = Annual growth in VMT in county c in year t 

 ὠὓὝὴὩὶὒὈὠȟ  = Average VMT per Vehicle (miles) in county c in year t-1 

https://honolulutransit.org/hart-revised-recovery-plan/
https://www8.honolulu.gov/dts/skyline-ridership/
https://www.hawaiipublicradio.org/the-conversation/2024-07-01/honolulu-rail-skyline-anniversary-one-year
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Composition of the Vehicle Fleet 

The LDV turnover model introduced new vehicles and retired older vehicles based on the assumed 

survival rate for cars and trucks by vehicle age (EPA 2016b). 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 standard vehicle 

turnover equation was used to compute the number of vehicles of each vintage, except the current year 

vintage. 

ὠὩὬȟ ȟȟ ρ ὈὩὧὥώ ὔὩύȟ ȟȟ  

where, 

 v   = all vintages except the current year vintage  

 type  = ICEV car, ICEV truck, EV car, or EV truck, for all post-2022 vintages 

 ὠὩὬȟ ȟȟ = Existing vehicles on the road in county c, by type, vintage v, and year t 

 ὈὩὧὥώ = One year decay rate of vehicles of age (t-v) 

The total number 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: 

ὔὩύὠὩὬȟ ὝὸὰὠὩὬȟ ɫ ȟὠὩὬȟ ȟȟ  

for v=2022, ..., t-1 

where, 

 ὔὩύὠὩὬȟ = New vehicles in county c and year t 

 ὝὸὰὠὩὬȟ = Total vehicles in county c and year t 

New vehicles were then disaggregated into the four types of LDVs, first by splitting EVs and ICEVs. The 

ǎƘŀǊŜ ƻŦ ƴŜǿ ǾŜƘƛŎƭŜǎ ǘƘŀǘ ŀǊŜ 9±ǎ ŎŀƳŜ ŦǊƻƳ I9/hΩǎ LDt όIŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ нлнмύΥ  

ὝὸὰὔὩύὉὠȟ ὉὠὛὬȟ ὔὩύὠὩὬȟ 

where, 

 ὝὸὰὔὩύὉὠȟ = New EVs in county c and year t 

 ὉὠὛὬȟ  = 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. So, the 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 sales and ICEV 

cars. 

https://www.regulations.gov/document/EPA-HQ-OAR-2015-0663-0019
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Fuel Efficiency of New Passenger Cars and Trucks 

Fuel efficiency of new passenger cars and trucks was estimated using the U.S. Environmental Protection 

!ƎŜƴŎȅΩǎ ό9t!ύ ŎƻǊǇƻǊŀǘŜ ŀǾŜǊŀƎŜ ŦǳŜƭ ŜŎƻƴƻƳȅ ό/!C9ύ ǎǘŀƴŘŀǊŘǎ ŦƻǊ ǇŀǎǎŜƴƎŜǊ ŎŀǊǎ ŀƴŘ ƭƛƎƘǘ ǘǊǳŎƪǎΦ 

CAFE standards require light duty vehicles to have an EPA rated efficiency of 165 g CO2 Eq./mile and 240 

g CO2 Eq./mile, respectively, by 2026. 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 based on Davis and Boundy (2019) that 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 (Lattanzio et al. 2018; Davis and Boundy 2019). These fleet average fuel efficiency standards 

translated into effective tailpipe fuel efficiency standards for light duty cars and trucks, respectively, of 

60.9 and 40.7 mpg in 2026 (EPA 2022a). The fuel economy for 2027 to2032 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. This level of CAFE 

standard was assumed to remain constant from 2032 through 2045. National Highway Traffic Safety 

Administration (NHTSA) is 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 on-road fuel efficiency as estimated by new car window labels. EPA estimated this difference to 

range from 20 to 25 percent (EPA 2014). 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 implied on-road fuel efficiency standard for ICEVs 

ƴŜŜŘŜŘ ǘƻ ōŜ ŘŜǘŜǊƳƛƴŜŘΦ ¦ǎƛƴƎ ǘƘŜ !9h ό9L! нлноύ ŦƻǊŜŎŀǎǘ ŦƻǊ 9± ǎŀƭŜǎΣ ǘƘŜ 9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜΩǎ 5ŀǘŀōŀǎŜ 

(2023) for EV efficiency, and the overall fleet efficiency, 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 the Lightyear 0 

ŎƻƴŎŜǇǘ ŎŀǊ ό9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜΩǎ 5ŀǘŀōŀǎŜ нлннύΦ ¢ƘŜ ŜŦŦƛŎƛŜƴŎȅ ŦǊƻƳ нлно ǘƻ нлпр ǿŀǎ ŀǎǎǳƳŜŘ ǘƻ 

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 Transportation 2023 report on EV adoption for 2025-2035 (Slowik 

et al. 2023). For 2045, a boundary condition for EV sales share of 95 percent is assumed. For the 

intervening years, the statewide sales shares are computed by fitting an S-shaped curve between the 

2035 and 2045 values. The sales share for Honolulu County was assumed to match that of the state, and 

ǘƘŜ ǎƘŀǊŜǎ ŦƻǊ ǘƘŜ Iŀǿŀƛ ƛ ŀƴŘ aŀǳƛ /ƻǳƴǘƛŜǎ were based on the ratio of the penetration shares of these 

ŎƻǳƴǘƛŜǎ ǘƻ ǘƘŀǘ ƻŦ Iƻƴƻƭǳƭǳ /ƻǳƴǘȅΣ ōŀǎŜŘ ƻƴ I9/hΩǎ LDt όIŀǿŀƛƛŀƴ 9ƭŜŎǘǊƛŎ нлнмύΦ {ƛƴŎŜ Yŀǳŀ ƛ ƛǎ ƴƻǘ ŀ 

ǇŀǊǘ ƻŦ I9/hΩǎ service territory, EV penetration in this county was assumed to mirror that of Maui. By 

2045, the baseline forecast projected the share of LDV sales to be EVs: 73 percent, 95 percent, 100 

percent, and 100 percent ŦƻǊ Iŀǿŀƛ ƛΣ IƻƴƻƭǳƭǳΣ Yŀǳŀ ƛΣ ŀƴŘ aŀǳƛ ŎƻǳƴǘƛŜǎΣ ǊŜǎǇŜŎǘƛǾŜƭȅΦ ¢ƘŜǎŜ ǾŀƭǳŜǎ 

https://tedb.ornl.gov/wp-content/uploads/2020/02/Edition37_Full_Doc.pdf
https://fas.org/sgp/crs/misc/R45204.pdf
https://tedb.ornl.gov/wp-content/uploads/2020/02/Edition37_Full_Doc.pdf
https://nepis.epa.gov/Exe/ZyPDF.cgi/P100IENA.PDF?Dockey=P100IENA.PDF
https://theicct.org/wp-content/uploads/2023/01/ira-impacts-evs-us-jan23.pdf
https://theicct.org/wp-content/uploads/2023/01/ira-impacts-evs-us-jan23.pdf
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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: 

ὋὥίέὰὭὲὩȟ ɫ ὠὓὝὴὩὶὒὈὠȟ ὠὩὬȟ ȟȟ ὊὉ ȟ  for type = ICEV car and ICEV truck 

ὉὰὩὧὸὶὭὧὭὸώȟ ɫ ὠὓὝὴὩὶὒὈὠȟ ὠὩὬȟ ȟȟ ὊὉ ȟ  for type = EV car and EV truck 

where, 

ὊὉ ȟ = Fuel efficiency of vehicles by type (in miles per gallon of gasoline for ICEVs and 

miles per kWh for EVs) 

ὠὩὬȟ ȟȟ = Number of vehicles (including new and used) by county, type, and vintage in 

year t.  

 ὋὥίέὰὭὲὩȟ = Blended gasoline consumption (E10) in county c and year t 

 ὉὰὩὧὸὶὭὧὭὸώȟ = Electricity demand in county c and year t 

LDV GHG Emissions  

Lastly, tailpipe GHG emissions for ICEVs were computed as the product of the fossil gasoline (E0) 

consumed and GHG emissions factor for fossil gasoline plus the product of ethanol (E100) consumed 

and GHG emissions factor for ethanol.75 GHG emissions from ICEVs were given by: 

ὉάὭίίὭέὲίὍὅὉὠȟ  ὋὥίέὰὭὲὩȟ ρ ίὬὉ ὉὊͅὋὥίέὰὭὲὩὋὥίέὰὭὲὩȟ ίὬὉ ὉὊͅὉὸὬὥὲέὰ 

where, 

 ὉάὭίίὭέὲίὍὅὉὠȟ  = Emissions (MMT CO2 Eq.) in county c and year t 

 ὉὊͅὋὥίέὰὭὲὩ  = Emissions factor for gasoline (MT CO2 Eq./gal of gasoline) 

 ὉὊͅὉὸὬὥὲέὰ  = Emissions factor for ethanol (MT CO2 Eq./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 generation.76 

Heavy Duty Vehicles 

 

 

75 Consistent with standard emissions accounting practices, the CO2 emission factor for ethanol is assumed to be 
zero. CH4 and N2O emissions from biofuels are included in the overall CO2 -equivalent GHG emission factor. 
76 Assuming that rail transit takes 15 MW to operate the entire line (Honore 2019), and its current planned level of 

service will be fully operational by 2035.  
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The existing stock of diesel-powered 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 used because 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 disaggregate the country totals into these vehicle 

types. To forecast future emissions from HDVs, the properties of the 2022 stock of HDVs needed to be 

ŘŜŦƛƴŜŘΣ ǎǇŜŎƛŦƛŎŀƭƭȅΣ ǘƘŜ ǘƘǊŜŜ ŦƭŜŜǘΩǎ ±a¢Σ ŦǳŜƭ ǳǎŜΣ ŀƴŘ ŀǾŜǊŀƎŜ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅΦ  

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) 

ǇǊƻǾƛŘŜŘ Řŀǘŀ ƻƴ ǘƘŜ ŀƴƴǳŀƭ ƳƛƭŜŀƎŜ ƻŦ ōǳǎŜǎ ƻƴ h ŀƘǳΣ ǿƘƛŎƘ ǿŀs assumed to hold for the other 

counties; and the average fuel efficiency for the fleet of buses was taken to be 7.3 mpg (EPA 2016a). 

Thus, total fuel use for buses by county was given by the following: 

ὌὈᾠὊόὩὰȟ ȟ  ὌὈᾠὠὓὝȟ ȟ  ȾὊὉȟ ȟ  

where, 

ὌὈᾠὊόὩὰȟ ȟ  = Fuel consumed by buses in county in 2022 (millions of gallons of B5 

diesel) 

ὌὈᾠὠὓὝȟ ȟ  = VMT for buses in county in 2022 (millions of miles) 

ὊὉȟ ȟ   = 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 

ǎǘŀǘŜ ǘƻǘŀƭ ŀƴŘ ǘƘŜ ŎƻǳƴǘȅΩǎ ǎƘŀǊŜ ƻŦ ŀƭƭ [5± ǾŜƘƛŎƭŜǎΦ ¢Ƙe annual mileage for these vehicles was given by 

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: 

ὌὈᾠὊόὩὰȟ ȟ  ὌὈᾠὠὓὝȟ ȟ  ȾὊὉȟ ȟ  

where, 

ὌὈᾠὊόὩὰȟ ȟ  = Fuel consumed by MHDVs in county in 2022 (millions of gallons of B5 

diesel) 

ὌὈᾠὠὓὝȟ ȟ  = VMT for MHDVs in county in 2022 (millions of miles) 

ὊὉȟ ȟ   = Average fuel efficiency for MHDVs in county in 2022 (mpg) 

Fuel consumption for all other diesel-powered 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 less the diesel 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. 

https://www.govinfo.gov/content/pkg/FR-2016-10-25/pdf/2016-21203.pdf
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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). 

ὌὈᾠὠὓὝȟ ȟ  ὌὈᾠὊόὩὰȟ ȟ  ὊὉȟ ȟ  

where, 

ὌὈᾠὊόὩὰȟ ȟ  = Fuel consumed by other HDVs (millions of gallons of B5 diesel) in 

county c in the year 2022  

ὌὈᾠὠὓὝȟ ȟ  = VMT for other HDVs (millions of miles) in county c in the year 2022  

ὊὉȟ ȟ  = Average fuel efficiency for other HDVs (mpg) in county c in the 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, GHG 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 emissions 

factor for biodiesel.77  

To estimate future GHG emissions from HDVs, the 2022 calibration year was projected into the future 

based on the assumptions about the following additional elements:   

¶ Forecasted VMT by type of vehicle.  

¶ Change in fleet average fuel efficiency.  

¶ 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 vehicles by the 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 kWh and emissions factor depended on the 

generation mix 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 

 

 

77 Consistent with standard emissions accounting practices, the CO2 emission factor for ethanol is assumed to be 
zero. CH4 and N2O emissions from biofuels are included in the overall CO2-equivalent 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.  

ὌὈᾠὠὓὝȟ ȟ  ὌὈᾠὠὓὝȟ ȟ  ὋὅὖȟȾὋὅὖȟ  

where, 

ὌὈᾠὠὓὝȟ ȟ = Total VMT by HDVs by type and county in year t (millions of 

miles) 

ὌὈᾠὠὓὝȟ ȟ  = Total VMT by HDVs by type and county in 2022 (millions of 

miles) 

Ὃὅὖȟ    = Forecast for real gross county product in year t 

Ὃὅὖȟ    = Gross county product in 2022 

ὸώὴὩ    = 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 share of VMT by EVs ǿŀǎ ōŀǎŜŘ ƻƴ ŜŀŎƘ ŎƻǳƴǘȅΩǎ ǇǊƻƧŜŎǘƛƻƴǎ ŦƻǊ ǇǳǊŎƘŀǎŜǎ 

of new buses that are electric. Based on a Federal grant, Yŀǳŀ ƛΩǎ ŀƴŘ aŀǳƛΩǎ ŎƻǳƴǘƛŜǎ ŀǊŜ ǇƭŀƴƴƛƴƎ ǘƻ 

entirely electrify their bus fleets by 2035 (Maui Now 2022ύΦ IƻƴƻƭǳƭǳΩǎ ǿŀǎ ōŀǎŜŘ ƻƴ ǘƘŜ /ƛǘȅ ŀƴŘ 

/ƻǳƴǘȅΩǎ ½ŜǊƻ-Emission Fleet Transition Plan, which forecasted all buses to be electric by 2040 (City & 

County of Honolulu 2022). CƻǊ Iŀǿŀƛ ƛ ŎƻǳƴǘȅΣ ǘƘŜ ǘǊŀƴǎƛǘƛƻƴ ǘƻ ŜƭŜŎǘǊƛŎ ōǳǎŜǎ ǿŀǎ ŀǎǎǳƳŜŘ ǘƻ ǎƭƻǿŜǊ 

ǘƘŀƴ ǘƘŀǘ ƻŦ Yŀǳŀ ƛ ŀƴŘ aŀǳƛ ŎƻǳƴǘƛŜǎ ōŜŎŀǳǎŜ ƻŦ ǘƘŜ ƭƻƴƎŜǊ ǘǊŀǾŜƭ ŘƛǎǘŀƴŎŜǎΦ ¢ƘǳǎΣ ǘƘŜ ŎƻƴǾŜǊǎƛƻƴ ǘƻ ŀƴ 

ŀƭƭ ŜƭŜŎǘǊƛŎ ŦƭŜŜǘ ƻƴ IŀǿŀƛΩƛ Ŏƻǳƴǘȅ ƛǎ ŀǎǎǳƳŜŘ ǘƻ ƳŀǘŎƘ ǘƘŀǘ ƻŦ IƻƴƻƭǳƭǳΦ 

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 based on ǘƘŜ 9t!Ωǎ Cƛƴŀƭ wǳƭŜ ǊŜƎŀǊŘƛƴƎ ƎǊŜŜƴƘƻǳǎŜ Ǝŀǎ ǎǘŀƴŘŀǊŘǎ 

for heavy duty vehicles (DOT 2023). The EPA forecasts that for manufacturers to comply with the Final 

Rule, 1 percent of the on-road fleet will be EVs in 2027, seven percent in 2032, and 22 percent in 2040. 

The model assumes constant growth rates in the share of on-road fleet between 2025 and 2027, 2028 

and 2032, and 2032 to 2045.   

VMT by diesel powered and EVs was given by the following: 

ὌὈᾠὍὅὉͅὠὓὝȟ ȟ  ὌὈᾠὠὓὝȟ ȟ ρ ὉᾠὛὬὥὶὩȟ ȟ  

ὌὈᾠὉᾠὠὓὝȟ ȟ  ὌὈᾠὠὓὝȟ ȟ ὉᾠὛὬὥὶὩȟ ȟ 

where, 

 ὌὈᾠὍὅὉͅὠὓὝȟ ȟ = HDV ICE VMT (millions of miles) by county c and type in year t  

 ὌὈᾠὉᾠὠὓὝȟ ȟ = HDV EV VMT (millions of miles) by county c and type in year t  

ὉᾠὛὬὥὶὩȟ ȟ = Share of travel by EVs (percent) by county c and type in year t  

https://mauinow.com/2022/08/18/maui-to-procure-11-new-buses-thanks-to-competitive-federal-grant/
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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 

ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ ǇǊƛƻǊ ȅŜŀǊΩǎ ŦƭŜŜǘ ŀƴŘ ǘƘŜ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ƴŜǿ ǾŜƘƛŎƭŜǎΦ  

ὊὉͅὌὈᾠὍὅὉὪὰὩὩὸȟ ȟ 

ρ
ρ  ὛὬὶὠὓὝͅὌὈᾠὍὅὉὲὩύȟ ȟ

ὊὉͅὌὈᾠὍὅὉὪὰὩὩὸȟ ȟ
  
ὛὬὶὠὓὝͅὌὈᾠὍὅὉὲὩύȟ ȟ

ὊὉͅὌὈᾠὍὅὉὲὩύȟ ȟ

 

where, 

ὊὉͅὌὈᾠὍὅὉὪὰὩὩὸȟ ȟ  = Fleet average HDV ICE  fuel efficiency (mpg) by county c and 

type in year t  

ὛὬὶὠὓὝͅὌὈᾠὍὅὉὲὩύȟ ȟ   = Share (percent) of miles driven by new ICE HDVs by county 

c and type in year t   

ὊὉͅὌὈᾠὍὅὉὲὩύȟ ȟ = Average fuel efficiency for new ICE HDVs (mpg) by county c 

and type in year t  

A similar calculation was made for each type of fleet of HDVs that are EVs. 

ὊὉͅὌὈᾠὉὠὪὰὩὩὸȟ ȟ 
ρ
ρ  ὛὬὶὠὓὝͅὌὈᾠὉὠὲὩύȟ ȟ

ὊὉͅὌὈᾠὉὠὪὰὩὩὸȟ ȟ
  
ὛὬὶὠὓὝͅὌὈᾠὉὠὲὩύȟ ȟ

ὊὉͅὌὈᾠὉὠὲὩύȟ ȟ

 

where, 

ὊὉͅὌὈᾠὉὠὪὰὩὩὸȟ ȟ  = Fleet average EV fuel efficiency (mpg) by county c and type in 

year t  

ὛὬὶὠὓὝͅὌὈᾠὉὠὲὩύȟ ȟ   = Share (percent) of miles driven by new EV HDVs by county c 

and type in year t  

ὊὉͅὌὈᾠὉὠὲὩύȟ ȟ = Average fuel efficiency (mpg) for new EV HDVs by county c 

and type in year t 

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 efficiency fƻǊ ōǳǎŜǎ ƻǾŜǊ ǘƛƳŜ ǿŀǎ ŀǎǎǳƳŜŘ ǘƻ Ŧƻƭƭƻǿ ǘƘŜ 9t!Ωǎ 

Phase II standards (EPA 2016a), 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 efficiency of new 

types of other diesel (internal combustion) engines was assumed to increase over time in proportion 

ǿƛǘƘ ǘƘŜ ƛƴŎǊŜŀǎŜ ƛƴ 9t!Ωǎ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅ ǎǘŀƴŘŀǊŘǎ ŦƻǊ I5±ǎ όEPA 2016a). Averaging across the different 

engine classes for HDVs 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 2045. The rates of improvement in EV bus and EV HDV fuel efficiency followed the same 

https://www.govinfo.gov/content/pkg/FR-2016-10-25/pdf/2016-21203.pdf
https://www.govinfo.gov/content/pkg/FR-2016-10-25/pdf/2016-21203.pdf
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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 equivalent.78  

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 of EVs, 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 model year as obtained from the U.S. Inventory 

(EPA 2024b).79 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 by EVs that was made by new HDV EVs was represented by the following equation: 

ὌὈᾠὔὩύͅὉᾠὠὓὝȟ ȟ  ὛὬὶͅὠὓὝͅὉὠȟ ȟ  ὌὈᾠὠὓὝȟ ȟ  

ὌὈᾠὉᾠὠὓὝȟ ȟ  ὛὬὶͅὠὓὝͅὉὠȟ ȟ ὌὈᾠὠὓὝȟ ȟ  

ὌὈᾠὔὩύͅὉᾠὠὓὝȟ ȟ  ὌὈᾠὠὓὝͅὉὠȟ ȟ ὛόάὸὸȟὌὈᾠὔὩύͅὉᾠὠὓὝȟ ȟ   

where, 

ὌὈᾠὔὩύͅὉᾠὠὓὝȟ ȟ  = VMT covered by new EVs sold in county c and type in year t  

ὌὈᾠὉᾠὠὓὝȟ ȟ  = Total VMT covered by EVs sold through year t by type and in 

county c 

t0 = First year EVs appear in the fleet for the type (buses, other 

HDVs, and MHDVs) in county c 

 tt     = ǘлΣ Χ Σǘ-1 

The share of travel by new HDV EVs for a given type and county in year t 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 equation computed the amount of electricity consumed: 

ὈὭὩίὩὰȟ ȟ
ὌὈᾠὍὅὉͅὠὓὝȟ ȟ

ὊὉͅὌὈᾠὍὅὉὪὰὩὩὸȟ ȟ 
 

 

 

78 ¢ƘŜ Ǌŀǘƛƻ ƻŦ ǘƘǊŜŜ ǿŀǎ ǘŀƪŜƴ ŦǊƻƳ ǘƘŜ Dw99¢ ƳƻŘŜƭΩǎ Ǌŀǘƛƻ ƻŦ ŦǳŜƭ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ŜƭŜŎǘǊƛŎ ōǳǎŜǎ ǘƻ ǘƘŀǘ ƻŦ ŘƛŜǎŜƭ 
buses (2019). 
79 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, 

ὈὭὩίὩὰȟ ȟ = Consumption of B5 (gallons), which contains 95 percent fossil and five 

percent bio diesel, in county c by type and in year t  

ὉὰὩὧὸὶὭὧὭὸώὌͅὈὠȟ ȟ
ὌὈᾠὉᾠὠὓὝȟ ȟ

ὊὉͅὌὈᾠὉὰὩὊὰὩὩὸȟ ȟ 
 

where, 

ὉὰὩὧὸὶὭὧὭὸώὌͅὈὠȟ ȟ= Electricity consumption (GWh) in county c by type and in year t 

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 counties. It was assumed that the share of biodiesel in the diesel pool 

remained constant at 2022 levels of five percent over time.  

ὌὈᾠὍὅὉͅὉάὭίίὭέὲίȟ ȟ

 ρ ὛὬὶὄὭέὨὭὩίὩὰὸ   ὈὭὩίὩὰȟ ȟ ὉὊͅὪὈὭὩίὩὰ

ὛὬὶὄὭέὨὭὩίὩὰὸ  ὈὭὩίὩὰȟ ȟ ὉὊͅὦὈὭὩίὩὰ 

where, 

ὌὈᾠὍὅὉͅὉάὭίίὭέὲίȟ ȟ  = Emissions (MM MT CO2 Eq.) from diesel HDVs in county c by 

type and in year t  

 ὛὬὶὄὭέὨὭὩίὩὰ    = Share of biodiesel in the diesel pool (five percent) 

 ὉὊͅὪὈὭὩίὩὰ     = Emissions factor for fossil diesel (MT CO2 Eq./gallon) 

 ὉὊͅὦὈὭὩίὩὰ     = Emissions factor for biodiesel (MT CO2 Eq./gallon)80 

 

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 consumption of electricity 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 associated with motorcycles 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).  

ὓέὸͅὠὓὝȟ   ὠὓὝὴὩὶὓέὸȟ   ὔὓέὸȟ  

 

 

80 The emissions factor for biodiesel includes methane and nitrous oxide but not CO2. 
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where, 

ὓέὸͅὠὓὝȟ   = Motorcycle VMT in county c in the year 2022  

ὠὓὝὴὩὶὓέὸȟ  = Average VMT per motorcycle in county c in the year 2022  

 ὔὓέὸȟ   = Number of motorcycles in county c in the year 2022 

Total VMT for motorcycles was assumed to grow at the same rate as total VMT for LDVs.  

ὓέὸͅὠὓὝȢ  ὠὓὝͅὋὶέύὸᾬὍὲὨὩὼȟ  ὠὓὝͅὓέὸȟ  

where, 

 ὓέὸͅὠὓὝȢ  = Motorcycle VMT in county c and year t 

 ὠὓὝͅὋὶέύὸᾬὍὲὨὩὼȟ= Growth rate of VMT, based on LDV VMT, in county c and year t 

 ὠὓὝͅὓέὸȟ  = Motorcycle VMT in county c and the 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).  

ὓέὸͅὋὥίέὰὭὲὩȢ  ὓέὸͅὊὉ  ὠὓὝͅὓέὸȟ 

where, 

ὓέὸͅὋὥίέὰὭὲὩὧȟ = Motorcycle gasoline consumption (gallons) in county c and year t  

ὓέὸͅὊὉ   = Fuel efficiency for motorcycles (mpg)  

ὠὓὝͅὓέὸȟ  = Motorcycle VMT in county c and year t  

GHG emissions from motorcycles were then calculated by multiplying gasoline consumption by the GHG 

emissions factor for gasoline. As with gasoline consumed by LDVs, this analysis assumed that gasoline 

consumed was E10, which contains 10 percent ethanol by volume. 

ὓέὸͅὉάὭίίὭέὲίȢ  ὉὊͅὋὥίέὰὭὲὩ  ρ ίὬὉ ὓέὸͅὋὥίέὰὭὲὩȢ  

where, 

ὉὊͅὋὥίέὰὭὲὩ    = Emissions factor for gasoline (MM MT CO2 Eq./gal.)  

 ίὬὉ     = Share of ethanol in gasoline  

ὓέὸέὶὧώὧὰὩὉͅάὭίίὭέὲίȟ  = GHG emissions (MM MT CO2 Eq.) from motorcycles in county 

c and year t  

Statewide GHG emissions from motorcycles were aggregated from county emissions for each year. 

2.2.a.ii Domestic Aviation 

GHG emissions from domestic aviation include emissions from passenger and cargo travel between 

Iŀǿŀƛ ƛ ŀƴŘ ƻǘƘŜǊ ŘƻƳŜǎǘƛŎ ƭƻŎŀǘƛƻƴǎ όƛƴŎƭǳŘƛƴƎ ǿƛǘƘƛƴ Iŀǿŀƛ ƛύΦ tŀǎǎŜƴƎŜǊ ǘǊŀǾŜƭ ǊŜǇǊŜǎŜƴǘǎ ōƻǘƘ 

residents and visitors. The inventory convention for attributing air travel emissions is to assign half the 

ŜƳƛǎǎƛƻƴǎ ǘƻ ǘƘŜ ƭƻŎŀǘƛƻƴ ƻŦ ǘƘŜ ŦƭƛƎƘǘΩǎ ƻǊƛƎƛƴ ŀƴŘ ǘƘŜ ƻǘƘŜǊ ƘŀƭŦ ǘƻ ǘƘŜ ŦƭƛƎƘǘΩǎ ŘŜǎǘƛƴŀǘƛƻƴΦ  
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To forecast emissions for domestic aviation, the characteristics in these three categories ς visitors, 

residents, and cargo traveling to and from domestic locations needed to be calibrated. Total jet fuel 

consumption by county in 2022 was broken into these three 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. This followed the methods presented in the City & County of Honolulu 

Climate Action Plan, Technical Appendix, for domestic aviation (City & 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 Boeing 767. Overseas 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 interisland trip (see City & County of Honolulu 2021). Next, passenger travel was further 

ŘƛǎŀƎƎǊŜƎŀǘŜŘ ƛƴǘƻ ǾƛǎƛǘƻǊ ƻǾŜǊǎŜŀǎ ǘǊŀǾŜƭΣ ǾƛǎƛǘƻǊ ǿƛǘƘƛƴ Iŀǿŀƛ ƛ ǘǊŀǾŜƭΣ ŀƴŘ ǊŜǎƛŘŜƴǘƛŀƭ ǘǊŀǾŜƭΦ ¢ƘŜ ǎƘŀǊŜ 

of overseas visitor travel waǎ ŜǎǘƛƳŀǘŜŘ ōŀǎŜŘ ƻƴ ǘƘŜ Ǌŀǘƛƻ ƻŦ ǾƛǎƛǘƻǊ ŀǊǊƛǾŀƭǎ ǘƻ Iŀǿŀƛ ƛ ǘƻ ǘƻǘŀƭ ŀǊǊƛǾŀƭǎ ǘƻ 

Iŀǿŀƛ ƛΣ ŀǘ ус ǇŜǊŎŜƴǘ ό/ƛǘȅ ϧ /ƻǳƴǘȅ ƻŦ Iƻƴƻƭǳƭǳ нлнмύΦ LƴǘŜǊƛǎƭŀƴŘ ǘǊŀǾŜƭ ǿŀǎ ŀǎǎǳƳŜŘ ǘƻ ōŜ ǎǇƭƛǘ 

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 (2021), two-thirds of visitor travel were found to 

ŎƻƳŜ ŦǊƻƳ ǘƘŜ ¦{Φ ¢ƘŜ ǎƘŀǊŜ ƻŦ ŀƛǊ ŎŀǊƎƻ ǘǊŀǾŜƭƛƴƎ ōŜǘǿŜŜƴ Iŀǿŀƛ ƛ ŀƴŘ ¦{ ŘŜǎǘƛƴŀǘƛƻƴǎ ǿŀǎ ǘŀƪŜƴ ǘƻ 

equal the ration of domestic jet fuel consumption to the sum of domestic jet fuel and international 

bunker jet fuel consumption. 

Last, these categories were combined to make the following categories that accounted for all domestic 

aviation:   

¶ Domestic visitor travel = Overseas visitor travel from domestic locations + Interisland visitor 

travel 

¶ Domestic Residential travel = Overseas residential travel from domestic locations + Interisland 

residential travel 

¶ Cargo = Cargo flown between domestic locations + Interisland cargo shipments 

{ƛƴŎŜ ǊŜǎƛŘŜƴǘƛŀƭ ǘǊŀǾŜƭ ŀƴŘ ŎŀǊƎƻ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ ƛƴŎǊŜŀǎŜ ǿƛǘƘ ŜŀŎƘ ŎƻǳƴǘȅΩǎ D/tΣ ŘƻƳŜǎǘƛŎ ŀƛǊ ǘǊŀǾŜƭ 

was divided into visitor air travel and everything else. Thus, the share of travel by visitors was given by 

the following: 

ὠὭίὛὬὶ  ὈέάὠὭίὝὶὥὺὩὰȾ ὈέάὠὭίὝὶὥὺὩὰ ὈέάὅὥὶὫέὙὩίὝὶὥὺὩὰ 

where, 

ὈέάὠὭίὝὶὥὺὩὰ Ґ ¢ƻǘŀƭ нлнн ǘǊŀǾŜƭ ōȅ ǾƛǎƛǘƻǊǎ ōŜǘǿŜŜƴ Iŀǿŀƛ ƛ ŀƴŘ ŘƻƳŜǎǘƛŎ ƭƻŎŀǘƛƻƴǎ 

όƛƴŎƭǳŘƛƴƎ Iŀǿŀƛ ƛύ όƳƛƭŜǎύ 

ὈέάὅὥὶὫέ Ґ ¢ƻǘŀƭ нлнн ǘǊŀǾŜƭ ōȅ ŎŀǊƎƻ ōŜǘǿŜŜƴ Iŀǿŀƛ ƛ ŀƴŘ ŘƻƳŜǎǘƛŎ ƭƻŎŀǘƛƻƴǎ 

όƛƴŎƭǳŘƛƴƎ Iŀǿŀƛ ƛύ όƳƛƭŜǎύ 

https://static1.squarespace.com/static/5e3885654a153a6ef84e6c9c/t/60833cd094338d5db2b01cdd/1619213552310/2020-2025+Climate+Action+Plan+Technical+Appendices.pdf
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ὈέάὙὩίὝὶὥὺὩὰ Ґ ¢ƻǘŀƭ нлнн ǘǊŀǾŜƭ ōȅ ǊŜǎƛŘŜƴǘǎ ōŜǘǿŜŜƴ Iŀǿŀƛ ƛ ŀƴŘ ŘƻƳŜǎǘƛŎ ƭƻŎŀǘƛƻƴǎ 

όƛƴŎƭǳŘƛƴƎ Iŀǿŀƛ ƛύ όƳƛƭŜǎύ 

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 consumption due to visitor travel, the value of county level 

emissions from jet fuel was used as a starting point. The base 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 

time.81 ¢ƘŜ ƎǊƻǿǘƘ ƛƴ ŘƻƳŜǎǘƛŎ ǾƛǎƛǘƻǊ ǘǊŀǾŜƭ ǿŀǎ ōŀǎŜŘ ƻƴ 5.95¢Ωǎ ǎƘƻǊǘ- and long-range county level 

forecasts for visitor arrivals.  

ὐὩὸὊόὩὰᾠὭίὭὸέὶίȟ  ὠὭίὔὨὼȟ ὉὪὪὠὭίὛὬὶ ὐὩὸὊόὩὰȟ  

where, 

ὐὩὸὊόὩὰᾠὭίὭὸέὶίȟ  = Jet fuel consumed by visitors traveling between domestic 

locations and county, c, in year t (gallons) 

ὠὭίὔὨὼȟ = Visitor index for county, c, in year t (2022 = 1)   

ὉὪὪ    = Efficiency index for air travel in year t (2022 = 1) 

¢ƘŜ ƎǊƻǿǘƘ ƛƴ ǊŜǎƛŘŜƴǘ ǘǊŀǾŜƭ ŀƴŘ ŎŀǊƎƻ ǿŀǎ ōŀǎŜŘ ƻƴ 5.95¢Ωǎ ǎƘƻǊǘ- and long-range county level 

forecasts for GCP.  

ὐὩὸὊόὩὰὅͅὥὶὫέǪὙὩίȟ  ὋὅὖὔὨὼȟ ὉὪὪ ρ ὠὭίὛὬὶ ὐὩὸὊόὩὰȟ  

where, 

ὐὩὸὊόὩὰὅͅὥὶὫέǪὙὩίȟ       Jet fuel consumed by residents and cargo traveling between 

                                                     domestic locations and county, c, in year t (gallons) 

ὋὅὖὔὨὼȟ                         = Gross product index for county, c, in year t (2022 = 1) 
 

9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ ŘƻƳŜǎǘƛŎ ŀǾƛŀǘƛƻƴ ǿŜǊŜ ǘƘŜƴ ŎŀƭŎǳƭŀǘŜŘ ōȅ ƳǳƭǘƛǇƭȅƛƴƎ ǘƻǘŀƭ ƧŜǘ ŦǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ōȅ L/CΩǎ 

emission factors.  

ὈέάὃὭὶὉͅάὭίίὭέὲίȢ  ὉὊͅὐὩὸὊόὩὰ  ὐὩὸὊόὩὰ
ȟ
ὐὩὸὊόὩὰὅͅὥὶὫέǪὙὩίȟ  

where, 

ὈέάὃὭὶὉͅάὭίίὭέὲίȟ  County level emissions from domestic air in year t (MM MT CO2 Eq.) 

 ὉὊͅὐὩὸὊόὩὰ 9ƳƛǎǎƛƻƴΩǎ ŦŀŎǘƻǊ ŦƻǊ ƧŜǘ ŦǳŜƭ όa¢ /h2 Eq./gallon) 

 

 

 

81 9ŦŦƛŎƛŜƴŎȅ ƛƴŘŜȄ ǿŀǎ ōŀǎŜŘ ƻƴ 9L!Ωǎ !9h нлнн ŀƛǊ ǘǊŀǾŜƭ ŜŦŦƛŎƛŜƴŎȅ ƳŜǘǊƛŎΦ 
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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 

ǇǊƻŘǳŎǘ ƻŦ ǘƘƛǎ ŀǾŜǊŀƎŜΣ ǘƘŜ {ǘŀǘŜΩǎ D{t ƛƴŘŜȄ Ǌelative to 2022, and the efficiency index for commercial 

shipping (EIA 2023).  

ὓὥὶὭὲὩὉάὭίίὭέὲί ὋὛὖὔὨὼ ὉὪὪὔὨὼὓὥὶὭὲὩὉάὭίίὭέὲί 

where, 

ὓὥὶὭὲὩὉάὭίίὭέὲί = State level emissions from commercial marine in year t (MMT 

CO2 Eq.) 

ὓὥὶὭὲὩὉάὭίίὭέὲί = Average of State level emissions from commercial marine 

over the years 2015 through 2022 (MMT CO2 Eq.) 

ὋὛὖὔὨὼȟ = GSP index in year t (2022 = 1) 

ὉὪὪὔὨὼ = Efficiency index for commercial shipping 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 based on decisions that are not made at the state-level; 

therefore, emissions from military operations are highly uncertain and are not accurately forecastable. 

Therefore, ƎǊƻǿƛƴƎ ŜƳƛǎǎƛƻƴǎ ōŀǎŜŘ ƻƴ D{t ƻǊ ƻǘƘŜǊ Iŀǿŀƛ ƛ ǎǇŜŎƛŦƛŎ ŜŎƻƴƻƳƛŎ ƛƴŘƛŎŀǘƻǊǎ ǿŀǎ 

determined to be inappropriate. Further discussion of data uncertainties for these sources is provided in 

the section below. 

2.2.b. Alternate Scenario 1A and 1B 

¢ƻ ǳƴŘŜǊǎǘŀƴŘ ǘƘŜ ǇƻǘŜƴǘƛŀƭ ŜŦŦŜŎǘ ƻŦ ƻƛƭ ǇǊƛŎŜǎ ƻƴ Iŀǿŀƛ ƛΩǎ ŦǳǘǳǊŜ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ ǘǊŀƴǎǇƻǊǘŀǘƛƻƴ 

sector, high (Alternate Scenario 1A) and low (Alternate Scenario 1B) future oil price pathway based on 

ǘƘŜ 9L!Ωǎ !ƴƴǳŀƭ 9ƴŜǊƎȅ hǳǘƭƻƻƪ (AEO) 2022 for gasoline, diesel and jet 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 the elasticity started at -0.24 in 2023 and linearly increased in 

magnitude to -0.47 in the long run in 2035 (Hössinger et al. 2017). The change in demand for LDV 

gasoline for each scenario was then calculated based on the following equation:  

ϷЎὒὈὠȟȟ „ ϷЎὋὖȟ 

where, 

https://doi.org/10.1016/j.tra.2017.06.001
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ϷЎὒὈὠȟȟ   = The percent change in LDV gasoline demand in county c and year t and under 

scenario s 

 „  = The price elasticity of LDV gasoline demand in year t 

ϷЎὋὖȟ = The percent change in gasoline price in year t under scenario s 

As a last step, the percent change in gasoline 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. 

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 demand for diesel. Based on recent literature, this analysis 

assumed that the elasticity started at -0.07 in 2025 and linearly increased in magnitude to -0.27 in the 

long-run 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:  

ϷЎὌὈὠȟȟ „ ϷЎὈὖȟ 

where, 

ϷЎὌὈὠȟȟ   = The percent change in HDV diesel demand in county c and year t and under 

scenario s 

 „  = The price elasticity of HDV diesel demand in year t 

ϷЎὈὖȟ = The percent change in diesel price in year t under scenario s 

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. 

The percent 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 started at -0.19 in 2025 and linearly increased in magnitude to -

0.24 in the long run in 2035 (Fukui 2017; Sobieralski 2012). The change in demand for HDV diesel for 

each scenario was then calculated based on the following equation:  

ϷὃὭὶȟȟ „ ϷЎὐὊὖȟ 

where, 

ϷЎὃὭὶȟȟ   = The percent change in jet fuel demand in county c and year t under scenario s 
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 „  = The price elasticity of jet fuel demand in year t 

ϷЎὐὊὖȟ = The percent change in jet fuel price in year t under scenario s 

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 variations in the sale of EVs. Alternate 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 

California !ƛǊ wŜǎƻǳǊŎŜǎ .ƻŀǊŘΩǎ !ŘǾŀƴŎŜŘ /ƭŜŀƴ /ŀǊǎ LL όCARB 2022). For Alternate Scenario 3B, the 

share of new LDV sales that are EVs were based on the growth rate of the AEO (EIA 2023ύ άwŜŦŜǊŜƴŎŜέ 

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 long-term 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 following formula:  

ὉὰὩὧὸὶὭὧὭὸώȟ ɫ ȟ ὠὓὝὴὩὶὒὈὠȟ ὲὉὠȟ ȟȟ ὊὉ ȟ  

where,  

ὉὰὩὧὸὶὭὧὭὸώȟ = Electricity demand from EVs in county c and year t 

ὠὓὝὴὩὶὒὈὠȟ = Average vehicle miles travelled by a light duty vehicle.82  

ὲὉὠȟ ȟȟ = Number of EVs by type and vintage in county c and year t as defined in the 

ŘƛŦŦŜǊŜƴǘ 9± ǎŀƭŜǎΩ ŦƻǊŜŎŀǎǘǎΦ 

ὊὉ ȟ = Fuel efficiency of EVs by type (car or truck) and vintage (miles per kWh)83 

 

 

82 ¢ƘŜ ǎǘŀǊǘƛƴƎ Ǉƻƛƴǘ όǘҐнлннύ ƛǎ ǘŀƪŜƴ ŦǊƻƳ 5.95¢Ωǎ Řŀǘŀ ƻƴ ŀǾŜǊŀƎŜ ±a¢ ǇŜǊ ǾŜƘƛŎƭŜ (DBEDT 2023). Over time, 
this value increases at half the rate that VMT does; thus, assuming that half of VMT growth is from more vehicles 
and the other half is because vehicles travel farther per year.  
83 The efficiency of the existing stock of EVs was taken as the average across all 2023 EVs (EIA 2023). The 2045 
ǾŀƭǳŜ ǿŀǎ ǘŀƪŜƴ ǘƻ ōŜ ǘƘŜ ŜŦŦƛŎƛŜƴŎȅ ƻŦ ǘƘŜ [ƛƎƘǘȅŜŀǊ л ŎƻƴŎŜǇǘ ŎŀǊ ό9ƭŜŎǘǊƛŎ ±ŜƘƛŎƭŜΩǎ 5ŀǘŀōŀǎŜ нлннύΦ ¢ƘŜ 
efficiency from 2023 to 2045 was assumed to increase exponentially between the 2023 and 2045 value. 

https://ww2.arb.ca.gov/news/california-moves-accelerate-100-new-zero-emission-vehicle-sales-2035
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2.2.d. Uncertainties and Areas for Improvement 

As highlighted by the alternate scenarios described above, there is uncertainty 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 waste for energy purposes represent the waste-to-power plant operating 

ƻƴ h ŀƘǳΦ CƻǊ ŦǳǘǳǊŜ ȅŜŀǊǎΣ ǘƘŜ ǊŜƭŀǘƛƻƴǎƘƛǇ ōŜǘǿŜŜƴ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ŜƭŜŎǘǊƛŎƛǘȅ ƎŜƴŜǊŀǘƛƻƴ ƛǎ ŀǎǎǳƳŜŘ ǘƻ 

remain constant at the level observed in the 2022 inventory year. This means that generating 1 kWh of 

electricity from waste incineration at H-Power is projected to produce the same amount of emissions in 

future years as it did in 2022, and that, as with inventory calculations, only non-biogenic emissions are 

counted. To estimate emissions for future years, the percentage change in electricity generation is 

calculated for the H-Power plant, as projected in the IGP, from 2022 to each target year (Hawaiian 

Electric 2023). 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 demand changes, it is likely that Hawaiian Electric will 

prioritize ramping up or down other power plants over H-Power because waste-to-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 unintentional releases across the supply chain. In Iŀǿŀƛ ƛ this 

relates to activities associated with the Par East petroleum refinery and Iŀǿŀƛ ƛ Gas.  Oil and natural gas 

emissions were therefore projected forward from 2022 based on a weighted average between projected 

growth in refinery emissions and emissions from gas in the residential and commercial sectors where 

gas is predominately consumed.   This methodology combines sector-specific trends (growth in refinery 

emissions) with broader energy demand trends (residential and commercial gas use), to provide a 

balanced projection that accounts for both.  

https://hawaiipowered.com/igpreport/
https://hawaiipowered.com/igpreport/
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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 fluctuations in production 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 refinery will 

remain in operation in the state of Hawaii. 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 non-energy 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 from non-energy 

uses. In Iŀǿŀƛ ƛ , non-energy 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 used in transportation and other sectors. These fuels 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. Because non-energy uses is related to a 

variety of economic activity, this methodology assumes 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 

/ƻƴǎƛǎǘŜƴǘ ǿƛǘƘ ǘƘŜ нлнн ƛƴǾŜƴǘƻǊȅΣ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ŎŜƳŜƴǘ ǇǊƻŘǳŎǘƛƻƴ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ ǇǊƻƧŜŎǘŜŘ ǘƻ ōŜ 

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 small magnitude of emissions values 

presented in Table 7-6 appear constant across the timeseries despite 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, future improvements to electrical transmission and distribution 

systems that could reduce the intensity of emissions (kg SF6 per kWh 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 share of new 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 percent in a stepwise manner by 2036. Specifically, 

the effective targets were to achieve a 40 percent reduction in production and consumption of HFCs by 

2028, 70 percent by 2033, 80 percent by 2035, and 85 percent by 2036 and thereafter (EPA 2021b). 

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 growing county leǾŜƭ нлнн ŜƳƛǎǎƛƻƴǎ ōȅ ŜŀŎƘ ŎƻǳƴǘȅΩǎ 

https://www.ecfr.gov/current/title-40/chapter-I/subchapter-C/part-84
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GCP, accounting for the change in energy consumption intensity for the commercial sector (EIA 2023).84 

The emissions assuming no regulation were given by the following equation: 

ὝὸὰὟὲὶὩὫὉȟ ὝὸὰὟὲὶὩὫὉȟ ὋὛὖὍὲὨὩὼȟ ὉὪὪ 

where, 

 ὝὸὰὟὲὶὩὫὉȟ = Estimated ODS substitute emissions if unregulated in county c and year t 

 ὝὸὰὟὲὶὩὫὉȟ = ODS substitute emissions in county c and in the year 2022 

 ὋὛὖὍὲὨὩὼȟ = Forecast for GSP in county c and year t 

 ὉὪὪ  = Energy efficiency improvements in year t 

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 unregulated emissions and the sum of emissions from 

prior vintages:    

ὔὩύὕὈὛὉȟ  ὝὸὰὟὲὶὩὫὉȟ  ɫὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ 

where,  

 ὔὩύὕὈὛὉȟ  = New emissions from ODS substitutes in county c and year t 

 ὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ = Emissions from prior vintages v in county c and year t 

To reflect the retirement of each vintage, it was assumed that the emissions of pre-2024 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 rate of five percent for stationary sources (based on the 

typical life of an air conditioning system) (DOE 2022) and seven percent for mobiles 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: 

ὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ ὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ  , for t<2024 

ὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ πȢωυὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ  , for t>2023 

[ŀǎǘΣ ǘƻ ŦƛƴŘ ǘƘŜ ŜƳƛǎǎƛƻƴǎ ǳƴŘŜǊ ǘƘŜ !La !Ŏǘ όƛΦŜΦΣ ǊŜƎǳƭŀǘŜŘ ŜƳƛǎǎƛƻƴǎύΣ ǘƘŜ !La !ŎǘΩǎ ǊŜŘǳŎǘƛƻƴ 

schedule was applied to the values for unregulated emissions for each county: 

ὕὈὛὉȟ  ɫὟὲὶὩὫὠὭὲὸὥὫὩὉȟȟ ρ ὃὍὓ  

where, 

 ὕὈὛὉȟ = Emissions from ODS substitutes in county c and year t 

 ὃὍὓ   = AIM Act targets applied to new vintages 

 

 

84 Commercial sector energy consumption intensity in thousand Btus per square foot. 

https://www.energy.gov/energysaver/central-air-conditioning
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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 uncertainty in the 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 projected by linearly extrapolating animal populations and 

animal-specific 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. DepartmŜƴǘ ƻŦ !ƎǊƛŎǳƭǘǳǊŜΩǎ ό¦{5!ύ bŀǘƛƻƴŀƭ !ƎǊƛŎǳƭǘǳǊŀƭ {ǘŀǘƛǎǘƛŎǎ {ŜǊǾƛŎŜ όb!{{ύ 

(USDA 2024), and the USDA Census of Agriculture (USDA 2009, 2014, 2019, and 2024) except for Dairy 

Cattle, which were proxied to 2022 populations as the population are expected to remain constant. The 

span of data, which serves as a basis for the extrapolation, varied based on notable historic trends for 

each animal type. Swine populations were linearly projected and used a twenty-year baseline to capture 

the decline in swine husbandry. Within beef cattle, steers and bulls were linearly projected using 

different baselines years, twenty year and five-year baselines, respectively. This methodology was 

chosen to 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 the ten-year average 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 remain constant.    

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 addition, historical 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 (USDA 2024b). Because data is not available for every year in the 

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 fermentation sector. 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 non-cattle 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 conversion factors (MCF), and the percent 

distribution of waste to animal waste management systems for non-cattle types were projected using 

the ten-year average by factor from the U.S. Inventory (EPA 2024b). For cattle, TAM, maximum potential 

emissions, VS excretion rates, Nex rates, MCF, and percent distribution of waste-to-waste management 

systems, which are all from the U.S. Inventory (EPA 2024b), were projected using the ten-year average 

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, historical 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 reported 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 factors and 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 

ƻŦ ǘƘŜ ƭŀǎǘ ǎǳƎŀǊ Ƴƛƭƭ ƛƴ Iŀǿŀƛ ƛ όHonolulu Magazine 2016, USDA 2020). For other crops, crop area and 

production data were projected based on the twenty-year trend of historical data obtained from the 

USDA Census of Agriculture (USDA 2009, 2014, 2019, 2024). For pineapple production, which has been 

historically decreasing 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). 

https://www.honolulumagazine.com/the-end-of-an-era-hawaiis-last-sugar-mill-closes-forever/
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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 (EPA 2024b). Synthetic fertilizer consumption was 

projected based on the five-year historical trend from 2010 to 2014 (AAPFCO 1995 through 2019) while 

commercial organic fertilizer consumption was assumed to remain at zero. Crop residue factors from 

IPCC (2006) were also assumed to remain constant.  Baseline years used in projections were determined 

by reviewing trŜƴŘǎΣ ǘǊŜƴŘ ŎȅŎƭŜǎΣ ŀƴŘ ƪƴƻǿƴ ƛƴŦƻǊƳŀǘƛƻƴ ŀōƻǳǘ ǘƘŜ ŦǳǘǳǊŜ ƻŦ ŀƎǊƛŎǳƭǘǳǊŜ ƛƴ Iŀǿŀƛ ƛ to 

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 potential for 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 accuracy and 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 

ƭŀǎǘ ǎǳƎŀǊ Ƴƛƭƭ ƛƴ Iŀǿŀƛ ƛ όIƻƴƻƭǳƭǳ aŀƎŀȊƛƴŜ нлмсΣ ¦{5! нлнлύΦ IƛǎǘƻǊƛŎŀƭƭȅΣ ǎǳƎŀǊŎŀƴŜ ǿŀǎ ǘƘŜ ƻƴƭȅ 

ƳŀƧƻǊ ŎǊƻǇ ƛƴ Iŀǿŀƛ ƛ ǿƘƻǎŜ ǊŜǎƛŘǳŜǎ ǿŜǊŜ ǊŜƎǳƭŀǊƭȅ burned (Hudson 2008). As a result, no emissions 

from field burning of agricultural residues were projected in 2025, 2030, 2035, 2040, and 2045.   

4.4.b. Uncertainties and Areas for Improvement 

Lǘ ƛǎ ǳƴŎŜǊǘŀƛƴ ǿƘŜǘƘŜǊ ǎǳƎŀǊŎŀƴŜ ǇǊƻŘǳŎǘƛƻƴ ǿƛƭƭ ǊŜǘǳǊƴ ǘƻ Iŀǿŀƛ ƛ ŀǎ ƳŀǊƪŜǘǎ ŀƴŘ ǘǊŀŘŜ regulations 

evolve. In addition, it is possible that other crop residues will be burned in the future. Further research 

ƛƴǘƻ ŦƛŜƭŘ ōǳǊƴƛƴƎ ǇǊŀŎǘƛŎŜǎ ƛƴ Iŀǿŀƛ ƛ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŦǳǘǳǊŜ ŀƴŀƭȅǎŜǎΦ 

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 five-year historical trend (AAPFCO 1995 ς 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 changes. Further 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 soilsτboth grassland and croplandτwere 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, the estimated percent change in 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 

ōŀǎŜŘ ƻƴ ¦{D{ ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ŜƳƛǎǎƛƻƴǎ ŀƴŘ ŀǊŜŀ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛ ŀƴŘ ŎƻƴǎƛŘŜǊ ƭŀƴŘ 

transitions, impacts of climate change, and other factors under a business-as-usual (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 projections were also based on the assumption that 

emissions from grassland and cropland will decrease at constant rates annually from 2011 to 2061. This 

methodology did not consider inter-annual 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 through improved management practices (e.g., no tilling). 

¢ƘŜ Iŀǿŀƛ ƛ DǊŜŜƴƘƻǳǎŜ Dŀǎ {ŜǉǳŜǎǘǊŀǘƛƻƴ ¢ŀǎƪ CƻǊŎŜ ŜǎǘŀōƭƛǎƘŜŘ ōȅ !Ŏǘ мр ƻŦ нлму ǿƛƭƭ ǿƻǊƪ ǘƻ 

identify practices in agriculture to improve soil health, which may also reduce future emissions from 

cropland. Further 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 annually from 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 forest and shrubland area from 2011 to 2061 was annualized and applied to the 2022 
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ŜǎǘƛƳŀǘŜǎ ƻŦ ŦƻǊŜǎǘ ŀƴŘ ǎƘǊǳōƭŀƴŘ ŀǊŜŀ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ǘƻ ƻōǘŀƛƴ нлнрΣ нлолΣ нлорΣ 

2040, and 2045 estimates (DBEDT 2023). 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 across the timeseries 

were used to project the percent of area burned for each vegetation class. Emission factors for CO2 for 

each vegetation class were based on estimates from USGS and were assumed to remain constant 

(Selmants et al. 2017). Emission factors for CH4 and N2O 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 

ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛ ŀƴŘ ŎƻƴǎƛŘŜǊ ƭŀƴŘ ǘǊŀƴǎƛǘƛƻƴǎΣ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀƴŘ ƻǘƘŜǊ ŦŀŎǘƻǊǎ ǳƴŘŜǊ 

a 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 projections were also based on the assumption 

that forest and shrubland area will change at constant rates annually from 2011 to 2061. This 

methodology does not consider inter-annual variability in forest and shrubland area. Further research 

ƛƴǘƻ ǘƘŜ ŀƴƴǳŀƭ ŎƘŀƴƎŜǎ ƛƴ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŦƻǊŜǎǘ ŀƴŘ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŦǳǘǳǊŜ 

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 five-ȅŜŀǊ ƘƛǎǘƻǊƛŎŀƭ ǘǊŜƴŘΣ ōŀǎŜŘ ƻƴ Řŀǘŀ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ {ǘŀǘŜ LƴǾŜƴǘƻǊȅ 

Tool (EPA 2024dύΦ Iŀǿŀƛ ƛ ŀƴŘ ¦Φ{Φ ǇƻǇǳƭŀǘƛƻƴ ŜǎǘƛƳŀǘŜǎ ǿŜǊŜ ǇǊƻƧŜŎǘŜŘ ōŀǎŜŘ ƻƴ ŦƛǾŜ-year growth rates 

ƛƴ Iŀǿŀƛ ƛΩǎ ǇƻǇǳƭŀǘƛƻƴ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ό5.95¢ 2023) and annual growth rates in 

national population from the U.S. Census Bureau (2017). 

The estimated carbon conversion factors and decomposition rates obtained from the State Inventory 

Tool (EPA 2024d) were assumed to remain constant over the projected timeseries. 

4.8.b. Uncertainties and Areas for Improvement 

The methodology used to project carbon sequestration in landfilled yard trimmings and food scraps 

ŀǎǎǳƳŜŘ ǘƘŀǘ ǘƘŜ ŀƳƻǳƴǘ ƻŦ ƭŀƴŘŦƛƭƭŜŘ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ŀƴŘ ŦƻƻŘ ǎŎǊŀǇǎ ƛƴ Iŀǿŀƛ ƛ ǿƛƭƭ Ŧƻƭƭƻǿ ŀ ǘǊŜƴŘ 

consistent with the past. The methodology did not consider increases in composting yard trimmings and 

food scraps. For example, Honolulu County prohibits commercial and government entities from 
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ŘƛǎǇƻǎƛƴƎ ȅŀǊŘ ǘǊƛƳƳƛƴƎǎ ƛƴ ƭŀƴŘŦƛƭƭǎ ό/ƛǘȅ ϧ /ƻǳƴǘȅ ƻŦ Iƻƴƻƭǳƭǳ нллрύΦ CǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ƛƴǘƻ Iŀǿŀƛ ƛ 

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 the same 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 applied to the 2020 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 reported by the NLCD. The estimated carbon sequestration rates for 

ǳǊōŀƴ ǘǊŜŜǎ ŀƴŘ ǘƘŜ ǇŜǊŎŜƴǘ ǘǊŜŜ ŎƻǾŜǊ ƛƴ ǳǊōŀƴ ŀǊŜŀǎ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ ŀǎǎǳƳŜŘ ǘƻ ǊŜƳŀƛƴ Ŏƻƴǎǘŀƴǘ ǿƛǘƘ 

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 

ŀǊŜŀ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛ ŀƴŘ ŎƻƴǎƛŘŜǊ ƭŀƴŘ ǘǊŀƴǎƛǘƛƻƴǎΣ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ ŀƴŘ ƻǘƘŜǊ 

factors under a 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 projections were also based on the 

assumption that urban area and carbon sequestration will increase linearly over the projected 

timeseries. This methodology did 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 urban trees may also vary over 

time due to possible changes in the percent tree cover, which can be impacted by urban planning 

ƛƴƛǘƛŀǘƛǾŜǎΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ Iŀǿŀƛ ƛ DǊŜŜƴƘƻǳǎŜ Dŀǎ {ŜǉǳŜǎǘǊŀǘƛƻƴ ¢ŀǎƪ CƻǊŎŜ ŜǎǘŀōƭƛǎƘŜŘ ōȅ !Ŏǘ мр ƻŦ 

2018 will work 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 

!ǾŜǊŀƎŜ ƴŜǘ / ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǊŀǘŜǎ ōȅ ŦƻǊŜǎǘ ǘȅǇŜ ƛƴ Iŀǿŀƛ ƛ ŦǊƻƳ нлмм ǘƘǊƻǳƎƘ нлол ǿŜǊŜ calculated 

using net ecosystem production estimates from USGS (Selmants 2020). These estimates were assumed 

to remain constant over the projected timeseries, based on USGS estimates that statewide carbon 

ŘŜƴǎƛǘȅ ƛƴ Iŀǿŀƛ ƛ ǿƛƭƭ ǊŜƳŀƛƴ ǊŜƭŀǘƛǾŜƭȅ ǎǘŀōƭŜ ǘƘǊƻǳƎƘ нлсм ό{ŜƭƳŀƴǘǎ Ŝǘ ŀƭΦ нлмтύΦ  

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 annualized and applied to the 2022 estimates of forest 

ŀƴŘ ǎƘǊǳōƭŀƴŘ ŀǊŜŀ ōȅ Ŏƻǳƴǘȅ ŦǊƻƳ ǘƘŜ {ǘŀǘŜ ƻŦ Iŀǿŀƛ ƛ 5ŀǘŀ .ƻƻƪ ǘƻ ƻōǘŀƛƴ нлнрΣ нлолΣ нлорΣ нлплΣ 

and 2045 estimates (DBEDT 2023).  

To obtain annual net C flux, the total ƴŜǘ ŜŎƻǎȅǎǘŜƳ ǇǊƻŘǳŎǘƛƻƴ ŦƻǊ ŦƻǊŜǎǘ ŀƴŘ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛ ǿŜǊŜ 

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 

ǇǊƻƧŜŎǘƛƻƴǎ ƻŦ ŀǊŜŀ ǘƘŀǘ ŀǊŜ ǎǇŜŎƛŦƛŎ ǘƻ Iŀǿŀƛ ƛ ŀƴŘ ŎƻƴǎƛŘŜǊ ƭŀƴŘ ǘǊŀƴǎƛǘƛƻƴǎΣ ƛƳǇŀŎǘǎ ƻŦ ŎƭƛƳŀǘŜ ŎƘŀƴƎŜΣ 

and other factors under multiple future scenarios (Selmants 2020). There is potential for these 

projections to change as the impacts of climate change are realized and policies evolve. Further research 

ƛƴǘƻ ǘƘŜ ŀƴƴǳŀƭ ŎƘŀƴƎŜǎ ƛƴ ŎƻƳǇƻǎƛǘƛƻƴ ƻŦ ŦƻǊŜǎǘ ŀƴŘ ǎƘǊǳōƭŀƴŘ ƛƴ Iŀǿŀƛ ƛ Ƴŀȅ ōŜ ŎƻƴǎƛŘŜǊŜŘ ƛƴ ŦǳǘǳǊŜ 

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 uncertainǘƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘƘŜ ŀƎŜ ƻŦ Iŀǿŀƛ ƛ 

ŦƻǊŜǎǘ ŜŎƻǎȅǎǘŜƳǎΣ ǿƘƛŎƘ Ŏŀƴ ƛƳǇŀŎǘ ǎŜǉǳŜǎǘǊŀǘƛƻƴ ǊŀǘŜǎ ό{ŜƭƳŀƴǘǎ Ŝǘ ŀƭΦ нлмтύΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǘƘŜ Iŀǿŀƛ ƛ 

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 

ŦƻǊŜǎǘǎΦ CǳǊǘƘŜǊ ǊŜǎŜŀǊŎƘ ƛƴǘƻ ǘƘŜ ŀƎŜ ƻŦ Iŀǿŀƛ ƛ ŦƻǊŜǎǘǎΣ ƛƳǇǊƻǾŜŘ ŦƻǊŜǎǘ ƳŀƴŀƎŜƳŜƴǘ ǇǊŀŎǘƛŎŜǎΣ ŀƴŘ 

their emissions reduction potential may be considered in future analyses.    

5. Waste 

5.1. Landfills  

5.1.a. Methodology 

[ŀƴŘŦƛƭƭ ŜƳƛǎǎƛƻƴǎ ǿŜǊŜ ǇǊƻƧŜŎǘŜŘ ōȅ ŜȄǘǊŀǇƻƭŀǘƛƴƎ ƘƛǎǘƻǊƛŎŀƭ ŜƳƛǎǎƛƻƴ ǘǊŜƴŘǎ ŦƻǊ ǘƘŜ ŎƻǳƴǘƛŜǎ ƻŦ Iŀǿŀƛ ƛΣ 

Honolulu, and Yŀǳŀ ƛ. Extrapolations were done using county specific power-functions. These functions 

were derived by finding a best fit line through inventory years, starting from the year prior to installation 

of methane capture technology.85 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 in landfill tonnage because they 

 

 

85 Methane capture technology usually leads to a large drop in emissions. Historical years that were included are 
2010, and 2015-нлнн ŦƻǊ Iŀǿŀƛ ƛ ŀƴŘ Iƻƴƻƭǳƭǳ ŎƻǳƴǘƛŜǎ ŀƴŘ нлмр-2022 for Yŀǳŀ ƛ. 
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ŀǎǎǳƳŜ ŀ Ŏƻƴǎǘŀƴǘ ǊŀǘŜ ƻŦ ŎƘŀƴƎŜΣ ǿƘƛŎƘ ŘƻŜǎƴΩǘ ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ŦŀŎǘ ǘƘŀǘ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ƭŀƴŘŦƛƭƭǎ 

decrease as decomposition slows. Historical data may show relatively rapid changes in emissions 

initially, but using a linear projection would extend that growth 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 follows: 

Ὁȟ     

where, 

 

Ὁȟ            = emissions in year t in county c 

ὥ               = scaling factor for county c determined from historical emissions 

ὸ                 = time since first inventory year 

ὦ               = exponent representing the growth rate for county c derived from historical    emissions 

Table J-9 shows the scaling factors and growth rates used in the county-specific power functions to 

project landfill emissions. 

Table J-9: Parameters Used in the County-Specific Power Functions 

County Scaling Factor Growth Rate 

Iŀǿŀƛ ƛ 0.2002 -0.192 

Honolulu 0.6686 -0.786 

Yŀǳŀ ƛ 0.6760 -0.825 

Mauia 0.2002 -0.192 
a Iŀǿŀƛ ƛ /ƻǳƴǘȅ ǇŀǊŀƳŜǘŜǊǎ ǳǎŜŘ ǘƻ ǇǊƻƧŜŎǘ aŀǳƛ /ƻǳƴǘȅ ƭŀƴŘŦƛƭƭ ŜƳƛǎǎƛƻƴǎΦ 

Due to recent fluctuations in landfill emissions caused by infrastructure issues between 2019 and 2023, 

ǘƘƛǎ ŀǇǇǊƻŀŎƘ ǿŀǎ ƴƻǘ ǎǳƛǘŀōƭŜ ŦƻǊ aŀǳƛΦ LƴǎǘŜŀŘΣ ƛǘ ǿŀǎ ŀǎǎǳƳŜŘ ǘƘŀǘ aŀǳƛΩǎ ŜƳƛǎǎƛƻƴǎ ǿƛƭƭ ŎƘŀƴƎŜ ŀǘ 

ǘƘŜ ǎŀƳŜ ǊŀǘŜ ŀǎ Iŀǿŀƛ ƛ /ƻǳƴǘȅ ǳǎƛƴƎ aŀǳƛϥǎ нлму inventory year as a jumping off point. Finally, the 

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. Some of 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, 

technological 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 programs that could impact future waste generation. 

.ŜŎŀǳǎŜ ŀ ǎǳōǎǘŀƴǘƛŀƭ ǇƻǊǘƛƻƴ ƻŦ ǿŀǎǘŜ ƻƴ h ŀƘǳ ƛǎ ŀƭǊŜŀŘȅ ŘƛǾŜǊǘŜŘ ǘƻ ǿŀǎǘŜ-to-power, this is more 

ǊŜƭŜǾŀƴǘ ŦƻǊ ǘƘŜ ŎƻǳƴǘƛŜǎ ƻŦ aŀǳƛΣ Iŀǿŀƛ ƛ ŀƴŘ Yŀǳŀ ƛΦ  

5.2. Composting  

5.2.a. Methodology 

For each county, emissions from composting were assumed to grow at the rate of population (DBEDT 

2018). County-level emissions were then summed together to estimate statewide emissions. Population 

is a good metric for projecting composting emissions because more people tend to generate 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 emission release. 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 assumed that per capita 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 county, emissions from wastewater treatment were assumed to grow at the rate of population 

(DBEDT 2018).86 County-level 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 methane released from anaerobic 

digestion in wastewater treatment plants. This correlation between population growth and wastewater 

emissions makes population a reliable metric for projecting future emissions. 

 

 

86 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 biogas (County & 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 treatment. 

https://www.honolulu.gov/cms-csd-menu/site-csd-sitearticles/1154-site-csd-news-2018-cat/33441-12-12-18-city,-hawaii-gas-open-renewable-wastewater-biogas-facility.html
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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 wastewater N2O emissions 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:  

¶ The State Inventory Tool (SIT) consists of 11 estimation modules applying a top-down approach 

to calculate GHG emissions, and one module to synthesize estimates across all modules. The SIT 

gives users the option of applying their own state-specific data or using default data pre-loaded 

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 direct GHG 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 with the U.S. GHG Inventory.  

¶ The Projection Tool allows 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.  

Figure K-1 provides an overview of the files that make up the SIT and Projection tool. 

Figure K-1: Overview of the SIT and Projection Tool File Structure 

 

In an effort to evaluate the accuracy and usability of the SIT and Projection Tool estimates for the state 

ƻŦ Iŀǿŀƛ ƛΣ L/C Ǌŀƴ ǘƘŜ ǘƻƻƭ ŦƻǊ Iŀǿŀƛi using default values and compared the output against the 2021 

inventory and inventory projections for 2025, 2030, and 2045, as developed  by ICF, the Institute of 
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Resilience and Sustainability (ISR), and the University of Hawaii Economic Research Organization 

(UHERO).87 This document presents the results of this comparison. 

Key Observations and Conclusions 

{L¢Ωǎ ŜǎǘƛƳŀǘŜ ƻŦ total GHG emissions for Hawaii in 2021 is 3 percent lower than the ICF estimate, while 

the difference in net GHG emissions is 7 percent higher than the ICF estimate.88 The difference in net 

emissions is largely due to the lack of default forest carbon flux data available in the SIT land-use change 

module.  

Total GHG emissions for Hawaii are 2 percent lower in 2025 using the Projection Tool compared to 

L/CκL{wκ¦I9whΩǎ ŀƴŀƭȅǎƛǎΣ 2 percent higher in 2030, and 25 percent higher in 2045. Net GHG emissions 

for Hawaii are 12 ǇŜǊŎŜƴǘ ƘƛƎƘŜǊ ƛƴ нлнр ǳǎƛƴƎ ǘƘŜ tǊƻƧŜŎǘƛƻƴ ¢ƻƻƭ ŎƻƳǇŀǊŜŘ ǘƻ L/CκL{wκ¦I9whΩǎ 

analysis, 18 percent higher in 2030, 52 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 for 2021, 2025, 2030, and 2045 as estimated by ICF/ISR/UHERO and the 

SIT/Projection Tool, are shown in Figure K-2. 

 

 

87 The SIT and Projection Tool are available online at https://www.epa.gov/statelocalenergy/download-state-
inventory-and-projection-tool. The SIT modules, Synthesis Tool, and Projection Tool used for this analysis were 
ŘƻǿƴƭƻŀŘŜŘ ŦǊƻƳ 9t!Ωǎ ǿŜōǎƛǘŜ ƛƴ November 2024. 2021 is the most recent inventory year available.  
88 Net emissions take into account both emission sources and carbon sinks. 

https://www.epa.gov/statelocalenergy/download-state-inventory-and-projection-tool
https://www.epa.gov/statelocalenergy/download-state-inventory-and-projection-tool
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Figure K-2: Comparison of Total and Net GHG Emission Estimates (MMT CO2 Eq.) (2021, 2025, 2030, and 2045) 

 

Key observations from using the SIT for 2021 GHG estimates include the following: 

¶ Total GHG estimates from the SIT are 0.54 MMT CO2e lower than ICF/ISR/UHERO. Net GHG 

estimates from the SIT are 1.19 MMT CO2e higher than ICF/ISR/UHERO.  

¶ ICF assessed contributions to differences in emissions using absolute values. While total 

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 emissions estimates in other sectors (e.g., in the 

Energy sector).  

¶ About 33 percent of the difference in net emissions is from Forest Carbon (see Table K-2). The 

SIT does not provide default data for estimating Forest Carbon sinks. 

¶ About 37 percent of the difference in total emissions and 22 percent of the difference in net 

emissions is from Transportation (see Table K-2). One of the reasons for this difference is due to 

the inclusion of emissions from military non-aviation transportation, which is not accounted for 

in the SIT. 

¶ Estimates for seven categories comprise 90 percent of the difference in net emissions between 

the SIT and ICF analysis. These include Forest Carbon, Transportation, Landfills, Iron and Steel 

Production, Stationary Combustion, Agricultural Soil Carbon, and Forest Fires. The likely reasons 

for these differences are discussed below in Methodology Comparison.  

¶ wŜƭŀǘƛǾŜ ǘƻ L/CΩǎ ŜǎǘƛƳŀǘŜǎΣ ǘƘŜ {L¢ ŜǎǘƛƳŀǘŜŘ ƘƛƎƘŜǊ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ Ltt¦Σ !Ch[¦Σ ŀƴŘ ²ŀǎǘŜ 

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: 

¶ The Projection Tool does not estimate emissions from LULUCF source and sink categories. 

¶ About 58 percent of the difference in 2025 net emission projections is from Forest Carbon, 

Stationary Combustion, and Agricultural Soil Carbon source and sink categories (see Table K-4).  

¶ 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 projections for military 

transportation emissions were assumed to remain constant in the future relative to 2021 due to 

a lack of available data and inconsistencies in the historical emissions trend.  

¶ About 73 percent of the difference in 2030 net emission projections are from the Forest Carbon, 

Stationary Combustion, Substitution of Ozone Depleting Substances (ODS), Agricultural Soil 

Carbon, and Urban Trees source and sink categories (see Table K-6). 

¶ wŜƭŀǘƛǾŜ ǘƻ L/CκL{wκ¦I9whΩǎ ŜǎǘƛƳŀǘŜǎΣ ǘƘŜ tǊƻƧŜŎǘƛƻƴ ¢ƻƻƭ ŜǎǘƛƳŀǘŜǎ ƘƛƎƘŜǊ ŜƳƛǎǎƛƻƴǎ ŦǊƻƳ ǘƘŜ 

IPPU, AFOLU, and 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 in 2025 and 2030, but the 

Projection Tool estimates higher emissions for 2045.  

¶ L/CκL{wκ¦I9whΩǎ ǇǊƻƧŜŎǘŜŘ ŜƳƛǎǎƛƻƴǎ ŀǊŜ ƳǳŎƘ ƭƻǿŜǊ ƛƴ нлпр ǘƘŀƴ ǘƘŜ tǊƻƧŜŎǘƛƻƴ ¢ƻƻƭΦ CƻǊ ǘƘƛǎ 

analysis, the Projection Tool estimates future emissions based on default historical activity data 

ŦƻǊ Iŀǿŀƛ ƛΦ ¢ƘŜǊŜ ƛǎ ŀ ƭŀǊƎŜ ŘŜƎǊŜŜ ƻŦ ǳƴŎŜǊǘŀƛƴǘȅ ŀǎǎƻŎƛŀǘŜŘ with the default activity data 

ǿƛǘƘƛƴ ǘƘŜ tǊƻƧŜŎǘƛƻƴ ¢ƻƻƭΣ ŀǎ Ƴƻǎǘ ƻŦ ǘƘŜ Řŀǘŀ ƛǎ ŦǊƻƳ ƴŀǘƛƻƴŀƭ ǎƻǳǊŎŜǎΣ ǊŀǘƘŜǊ ǘƘŀƴ Iŀǿŀƛ ƛ -

specific sources. Additionally, some of the default activity data within the Projection Tool are 

from older sources and may not capture recent economic, political, or social trends that impact 

activity data, such as decreased consumption of certain fuels or decreased livestock populations. 

¢ƘŜ L/CκL{wκ¦I9wh ǘŜŀƳ ǳǎŜŘ Iŀǿŀƛ ƛ -specific assumptions for each sector to 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 Comparison. 

Comparison of Results 

To compare the results from the SIT against the 2021 inventory developed by ICF, results from each 

estimation module were compared against the source and sink categories defined in the 2021 

inventory.89 Figure K-3 summarizes how the results from the SIT were mapped to the 2021 inventory. 

 

 

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 mining, is not applicable to the state of Hawaii.  
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Figure K-3: aŀǇǇƛƴƎ ƻŦ {L¢ aƻŘǳƭŜǎ ǘƻ Iŀǿŀƛ ƛΩǎ нлнм LƴǾŜƴǘƻǊȅ 
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2021 Inventory Comparison 

For the state of Hawaii, ICF estimates that in 2021 total GHG emissions were 19.92 MMT CO2 Eq., which 

is 3 percent higher ǘƘŀƴ ǘƘŜ {L¢Ωǎ ŜǎǘƛƳŀǘŜ ƻŦ 19.38 MMT CO2 Eq. ICF estimates that in 2021 net 

emissions were 17.50 MMT CO2 Eq., while the SIT estimates 18.69 MMT CO2 Eq., a difference of 7% 

percent. A summary of 2021 emissions and sinks by sector and category, as estimated by ICF and the SIT, 

are provided in Table K-1. 

Table K-1: Comparison of 2021 Emission Results (MMT CO2 Eq.) 

Sector/Category ICF  SIT Difference % Difference 

Energy 17.47  15.70  (1.77) (10%) 

Transportation 9.59  8.38  (1.22) (13%) 

Stationary Combustion 7.44  7.16  (0.28) (4%) 

Incineration of Waste for Energy Purposes 0.30  0.16  (0.14) (46%) 

Oil and Natural Gas Systems a 0.10  NO (0.10) NA 

Non-Energy Uses b 0.04  IE NA NA 

IPPU 0.82  1.07  0.25  30% 

Substitution of ODS 0.81  0.74  (0.07) (8%) 

Electrical Transmission and Distribution 0.01  0.01  + 2% 

Cement Production NO NO 0.00  NA 

Soda Ash Manufacture and Consumption c NO 0.01  0.01  NA 

Urea Consumption c NO + + NA 

Iron and Steel Production c NO 0.30  0.30  NA 

Limestone and Dolomite Use c 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 a 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 a (1.78) NO 1.78  NA 

Liming NO NO NA NA 

N2O from Settlement Soils d 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 e 0.02  NE NA NA 

Total Emissions (Excluding Sinks) 19.92  19.38 (0.54) (3%) 

Net Emissions (Including Sinks) 17.50  18.69 1.19  7% 

+ Does not exceed 0.005 MMT CO2 Eq. 

NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Applicable); IE (Included Elsewhere). 
a The SIT does not provide default data for Oil and Natural Gas Systems, Forest Fires, or Forest Carbon in Hawaii. 
b The SIT includes emissions from Non-Energy Uses in emissions CO2 from Fossil Fuel Combustion (CO2FFC). 
Therefore, these emissions are captured within the Stationary Combustion and Transportation emission sources.  
c ICF estimates that this activity is not applicable to Hawaii, and therefore emissions are not occurring. 
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d Emissions are included under Agricultural Soil Management. 
e 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 and the SIT are presented in Figure K-4. 

Figure K-4: Comparison of 2021 Emission Results (Including Sinks) 

 

Seven source and sink categories account for 90 ǇŜǊŎŜƴǘ ƻŦ ǘƘŜ ŀōǎƻƭǳǘŜ ŘƛŦŦŜǊŜƴŎŜ ōŜǘǿŜŜƴ L/CΩǎ 

LƴǾŜƴǘƻǊȅ ŀƴŘ ǘƘŜ {L¢Ωǎ ŜǎǘƛƳŀǘŜǎΦ ǎǳƳƳŀǊƛȊŜǎ ǘƘŜ ŀōǎƻƭǳǘŜ ŀƴŘ ŎǳƳǳƭŀǘƛǾŜ ŘƛŦŦŜǊŜƴŎŜ ƛƴ ŜƳƛǎǎƛƻƴ 

estimates for these seven categories. The likely reasons for these differences are discussed below in 

Methodology Comparison.  

Table K-2: Key Sources of Differences between ICF Inventory and SIT 2021 Net Emission Results 

Category ICF  SIT 
Absolute 

Difference 

Cumulative % 
of Total 

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 and Steel Production NO 0.30  0.30  77% 

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); NE (emissions are Not Estimated). 
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2025 Projection Comparison 

ICF, with support from UHERO, projects 2025 total GHG emissions to be 18.45 MMT CO2 Eq., while net 

emissions are projected to be 16.11 MMT CO2 Eq. The Projection Tool projects total and net emissions to 

be 18.01 MMT CO2 Eq. in 2025. A summary of projected emissions and sinks by sector and category, as 

estimated by ICF/ISR/UHERO and the Projection Tool for 2025, are provided in Table K-3. 

Table K-3: Comparison of 2025 Emission Projection Results (MMT CO2 Eq.) 

Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

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 Waste for Energy Purposes 0.29  0.66  0.37  125% 

Oil and Natural Gas Systems 0.11  0.01  (0.10) (91%) 

Non-Energy Uses a 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 and Steel 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 Carbon b 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 Fires b 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 Scraps b (0.04) NE NA NA 

Urban Trees b (0.58) NE NA NA 

Forest Carbon (1.71) NE NA NA 

Liming NO + + NA 

N2O from Settlement Soils b,c 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 Emissions (Excluding 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 CO2 Eq. 

NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Applicable). 
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a The Projection Tool includes projected emissions from Non-Energy Uses under CO2 emissions from Fossil Fuel 
Combustion (CO2FFC). 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.  
c 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 sector calculated by ICF/ISR/UHERO and the Projection Tool are presented in Figure K-5. 

Figure K-5: Comparison of 2025 Emission Projection Results (Including Sinks) 

 
  

Seven source and sink categories account for 88 percent of the absolute difference between the 

ICF/ISR/UHERO projections and the Projection Tool estimates. Table K-4 summarizes the absolute and 

cumulative difference in emission estimates for these top seven categories. The likely reasons for these 

differences are discussed below in Methodology Comparison. 

Table K-4: Key Sources of Differences between ICF/ISR/UHERO Projections and Projection Tool Net Estimates in 

2025 

Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

Absolute 
Difference 

Cumulative % 
of Total 

Difference 

Forest Carbon  (1.71) 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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Iron and Steel Production  NO  0.40  0.40  88% 

All Other Categories     0.87 100% 

NO (emissions are Not Occurring); NE (emissions are Not Estimated). 

2030 Projection Comparison 

ICF, with support from UHERO, projects 2030 total GHG emissions to be 17.51 MMT CO2 Eq., while net 

emissions are projected to be 15.21 MMT CO2 Eq. The Projection Tool projects total and net emissions 

to be 17.93 MMT CO2 Eq. in 2030. A summary of projected emissions and sinks by sector and category, 

as estimated by ICF/ISR/UHERO and the Projection Tool for 2030, are provided in Table K-5. 

Table K-5: Comparison of 2030 Emission Projection Results (MMT CO2 Eq.) 

Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

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 Waste for Energy Purposes 0.29  0.73  0.44  150% 

Oil and Natural Gas Systems 0.11  0.01  (0.10) (91%) 

Non-Energy Uses a 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 and Consumption 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 Carbon b 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 Fires b 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 Yard Trimmings and Food Scraps b (0.04) NE NA NA 

Urban Trees b (0.63) NE NA NA 

Forest Carbon b (1.63) NE NA NA 

Liming NO + + NA 

N2O from Settlement Soils b,c IE NE NA NA 

Waste 0.43  1.02  0.59  136% 

Landfills 0.31  0.87  0.56  181% 

Wastewater Treatment 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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Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

Difference % Difference 

Net Emissions (Including Sinks) 15.21  17.93  2.72  18% 

+ Does not exceed 0.005 MMT CO2 Eq. 

NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Applicable). 
a The Projection Tool includes projected emissions from Non-Energy Uses under CO2 emissions from Fossil Fuel 
Combustion (CO2FFC). 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.  
c 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 2030 by sector as calculated by ICF/ISR/UHERO and the Projection Tool are 

presented in Figure K-6. 

Figure K-6: Comparison of 2025 Emission Projection Results (Including Sinks) 

 

Seven source and sink categories account for 87% percent of the absolute difference between the 

ICF/ISR/UHERO projections and the Projection Tool estimates. Table K-6 summarizes the absolute and 

cumulative difference in emission estimates for these top seven categories. The likely reasons for these 

differences are discussed below in Methodology Comparison. 

Table K-6: Key Sources of Differences between ICF/ISR/UHERO Projections and Projection Tool Estimates in 2030 

Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

Absolute 
Difference 

Cumulative % 
of Total 

Difference 

Forest Carbon  (1.63) NE  1.63  23% 



   

 

Comparison of Results with the State Inventory Tool and Projection Tool 268 

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 emissions to be 13.86 MMT CO2 Eq., while net 

emissions are projected to be 11.44 MMT CO2 Eq. The Projection Tool projects total and net emissions 

to be 17.35 MMT CO2 Eq. in 2045. A summary of projected emissions and sinks by sector and category, 

as estimated by ICF/ISR/UHERO and the Projection Tool for 2045, are provided in Table K-7. 

Table K-7: Comparison of 2045 Emission Projection Results (MMT CO2 Eq.) 

Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

Difference % Difference 

Energy 12.16  13.76  1.60  13% 

Transportation 8.77  10.36  1.59  18% 

Stationary Combustion 3.00  2.45  (0.55) (18%) 

Incineration of Waste for Energy Purposes 0.22  0.94  0.72  331% 

Oil and Natural Gas Systems 0.12  0.01  (0.11) (91%) 

Non-Energy Uses a 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  (0.01) (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 Carbon b 0.53  NE NA NA 

Enteric Fermentation 0.25  0.23  (0.02) (10%) 

Agricultural Soil Management 0.12  0.12  (0.01) (6%) 

Forest Fires b 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 Scraps b (0.02) NE NA NA 

Urban Trees b (0.78) NE NA NA 

Forest Carbon b (1.63) NE NA NA 

Liming NO + + NA 

N2O from Settlement Soils b,c 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 MMT CO2 Eq. 

NO (emissions are Not Occurring); NE (emissions are Not Estimated); NA (Not Applicable). 
a The Projection Tool includes projected emissions from Non-Energy Uses under CO2 emissions from Fossil Fuel 
Combustion (CO2FFC). 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.  
c 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 calculated by ICF/ISR/UHERO and the Projection Tool are 

presented in Figure K-7. 

Figure K-7: Comparison of 2045 Emission Projection Results (Including Sinks) 

 

Seven source and sink categories account for 82 percent of the absolute difference between the 

ICF/ISR/UHERO projections and the Projection Tool estimates. Table K-8 summarizes the absolute and 

cumulative difference in emission estimates for these top seven categories. The likely reasons for these 

differences are discussed below in Methodology Comparison. 
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Table K-8: Key Sources of Differences between ICF/ISR/UHERO Projections and Projection Tool Estimates in 2045 

Sector/Category 
ICF/ISR/ 
UHERO 

Projection 
Tool 

Absolute 
Difference 

Cumulative % 
of Total 

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     1.55 100% 

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 the 2021 inventory 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 waste for 

energy purposes and oil and natural gas systems, both the methodologies and data sources used by ICF 

and SIT differ. The SIT estimates emissions from non-energy uses of fossil fuels directly within CO2FFC 

calculations, rather than by summarizing emissions in a distinct source category. A description of the key 

differences in methodology and data sources used by ICF and the SIT to estimate emissions for the 

Energy sector are presented in Table K-9. 

Table K-9: Key Differences in Methodology and Data Sources for the Energy Sector 

Source ICF Inventory SIT 

Stationary 
Combustion 

¶ Fuel consumption data is primarily taken 
from the Energy Information 
!ŘƳƛƴƛǎǘǊŀǘƛƻƴΩǎ ό9L!ύ {ǘŀǘŜ 9ƴŜǊƎȅ 5ŀǘŀ 
System (SEDS) database, with naphtha 
and fuel gas data for the energy 
industries sector coming from the 
9ƴǾƛǊƻƴƳŜƴǘŀƭ tǊƻǘŜŎǘƛƻƴ !ƎŜƴŎȅΩǎ 
Greenhouse Gas Reporting Program 
(GHGRP). 

¶ ICF does not include petroleum coke 
consumption in its estimates as it was 
determined that it is not used in Hawaii. 

¶ Fuel consumption data is taken from 
9L!Ωǎ {95{ ŘŀǘŀōŀǎŜ ŀƴŘ 9L!Ωǎ bŀǘǳǊŀƭ 
Gas Annual report. 
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Source ICF Inventory SIT 

Transportation 

¶ Fuel consumption data is taken from 
9L!Ωǎ {95{ ŘŀǘŀōŀǎŜΦ CǳŜƭ ŎƻƴǎǳƳǇǘƛƻƴ 
data collected by the Department of 
Business, Economic Development, and 
Tourism (DBEDT) are used to apportion 
SEDS data to subsectors.  

¶ Additional EIA fuel consumption data for 
military non-aviation applications are 
compiled through a data request to EIA, 
which is not accounted for in the SIT. 

¶ Fuel consumption data is taken from 
9L!Ωǎ {95{ ŘŀǘŀōŀǎŜΦ 9Ƴƛǎǎƛƻƴǎ ŦǊƻƳ 
alternative fuel vehicles are calculated 
separately. 

Incineration of 
Waste for Energy 
Purposes 

¶ 9Ƴƛǎǎƛƻƴǎ ŀǊŜ ǘŀƪŜƴ ŦǊƻƳ 9t!Ωǎ DIDwtΦ ¶ Calculates combustion of fossil-derived 
carbon in waste for plastics, synthetic 
fibers, and synthetic rubber by 
estimating the mass of waste combusted 
(obtained from BioCycle), applying a 
carbon content, and assuming a 98% 
oxidation rate. 

Oil and Natural 
Gas Systems 

¶ Emissions from refineries are taken from 
9t!Ωǎ DIDwtΦ 

¶ Emissions from natural gas distribution 
and transmission pipelines are estimated 
using miles and services data from the 
Department of Transportation's Pipeline 
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 non-energy use 
consumption by fuel type are based on 
estimates from the U.S. Inventory. 

¶ The percentage of non-energy use 
consumption by fuel type are based on 
estimates from the U.S. Inventory; 
however, emission estimates are 
included in emissions CO2 from Fossil 
Fuel Combustion (CO2FFC). 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 consumption, urea consumption, and iron and steel 

production do not occur in Hawaii; however, 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 

sources used by ICF and the SIT to estimate emissions for the IPPU sector are presented in Table K-10. 
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Table K-10: Key Differences in Methodology and Data Sources for the IPPU Sector 

Source ICF Inventory SIT 

Electrical 
Transmission and 
Distribution 

¶ National electricity sales data are taken 
from EIA. HawaiƛΩǎ ŜƭŜŎǘǊƛŎƛǘȅ ǎŀƭŜǎ Řŀǘŀ 
are taken from the State of Hawaii Data 
Book. 

¶ Both national and state-level electricity 
sales data are taken from EIA. 

Substitution of 
ODS 

¶ Population data are taken from the U.S. 
Census Bureau. HawaiƛΩǎ ǇƻǇǳƭŀǘƛƻƴ 
data are taken from the State of Hawaii 
Data Book. 

¶ National emissions estimates are taken 
from the 1990-2020 U.S. Inventory. 

¶ Both national and state-level 
population are taken from the U.S. 
Census Bureau. 

¶ National emissions estimates are taken 
from the 1990-2020 U.S. Inventory. 

Soda Ash 
Manufacture and 
Consumption 

¶ Emissions from soda ash manufacturing 
and consumption were determined to 
not occur in Hawaii. 

¶ Allocates national emissions from soda 
ash consumption using the ratio of 
state population to national 
population. 

Urea Consumption 

¶ Emissions from urea consumption were 
determined to not occur in Hawaii. 

¶ Multiplies the total urea applied to Ag 
Soils in each state (from LULUCF 
module) by 0.13 to obtain urea 
consumption. 

Iron and Steel 
Production 

¶ Emissions from iron and steel production 
were determined to not occur in Hawaii. 

¶ Evenly distributes regional production 
data among states within the region. 

AFOLU 

For the AFOLU 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 burning of agricultural 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 N2O from Settlement Soils but rather includes these emissions under the Agricultural Soil 

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 and the SIT to estimate emissions and 

sinks for the AFOLU sector are presented in Table K-11.  

Table K-11: Key Differences in Methodology and Data Sources for the AFOLU Sector 

Source ICF Inventory SIT 

Enteric 
Fermentation 

¶ Obtains sheep and goat population data 
from the USDA Census of Agriculture. 

¶ Obtains sheep population data from the 
U.S. Inventory. 

Manure 
Management 

¶ Includes hens within the chicken 
population but does not include turkeys. 

¶ Obtains chicken, sheep, and goat 
population data from the USDA Census 
of Agriculture. 

¶ Uses constant VS rates for non-cattle 
animal types. 

¶ Estimates emissions from turkeys and 
hens greater than one year old. 

¶ Obtains sheep population data from the 
U.S. Inventory. 

¶ Uses volatile solids (VS) rates for 
breeding swine, poultry, and horses that 
vary slightly by year. 
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Source ICF Inventory SIT 

Agricultural Soil 
Management 

¶ Assumes no commercial organic fertilizer 
is consumed in Hawaii based on the 
Association of American Plant Food 
Control Officials (AAPFCO) Commercial 
Fertilizer reports. 

¶ Obtains 1990-2014 fertilizer 
consumption estimates from AAPFCO 
and estimates consumption in 2021 
based on a five-year 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. 

¶ Estimates state-level organic fertilizer 
consumption by applying the percentage 
of national fertilizer consumption that is 
organic fertilizer to total state-level 
fertilizer consumption. 

¶ Uses the 2016 fertilizer consumption 
estimate from AAPFCO as a proxy for 
2021. 

¶ Does not calculate emissions from 
sugarcane, pineapple, sweet potatoes, 
ginger root, taro, or seed production. 

¶ Obtains crop production data from USDA 
National Agricultural Statistics Service 
(NASS) Surveys. USDA NASS Surveys do 
not include corn for grain production 
data for Hawaii. 

Field Burning of 
Agricultural 
Residues 

¶ Assumes the fraction of sugarcane 
residue burned is zero in 2021, as the 
last sugarcane mill in Hawaii closed in 
2017. Emissions from the field burning of 
agriculture residue are assumed to be 
zero in 2021.  

¶ Assumes that the fraction of Hawaii 
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 to 2021 based on the 
historical five-year trend. 

¶ Uses 2016 data from AAPFCO (2022) as a 
proxy for 2021 urea fertilization. 

Agricultural Soil 
Carbon 

¶ Emissions estimates are from the 1990-
2021 U.S. Inventory. 

¶ Emissions estimates are from the 1990-
2021 U.S. Inventory. 

Forest Fires 
¶ Obtains forest area burned data from 

the Hawaii Department of Land and 
Natural Resources. 

¶ Does not include default data of forest 
area burned. 

Landfilled Yard 
Trimmings 

¶ Hawaii population data were obtained 
from the State of Hawaii Data Book. 

¶ Extrapolates waste generation to 2021 
based on the historical five-year trend. 

¶ Hawaii population data were obtained 
from U.S. Census. 

¶ Uses 2018 waste generation data as 
ǊŜǇƻǊǘŜŘ ƛƴ 9t!Ωǎ !ŘǾŀƴŎƛƴƎ {ǳǎǘŀƛƴŀōƭŜ 
Materials Management Fact Sheet as a 
proxy for 2021. 

Urban Trees 
¶ Uses carbon sequestration rates are 

calculated based on state-specific values 
from the U.S. Inventory. 

¶ Uses carbon sequestration rates for 
Hawaiian urban trees based on Nowak et 
al. (2013). 

Forest Carbon 
¶ Uses carbon flux estimates calculated by 

the Tier 1 Gain Loss Method outlined by 
the 2006 IPCC Guidelines. 

¶ Does not include carbon flux estimates 
for Hawaii. 

N2O from 
Settlement Soils 

¶ Emissions included under Agricultural 
Soil Management. 

¶ Assumes one percent of synthetic 
fertilizer consumption is used on 
settlement soils. 

Liming 
¶ Emissions from lime used for agricultural 

purposes are not estimated by ICF. 

¶ Estimated using data on limestone used 
ŦƻǊ ŀƎǊƛŎǳƭǘǳǊŀƭ ǇǳǊǇƻǎŜǎ ŦǊƻƳ ǘƘŜ ¦{D{Ωǎ 
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 key differences in methodology and data sources used 

by ICF and the SIT to estimate emissions for the Waste sector are presented in Table K-12. 

Table K-12: Key Differences in Methodology and Data Sources for the Waste Sector 

Source ICF Inventory SIT 

Landfills 

¶ Data on the tons of waste landfilled per year 
were provided by the Hawaii Department of 
Health (DOH), Solid & Hazardous Waste 
Branch. 

¶ Volumes of landfill gas recovered for flaring 
ŀƴŘ ŜƴŜǊƎȅ ǿŜǊŜ ƻōǘŀƛƴŜŘ ŦǊƻƳ 9t!Ωǎ DIDwtΦ  

¶ Historical MSW generation and disposal 
volumes were calculated using population 
data from the State of Hawaii Data Book. 

¶ Estimates state-level waste disposal 
by allocating national waste data from 
9t!Ωǎ aǳƴƛŎƛǇŀƭ {ƻƭƛŘ ²ŀǎǘŜ wŜǇƻǊǘ 
and BioCycle and based on 
population.  

¶ Hawaii flaring data is ŦǊƻƳ 9t!Ωǎ 
Landfill Methane Outreach Program 
(LMOP) Landfill and Landfill Gas 
Energy Project Database. 

Composting 
¶ Estimated based on data from the Hawaii 

DOH, Solid & Hazardous Waste Branch.  

¶ Does not estimate emissions from 
composting. 

Wastewater 
Treatment 

¶ Data on non-National Pollutant Discharge 
Elimination System (NPDES) wastewater 
treatment plants, including flow rate and 
BOD5 are provided by Hawaii DOH, 
Wastewater Branch and Clean Water Branch. 

¶ Population data from the State of Hawaii 
Data Book were used to calculate wastewater 
treatment volumes.  

¶ The number of households on septic systems 
were calculated using data from the U.S. 
Inventory.  

¶ Uses data from the 1990-2021 U.S. 
Inventory.  

¶ Municipal Wastewater emissions 
estimated using state population 
data from the U.S. Census Bureau. 

¶ State-specific red meat production 
data from USDA are used to estimate 
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-19 on future emissions, 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 the Projection Tool to project emissions for each sector are presented in Table K-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 ς 2045, and Assessment of Statewide Progress. 
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Table K-13: Key Differences in Methodology Used to Project Emissions 

Sector ICF/ISR/UHERO Projection Tool 

Energy 

¶ For energy industries and incineration of 
waste for energy purposes, emissions 
were projected based on direct 
communication with the utilities and the 
ǳǘƛƭƛǘȅΩǎ tƻǿŜǊ {ǳǇǇƭȅ LƳǇǊƻǾŜƳŜƴǘ tƭŀƴ 
(PSIP). 

¶ For stationary combustion, electric sector 
emissions were based on facility emissions 
reported to the GHGRP.  

¶ For residential energy use, commercial 
energy use, industrial energy use, and 
non-energy uses, emissions were 
projected using forecasted gross state 
product, and adjusted to account for RNG 
consumption in place of SNG 
consumption. 

¶ For ground transportation, emissions were 
projected based on estimates of future 
vehicle miles traveled, fuel efficiency by 
vehicle type, types of vehicles on the road, 
and their related fuel sources. Light Duty 
Vehicle emission projections account for 
Vehicle Miles Traveled reduction due to 
the Honolulu Rail Project. 

¶ For domestic aviation, emissions were 
projected based on visitor arrivals, 
resident travel, and cargo shipments 
based on 2019 emissions.  

¶ For oil and natural gas systems, emissions 
were projected based on projected growth 
in aviation emissions. 

¶ Forecasts regional energy consumption data 
ōŀǎŜŘ ƻƴ 9L!Ωǎ !9hΦ !ƭƭƻŎŀǘŜǎ ǊŜƎƛƻƴŀƭ 
consumption to states based on 2021 state-
ƭŜǾŜƭ ŎƻƴǎǳƳǇǘƛƻƴ ǘŀƪŜƴ ŦǊƻƳ 9L!Ωǎ {ǘŀǘŜ 
Energy Data. 

IPPU 

¶ Emissions from Electric Power 
Transmission and Distribution Systems 
were projected based on the electricity 
sales forecast.  

¶ Emissions from ODS Substitutes were 
projected using forecasted gross state 
product and adjusted to account for the 
implementation of the American 
Innovation and Manufacturing (AIM) Act. 

¶ Forecasts emissions from Soda Ash 
Manufacture and Consumption, Iron & Steel 
Production, and Urea Consumption based on 
historical trends.  

¶ Forecasts emissions from Electric Power 
Transmission and Distribution Systems and 
ODS Substitutes based on publicly available 
forecasts. 

AFOLU 

¶ Emissions were projected by forecasting 
activity data using historic trends and 
published information on future trends. 

¶ Forecasts emissions based on either historical 
trends or publicly available forecasts (varies 
by category). Results differ due to minor 
differences in how activity data is projected 
and differences in historical estimates. 

¶ Emission sinks are not estimated. 

Waste 
¶ Emissions from landfills were taken from 

EPA Facility Level Information on 
Greenhouse Gases Tool (FLIGHT) data and 

¶ Forecasts activity data based on projected 
population from the U.S. Census Bureau. 
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Sector ICF/ISR/UHERO Projection Tool 

then scaled to match reported landfill 
tonnage as described for waste in the 
2021 inventory. 

¶ Composting and Wastewater Treatment 
emissions were projected based on DBEDT 
population growth projections. 
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Appendix L. Full Emissions Data Series 

Table L-1Υ Iŀǿŀƛ ƛ DID 9Ƴƛǎǎƛƻƴǎ ōȅ {ŜŎǘƻǊκ/ŀǘŜƎƻǊȅ ŦƻǊ мффлΣ нллрΣ нллтΣ нлмлΣ ŀƴŘ нлмр ς 2022 (MMT CO2 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  

Stationary Combustion 8.47  9.56  9.37  8.89  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  0.37  0.30  0.37  0.47  0.48  0.54  0.56  0.60  0.50  0.56  0.55  

Industrial 1.29  0.80  0.69  0.56  0.51  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 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 Waste for Energy 
Purposesa 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  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 Fuelsb 1.56  2.23  1.09  1.31  1.56  1.55  1.76  1.78  1.65  0.69  0.40  0.83  

    CO2 from Wood Biomass and Biofuels                          
Consumptionb 2.43  0.59  0.88  1.24  1.41  1.51  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  0.80  0.82  0.76  0.82  0.85  

Cement Production 0.10  0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 

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  
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Sector/Category 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

AFOLU (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  

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  0.01  0.01  

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 Agricultural Residues 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) (2.40) (2.50) (2.54) (2.62) (2.73) (2.69) (2.66) (2.56) (2.54) (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  0.60  0.51  0.46  0.42  0.41  0.44  0.41  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  25.29  26.95  21.71  20.88  20.85  21.20  21.69  21.77  16.93  19.92  20.31  

Net Emissions (Including Sinks) 20.51  22.78  24.41  19.09  18.16  18.16  18.54  19.14  19.23  14.50  17.50  17.83  

Aviationc 5.11  7.16  5.66  4.64  5.09  5.17  5.46  5.64  5.84  3.17  5.25  5.67  

Net Emissions (Including Sinks, Excluding 
Aviation) 15.40  15.62  18.75  14.45  13.06  12.99  13.08  13.50  13.39  11.33  12.25  12.15  

+ Does not exceed 0.005 MMT CO2 Eq.; NO (emissions are Not Occurring). 
a Emissions from the incineration of waste for energy purposes are reported under the Energy sector, consistent with the U.S. Inventory, since the 
incineration of waste for energy purposes generally occurs at facilities where energy is recovered. 
b Emissions from international bunker fuels and CO2 from Wood Biomass and Biofuel Consumption are estimated as part of this inventory report but are not 
included in emission totals, as per IPCC (2006) guidelines. 
c Domestic aviation and military aviation emissions, which are reported under the transportation source category under the Energy sector, are excluded from 
Iŀǿŀƛ ƛΩǎ нлнл DID ŜƳƛǎǎƛƻƴǎ ǊŜŘǳŎǘƛƻƴ Ǝƻŀƭ ŜǎǘŀōƭƛǎƘŜŘ ƛƴ !Ŏǘ 234. 
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration. 
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Table L-2: GHG Emissions by County/Sector for 1990, 2005, 2007, 2010, and 2015 ς 2022 (MMT CO2 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 

Iŀǿŀƛ ƛ  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 12.45 

Yŀǳŀƛ ƛ  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 

Iŀǿŀƛ ƛ  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 

Yŀǳŀƛ ƛ  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 

Iŀǿŀƛ ƛ  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 

Yŀǳŀƛ ƛ  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) 1.47 1.10 1.18 1.08 1.09 1.08 1.01 1.25 1.06 1.10 1.22 1.11 

Iŀǿŀƛ ƛ  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 

Yŀǳŀƛ ƛ  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 0.21 0.22 0.23 0.21 0.25 0.22 0.23 0.25 0.24 

AFOLU (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) 

Iŀǿŀƛ ƛ  (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 (0.57) (0.59) (0.60) (0.62) (0.62) (0.62) (0.61) (0.50) (0.49) (0.48) (0.48) (0.50) 

Yŀǳŀƛ ƛ  (0.28) (0.30) (0.32) (0.35) (0.39) (0.38) (0.37) (0.32) (0.32) (0.31) (0.31) (0.31) 

Maui (0.37) (0.35) (0.39) (0.39) (0.36) (0.36) (0.38) (0.45) (0.45) (0.33) (0.33) (0.37) 

Total Emissions 
(Excluding Sinks) 

22.90 25.29 26.95 21.71 20.88 20.85 21.20 21.69 21.77 16.93 19.92 20.32 

Net Emissions (Including 
Sinks) 

20.51 22.78 24.41 19.09 18.16 18.16 18.54 19.14 19.23 14.50 17.50 17.83 
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Sector/ Category 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Net Emissions (Including 
Sinks, Excluding 
Aviation)a 

15.40 15.62 18.75 14.45 13.06 12.99 13.08 13.50 13.39 11.33 12.25 12.16 

a Domestic aviation and military aviation emissions, which are reported under the transportation source category under the Energy sector, are excluded from 

HawaiẔiõs 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. Parentheses indicate negative values or 
sequestration. 

Table L-3: GHG Emissions from the Energy Sector by Source and Year (MMT CO2 Eq.) 

Source 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

Stationary Combustion 8.47  9.56  9.37  8.89  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  0.36  0.30  0.37  0.47  0.48  0.54  0.56  0.60  0.50  0.56  0.55  

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  

Transportationa 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  

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  4.61  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 Waste for 
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 Gasb 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 Fuelsc 1.56  2.23  1.09  1.31  1.56  1.55  1.76  1.78  1.65  0.69  0.40  0.83  

CO2 from Wood Biomass 
and Biofuels Consumptionc 2.43  1.04  0.88  1.24  1.41  1.51  1.28  1.30  1.25  1.16  1.18  1.19  

Total 20.25  22.72  24.34  19.38  18.50  18.52  18.97  19.23  19.45  14.66  17.47  17.95  
a Includes CH4 and N2O emissions from Biofuel Consumption. 
b Includes fuel combustion emissions from electric power plants and petroleum refineries. 
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c Emissions from international bunker fuels and CO2 emissions from wood biomass and biofuel consumption are estimated as part of this inventory report but 
are not included in emission totals, as per IPCC (2006) guidelines. 
Note: Totals may not sum due to independent rounding.  

Table L-4: GHG Emissions from Stationary Combustion by Economic Sector and Gas (MMT CO2 Eq.) 

Economic Sector/Gas 1990 2005 2007 2010 2015 2016 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  

CO2 6.35  8.30  8.28  7.83  7.09  6.98  6.97  7.09  7.18  6.45  6.35  6.35  

CH4 0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  

N2O 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  

CO2 0.05  0.07  0.06  0.09  0.06  0.07  0.07  0.06  0.06  0.06  0.07  0.06  

CH4 +  +  +  +  +  +  +  +  +  +  +  +  

N2O +  +  +  +  +  +  +  +  +  +  +  +  

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  

CO2 0.76  0.33  0.28  0.34  0.44  0.44  0.51  0.52  0.57  0.47  0.52  0.52  

CH4 +  0.02  0.02  0.02  0.03  0.03  0.03  0.03  0.03  0.03  0.03  0.03  

N2O +  +  +  +  +  +  +  +  +  +  +  +  

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  

CO2 1.25  0.79  0.68  0.55  0.50  0.39  0.47  0.43  0.45  0.25  0.43  0.45  

CH4 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 CO2 Eq. 
Note: Totals may not sum due to independent rounding. 

Table L-5: GHG Emissions from Transportation by End-Use Sector and Gas (MMT CO2 Eq.) 

End-Use Sector/Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021  2022 

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  
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End-Use Sector/Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021  2022 

CO2 3.56  4.93  5.04  4.12  4.24  4.18  4.12  4.07  4.02  3.10  3.47  3.44  

CH4 0.02  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  +  +  0.01  

N2O 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  

CO2 1.52  0.36  2.77  0.57  0.28  0.40  0.48  0.40  0.62  0.33  0.52  0.64  

CH4 +  +  0.01  +  +  +  +  +  +  +  +  +  

N2O 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  4.58  4.90  

CO2 3.66  6.08  4.82  3.94  4.25  4.34  4.57  4.74  4.92  2.70  4.55  4.86  

CH4 +  +  +  +  +  +  +  +  +  +  +  +  

N2O 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  

CO2 1.41  1.02  0.79  0.66  0.80  0.79  0.84  0.86  0.87  0.44  0.66  0.76  

CH4 NO  NO  NO  0.00 0.00 0.00 0.00 NO  NO  NO  NO  NO  

N2O 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  

CO2 0.75  0.02  0.77  0.50  0.05  0.16  0.20  0.31  0.16  0.32  0.32  0.32  

CH4 +  +  +  +  +  +  +  +  +  +  +  +  

N2O 0.02  +  0.01  0.01  +  +  +  +  +  +  +  0.01  

Total 11.13  12.58  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 CO2 Eq.; NO (emissions are Not Occurring). 
Note: Totals may not sum due to independent rounding.  

Table L-6: GHG Emissions from Electric Vehicles (BEVs and PHEVs) by Gas (MMT CO2 Eq.) ς INFORMATIONAL ONLY 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021  2022 

CO2 NO NO NO NO + 0.01 0.01  0.01   0.01   0.02   0.02   0.03  

CH4 NO NO NO NO + + + + + + + + 
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Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021  2022 

N2O 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 CO2 Eq.; NO (emissions are Not Occurring). 
Note: Totals may not sum due to independent rounding.  

Table L-7: Emissions from Incineration of Waste for Energy Purposes by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 0.17  0.15  0.15  0.18  0.26  0.26  0.21  0.25  0.27  0.27  0.28  0.25  

CH4 +  +  +  +  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 CO2 Eq. 
Note: Totals may not sum due to independent rounding. 

Table L-8: Emissions from Oil and Natural Gas Systems by Gas (MMT CO2 Eq.)  

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 0.42  0.37  0.37  0.31  0.30  0.29  0.30  0.29  0.11  0.09  0.10  0.09  

CH4 0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  

N2O +  +  +  +  +  +  +  +  +  +  +  +  

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 CO2 Eq. 
Notes: Totals may not sum due to independent rounding.  

Table L-9: Emissions from Non-Energy Uses (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 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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Table L-10: Emissions from International Bunker Fuels by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 1.55  2.21  1.08 1.30  1.55  1.54  1.75  1.76  1.63  0.68  0.39  0.83  

CH4 +  +  +  +  +  +  +  +  +  +  +  +  

N2O 0.01  0.02  0.01  0.01  0.01  0.01  0.01  0.01  0.01  0.01  +  0.01  

Total 1.56  2.23  1.09 1.31  1.56  1.55  1.76  1.78  1.65  0.69  0.40  0.83  

+ Does not exceed 0.005 MMT CO2 Eq. 
Note: Totals may not sum due to independent rounding. 

Table L-11: Emissions from Wood Biomass and Biofuel Consumption by Gas (MMT CO2 Eq.) 

Gas 1990a 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 2.43  1.04  0.88  1.24  1.41  1.51  1.28  1.30  1.25  1.16  1.18  1.19  
a Emissions from biodiesel were not estimated for 1990 due to a lack of available data. Emissions reported for 1990 reflect emissions from solid biomass 
consumption only. 

Table L-12: GHG Emissions from the IPPU Sector by Source and Year (MMT CO2 Eq.) 

Source 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

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 CO2 Eq.; NO (emissions are Not Occurring). 
Note: Totals may not sum due to independent rounding. 

Table L-13: Emissions from Cement Production by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 0.10 NO NO NO NO NO NO NO NO NO NO NO 
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NO (emissions are Not Occurring). 

Table L-14: Emissions from Electrical Transmission and Distribution by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

SF6 0.08 0.03 0.03 0.02  0.01  0.01  0.01  0.01 0.01 0.01 0.01 0.01 

CF4 + + + +  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  

Table L-15: Emissions from Substitutes of ODS by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021  2022 

HFCs/PFCs + 0.46 0.52 0.65  0.77  0.78  0.78  0.79 0.80 0.75 0.81 0.84 

CO2 + + + +  +  +  +  + + + + + 

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 0.005 MMT CO2 Eq. 

Table L-16: GHG Emissions from the AFOLU Sector by Source and Sink Category (MMT CO2 Eq.) 

Category 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021  2022 

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  0.02  0.02  0.02  0.01  0.01  0.01  

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 Agricultural 
Residues 0.03  0.03  0.01  0.01  0.01  0.01  +  0.00 0.00 0.00 0.00 0.00 

Urea Application +  +  +  +  +  +  +  +  +  +  +  +  

Land Use, Land-Use Change, 
and Forestry (1.61) (1.95) (1.88) (2.02) (2.07) (2.07) (2.10) (1.76) (1.94) (1.76) (1.62) (1.82) 

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 
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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) 

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 

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) (1.49) (1.32) (1.20) (1.37) 

+ Does not exceed 0.005 MMT CO2 Eq.   
Notes: Totals may not sum due to independent rounding. Parentheses indicate negative values or sequestration. 

Table L-17: Emissions from Enteric Fermentation by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CH4 0.35 0.31 0.32 0.30  0.26  0.28  0.28  0.28 0.29 0.28 0.27 0.29 

Table L-18: Emissions from Manure Management by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CH4 0.13  0.05  0.03  0.02  0.02  0.02  0.02  0.02  0.01  0.01  0.01  0.01 

N2O 0.01  +  +  +  +  +  +  +  +  +  +  + 

Total 0.14 0.05 0.04 0.02  0.02  0.02  0.02  0.02  0.02  0.01  0.01  0.01 

+ Does not exceed 0.005 MMT CO2 Eq. 
Note: Totals may not sum due to independent rounding.  

Table L-19: Emissions from Agricultural Soil Management by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

N2O 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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Table L-20: Emissions from Field Burning of Agricultural Residues Emissions by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CH4 0.03  0.03  0.01  0.01  0.01  0.01  +  NO NO NO NO NO 

N2O +  +  +  +  +  +  +  NO NO NO NO NO 

Total 0.03  0.03  0.01  0.01  0.01  0.01  +  NO NO NO NO NO 

+ Does not exceed 0.005 MMT CO2 Eq. 
Note: Totals may not sum due to independent rounding.  

Table L-21: Emissions from Urea Application by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 +  +  +  +  +  +  +  +  + + +  + 

+ Does not exceed 0.005 MMT CO2 Eq. 

Table L-22: Emissions from Agricultural Soil Carbon by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 0.76 0.50 0.50 0.57  0.57  0.60  0.54  0.58 0.56 0.58 0.58 0.58  

Table L-23: Emissions from Forest Fires by Gas (MMT CO2 Eq.) 

Gas 1990 2005 2007 2010 2015 2016 2017 2018 2019 2020 2021 2022 

CO2 0.02  0.05  0.14  0.02  0.08  0.03  0.01  0.19  0.04  0.08  0.18  0.07  

CH4 +  +  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 not exceed 0.005 MMT CO2 Eq. 
Note: Totals may not sum due to independent rounding.  






