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Climate Protection Program: Industrial

Most industrial sector emissions are regulated under DEQ’s Climate Protection Program, including
natural gas and other process fuels as well as other on-site process emissions. It is the primary policy
driving decarbonization in the industrial sector today. The CPP regulates emissions-intensive and trade-
exposed industries that meet or exceed 15,000 metric tons of carbon dioxide equivalent covered
emissions annually, including concrete production, semiconductor manufacturing, steel manufacturing,
and pulp and paper mills. Other industrial facilities are not directly regulated by the CPP, but their fuel
consumption can be affected through regulations on fuel providers that support their facilities.

These emissions-intensive trade-exposed industrial facilities are significant users of natural gas and are
exposed to competition outside the state. DEQ works directly with these regulated entities to reduce the
potential for leakage, that is the relocation of emissions and businesses outside of Oregon to places
without comparable emission reduction programs. The CPP is designed to directly regulate these
facilities, providing more options for reducing emissions and flexibility for compliance.®? DEQ is
conducting a rulemaking focused on the regulation of these industrial facilities. % The goal is to develop
GHG emission intensity targets for these facilities. Current modeled reductions will change based on the
rules adopted.

Packaging and Paper Decarbonization

Oregon’s 2021 Recycling Modernization Act% includes three separate elements that are expected to
reduce sector- and consumption-based emissions associated with the manufacture of packaging, paper,
and food serviceware products (“covered products”). First, the law includes a producer-funded
mitigation fund that DEQ must use to reduce the environmental impacts of these products.®® Second, it
establishes a mandate to periodically evaluate and disclose life cycle environmental impacts, including
GHG emissions, from larger producers that sell their products into Oregon. Third, it provides financial
incentives to members of the DEQ-approved producer responsibility organization in the form of
membership fee adjustments if they voluntarily undertake such disclosure and impact reduction.® DEQ
is responsible for periodic approval of the producer responsibility organization’s plan and annual reports
and oversight of the program.

Circular Action Alliance is the producer responsibility organization authorized by DEQ to operate the
extended manager producer responsibility program for packaging, food serviceware, and printing and
writing paper in Oregon. Through its membership fee schedule (promulgated in accordance with its DEQ-
approved program plan), Circular Action Alliance provides financial incentives to support producers of
covered products to evaluate the environmental impacts of their products, and additional larger financial

92 Oregon Department of Environmental Quality. (2024). Oregon Administrative Rules: OAR 340-273-0000 to 340-273-9000,
particularly -0410 through -0450. Oregon Secretary of State. Oregon Climate Protection program.
https://secure.sos.state.or.us/oard/displayDivisionRules.action?selectedDivision=8651.

% Oregon Department of Environmental Quality. (2026). Rulemaking at DEQ: Climate Protection Program EITE 2027.
https://www.oregon.gov/deq/rulemaking/Pages/cppeite2027.aspx.

9 Oregon Revised Statutes § 459A.860 to 459A.975 (2021). Reuse and Recycling. Retrieved from
https://www.oregonlegislature.gov/bills laws/ors/ors459a.html.

9 For purposes of this CCAP and to illustrate potential, it is assumed that approximately one-third of program funds are
available to support industrial decarbonization projects in Oregon’s paper industry. Oregon Department of Environmental
Quality. Oregon Administrative Rules: OAR 340-090-0690(3). Retrieved from
https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=319702.

% Mandates at ORS 459A.944; incentives at ORS 459A.884(4); rules at OAR 340-090-0900 through -0940. Retrieved from
oregonlegislature.gov/bills laws/ors/ors459A.html and Oregon Secretary of State Administrative Rules.
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incentives to further reduce impacts.®” Funding is provided through fees paid to Circular Action Alliance
by its members. Through periodic assessment of effectiveness® and fee adjustments, DEQ expects to
increase producer participation and responsiveness to these incentives. This will help to reduce lifecycle
GHG impacts of covered products sold into Oregon by at least 0.54 percent from a business-as-usual
baseline by 2023. Effects on Oregon’s sector-based inventory are small, but potential global impact is
many times larger since most covered products are manufactured out-of-state and virtually all covered
products sold into Oregon are also sold in many other locations.

Oregon has other existing industrial decarbonization policies and programs that indirectly reduce
emissions in the industrial sector, including building codes, clean electricity targets and energy siting
requirements. Many of the emissions from these indirect policies are addressed in other sections of the
report.

97 Circular Action Alliance (2026), Oregon Program Plan (2025 — 2027), amended version May 4, 2026. See in particular
“Graduated Fee Algorithm and Methods” starting on page 208. Retrieved from
https://www.oregon.gov/deq/recycling/Documents/CAAamendOPPa2.pdf.

%8 Oregon Revised Statutes § 459A.875 and 887 (2025). Retrieved from

https://www.oregonlegislature.gov/bills laws/ors/ors459a.html.
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Gap Measures
Table 10. Projected Gap Measure Industrial Sector Emissions Reductions by Policy or Measure

Oregon Sector- | Percentage of | Oregon Percentage of | Additional
based Total Sector- Sector-based | total Sector- Emissions
New Measures Emissions based Emissions based Reductions

(Program/ Milestones and Implementing | Reduction Emissions Reduction Emissions Outside of
Policy/ Implementation | Agency or MMTCO2e Reductions MMTCO2e Reductions Oregon
Regulation) Schedule Agencies (2035) (2035) (2050) (2050) MMTCO2e (2050)
Electrification 100% of machine

drives by 2035.

100% of low
temperature heat
by 2050.

50% of heat in

bulk chemicals

production by

2050.

25% of heat in ODOE/DEQ 0.564 1.43% 2.26 3.14% NA
glass production
by 2050.

50% of integrated
steam production
by 2045.

100% of
refrigeration by
2040.
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Oregon Sector- | Percentage of | Oregon Percentage of | Additional
based Total Sector- Sector-based | total Sector- Emissions
New Measures Emissions based Emissions based Reductions

(Program/ Milestones and Implementing | Reduction Emissions Reduction Emissions Outside of
Policy/ Implementation | Agency or MMTCO2e Reductions MMTCO2e Reductions Oregon
Regulation) Schedule Agencies (2035) (2035) (2050) (2050) MMTCO2e (2050)

75% of industrial

HVAC loads by

2050.

80% of industrial
vehicles by 2050.

50% of
construction
energy demand
by 2050.
Hydrogen Fuel 50% of heat in
Adoption bulk chemicals by
2050.

20% of integrated
steam production
by 2050.
0.013 0.03% 0.217 0.30% NA
20% of
construction
energy demand
by 2050.

20% of industrial
vehicles by 2050.
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Oregon Sector- | Percentage of | Oregon Percentage of | Additional

based Total Sector- Sector-based | total Sector- Emissions
New Measures Emissions based Emissions based Reductions
(Program/ Milestones and Implementing | Reduction Emissions Reduction Emissions Outside of
Policy/ Implementation | Agency or MMTCO2e Reductions MMTCO2e Reductions Oregon
Regulation) Schedule Agencies (2035) (2035) (2050) (2050) MMTCO2e (2050)
Cement Industry ~ Cement process is
Improvements optimized in the

model, including
retrofits and new
build rotary kilns
to include direct
separation, oxy-
combustion,
biomass fuel, and
CCs.

Lower Carbon Adoption of

Boiler Adoption geothermal
boilers
e 3.2%in 2035
e 30.2%in 2040
e 32.7%in 2045
e 32.6%in 2050 ODOE/DEQ/

OTHER

TBD 0.081 0.20% 0.382 0.53% NA

0.017 0.04% 0.532 0.74% NA

Adoption of
hydrogen boilers
e 0.2%in 2035
e 0.9%in 2040
e 1.7%in 2045
e 2.3%in 2050

HFC Product 75% reduction in

Reduction Oregon's HFC
emissions by
2035.

DEQ 0.70 1.77% 1.49 2.08% NA
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Electrification

Industrial sector electrification is the process of replacing fossil fuel-based direct use fuels like natural
gas, coal, or petroleum with equipment that uses electricity. Oregon could achieve emissions reductions
of 4.37 MMTCO2e or 25.7 percent of total sector-based emissions in 2050, primarily through
electrification of low and medium temperature industrial heat technologies such as computer and
electronic product fabrication, and adoption of battery and plug-in electric vehicles for light- and
medium-duty industrial transportation, primarily in the agricultural sector. As the electricity sector
decarbonizes to meet state 100 percent clean electricity targets, electric end uses will have immediate
and ongoing emissions reductions. High heat applications are harder to electrify, but there are
opportunities in glass production, bulk chemicals production, construction energy demand, and
integrated steam production by 2050.

The most cost-effective opportunities to electrify vary across industrial sectors and even specific
operations, meaning overall costs are often site-specific. Electric options are not practicable for every use
case, and the timing for adoption will also be highly specific to on-site activities. The Oregon Energy
Strategy included recommended actions to support timely and cost-effective electrification actions for
industry, including:

e Creating an industrial modernization revolving loan fund to bolster uptake of electrification
processes while maintaining competitiveness in the national and global economies.®?

e ODOE and Business Oregon collaborating with large industry partners to identify and evaluate
short and long-term decarbonization options for large industrial entities, including
electrification. 1%

The revolving loan fund could include low-cost financing or grants to help support demonstration and
pilot projects that can help deploy different approaches to decarbonization. Reducing upfront costs for
new equipment and supporting infrastructure, especially where they may be more expensive than
updating or replacing existing fuel-based technology. It could also support collaborative forums for
information sharing across industrial partners or expert technical assistance to provide real-world
experience and support for facilities planning for or installing new electric technologies, These forums
could help minimize adoption barriers, streamline planning and operations, and support on-site training
needs. Collaboration could also point out a need for state and federal investments in higher education
for new training programs or curricula for new technology innovations.

Electrification increases electricity demand, which can affect grid reliability and energy costs. Options to
address this are described in the Electricity Sector.

DEQ tracks process emissions from industry through required annual GHG Inventory reporting.1°!
Electrification of on-site equipment is one option for regulated industries to comply with DEQ’s Climate
Protection Program and ODOE’s Building Performance Standard regulations. Reporting across these
programs can provide data on progress toward the goals for this measure. Ultimately the key assessment
of progress on this measure is the overall reductions in emissions from industry, which are tracked
through DEQ’s GHG reporting program. It is anticipated that differences in the commercial availability

% Oregon Department of Energy. (2024). Oregon Energy Strategy. (pp 115-116). https://www.oregon.gov/energy/Data-and-
Reports/Documents/Oregon-Energy-Strategy.pdf.

100 Oregon Department of Energy. (2024). Oregon Energy Strategy. (p 117). https://www.oregon.gov/energy/Data-and-
Reports/Documents/Oregon-Energy-Strategy.pdf.

101 Oregon Department of Environmental Quality. (2023). Oregon Administrative Rule 340-215-0040: General reporting
requirements. Oregon Secretary of State. https://secure.sos.state.or.us/oard/viewSingleRule.action?ruleVrsnRsn=319918.
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and on-site feasibility of different electric technologies and relative uptake may not match the specific
target percentages presented here. Future energy strategy modeling will incorporate technological
advancements and costs to update where the least-cost options for industrial electrification are
anticipated to occur.

Industrial energy efficiency programs, like the Large Electric Consumer Public Purpose Program, verified
by ODOE, support electrification actions as a method to improve on-site energy efficiency and meet
program-specific goals. Large industrial customers (greater than 1 average MW) in the state’s investor-
owned utility service territories can self-direct LECPPP funds for cost-effective energy efficiency
measures. ODOE tracks LECPPP participation, energy savings, and/or adoption of incentives. Additional
authorities to track or require electrification and/or incentives to support electrification may be needed
if market forces and/or existing programs are not sufficient to drive GHG reductions.

There are limited funds supporting industrial electrification, relying significantly on private sector
investments in electric technologies during normal replacement equipment replacement cycles. In-state
manufacturers of “covered products” under the Recycling Modernization Act may be able to access
financial incentives such as those in ORS 459A.941 to support electrification.

Electrification reduces onsite air pollution, supports industrial modernization, and in many cases can
lower industry energy costs.

Hydrogen Fuel Adoption

The Oregon Energy Strategy modeling found that lower carbon fuels will be needed to decarbonize the
hardest-to-electrify industrial processes such as bulk chemical production, integrated steam production,
construction, and industrial vehicles to meet the 2050 emissions reduction goal. In the modeling, clean
hydrogen!%? was identified as an option to replace fossil fuels for these industrial processes, but because
it is more expensive than using electricity for the near-term, uptake would largely occur in the decade
leading up to 2050 when its cost becomes competitive. The hydrogen uptake described in Table 10 would
reduce GHG emissions by 0.217 MMTCO2e or 2.9 percent of total sector-based emissions in 2050.

Multiple existing programs support the use of hydrogen in Oregon. Replacing fossil fuels with hydrogen
can help regulated parties comply with DEQ’s CPP and can be used to generate credits in the CFP for
transportation fuels. These and other policies, like Oregon’s HB 2021 clean electricity target and zero-
emission vehicle adoption goals, provide more certainty in demand for potential hydrogen supply
developers. However, uptake faces significant challenges because a hydrogen production economy and
delivery infrastructure are not commercially available at the level needed to support the amount of
hydrogen needed to decarbonize this sector.

Successfully jump starting this type of economy requires a coordinated effort between producers and
consumers. Production facilities, new pipelines, storage facilities, and refueling infrastructure will need
to be built — requiring capital investments that need to have assurances that a market will be available
when production begins. Commercial viability also requires reductions in production costs, including
mass-production at scale of low-carbon hydrogen and development of necessary transportation and
delivery infrastructure. Industries need assurances that the supply of hydrogen fuel will be reliable and
safe, in addition to addressing concerns that converting to hydrogen will not affect their ability to
compete. Commercial viability also requires reductions in the costs to create clean hydrogen, including
mass-production at scale of large electrolyzers and development of a transportation and delivery
infrastructure and economy.

102 The way the energy strategy model worked necessitated that the hydrogen is assumed to be low- or zero-emission
hydrogen to meet 2050 economywide GHG goals.
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There are very few funding opportunities currently available to support the development of a hydrogen
economy. Large capital investments would be needed on both the production and consumption side.
Oregon and Washington state participated as members of the Pacific Northwest Hydrogen Association in
a successful application for funding through the U.S. DOE’s Regional Clean Hydrogen Hubs Program.
Association members include public and private partners, including businesses interested in supporting
supply and demand side for a hydrogen economy in the region. The award was expected to bring in up to
S$1 billion in grant funds, but in October 2025, the U.S. DOE informed the association that they were
cancelling the funding. There are currently no federal funding opportunities available to support this
project.

Oregon imports nearly all the fuels that it uses, meaning the state is dependent on the resilience of the
existing fossil fuel supply network for electricity generation, transportation, and heating. In-state
production of hydrogen could deliver improved reliability of Oregon’s fuel supply. Hydrogen production
could support economic development in local economies and support more fuel supply resilience in
those communities. It could also help improve power system reliability by co-locating renewable
hydrogen production with electricity generation to help meet peak demand.

Clear and early direction from the state is required to support shifts in fuel demand, so Oregon
businesses and communities have time to prepare. The Oregon Energy Strategy recommends ODOE
develop a low-carbon fuels deployment roadmap for Oregon. ODOE can track commercial development
of low-carbon fuels like hydrogen, research best uses for different Oregon consumers, identify
opportunities to integrate these fuels into Oregon’s energy system, and evaluate the state’s role in
securing access. This can help industry and businesses vet the potential for hydrogen to support their
activities and assess the costs. ODOE can conduct this work under their existing authorities in ORS
469.030. About two-thirds of the state’s natural gas comes from Canada, so producing hydrogen in-state
reduces reliance on foreign natural gas resources and would create an in-state fuel market, with new
jobs, and growing demand from domestic and international export markets.

A major issue in the development of a hydrogen economy is the potential effects on water consumption.
The primary technology to produce clean hydrogen today is electrolyzers, which require large amounts of
water. Many parts of eastern and southern Oregon have limited supplies of water and use existing water
resources to support agricultural and other needs. Areas with access to rivers and streams in the
Columbia River watershed must contend with low water availability at certain times of year and
fluctuations in the snowpack that feeds the system. This is particularly challenging for fish species that
require river levels and temperatures for survival, including salmonid species. Oregon could identify
optimal areas to site electrolyzers, taking into consideration local water resource availability and other
potential effects on local environmental conditions and economies. This type of activity could be led by
the Oregon Water Resources Department and used to inform water permitting rules.1% In addition to
environmental and economic considerations, siting and water resource planning for clean hydrogen
projects would need to include early and meaningful consultation with Tribal governments. This
engagement can take time to incorporate traditional ecological knowledge that ensures that projects do
not impact cultural and natural resources or treaty-protected rights.

There are currently no policies in Oregon requiring production or use of clean hydrogen, or hydrogen
generated from low-carbon electricity or other means, and over 95 percent of hydrogen produced in the
U.S. is currently made from natural gas. The emissions from the production of hydrogen that is imported
and used in Oregon are not subject to Oregon’s GHG reporting rules, except that for hydrogen used in
place of natural gas the utility or supplier must report a lifecycle carbon intensity for that hydrogen.

103 Oregon Revised Statutes. § 537.130 (2023). Appropriation of Water Generally: Permit to appropriate water required.
Retrieved at https://www.oregonlegislature.gov/bills laws/ors/ors537.html.
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Lacking policies that support low- or no-emissions hydrogen use, increased consumption could have an
impact on consumption-based emissions. As a hydrogen economy evolves, the state will need to monitor
the effects of market forces in conjunction with existing state programs on the carbon intensity of
hydrogen fuel use. This could be tracked through DEQ’s Clean Fuels Program, which is authorized to
require lifecycle carbon intensity calculations for participating transportation fuels.* Hydrogen
producers are not required to participate in the CFP, but DEQ could update rule to include hydrogen as a
regulated fuel.

Converting to hydrogen fuel reduces co-pollutant emissions that would otherwise be emitted from fossil
fuel combustion, especially particulates. This would improve air quality for workers and communities
near industrial zones.

Cement

Cement manufacturing in Oregon is responsible for about 20 percent of industrial sector emissions,
primarily from the combustion of coal and tire-derived fuel to heat the facility’s rotary kilns. To allow for
flexibility in options to meet the target, this measure is not prescriptive in actions or targets. The energy
strategy model found a mix of options could reduce emissions by 0.74 MMTCO2e or 4.36 percent by
retrofitting and building new rotary kilns to include improved thermal management, direct separation,
oxy-combustion, and incorporation of low-carbon fuels. Carbon capture and storage could also be
incorporated to reduce emissions.

The primary barrier to these decarbonization options is the upfront costs to purchase and install new
equipment and associated training for employees. Similar to electrification or hydrogen adoption, there
are few funding options to offset these costs. Oregon’s only cement manufacturing plant is not located in
an |OU service territory that participates in the public purpose charge program and therefore does not
participate in the LECPPP program, but it is regulated under the CPP.

Oregon would benefit from the improvement in air quality and reduced emissions of a decarbonized
cement manufacturing plant that modernizes thermal management, equipment, and the fuels they use.
More energy efficient kilns and clinker operations reduce fuel consumption needs thereby reducing co-
pollutant emissions, including particulates, which improves local air quality for workers and local
communities. Waste heat from kiln operations can be captured and used to generate electricity on-site,
reducing grid demand which helps provide more capacity for electrification activities in all sectors.

There is the potential that early adopters of low-carbon cement technologies can gain a market
advantage and attract demand from businesses wishing to become more sustainable or reduce their
carbon footprint, but there isn’t an established strong market demand for this product — although a low
embodied carbon policy (as described in the Waste, Water, and Other Sustainable Materials
Management sector below) could increase market demand. Investing in retrofitting and building new
plant kilns or carbon capture and storage will have high capital costs and require large upfront
investment. There are no existing state programs with incentives or financing options to help with the
financial burden. These are also nascent, costly, and complex technologies with greater risk.

Hybrid Boilers

Hybrid boilers are systems that generate steam or hot water for industrial processes by switching
between using electricity and natural gas as their power source. Adoption of new energy efficient hybrid
or hydrogen boilers by 2050 could reduce emissions by 1.03 MMTCO2e or 6.06 percent of total sector-
based emission reductions.

104 Oregon Revised Statutes. § 468A.266 (2023). Retrieved at https://www.oregonlegislature.gov/bills laws/ors/ors468A.html.
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The flexibility of hybrid boilers allows facilities to switch between electric or fuel-based process heating
based on relative prices and the availability of clean electricity. Industries could negotiate incentive
payment by operating as a demand response asset working with their electric utility or power provider
to use electricity during times of high renewable energy generation and switch to natural gas during
times of low electricity generation and high consumer demand. Used strategically, this would reduce
emissions and provide some operational resiliency and improve reliability during power or fuel supply
disruptions.

These benefits are expensive to realize as these systems have higher initial capital costs, require
advanced control systems, and more space and maintenance by trained staff within a facility. The benefit
is dependent on how often electricity is used and when, requiring thoughtful strategic planning and a
commitment to use electricity at cost effective times. For some local utilities, variable increased use of
electricity may strain their capacity, require system upgrades, and be challenging to plan for.

Adoption of efficient hybrid and hydrogen boilers in Oregon’s industrial sector could be tracked through a
variety of programs and organizations. DEQ tracks large industrial decarbonization emissions as it
pertains to permitting. ODOE tracks some energy efficiency investments through the BPS and LECPPP
programs, and tracks state energy consumption trends for the Biennial Energy Report.

The use of hybrid boilers can reduce facility energy costs, and support grid reliability. The availability of
backup power means that power providers can rely on this additional capacity when it is needed,
reducing investments needed to ensure the grid can meet the heaviest load hours or days. It also
ensures that industrial operations can continue in the event of an outage, either due to grid failure or
during power safety power shutoffs necessary to reduce the risk of wildfires. Local communities may also
be able to work with industrial partners to provide power services during critical emergencies and
situations. Reducing on-site fuel combustion improves local air quality that has health benefits for facility
employees and local communities.

Additional GHG Reduction Opportunities

Several measures described in other sectors will also reduce emissions in the industrial sector. These
include measures to reduce embodied carbon in building materials (see Waste, Water, and Other
Sustainable Materials Management Sector) and food waste prevention (see Food and Agriculture Sector).

Waste, Water, and Other Sustainable Materials Management Sector

The Waste, Water, and Other Sustainable Materials Management sector includes several measures that
span multiple other sectors. It includes emissions from the provision of water and wastewater services,
as well as solid waste handling and disposal. Collectively, waste, water and wastewater activities
contributed 4.3 percent of emissions in Oregon’s sector-based inventory for 2023, up from 3.0 percent in
1990. Emissions from landfills are expected to grow because of the time lag between when waste is
placed and when methane generation occurs, especially in the large, drier landfills that accept much of
the state’s garbage.

This sector also includes several cross-sector measures that involve “upstream” emissions reduction
potential, including measures to reduce embodied carbon in buildings and infrastructure, as well as
increasing industrial use of recycled materials by improving the quantity and quality of waste separated
for recycling from Oregon. The “upstream” emissions associated with materials are many times larger
than emissions resulting from disposal, and as most of the materials consumed in Oregon are produced
elsewhere, many of these emissions are counted only in Oregon’s consumption-based emissions
inventory.
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Figure 12. Projected Waste, Water, and Other Sustainable Materials Management Sector Emissions
Reductions
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Table 11. Projected BAP Waste, Water, and Other Sustainable Materials Management Emissions Reductions

Existing
Measures
(Program/
Policy/
Regulation)
CERTA
Measure 12:
Landfills*

CERTA
Measure 10:
Building Reuse*

Low-carbon
Reductions**

Oregon Sector-

based
Emissions
Milestones and Implementing | Reduction
Implementation | Agency or MMTCO2e
Schedule Agencies (2035)
Provides grants to
landfills to
integrate new
equipment and DEQ 0.049

technologies to

reduce methane

emissions.

Incentivizes

building reuse

and space-

efficient housing

construction with DEQ 0.013
low-embodied
carbon materials
for 940
residential units.
Low-carbon-
Development of
sustainability
guidelines for
state capital
projects (HB
3409, Section 18
direction to DAS
in consultation

DEQ, DAS,

0ODOT 0.003
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Percentage of | Oregon
total Sector-
based Emissions based
emission

reductions
(2050) (2050) (2050)

Percentage of | Additional
Sector-based | total Sector- Emissions
Reductions
emission Outside of
reductions Oregon
MMTCO2e (2050)

Reduction
MMTCO2e

0.12% 0.015 0.02% None
0.03% 0.013 0.02% 0.003
0.01% 0.003 0.004% 0.024
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Existing
[\ CERIES

(Program/
Policy/
Regulation)

Recycling
Improvements
(part of
Recycling
Modernization
Act)**

Milestones and
Implementation
Schedule

with DEQ and
ODOE).
Modernize
Oregon’s
recycling system
through improved
collection and
processing of
recyclables;
enhanced
transparency and
responsibility in
disposition and
extended
producer
responsibility.

Oregon Sector-
based
Emissions

Implementing | Reduction
Agency or MMTCO2e
Agencies (2035)

DEQ 0.001

Percentage of | Oregon Percentage of | Additional

total Sector- Sector-based | total Sector- Emissions

based Emissions based Reductions
emission Reduction emission Outside of
reductions MMTCO2e reductions Oregon

(2050) (2050) (2050) MMTCO2e (2050)

0.003% 0.004 0.01% 0.10

*Emissions reductions for CERTA measures reflect amounts assessed for the Oregon CPRG application and the state’s Priority Climate Action Plan,
including the methodologies used. Emissions reduction values were incorporated into the TIGHGER model.
**Emissions reductions provided by DEQ and incorporated into the TIGHGER model.
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Existing policies and programs aim to reduce emissions from landfills, and to reduce GHG emissions
associated with materials used in the built environment and through improved recycling of packaging
and paper.

DEQ’s CERTA grant funded programs to reduce GHG emissions from this sector include:

CERTA Measure 12: Supports the Landfill Emissions Reduction Grant Program. Awardees use
grant funding to integrate new equipment and technologies that reduce methane emissions from
Oregon landfills. This measure provides over $6 million in competitive funding for activities such
as enhanced gas collection, early installation of horizontal wells, extracting additional gas from
closed cells, installing or expanding energy recovery infrastructure, enhanced oxidation layers,
enhanced automation of gas control systems, fine-tuning of engineering controls, and other
approaches. DEQ administers the program under its broad authorities to regulate air emissions
under ORS 468A.025 and to receive funds and enter into agreements to improve solid waste
management under ORS 459.025.%% The long-term impact of CERTA Measure 12 may be larger
than shown here, if the competitive grant process uncovers more opportunities for emissions
reductions than CERTA is able to fund in the short-term.

CERTA Measure 10: Incentivizes building reuse and space-efficient housing construction with low-
embodied carbon materials for 940 residential units though rebates for builders and developers
to convert existing buildings into housing, or build space efficient housing using low-embodied
carbon materials. Building reuse includes office-to-residential, hotel-to-residential, upper story of
downtown buildings-to-residential, or others. Space-efficient housing projects must limit the
square footage of new housing units. These projects may be Accessory Dwelling Units, cottage
clusters, multi-family apartment buildings, or other space-efficient housing opportunities. DEQ is
partnering with nine local governments to identify these projects. They implement the grant
under their authority in ORS 459,106

Low Embodied Carbon

Reducing embodied carbon in the built environment is another work area where Oregon has made
modest progress, mostly centered around ODOT'’s work on collecting environmental product declarations
for constructions projects, %7 CERTA Measure 10 and other embodied carbon projects at DEQ (including
education and technical assistance programs to builders and developers, such as providing licenses and
training to support whole building life cycle assessment), and the Department of Administrative Services’
sustainability guidelines for new construction defined in ORS 184.423."98 Efforts to reduce embodied
carbon through the use of material preferences, disclosure standards, and design criteria could address
additional environmental and human health impacts, such as embodied toxics. DEQ implements this
work under their authority in ORS 459.025.

Recycling Improvements

Improving the efficiency and efficacy of recycling reduces emissions. Recycling is an energy intensive
process, which contributes to GHG emissions both in and out-of-state. Most of Oregon’s recyclables are
processed outside the state, shown by the relatively higher amounts of consumption-based emissions
reductions. Improvements across the recycling life cycle can reduce emissions associated with the type

105 Oregon Revised Statute. § 459.025 (2025). Solid Waste Management: General powers and duties of department. Retrieved
at https://www.oregonlegislature.gov/bills laws/ors/ors459.html.

106 Oregon Revised Statute. Chapter 459. Retrieved at https://www.oregonlegislature.gov/bills laws/ors/ors459.html.

107 Oregon Revised Statute. § 184.879 (2025). Administrative Services & Transportation Departments: Greenhouse gas
reduction program. Retrieved at https://oregon.public.law/statutes/ors 184.879.

108 Oregon Revised Statute. § 184.423 (2025). Administrative Services & Transportation Departments: Findings and goals
regarding sustainability. Retrieved at https://www.oregonlegislature.gov/bills laws/ors/ors184.html.
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and amount of energy consumed, as well as reducing emissions resulting from creating new materials
from raw resources and materials. While the GHG reductions resulting from recycling improvements
appear very small, the emissions reductions shown are for marginal, future improvements in recycling
only. Further, these improvements under the Recycling Modernization Act serve to bolster existing
recycling efforts, which provide about 3 MMTCO2e in GHG reductions annually. Recycling also includes
many other benefits, such as reducing Oregon’s contribution to marine plastics and associated social,
environmental, economic, and reputational harms resulting from long-standing deficiencies in material
processing and disposition. DEQ implements this work under their authority in ORS Chapter 459A.
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Gap Measures
Table 12. Projected Gap Measure Waste, Water, and Other Sustainable Materials Management Sector Emissions Reductions

Oregon Percentage of | Oregon Percentage of | Additional
Sector-based | total Sector- Sector-based | total Sector- Emissions
Emissions based Emissions based Reductions

New Measures Milestones and | Implementing | Reduction emission Reduction emission Outside of
(Program/ Implementation | Agency or MMTCO2e reductions MMTCO2e reductions Oregon
Policy/Regulation) | Schedule Agencies (2035) (2035) (2050) (2050) MMTCO2e (2050)
New Low-carbon By 2040, reduce
Materials Program embodied

carbon in

government

buildings by

27%.

By 2040, reduce

embodied

carbon in DEQ, DCBS-

government BCD, ODOT, 0.106 0.263% 0.262 0.37% >2.01*
infrastructure DAS
projects by 16%.

By 2045, reduce

embodied

carbon in private

(non-

governmental

buildings) by

27%.
*This estimate is for emissions within Oregon’s consumption-based emissions inventory only. The actual emissions reduction potential of this
measure is much larger. Reductions in embodied carbon can be realized through both design changes (to use fewer materials overall, or to switch
from one type of material to another) as well as switching to lower-carbon options within the same material category (e.g., lower-carbon steel rebar
vs. higher-carbon rebar). As Oregon expands its demand signal for lower-carbon options, the expected response from national and global producers
will be to shift production practices to meet this demand. In some cases, those production shifts will affect more than just products sold into Oregon
(and included in the CBEI). As such, the potential GHG reductions from this measure are many times larger than shown.
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Reducing Embodied Carbon in Construction (Buildings and Infrastructure)

A comprehensive policy addressing embodied carbon in materials used in building and infrastructure
construction throughout Oregon has the potential to reduce GHG emissions by more than 2.2 MMTCO2e
annually in 2050, although most of these reductions would occur outside of Oregon. Such a policy would
require statutory change by the Oregon Legislature and would include:

e A process to create or identify standards for consistent accounting and disclosure of lifecycle GHG
emissions, to allow for comparison across products.

e Mandates on producers of certain categories of materials (e.g., concrete, steel, asphalt, glass,
insulation) to evaluate and disclose impacts, coupled with progressively decreasing limits on
embodied carbon.

e Requirements on private developments, public buildings, and public infrastructure projects to
reduce embodied carbon for projects above certain size thresholds.

Oregon’s Building Codes Division has authority to require construction materials that would achieve the
measure’s targets through ORS 455.060.1%° There are no existing state building-specific codes addressing
embodied carbon, but BCD provided a framework for how this could be achieved in their Options to
Reduce Greenhouse Gas Emissions Attributable to Building Materials report to the Oregon Legislature.
Similarly, ODOT has the authority to approve and select materials for road and highway infrastructure.!?
The HB 4139 Technical Advisory Committee at ODOT continues to explore how to reduce embodied
carbon in materials used for transportation infrastructure projects.

Legislation and subsequent rulemaking are likely needed for this measure to move forward, including
granting agencies authority to promulgate state building-specific rules. Staffing and additional funding
would also be needed to design and run the program, including setting data reporting standards,
establishing protocols, designing metrics, assessing and enforcing compliance, and providing training and
guidance to regulated parties. There is precedent for establishing goals for state agency building design.
Although it does not extend to low-carbon materials, ODOE’s State Energy Efficient Design program
establishes and tracks energy efficiency requirements for state-owned buildings.

Implementing agencies for such a comprehensive policy would likely include DEQ (environmental
standards and assessment, policy development, coordination), DCBS-BCD (building codes), ODOT
(transportation standards and assessment, policy development, state procurement of transportation
infrastructure), and DAS (state procurement of buildings).

Progress as well as potential disbenefits could be tracked using a “bottom-up” approach, economywide
surveys, or both. Potential disbenefits include costs of compliance, and shifting of environmental
burdens to other impact categories, such as toxics. Compliance costs, if high, could be addressed with
compliance exemptions, and disbenefits could be at least recognized by broadening environmental
impact assessments to include more than just climate impacts.

Potential co-benefits of this approach include the ability to extend the assessment and disclosure
standards to include human health impacts such as the inclusion of toxic materials and toxic releases
upstream in production, and labor and human rights concerns associated with supply chains for building
materials. Separately, as illustrated by CERTA Measure 10, embodied carbon can also be reduced through
the reutilization of vacant commercial buildings and through building design that uses less material

109 Oregon Revised Statute. § 455.060 (2025). Building Code: Rulings on acceptability of material, design or method of
construction; effect of approval; fees. Retrieved at https://www.oregonlegislature.gov/bills_laws/ors/ors455.html.

110 Oregon Revised Statute. § 366.305 (2025). Materials, supplies and equipment. Retrieved at
https://www.oregonlegislature.gov/bills laws/ors/ors366.html.
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overall, which could reduce transportation-related emissions, reinvigorate downtown areas, improve
housing affordability, and reduce other consumption-based GHG emissions.

A barrier to adoption is potentially higher costs for low-carbon building materials, which could increase
housing costs. This could be especially challenging when housing shortages exist. According to case
studies developed by RMI, reductions in embodied carbon in building construction of up to 46 percent
can be achieved for a cost premium of less than one percent associated with alternative materials.!! As
part of CERTA Measure 10, DEQ is gathering additional information about the costs and cost savings to
developers from efforts to reduce embodied carbon, such as incentives to help offset higher costs.

Food & Agricultural Sector

Finally in the agriculture and food sector, policies are modeled that reduce emissions by reducing food
waste and increasing composting when food is wasted. Inventory emissions from the agricultural sector
(not including energy use) contributed 9 percent (5.4 MMTCO2e) to Oregon’s sector-based inventory in
2023, while emissions from the lifecycle of food contributed 15 percent (13.9 MMTCO2e) to Oregon’s
consumption-based emissions for the same year.

Greenhouse gas emissions from Oregon’s sector-based inventory show a downward emissions trend of
approximately 9 percent between 1990 and 2023, or about 0.3 percent annually, from the agricultural
sector. This reduction cannot be definitively attributed to a particular program or measure, and for this
reason a specific measure is not included here, but it is assumed that there is the potential for

future reductions. Oregon will need to work with partners across state government and food and
agricultural industries to assess where emissions reductions are occurring in this sector and identify
potential future actions to further reduce emissions.

Figure 13. Project Food & Agricultural Sector Emissions Reductions
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111 Esau, R., Jungclaus, M., Olgyay, V. and Rempher, A. (2021). Reducing Embodied Carbon in Buildings: Low Cost, High Value
Opportunities. Rocky Mountain Institute.
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Table 13. Projected BAP Food & Agricultural Sector Emissions Reductions

Existing
Measures

(Program/
Policy/
Regulation)

CERTA Measure
11: Food Waste
Recovery*

Existing
Programs to
Reduce the
Wasting of Food
at the Source**

Oregon Sector-
based
Emissions
Reduction
MMTCO2e
(2035)

Milestones and
Implementation
Schedule

Implementing
Agency or
Agencies

Provide support to
large-scale
composting
facilities and
community-based
composting to
improve food
waste recovery.

DEQ 0.071

Maintain 2019-
2023 progress
achieved by the
Pacific Coast Food
Waste
Commitment: a 30
percent decline in
unsold food rates
by participating
retailers.

DEQ 0.004

Percentage of
total Sector-
based
emission
reductions
(2035)

0.18%

0.01%

Additional
Emissions
Reductions
Outside of
Oregon
MMTCO2e (2050)

Oregon
Sector-based
Emissions
Reduction
MMTCO2e
(2050)

Percentage of
total Sector-
based
emission
reductions
(2050)

0.071 0.10% 0.001

0.006 0.01% 0.03

*Emissions reductions for CERTA measures reflect amounts assessed for the Oregon CPRG application and the state’s Priority Climate Action Plan,
including the methodologies used. Emissions reduction values were incorporated into the TIGHGER model.
**Emissions reductions provided by DEQ and incorporated into the TIGHGER model.
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https://www.oregon.gov/deq/ghgp/Documents/CPRG-OregonPCAP.pdf

Existing programs to reduce GHG emissions across the food system include efforts to reduce the wasting
of food at the source and using CERTA grant funds to support food and yard waste recovery, diverting it
away from disposal by increasing anaerobic digestion and composting infrastructure. Both measures
reduce methane emissions from landfills, while the source reduction measure also reduces the much
larger emissions associated with food production.

Oregon co-founded and funded the Pacific Coast Food Waste Commitment, which between 2019 and
2023 achieved a 30 percent reduction in the rate of unsold food at participating grocers, representing
more than 50 percent of the region’s market share. Based on successful demonstration of proof of
concept, the PCFWC is now transitioning to a U.S. Food Waste Pact. One challenge moving forward may
be to maintain these reductions in Oregon.

DEQ’s CERTA Measure 11 focuses on improving and expanding food waste recovery and processing
infrastructure, such as anaerobic digestion and composting facilities. DEQ’s Food Waste Processing
Improvement program will issue funding for businesses and local governments toward equipment
purchases that increase food waste processing capacity.

Another aspect of this measure is a small-scale composting program which funds projects that address a
gap in organic waste collection in their franchise service area to implement a community composting
solution. This funding is available for community-based organizations, businesses, local governments,
and the nine federally recognized Tribal Governments. Additional supportive policy may be needed to
expand collection infrastructure to supply the expanded infrastructure with source separated
(compostable, digestible) waste streams.
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Gap Measures

Table 14. Projected Gap Measure Food & Agricultural Sector Emissions Reductions

New Measures

(Program/
Policy/
Regulation)
Additional
Food Waste
Reduction
Program*

Oregon
Sector-based
Emissions
Reduction
MMTCO2e
(2035)

Percentage of
total Sector-
based
Emission
Reductions
(2035)

Milestones and
Implementation
Schedule

By 2035, reduce
generation of
food waste in
Oregon by an
additional 9
percent through
source reduction
(not diversion).

Implementing
Agency or
Agencies

DEQ 0.014 0.03%

*Emissions reductions provided by DEQ and incorporated into the TIGHGER model.
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Oregon Sector-
based
Emissions
Reduction
MMTCO2e
(2050)

0.033

Percentage of
total Sector-
based
Emission
Reductions
(2050)

0.05%

Additional
Emissions
Reductions
Outside of
Oregon
MMTCO2e (2050)

>0.12



Additional Food Waste Prevention

While recovering wasted food, such as described in CERTA Measure 11, reduces methane emissions from
landfills, preventing food waste at the source has far greater potential. The goal of the additional food
waste prevention measure is to reduce Oregon’s contribution to the 38 percent of all U.S. food produced
that is wasted at different points along the supply chain. This not only reduces methane from rotting
food, but also GHGs associated with each step to produce and distribute that food.

Reducing food waste at the source is a highly cost-effective GHG mitigation measure, returning savings to
producers and consumers that far exceed implementation costs.*? A study by the Stockholm
Environment Institute for DEQ estimated that this measure will save food purchasers approximately $123
million annually by 2035 and $140 million by 2050 (in 2025 dollars). In the SEI study, financial savings
exceeded costs of implementation for all food waste prevention measures evaluated. However, a barrier
to realizing these savings can be the upfront costs for technologies and operational costs to support food
waste reduction actions.

Cost reduction benefits from reducing food waste can be realized by households, restaurants, grocery
stores, and other food-supply chain businesses. For example, retail groceries participating in the Pacific
Coast Food Waste Commitment realized a 30 percent reduction in the rate of unsold food between 2019
and 2023.113 Reducing rates of unsold food can translate into higher profitability for retailers.

DEQ has broad statutory authority under ORS 459.015! to reduce the environmental effects of
materials, and waste prevention and reducing material use are identified as high priorities in state policy.
While DEQ continues to implement programs to curb the wasting of food at the source, current
programming is limited to outreach and voluntary partnerships, and the reach of programming is
constrained by limited funding. Progress and impacts can be tracked through both project-specific
assessments, as well as through statewide data such as Oregon’s periodic waste composition study,
material recovery survey, and updates to special studies, such as DEQ’s Wasted Food Study (2019).

The GHG mitigation potential of food waste prevention programming is likely higher than provided here.
Estimates are based on average, not marginal, carbon values of food production, and further do not
include the significant biogenic emissions associated with global food commodity production. Food
waste prevention also provides a pathway to feed a growing global population without further expanding
production into marginal lands that would generate higher emissions per unit of food produced (because
of lower productivity), and which may provide valuable carbon storage benefits if undisturbed.

Achieving this measure’s additional reductions would likely require new state policies and programs.
Legislation to standardize date labels — a common cause of consumer confusion resulting in waste — has
already been introduced. Financial incentives and low-interest loan programs could help address up-
front costs, and partnership programs could help provide technical assistance and resources for
businesses interested in food waste prevention opportunities.

112 stockholm Environment Institute. (2024). Technical report on opportunities to reduce greenhouse gas emissions caused by
Oregon’s consumption. https://www.oregon.gov/deg/mm/Documents/mm-SEITechnicalReport.pdf.

113 pacific Coast Food Waste Commitment. (2024). Food Waste Reduction 2024 Year End Report,
https://pacificcoastcollaborative.org/wp-content/uploads/2025/03/PCFWC-USFWP-2024-EQY-Report_Final.pdf.

114 Oregon Revised Statute. § 459.015 (2025). Solid Waste Management: General provisions - Policy. Retrieved at
https://www.oregonlegislature.gov/bills laws/ors/ors459.html.
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Benefits Analysis

The measures outlined in this report provide additional benefits beyond meeting Oregon’s GHG
emissions reduction goals. Additional quantitative analysis was undertaken to better understand the
effect of the measures on co-pollutant emissions, public health, and household energy spending.
Discussions with key partner organizations identified additional benefits beyond those quantitatively
estimated and provided insights into potential disbenefits that need to be addressed in implementing
measures. Where possible, quantitative analysis and discussions aimed to identify how communities may
be affected by these additional benefits or disbenefits of the measures.

Co-Pollutant Reduction Analysis

Co-pollutant analysis was conducted for Business-as-Planned measures using the TIGHGER model to
guantify their reductions. Cumulative results are provided for 2035 and 2050, broken out by measure.
Some co-pollutants could not be assessed; the TIGHGER model is designed to assess co-pollutants
resulting from the combustion of fossil fuels, meaning data are only available for the changes in fossil
fuel consumption for all measures. Co-pollutants for measures that affect GHG emissions not associated
with combustion, such as methane emissions in landfills, could not be calculated using the TIGHGER
model. This is indicated as “Not Estimated” or “NE” in the tables. Where available, program-developed
co-pollutant data was used. DEQ_is required to report co-pollutant data for measures funded by CERTA at
the completion of the grant period and has provided estimates for the purposes of this CCAP.

Co-pollutants Modeled:
e Carbon monoxide (CO)
e Nitrogen oxides (NOx)
e Particulate Matter (PM2.5 and PM10)
e Volatile organic compounds (VOCs)
e Sulfur dioxide (SO2)
e Hydrocarbons (HC)

Reducing emissions of criteria pollutants CO, NOx, PM2.5, PM10, VOCs, SO2, as well as hydrocarbons,
lowers mortality rates, reduces asthma exacerbations, and decreases cardiovascular/respiratory
diseases. Lowering these pollutants improves lung function, enhances cognitive abilities, and reduces
adverse birth outcomes. The reduced exposure to harmful chemicals and pollutants contributes to
longer life expectancy and climate co-benefits. 11>

Co-pollutant data for the Climate Protection Program could not be calculated and is not included in any
of the following co-pollutant sector reductions. The Climate Protection Program is a multi-sector, market-
based program that requires emissions reductions but does not specify how regulated companies must
reduce emissions. Co-pollutant data for complementary measures, such as the Advanced Clean Cars Il
and Advanced Clean Truck rules, can be calculated because these programs have prescriptive
requirements for how they will be implemented and thus what emissions will be reduced.

A co-pollutant analysis is not provided for most gap measures. Individual measure co-pollutant data was
not assessed through the Oregon Energy Strategy. The purpose of the energy strategy modeling was to

115 World Health Organization. (n.d.). Air quality, energy and health — Health Impacts: Types of pollutants.
https://www.who.int/teams/environment-climate-change-and-health/air-quality-and-health/health-impacts/types-of-
pollutants#:~:text=The%20health%20risks%20associated%20with,perinatal%20outcomes%20and%20lung%20cancer..
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assess what energy options would be the least-cost way to achieve Oregon’s economywide climate goals
beyond BAP measures. That effort used an economic model to assess GHG emissions reductions at a high
level as a means to track progress in meeting the 2050 GHG emissions reduction goal, but the specific
choices made by the model are not easily teased out of the data to develop co-pollutant data. Gap
actions produced from the Energy Strategy model will be modeled during Phase 2 of the TIGHGER
project, which will assess co-pollutant emissions reductions that could be gained by additional statewide
policies beyond BAP. This modeling will rely on the assumptions developed during the Energy Strategy
model development in collaboration with stakeholders. Results for TIGHGER Phase 2 are expected in
summer 2026.

Although specific modeling data is not available, most of the gap actions build on BAP measures and can
therefore be assumed to provide additional benefits. For Oregon Energy Strategy modeled gap
measures, specific co-pollutant reductions are described qualitatively in the measure descriptions of the
previous section and are based on co-pollutant findings for similar BAP measures. Specific co-pollutant
reductions are provided for the two gap measures that were specifically modeled using the TIGHGER
model: Additional Food Waste Reduction and New Low Carbon Materials. DEQ provided data and
analysis for these measures that SSG was able to use to model effects on co-pollutant emissions.

Electricity Sector Co-Pollutant Reduction Analysis

HB 2021 drives large reductions in co-pollutant emissions from the electricity sector. The Oregon
Department of Energy’s Community Renewable Energy Grant Program supports development of local
clean energy generation, primarily solar, which offsets the need for grid electricity and helps meet the
goal of HB 2021. This underpins measures in other sectors that encourage electrification as a means to
reduce GHG emissions and has the additional benefit of reducing on-site co-pollutant emissions from
fuel combustion. Further, as HB 2021 encourages an increasingly higher percentage of clean energy
generation, electric end uses will also produce fewer and fewer co-pollutant emissions.

HB 2021 is a major contributor to reductions for all co-pollutants and the second largest contributor to
PM2.5 reductions of all the measures modeled. The majority of emissions reductions will occur prior to
2035. This is because the HB 2021 measure is currently set to be fully implemented by 2040, and the
Community Renewable Energy Grant Program has limited funding remaining. If this program receives
additional funding, additional co-pollutant reductions would be expected to occur.

Table 15. Electricity Sector Estimated Co-Pollutant Reductions (Metric Tons) from TIGHGER BAP
Measures by 2035

CO (MT) Nox (MT) | PM2.5 (MT) | VOC (MT) | PM10 (MT) | SO2 (MT)

HB 202.1 2,649.10 4,436.43 1,038.77 315.76 1,183.91 4,810.63
Compliance

Community
Renewable
Energy Grant
Program

1.16 1.98 0.45 0.14 0.52 2.10
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Table 16. Electricity Sector Estimated Co-Pollutant Reductions (Metric Tons) from TIGHGER BAP
Measures by 2050

CO (MT) Nox (MT) | PM2.5 (MT) | VOC (MT) | PM10 (MT) | SO2 (MT)

HB 202.1 3,601.31 6,031.09 1,412.15 429.26 1,609.47 6,539.79
Compliance

Community
Renewable
Energy Grant
Program

1.16 1.93 0.45 0.14 0.52 2.10

Transportation Sector Co-Pollutant Reduction Analysis

Measures reducing emissions associated with the transportation sector are the primary drivers of
reductions in co-pollutants. Together, Transportation sector actions contribute 95 percent of total CO
reductions, and 85 percent of NOx, VOC, and PM10 reductions by 2050. This is attributed to reductions
in fossil fuel for vehicles through electrification and lower carbon fuel adoption. Zero-emission vehicles,
including battery and hydrogen fuel cell electric, do not emit co-pollutants. While the electricity used to
fuel battery electric vehicles produces co-pollutants, these are largely addressed through the HB 2021
measure in the Electricity sector. Most hydrogen used today is produced from natural gas, which
produces some co-pollutants. This fuel is not anticipated to become widely adopted until after 2035
when more hydrogen is expected to be created by electrolysis, which does not produce these pollutants.

Measures that support ZEV adoption through incentives for vehicles and charging are combined for
reporting co-pollutant reductions. Both incentive programs are necessary to spur the use of ZEVs,
therefore co-pollutant reductions are provided by combining all transportation-related CERTA Measures
for light, medium, and heavy-duty vehicles and chargers. As previously mentioned, all co-pollutants
reduced through CERTA measure implementation will be calculated per measure and within each sector
at the completion of the grant and are anticipated to be greater than estimates provided for this report.
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https://www.bls.gov/ooh/construction-and-extraction/plumbers-pipefitters-and-steamfitters.htm%23tab-4

Occupation Title Occupation Description

Electrical Power-Line Installers and Repairers maintain the power grid by
installing and repairing electrical cables and wires used in electrical
transmission and distribution systems. Their work involves climbing poles or
using truck-mounted buckets to string and repair cables, troubleshoot
outages, inspect and test electrical components, and replace damaged
hardware like transformers, switches, and voltage regulators.3’

Electrical Power-Line
Installers and
Repairers

Project Management Specialists are responsible for planning, coordinating,
and executing projects from initiation through completion. These workers
have a large range of tasks, including communicating with clients to establish
project requirements, developing project plans, selecting vendors,

Project Management | coordinating and directing project staff, and monitoring project costs and

Specialists milestone progression. Project Management Specialists can oversee a broad
range of projects across sectors, including managing building electrification
and energy efficiency upgrades in residential and commercial buildings, the
deployment of charging infrastructure for electric vehicles, or electricity
transmission and distribution upgrades and modernization.38

Sales Representatives of Services sell a wide range of non-financial, non-
insurance, and non-travel services to consumers and businesses by
identifying client needs, presenting service offerings, preparing cost
estimates, negotiating terms, and maintaining long-term customer
relationships. In energy, these representatives focus on assessing clients’
energy needs and presenting, explaining, and recommending energy-
efficiency and distributed energy solutions, including solar PV systems and
building electrification measures.3°

Sales Representatives
of Services, Except
Advertising,
Insurance, Financial
Services, and Travel

Managers, All Other is a broad occupational group including Regulatory
Affair Managers, Compliance Managers, Loss Prevention Managers, Wind
Energy Operations Managers, Wind Energy Development Managers, and
Brownfield Redevelopment Specialists and Site Managers. Managers are
generally responsible for supervising employees to ensure adherence to
quality of work and safety standards, training employees, creating project
plans, and coordinating workstreams to ensure objectives and deadlines are
met. 140

Managers, All Other

137 U.S. Bureau of Labor Statistics. Publications: Occupational Outlook Handbook. Accessed September 2025.
https://www.bls.gov/ooh/installation-maintenance-and-repair/line-installers-and-repairers.htm.

138 U.S. Bureau of Labor Statistics. Publications: Occupational Outlook Handbook. Accessed September 2025.
https://www.bls.gov/ooh/business-and-financial/project-management-specialists.htm.

139 U.S. Department of Labor. (n.d.). O*Net OnLine. Sales Representatives of Services, Except Advertising, Insurance, Financial
Services, and Travel: 41-3091. Accessed November 2025. https://www.bls.gov/oes/2023/may/oes413091.htm.

140 U S. Department of Labor. (n.d.). O*Net OnLine. Managers, All Other: 11-9199.00. Accessed November 2025.
https://www.onetonline.org/link/summary/11-9199.00.
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Occupation Title Occupation Description

Solar Photovoltaic Installers assemble, install, and maintain solar PV systems
on roofs or other structures in compliance with site regulations. Frequent
elements of the job include measuring, cutting, assembling, and bolting
structural framing and solar panels, as well as performing basic electrical
work such as checking currents, 141142

Solar Photovoltaic
Installers

Consistent with the modeled 2035 new demand for employment (far right column in the chart below)
the Oregon Employment Department has also projected that 10 of these 15 occupations are likely to
experience high demand economywide from 2023-2033, with expected growth faster than the average
overall occupational growth rate in the state (see Table 30). Electricians, heating, air conditioning, and
refrigeration mechanics and installers, and solar photovoltaic installers are all occupations that are
expected to grow much faster than the statewide average. The additional demand for these jobs from
the measures outlined here could lead to shortages in these occupations where economywide demand is
likely to already be exerting pressure. Since these priority occupations are high quality careers with
wages at or above the state median wage, it is important that Oregon is prepared to meet this need to
ensure Oregonians can benefit, particularly those who are unemployed, underemployed, or currently
earning below a living wage.

141 U.S. Department of Labor. (n.d.). O*Net OnLine. Solar Photovoltaic Installers: 47-2231.00. Accessed November 2025.
https://www.onetonline.org/link/summary/47-2231.00.

142 .S. Bureau of Labor Statistics. Publications: Occupational Outlook Handbook. Accessed August 2024.
https://www.bls.gov/ooh/construction-and-extraction/solar-photovoltaic-installers.htm.
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Table 30. Past, Current, and Forecasted Demand for High Demand Jobs

2033 2035
2019 2023 Projected Modeled
Employment*3 Employment Economywide New
Employment Employment

Occupation Title

Electricians 9,920 10,029 12,016 1,968
Construction Laborers 13,270 18,041 20,995 1,073
Heating, Air Conditioning, and

Refrigeration Mechanics and 3,260 4,373 5,208 1,012
Installers

Construction Managers 5,020 5,622 6,480 649
First-Line Supervisors of

Construction Trades and Extraction 6,300 11,128 12,692 631
Workers

First-Line Superwso.rs of Mechanics, 4,720 7 404 7,981 577
Installers, and Repairers

Operatmg.Engme'ers and Other 4,960 4,914 5 505 554
Construction Equipment Operators

General and Operations Managers 34,050 48,582 53,134 544
Helpers--Electricians 390 396 429 475
Plumbe?rs, Pipefitters, and 5 530 5,185 5,952 445
Steamfitters

EIectrlcaI Power-Line Installers and 1230 1,436 1545 361
Repairers

Project Management Specialists * 18,384 20,583 339

Sales Representatives of Services,
Except Advertising, Insurance, 9,500 9,603 10,306 327
Financial Services, and Travel

Managers, All Other * 16,341 17,760 298
Solar Photovoltaic Installers R 302 428 267

*2019 employment estimates did not include this occupational category.
**2019 employment estimates are not available.

Working group discussions identified several solutions for avoiding shortages and ensuring that the jobs
created are high quality. Many of these solutions identified apprenticeship support as a key approach.
Some suggestions included setting apprenticeship utilization goals and promoting greater collaboration

143 Estimates for 2019 employment levels come from the BLS OEWS. Limitations to making temporal comparisons with these
data are discussed in the BLS OEWS FAQ page.
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between apprenticeship programs, community colleges, local institutions, and current energy specific
training programs. Outside of suggestions around apprenticeships, many discussants emphasized the
need to upskill and re-skill the current workforce. As part of this upskilling and re-skilling, working group
members emphasized a need for consistent standards or certificates to ensure workers are sufficiently
trained in specific installation techniques needed for newer technologies. It was also determined that the
state would benefit from follow-up research to better understand how these potential solutions may
interact with current workforce development efforts across Oregon. Labor organizations, community
colleges, state and local workforce development boards, and non-profits were all identified as key
partners for engaging in further developing solutions.

Funding to support necessary workforce development is likely to come from a variety of sources. For
example, union apprenticeship programs are typically self-sustaining, with dues from union members
covering the costs of training new apprentices. Other programs are supported with federal grants and
will likely need additional funding support from public or private dollars to scale up. Examples of these
programs are the Training for Residential Energy Contractors, which is funded through a grant from the
U.S. Department of Energy, and the Union Pre-Apprenticeship Construction Training program for adults
in custody, which is funded through a grant from the U.S. Department of Labor. New programs and
programs with a need for additional funding to scale could look for support in identifying sources of
funds from organizations like the Oregon Clean Energy Workforce Coalition and local workforce
development boards. In particular, it will be important to identify funding sources to sustain workforce
development solutions in rural and low-income areas where working group members identified a specific
need.

Oregon Comprehensive Climate Action Plan Next Steps

Planned Supplemental Analyses

The CCAP will help Oregon sustain emissions reductions and continue progress while providing flexibility
in our actions. It brings together multiple agencies and therefore needs to be a dynamic plan that can
change and evolve with state policies, programs, and funding.

TIGHGER 2.0 Phase 2

In 2026, ODOE is continuing its work assessing the state’s progress toward meeting its GHG reduction
goal as part of the TIGHGER 2.0 project. The initial phase of this project was aimed at updating the
forecast and assessment of Oregon’s progress toward meeting its GHG reduction goals based on the
programs and regulations currently in effect, while incorporating changes in certain parameters (e.g., the
anticipated load growth associated with data center development). Moving forward, ODOE will work
across agencies to identify a robust menu of additional actions that will go beyond those that are
highlighted in this CCAP, guided by the pathways and policy recommendations of the Oregon Energy
Strategy. The additional modeling results will provide sufficient options and flexibility for actions to meet
or exceed the 2050 GHG reduction goal and ensure that actions are aligned with the economywide least-
cost reference scenario identified in the strategy. This work will include sensitivity analyses that account
for variability in circumstances that may affect load growth and effectiveness of state programs. This
work is scheduled to be completed in Summer 2026 and will inform future actions to meet energy
demand and emissions goals.

In 2025, the Oregon Legislature passed HB 3409, which required the Oregon Climate Action Commission
to work with ODOE to periodically update GHG emissions reduction forecasts of existing programs and
policies. ODOE anticipates updating reductions forecasts like the TIGHGER analysis about every four
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years to help monitor state progress on goals and assess how existing programs and policies have made
progress on goals and will contribute toward meeting the 2035 and 2050 goals in the future.

Oregon Energy Strategy

ODOE will be conducting the Oregon Energy Strategy Jobs and Workforce Development Phase 2 study in
2026. Building on the findings of the Jobs and Workforce study for the Oregon Energy Strategy, ODOE is
conducting a follow-up study to better understand energy job training opportunities and needs in the
state. Specifically, this analysis will examine the extent to which Oregon’s current workforce and training
opportunities are prepared to meet the estimated employment needs of Oregon’s energy future. This
study will include defining and estimating gaps in training and education opportunities by occupation
using quantitative and qualitative research approaches. This work is scheduled to be completed by fall
2026 and will support the development of a workforce that can meet Oregon’s future energy needs and
emissions goals.

Natural Climate Solutions and Metrics Analysis

As directed by the Oregon Legislature in HB 3409, ODOE and the Oregon Climate Action Commission are
in the process of conducting an analysis of natural climate solutions and associated metrics to track
progress toward reaching non-binding carbon sequestration and storage goals on Oregon’s natural and
working lands. These will be based on the Land-based Net Carbon Inventory completed in December
2025 and will include establishing activity-based metrics to evaluate progress toward the goals and
community-based metrics to evaluate the positive and negative effects of natural carbon sequestration
strategies on landowners, land managers, and communities. The analysis will inform the development of
an Oregon-specific suite of natural climate solutions and compiling a data and methods library. This work
is expected to be completed in Summer 2026. ODOE in collaboration with the OCAC will produce an
updated Land-based Carbon Inventory every two years.

The OCAC with ODOE will also be assessing the effects of different natural carbon sequestration
strategies on Oregon’s workforce. This will build off of the Natural Climate Solutions Workforce
Development and Training Program Needs Study published in December, which illuminated
opportunities and barriers for a nature-based workforce, but stopped short of estimating numbers or
workers needed to increase the pace and scale of NCS implementation. The study looked at NCS-related
jobs as a whole and identified industries associated with nature-based work in Oregon. This data could
be used to model scenarios that achieve the goal set in June, that asses and estimate how many workers
will be needed over the next 10 years for different strategies. Experts indicate that 10 years is the most
meaningful for establishing NCS and realizing a nature-based mitigation and adaptation benefit from
these actions in the coming decades.

Status Report

The final deliverable led by DEQ, due to the EPA by May 31, 2027 will include updates on efforts to
mitigate GHG emissions and ODOE’s Phase 2 Jobs & Workforce Development Study as highlighted in the
previous section. The final deliverable will evaluate the CPRG implementation grant’s impact across
Oregon. It will also discuss lessons learned midway through the implementation process.

Beyond an assessment of how the state is advancing on existing plans, this report will also include:

e Additional efforts at DEQ
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| Gas/Source | 1990 2021 2023

Waste Incineration

Enteric Fermentation

Manure Management

Agricultural Residue Burning

Nitrous Oxide (N20)

Passenger & Light Vehicles

Non-Road Vehicles & Equipment
Heavy-Duty Vehicles

Fertilization of Landscaped Areas
Residential Combustion Byproducts
Waste Incineration

Compost

Commercial Combustion Byproducts
Municipal Wastewater

Combustion Byproducts

Waste Incineration

Nitric Acid Production

Agricultural Soil Management

Manure Management

Agricultural Residue Burning

High Global Warming Potential Gases (GHG)
Refrigerants, A/C, Fire Protection Use
Refrigerants, Aerosols, Fire Protection Use
Semiconductor Manufacturing
Refrigerant, Foam, Solvent, Aerosol Use
Aluminum Production

Total Emissions

0.00
2.60
0.30
0.01
0.46
0.09
0.01
0.06
0.01
0.01
0.00
0.00
0.08
0.05
0.00
0.00
2.83
0.14
0.00
0.00
0.00
0.33
0.00
0.31

56

Oregon Comprehensive Climate Action Plan — EPA Grant #02J38701

May 2026

0.00
2.70
0.35
0.00
0.07
0.10
0.04
0.08
0.03
0.01
0.05
0.01
0.13
0.05
0.00
0.02
2.04
0.17
0.00
0.87
0.58
0.97
0.13
0.00

62

0.00
2.70
0.35
0.00
0.06
0.09
0.04
0.08
0.03
0.01
0.05
0.01
0.13
0.05
0.00
0.01
2.04
0.17
0.00
0.87
0.58
0.79
0.03
0.00

59
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Appendix B: Additional Consumption-Based Emissions
Inventory Data

Figure B-1 shows Oregon’s 2023 consumption-based GHG emissions, organized by category and lifecycle
stage.

Figure B-1. Oregon’s 2023 consumption-based GHG emissions by category and lifecycle stage
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One category — vehicles and parts — represents 18 percent of all of Oregon’s consumption-based
emissions, followed closely by food and beverages (15 percent). 72 percent of all emissions are
associated with just the six highest-emitting categories: vehicles, food and beverages, appliances,
services, “other manufactured goods” (which are dominated by capital and inventory investments by
businesses) and construction.

Seventy percent of all emissions occur upstream of the consumer as “pre-purchase” emissions.
Emissions from the use of energy, refrigerants and engine lubricants (to operate vehicles, appliances,
electronics and lighting) contribute another 29 percent. Less than 1 percent of emissions stem from post-
consumer disposal of wastes. But within different categories, the relative contribution of different life
cycle stages varies:

e For appliances and lighting, the vast majority of emissions are a result of use; production and
transportation of the appliances and lighting fixtures contribute very little.

e Tailpipe emissions during the use of vehicles also dominate that category, although emissions
from production (auto manufacturing) and parts are not trivial. At 3.1 MMTCO2e, emissions from
vehicles and parts are 150 percent larger than all emissions associated with the use of lighting,
the purchase of clothing, and wastewater treatment combined.

e Production also dominates many other categories, including food, where emissions are almost
entirely upstream of the consumer, in farms and factories and their supply chains.

Figure B-2 shows that most of Oregon's consumption-based emissions, while driven by consumption by
Oregonians buying and using goods and services (mostly) in Oregon, actually occur elsewhere. While this
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is difficult to estimate precisely, just under one-third (32 percent) of Oregon's consumption-based
emissions are estimated to physically originate within Oregon's borders. Forty-one percent originate
elsewhere in the U.S., and approximately 26 percent occur in other nations (totals do not equal 100
percent due to rounding).

Figure B-2. Oregon’s 2023 consumption-based GHG emissions by category and location of emission
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The location of emissions varies by type of consumption. For example, nearly all emissions associated
with clothing are a result of foreign manufacturing, while food-related emissions primarily occur
elsewhere in the U.S., such as in California and the Midwest. The only categories where more than half
of emissions occur in Oregon are vehicles and parts (due to vehicle use) and appliances (due to appliance
use).

Figure B-3 illustrates how Oregon’s consumption-based GHG emissions, by category, have changed over
the five inventory years of 2005, 2010, 2015, 2021, and 2023.
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Figure B-3. Oregon’s consumption-based GHG emissions by category, 2005 - 2023

Vehicles and parts -

Food and beverages -
Appliances -

Services -

Other manufactured goods -
Construction -
Transportation services -
Healthcare -

Electronics -

Furnishings and supplies -
Retailers -

Other-

Wholesale -

o , 2005 [ 2010 i} 2015 | 2021 [ 2023
Lighting and fixtures -

Water and wastewater -

Clothing -

5 10 15
GHG emissions (million MTCO2e)

-y

Figure B-4 illustrates how Oregon’s consumption-based and sector-based emissions have changed over a
33-year long time span.
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Figure B-4. Comparison of Oregon’s sector-based and consumption-based GHG emissions, 1990 - 2023
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Sector-based emissions are drawn from the state’s sector-based inventory, which has estimated
emissions for all years 1990 — 2023. Estimates of consumption-based emissions are available only for the
years 1990, 2005, 2010, 2015, 2021 and 2023.

Regardless, Figure B-4 illustrates several significant trends.

Oregon’s consumption-based emissions have risen steadily over most of the 33-year period studied, with
the first marked decrease observed between 2021 and 2023. In contrast, Oregon’s sector-based
emissions rose during the 1990s, peaked in 1999, fluctuated some and then have generally fallen from
that peak, with some movement between years (in both directions). Emissions in 2020 were low,
corresponding to the circumstances surrounding the COVID 19 public health emergency, and returned in
2021 to pre-COVID levels, but have fallen since. The decline in both sector-based and consumption-
based emissions between 2021 and 2023 may partially be a result of unusually high levels of economic
activity in 2021 associated with post-COVID 19 stimulus spending and the end of the public health
emergency.

Importantly, the gap between the two inventories has grown significantly: consumption-based emissions
were about 6 MMTCO2e higher in 1990, with the gap widening to 13 MMTCO2e (2005), 18 MMTCO2e
(2010), 28 MMTCO2e (2015) and most recently (2023), 33 MMTCO2e. This widening gap might be
explained by several concurrent factors including: rising consumption by Oregon, increased reliance on
imports (from outside of Oregon), offshoring of domestic (and in-state) production, and Oregon
decarbonizing its sector-based emissions at a faster rate than states and nations that produce items
consumed by Oregon.

Another way to consider the relative contribution to consumption-based GHG emissions is through the
use of “metacategories.” This concept reduces all forms of consumption into just four groups: materials,
services, electricity and fuels. Emissions are assigned to the metacategory associated with the item being
consumed — so even though many of the emissions associated with materials are due to fossil fuels used
to produce those materials, the metacategory view assigns such emissions to “materials”, since it is the
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consumption of materials which cause the energy to be used. In this view, electricity and fuels are
limited to direct consumption (final demand) of those commodities.

Figure B-5 illustrates Oregon’s consumption-based emissions by metacategory for years 2005, 2010,
2015, 2021 and 2023.

Figure B-5. Oregon’s consumption-based GHG emissions by metacategory, 2005 - 2023
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Certain commodities in the underlying model might be considered either a material, or a service. Chief
among these are construction and consumption at restaurants. In these cases, emissions are allocated
equally between the two metacategories.

Figure B-5 illustrates some important trends. Materials contribute the most to consumption-based
emissions, and now contribute almost half (47%) of all consumption-based emissions for Oregon.
Services contribute close to one-quarter of the total (24%) and in terms of relative change have
increased the most (although materials added almost as much in absolute terms between 2005 and
2023). Emissions from direct consumption of fuels has been generally flat during the study period, with a
small decrease observed between 2015 and 2021. Finally, emissions from the consumption of electricity
have demonstrated a steady decrease, both in absolute terms (12 MMTCO2e in 2005 to 8.3 MMTCO2e in
2023) and as a percentage of the whole (15% in 2005 to 9% in 2023).
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Appendix C Land-Based Net Carbon Inventory
Methodology

In December 2025, ODOE published its first Land-based Net Carbon Inventory, which estimates emissions
and removals from Oregon’s natural and working lands between years 1990-2024. A summary of the
modeling methodology is provided below. The full methodology is available on ODOE’s website.

Land Use Definitions

All land in Oregon must be classified and accounted for without duplication or omission. The Inventory
applies International Panel on Climate Change (IPCC) definitions of land use categories, which are also
used in the U.S. National Greenhouse Gas Inventory (NGHGI). Applying a consistent approach to the
NGHGI enables comparisons across states and the use of national estimates to fill in gaps in state-level
inventories. The approach is grounded in consistent land representation — defining and characterizing all
the land in the State of Oregon - to ensure that emissions and removals associated with different land
uses and land covers are accurately estimated, avoiding double counting or omissions.

IPCC guidance is to segment the total geographical area covered by the inventory into six main land
categories: Forest Land, Cropland, Grassland, Wetlands, Developed Land, and Other Land (typically
barren land such as rock, ice, etc.). Land is further defined as land remaining in a land category (e.g.,
Forest Land remaining Forest Land) and land converted to another land category (Cropland converted to
Forest Land). This allows for an inventory to reflect carbon dynamics and estimate carbon emissions and
removals associated with different ecological/management systems and land use change. The state
entity developing the inventory refines the definitions for each land category to ensure that all land can
be classified into a discrete land category. Currently, land definitions are based on the National Land
Cover Dataset (NLCD) classifications.

NLCD is used because it provides a consistent land representation dataset with wall-to-wall coverage of
the state area over the inventory time series, starting in 1990 to present. The main differences between
the land category definitions employed by Oregon (through assignment of NLCD classes) and those
adopted for use in the NGHGI include thresholds on vegetation cover and size of land tract for forests,
threshold for the size of land tract for Developed Land, allocation of pastures and hay production,
agroforestry, and wooded wetlands. All land in Oregon is designated as managed land following the
convention established for land-based GHG inventories. 144

IPCC Methodological Approaches

IPCC Guidelines indicate the basis for estimating GHG emissions is to multiply activity data that
represents activities associated with emissions or removals, by an appropriate emission factor or a set of
emission parameters that represent emissions or removals associated with a given activity. The
approaches differ for estimating non-CO; emissions and CO; emissions and removals from carbon
dynamics. Generic equations are provided below.

144 Ogle, S. M., Domke, G., Kurz, W. A., Rocha, M. T., Huffman, T., Swan, A., Smith, J. E., Woodall, C., & Krug, T. (2018).
Delineating managed land for reporting national greenhouse gas emissions and removals to the United Nations Framework
Convention on Climate Change. Carbon Balance and Management, 13(1), 1-11.
https://link.springer.com/article/10.1186/s13021-018-0095-3.
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To calculate non-CO; emissions, for example, from biomass burning or managed soils, activity data is
multiplied by an appropriate emission factor as indicated by the equation below 4°:

Equation C-1: Non-CO; Emissions to the Atmosphere

Emissions = AD x EF

Where:
Emissions = Metric Tons of emissions
AD = Activity data relating to the emissions source
EF = Emission factor for a specific gas and source category (tonne of emissions per

unit of AD)

Calculations are conducted for each emission category and GHG and can then be converted to units of
carbon dioxide equivalent (CO,e) based on each GHG’s global warming potential (GWP). More
information on GWPs is provided below.

For estimating CO, emissions and removals from carbon stock changes, IPCC Guidelines provide two
different approaches: the Stock Difference Approach and the Gain-Loss Approach. Calculating the total
annual carbon stock change using the Stock Difference Approach is done by applying Equation 2146:

Equation C-2: Carbon stock change in a given pool as an annual average difference between estimates
at two points in time

AC = (C(t2) - C(t1)) / (t2- t1)

Where:
AC = annual carbon stock change in the pool, metric ton C yr?
Cu = carbon stock in the pool at time t1, metric ton C
Co = carbon stock in the pool at time t;, metric ton C
t1 = time point 1, at which carbon stock is estimated (previous year)
t2 = time point 2, at which carbon stock is estimated (estimated year)

The stock-difference approach estimates carbon stock change in a given pool as an annual average
difference between estimates at two points in time.

Calculating the total annual carbon stock change using the Gain-Loss Approach is done by applying
Equation 3%47:

145 |Intergovernmental Panel on Climate Change. (2006). 2006 IPCC guidelines for national greenhouse gas inventories: Volume
4—Agriculture, forestry and other land use; Chapter 2: Generic methodologies applicable to multiple land-use categories.
Institute for Global Environmental Strategies. Equation 2.6

146 |ntergovernmental Panel on Climate Change. (2006). 2006 IPCC guidelines for national greenhouse gas inventories: Volume
4—Agriculture, forestry and other land use; Chapter 2: Generic methodologies applicable to multiple land-use categories.
Institute for Global Environmental Strategies. Equation 2.5

147 Intergovernmental Panel on Climate Change. (2006). 2006 IPCC guidelines for national greenhouse gas inventories: Volume
4—Agriculture, forestry and other land use; Chapter 2: Generic methodologies applicable to multiple land-use categories.
Institute for Global Environmental Strategies. Equation 2.4
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Equation C-3: Annual carbon stock change in a given pool as a function of gains and losses

AC = ACs- AC,
Where:
AC = annual carbon stock change in the pool, metric ton C yr?
ACs = annual gain of carbon, metric ton C yr?!
AC, = annual loss of carbon, metric ton C yr?

Net carbon stock change is the summation of carbon stock change in each relevant carbon pool, which
depends on the ecosystem.

The following is a complete list of carbon pools considered when estimating carbon stocks and fluxes on
land:

e Above-ground biomass (AGB)

e Belowground biomass (BGB)

e Deadwood (DW)

e Litter (LI)

e Soil organic carbon (SOC)

e Harvested wood products (HWP)

Uncertainty

Uncertainty is a fundamental consideration in GHG inventories. The accuracy of emission and removal
estimates relies on the quality of activity data, the accuracy of emission factors, and the extent to which
all relevant land categories are stratified and characterized. In future updates of the LCI data accuracy
will increase and uncertainty will decrease.

Land Category Global Warming Potentials

Non-CO; emissions need to be converted to CO; equivalent (COze) using their associated GWP. As a
default, the 100-year time horizon values from the IPCC Fifth Assessment Report (AR5) will be used.

Category: Forest Land
Four GHG emission and removal categories are estimated under the Forest Land category:

1. CO; emissions and removals from forest carbon stock changes on forest land remaining forest
land (biomass, deadwood, litter, soil)

2. CO;z emissions and removals from forest carbon stock changes on land converted to forest land
(biomass, mineral soils)

3. N0 emissions from application of fertilizer to soil

4. CO; emissions and removals from harvested wood products

CO; emissions and removals from forest carbon stock changes are estimated separately for Forest Land
remaining Forest Land and land converted to Forest Land. All other categories are estimated at the level
of Forest Land.

For Forest Land remaining Forest Land category, the CO, emissions occur when trees are harvested. For
inventory purposes, all the CO, stock is assumed to be emitted. Living trees remove CO, from the
atmosphere through the process of photosynthesis and accumulate carbon as biomass as they grow. The
growth rate of trees is used to estimate annual carbon accumulation (density), which is used to quantify
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CO, removal from the atmosphere. This inventory used CO, accumulation rates from Forest Inventory
and Analysis (FIA) measurement sites in Oregon. CO; emissions associated with loss of biomass from
wildfires are captured in the biomass flux category to the extent that FIA data is able to capture changes
in carbon density and accumulation. CH4 and N20 emissions from biomass burning are addressed in
section on biomass burning emissions.

For the land converted to Forest Land category, it is assumed that the trees are planted or regenerated
from seed pools from existing forests. Growth curves are used to estimate CO, accumulations in trees
and are used to estimate CO, removal from the atmosphere per unit area per year.

Emissions and removals from the HWP pool are reported under the Forest Land category. Oregon
Department of Forestry (ODF) uses a production approach model consistent with the Tier 3 Production
Approach in the IPCC Guidelines (2006 IPCC Guidelines, Vol. 4, Ch. 12) to account for HWP carbon fluxes.
This approach includes all timber harvested and processed in Oregon, even if it’s ultimately used and/or
disposed of outside of the state. The methodology is considered to be Tier 3 because it uses a detailed
state-specific model. This inventory applies the ODF methodology and calculations are conducted using a
web-based tool called HWP-C-vR.148

Category: Grassland
The Inventory includes these subcategories in the Grassland category:

e CO; fluxes from mineral soils
e CO; fluxes in biomass

Biomass carbon fluxes on grasslands reflect the balance of growth, mortality, and disturbance. In Oregon,
grasslands and shrublands span a wide range of ecological regions—from semi-arid sagebrush steppe in
the east to coastal prairies and valley grasslands in the west—resulting in substantial geographic
variability in biomass stocks and turnover. These ecosystems typically have lower biomass than forests,
but their carbon dynamics are highly responsive to drivers such as fire, grazing, invasive species
encroachment, and land-use change. Biomass carbon fluxes estimates are disaggregated by ecoregions
to capture variability across the state.

USDA, in collaboration with Colorado State University, has taken the methodological approach in the
publication and created a web-based decision-support tool to quantify GHG emissions and removals
associated with grassland. This tool, called COMET-Farm, implements a process-based, Tier 3 model,
DayCENT. It is designed to estimate a complete GHG inventory of major on-farm emission sources,
focusing on CO3, N0, and CHg, including CO; fluxes in biomass and mineral soil within the farm-gate. For
this category, only mineral soil CO; fluxes are included. The DayCENT model is also used to estimate
emissions and removals on grassland and cropland for the U.S. national GHG inventory.

COMET-Farm is able to model both the grasses and animal interactions on rangelands and grasslands.
The tool has multiple crops that can be used to represent different grazing lands, such as a generic
category of grass and detailed crops including rye, clover, blue grass, buffalo grass, fescue, and vetch. It
models soil Carbon fluxes based on land management information related to grazing such as the percent
daily utilization of the grassland, rest days, and start and end grazing dates.

Category: Cropland

The cropland inventory includes the GHG emissions and removals on land dominated by the cultivation
of annual crops, managed pasture and hay production, and perennial crops such as orchards and
vineyards.

148 https://groomanalyticslic.shinyapps.io/HWP-C-vR/
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The inventory includes:

e CO; fluxes from mineral soils
e CO; fluxes in biomass from perennial woody crops
e (O3, CH4, and N2O emissions from organic soils

USDA, in collaboration with Colorado State University, has taken the methodological approach in the
USDA Methods and created a web-based decision-support tool to quantify GHG emissions and removals
associated with grassland. This tool, called COMET-Farm, implements a process-based, Tier 3 model,
DayCENT. It is designed to estimate a complete GHG inventory of major on-farm emission sources,
focusing on COy, N>0, and CHg, including CO> fluxes in biomass and mineral soil within the farm-gate. For
this category, only mineral soil CO; fluxes are included. The DayCENT model is also used to estimate
emissions and removals on grassland and cropland for the U.S. national GHG inventory.

COMET-Farm only includes crops for which sufficient data are available to produce credible estimates as
determined by the model development team. As a result, COMET-Farm does not include all the crops
grown in the state of Oregon. For crops not included in COMET-Farm, Tier 2 quantification approaches
from the USDA Methods document are used. COMET-Farm is also not able to quantify GHG emissions in
organic soils.

Category: Wetlands

This section outlines the technical approach for quantifying GHG emissions and removals from Oregon’s
coastal (tidal and non-tidal) and inland wetlands from 1990 to 2024. The work adheres to best-practice
inventory protocols recognized by the IPCC, the U.S. NGHGI, and recent region-specific research—it is
designed to meet both state and national greenhouse gas reporting standards. The methodology
estimates emissions and removals from wetlands by: (1) disaggregating the coastal wetland from inland
wetland, (2) mapping spatial extent of wetland, (3) tracking land cover or land use change over time, (4)
applying carbon stocks, accumulation rates, and methane and nitrous oxide emission factors to wetland
classes to estimate GHG emissions and removals, and (5) summing emissions and removals for wetlands
that remain or land that is converted to a wetland from another land type.%°

Following this approach, emissions and removals of carbon dioxide and methane are estimated from
soils, above and below ground biomass across land use categories: Wetland Remaining Wetland, which
includes Wetland to Open Water and Open Water to Wetland, and Land Converted to Wetland.

The Inventory separates coastal wetland into estuarine (wetlands with salinities greater than 0.5 ppt)
and palustrine (wetlands with salinities less than 0.5 ppt) based on C-CAP classification, while inland
wetland is all palustrine. Additionally, emissions of nitrous oxide from fish hatcheries are estimated
across all wetlands.

Category: Developed Land
The Developed Land include the following categories:

e COy, CH4, and N20O emissions from drained organic soils on Developed Land remaining Developed
Land

e (CO; emissions and removals in biomass (urban trees)

e (O3, CH4, and N20 emissions from drained organics soils on land converted to Developed Land

e COzemissions and removals in mineral soils and biomass on land converted to Developed Land

149 (Crooks et al., 2018).
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The IPCC Tier 1 assumption that CO2 emissions and removals from mineral soils are ‘0’ in Developed
Land remaining Developed Land is applied, and thus this category is not estimated.

The area of land in Developed Land remaining Developed Land and land converted to Developed Land is
processed according to the approach described in the cross-cutting section. Carbon emissions and
removals in mineral soil are accounted for separately in Developed Land remaining Developed Land and
land converted to Developed Land. For all other categories, emissions and removals are calculated at the
level of Developed Land. Therefore, information in the following sections is organized by GHG source
categories at the highest level, rather than by Developed Land remaining Developed Land and land
converted to Developed Land.

Category: Biomass Burning
The following two categories are included in this section:

e Non-CO; emissions from wildfires
e Non-CO; emissions from prescribed burns

Wildfires and prescribed burning occurring in Oregon result in emissions of CO2, CHa and N20. CO;
emissions are accounted for as changes in biomass Carbon stocks. This section describes the methods for
estimating non-CO; emissions (i.e., CHs and N,0) from biomass burning occurring on all lands other than
croplands. Non-CO; emissions from agricultural residue burning are reported in the Oregon Sector Based
GHG Inventory. The methodology for estimating non-CO; emissions from wildfires is based on the
Wildland Fire Emissions Inventory System calculator (WFEIS), the same tool used by the U.S. EPA to
estimate forest fire emissions for the National GHG Inventory. This tool estimates emissions from the
wildfire and enables disaggregation of emissions by land category based on fuel type. Emissions from
prescribed burns are also estimated. The methodology is applied at the land category level (not
disaggregated by land remaining and land converted).
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Appendix D: TIGHGER 2.0 Sectoral Assumptions and
Policies and Programs

Residential and Commercial

BAP Scenario Assumption

Parameterization (of both
overarching and supporting
assumptions)

Related Programs/Policies

Retrofit Existing Buildings

Retrofit Existing Buildings

Retrofit Existing Buildings

Retrofit Existing Buildings

Retrofit Existing Buildings

Replace 10% of 1954—-1994 small
detached homes (~9,000-10,000

units) by 2036, with funding secured
by 2032 to allow for implementation

lag.

New code-compliant buildings to
save ~25,000 kWh per unit in year
one.

Retrofit 1,246 homes (units)

statewide (using ~ $4.2 million) from

2025 to 2027.

Achieve average thermal savings of

50% and plug load savings of 5%.

Reduce energy use in 321

commercial buildings (> 20,000 sq ft)

statewide by 2028, averaging 81
buildings per year from 2025.

Retrofit Timeline & Compliance:
>200,000 sq ft buildings by 2028

290,000 sq ft buildings by 2029

>35,000 sq ft buildings by 2030

Meet EUI targets per ASHRAE

Standard 100; see Appendix Z, Table

7-2a of the Building Performance
Standard).

Minimum 50% compliance rate per

size category.

Install 12,000 heat pump units in

existing homes (mainly multifamily

and mobile) statewide by 2027,
prioritizing LIDACs and residences
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Manufactured Home
Replacement

Healthy Homes Grant Program

Climate Equity and Resilience
Through Action (CERTA) Climate
Pollution Reduction Grant
(CRPG)

Building Energy Performance
Standards

Climate Equity and Resilience
Through Action (CERTA) Climate
Pollution Reduction Grant
(CRPG)
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BAP Scenario Assumption

Parameterization (of both
overarching and supporting
assumptions)

Related Programs/Policies

Retrofit Existing Buildings

Retrofit Existing Buildings

Retrofit Existing Buildings

Retrofit Existing Buildings

Energy Efficient Buildings

Energy Efficient Buildings

Energy Efficient Buildings

Energy Efficient Buildings

using wood, oil, electric resistance, or
no heating.

Retrofit 2,690 existing housing units
statewide between 2025 and 2028.

Improve energy efficiency by at least
20% for 4,308 residential units.

Retrofit up to 3,112 homes with first-
time electric appliances and
insulation, or build all-electric new
units between 2025 - 2031.

Increase energy efficiency of 900
multifamily buildings by an average
of 20% within PGE/PacificCorp
service area counties between 2025
and 2036.

Build 9,420 multifamily units
statewide between 2025-2028,
averaging 2,355 units per year. All
units will exceed Oregon’s base
building code by at least 10% in
energy efficiency.

90% of new or renovated large public
buildings have onsite renewable
electricity.

Use rates of growth for housing types
for each county based on 2022 and
2023 values compared to baseline.

Build 940 low-embodied carbon
housing units and reduce emissions
across key sectors—residential
energy use, combustion byproducts
(CHa4, N20), and transportation fuel
(motor gasoline)—in line with DEQ
MM Program CCAP measure
projections for 2027—-2050.

Oregon Comprehensive Climate Action Plan — EPA Grant #02J38701

May 2026

Climate Equity and Resilience
Through Action (CERTA) Climate
Pollution Reduction Grant
(CRPG)

Home Energy Rebates: Home
Efficiency Rebate Program
(HOMES)

Home Energy Rebates: Home
Electrification and Appliance
Rebate Program (HEAR)

Multifamily Energy Program
HB 2021 100% Clean Energy
Standard

Climate Equity and Resilience
Through Action (CERTA) Climate
Pollution Reduction Grant
(CRPG)

ODOE's 1.5% for Green Energy
Technology (GET)

Middle Housing (HB 2001)

Climate Equity and Resilience
Through Action (CERTA) Climate
Pollution Reduction Grant
(CRPG)
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Parameterization (of both
overarching and supporting
assumptions)

BAP Scenario Assumption

Related Programs/Policies

Reduce energy use (increase energy
efficiency) by 15% compared to
previous construction.

Energy Efficient Buildings

Spilt between owner occupied (SF)
(2000, $4,000,000), rentals (MF)
(4000, $12,000,000).

Add heat pumps to new builds
throughout the state (4000 buildings,
$8,000,000).

Provides financial assistance to
homeowners towards the purchase
and installation of heat pumps in
owner-occupied residences through
the end of 2024.

2.5% savings by 2030, 4% by 2040.

Heat Pump Programs

Heat Pump Programs

Heat Pump Programs

Energy Efficiency standards
for appliances

Solar + Storage Rebate
Program

Install 69 MW on residential buildings
across OR 2022-2025.

Electricity

Parameterization (of both

BAP Scenario Assumption overarching and supporting

Oregon Commercial Energy
Efficiency Specialty Code

Heat Pump Rebate Program
(Federally Funded)

Heat Pump Rebate Program
(Federally Funded)

Community Heat Pump
Deployment Program, Oregon
Rental Home Heat Pump
Program

Energy Efficiency Standards for
Appliances

Solar + Storage Rebate Program

Related Programs/Policies

assumptions)

Implement HB2021 Electricity emissions achieve an 80%
reduction by 2030, 90% by 2035 and
zero-emission retail electricity sales
by 2040 applied to PGE, PAC, and

ESSs.

Assume 3.4 GW of future data center
electricity load using NWPCC
Medium-High forecast.

Implement HB2021

Growth is split 50/50 between IOU
and COU service areas

Electricity is assumed to be obtained
from unspecified sources with an
emissions intensity of 0.428
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HB 2021 100% Clean Energy
Standard

Increase distributed energy
resources

Community Solar Program

Renewable Portfolio Standards

Data Center Load Projection
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Community Renewable
Energy Grant Program

MtCO2e/MWh (DEQ’s default
emissions factor).

Projected addition of 22 MW of Community Renewable Energy
nameplate capacity in solar, storage, Grant Program
hydro, biomass projects by 2027.

Climate Protection Program

BAP Scenario Assumption

Parameterization (of both

CAFE federal standards

Clean Fuels Program

Advanced Clean Cars Il

overarching and supporting Related Programs/Policies
assumptions)

Apply federal CAFE standards Corporate Average Fuel
enforcement through 2025. Economy

Reduce average carbon intensity of  Clean Fuels Program Expansion
transportation fuels by:

Statewide Transportation
10% from 2015 levels by 2025 (model Strategy programs
as achieved in 2024)

Clean Fuels Program (CFP)
20% by 2030

37% by 2035

So far, renewable and biodiesels are
replacing up to 1/3 of the diesel pool.

Ensure 14% of new vehicle sales are  Advanced Clean Cars Il Rules
EVs in 2026, ramping to 100% by (CPP)
2035. Oregon Clean Vehicle and
Charge Ahead Rebate Program
Allow manufacturers to meet up to  Statewide Transportation
20% of annual EV sales requirements Strategy program, Low Emission
with plug-in hybrid vehicles (PHEVs). Vehicle Program
Clean Fuels Program Utility
Permit up to 5% of annual Credits
compliance to be met through West Coast Electric Highway
environmental justice (EJ) allowances. National EV Infrastructure
(NEVI) program

Model slower EV adoption from Community EV Charging Rebate
2027-2029, followed by accelerated program
uptake through 2035. Electric Vehicle Reliability
Accessibility Accelerator
Program
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Carbon Reduction Program

Increase the number of new EVs Climate Equity and Resilience
purchased across the state by 3.6 Through Action (CERTA) Climate
million compared to a baseline Pollution Reduction Grant
scenario: (CRPG)

2025: 18,100 more new EVs
2026: 42,500

2027:72,00

2028: 107,800

2029: 144,600

2030: 172,800

Advanced Clean Cars I Based on EVs and EV chargers put Energy Efficiency and
into place in select cities in the state Conservation Block Grant
(see program/policy record). Program
Advanced Clean Trucks Increase new medium- and heavy- Advanced Clean Trucks Rule
duty vehicle sales from 2027-2035 to Statewide Transportation
meet the following zero-emission Strategy programs
targets: Diesel Emissions Mitigation
Grant Program
Class 2b—3 pickup trucks and vans: Oregon Zero-Emission Fueling
55% ZEV Infrastructure Grant Program
Medium-and Heavy Duty
Class 4-8 rigid trucks: 75% EV Emissions Vehicle Rebate

Charging and Fueling
Class 7-8 tractor trucks: 40% EV, 10% | Infrastructure Grant Program
hydrogen

Exclude emergency vehicles, transit
buses, motor coaches, articulated
shuttles, and double-decker buses
from ACT rule modeling to reflect
their exemption and lower fleet
transition impact.

Advanced Clean Trucks Add 20 new MHD ZEV charging Oregon Zero-Emission Fueling
stations in 2026. Infrastructure Grant Program
Advanced Clean Trucks Beginning in 2025, 100 percent of Statewide Fleet Policy 107-011-

new light-duty state fleet purchases  040: Conversion of State Fleet
and leases for applicable uses, to the to ZEVs
extent available, will be ZEVs.

Advanced Clean Trucks New heavy-duty vehicles for salein ' Heavy-Duty Engine and Vehicle
Oregon from 2026 onward must meet Omnibus Rule
GHG efficiency standards as per
California statute.
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Climate Protection Program
Transportation

Transportation

BAP Scenario Assumption

Reduce emissions 50% by 2035, and Climate Protection Program
90% by 2050 from a 2017-2019 2024
baseline.

Parameterization (of both

overarching and supporting Related Programs/Policies

Climate-Friendly and
Equitable Communities

Industrial

BAP Scenario Assumption

assumptions)

Align VMT estimates with ODOT Climate-Friendly and Equitable
modeling, reduce driving alone VMT Communities (CFEC)

by 5.5% statewide by 2050 (CFEC)

statewide, 20% in metro areas.

Reduce vehicle ownership per
household by 3.5% by 2050 (CFEC).

Shift 1% of statewide auto trips to
transit (CFEC-Metro).

Parameterization (of both

overarching and supporting Related Programs/Policies
assumptions)

Climate Protection Program
Industry

RMA (Packaging and Paper
Decarb)

RMA (Packaging and Paper
Decarb)

Reduce emissions 50% by 2035, and
90% by 2050 from a 2017-2019

baseline.
Reduce industrial transportation Packaging and paper industrial
emissions CO2, CH4, and N20 decarbonization program

emissions and CO2 (distillate fuel) by
between -0.0561% and -0.1422% per
year (see spreadsheet) between
2025-2050 for a total cumulative
reduction in emissions of -0.520
MMTCO2e by 2050 (as per DEQ).

Reduce industrial sector emissions Packaging and paper impact
from 0.01 MMTCO,e/year in 2026 to disclosure requirements (RMA)
0.41 MMTCO,e/year by 2050.

Achieve reductions by targeting:
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CO, from natural gas and petroleum
combustion.

CO, from electricity use.
CH,4 from natural gas

production/distribution and
combustion byproducts.

N,O from combustion byproducts.

Waste
Parameterization (of both
BAP Scenario Assumption overarching and supporting Related Programs/Policies
assumptions)
RMA (Recycling Increase recycling collection and Plastic Pollution and Recycling
Improvements) processing. Increase the quantity of Modernization Act

materials recycled (both by
increasing collections, and also
improving processing of mixed
recyclables, so that a higher
percentage of collected materials are
properly separated and sent to
markets that can use them) such that
emissions in Oregon reduce by
between 0.001-0.006 MMTCO2e
between 2025-2050 (for a total of
0.117 MMT CO2e reduced) (as per
DEQ).

CERTA Measure 12 Landfill Reduce methane emissions from Climate Equity and Resilience
landfills by between 0.01 MMTCO2e Through Action (CERTA) Climate
(starting in 2026) to 0.02 MMTCO2e Pollution Reduction Grant
by 2050. In addition, model energy  (CRPG)
recovery benefits.

Low-carbon Materials Reduce emissions from Existing Embodied Carbon
implementation of existing policies  Projects
and programs to reduce embodied
carbon in the built environment by
between 0.001 MMTCo2e in 2024 to
0.003 MMTCO2e in 2050 for a
cumulative reduction of 0.069
MMTCO2e by 2050. Includes DAS
Sustainability Guidelines, ODOT EPD
requirements and DEQ industry
partnership and technical + financial
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assistance and outreach to support
developers, builders and architects.

Low-carbon Materials Build 9,420 multifamily units Climate Equity and Resilience
statewide between 2025-2028, Through Action (CERTA) Climate
averaging 2,355 units per year. All Pollution Reduction Grant
units will exceed Oregon’s base (CRPQG)

building code by at least 10% in
energy efficiency.

CERTA Measure 11 Food Divert 263,000 tons per year of Climate Equity and Resilience
organic waste from landfills. Model = Through Action (CERTA) Climate
the downstream impacts of Pollution Reduction Grant

composting and landfill avoidance.  (CRPG)
Incorporate upstream benefit
(fertilizer displacement).

Food & Agriculture

Parameterization (of both

BAP Scenario Assumption overarching and supporting Related Programs/Policies
assumptions)

Pacific Coast Food Waste Divert 3,394 short tons of food waste Food Waste Reduction Strategy

Commitment from composting annually from 2023- / Reducing Food Impacts: A
2050. Strategic Plan for Oregon (2025)

Divert 3,606 short tons of food waste
from landfilling annually from 2023-
2050.

For this enhanced measure to reduce
food waste, net costs were assessed
based on estimated costs and savings
for food purchasers (consumers,
retailers, restaurants, etc.).

Reduce emissions associated with
growing food, transporting food and
waste, processing waste, and
producing natural gas from waste by
percentages listed in the calculations
spreadsheet from 2023-2050 (as per
DEQ).
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Appendix E: Workforce Analysis Methodology

The Oregon Department of Energy developed the Oregon Energy Strategy, which will identify pathways
to achieve the state’s energy objectives. The energy strategy will evaluate benefits and challenges of
different pathways, present policy recommendations, and reflect input from Oregonians who informed
the strategy.

Using input from Tribes, the energy strategy’s Advisory and Working Groups, staff-to-staff conversations
with state agencies and participation in an Inter-Agency Steering Group, and comments from the public,
ODOE and its technical contractors have developed scenarios that represent different energy pathways
the state could take to achieve its energy policy objectives by 2050. The model compares energy
pathways from a Reference Scenario to six Alternative Scenarios. For more information on how the
model works and the key assumptions for the Reference and Alternative Scenarios, see the Energy
Strategy Modeling Assumptions and Sources document.

Building on the results of the energy pathways modeling, the technical analysis evaluated effects of
different pathways on energy sector employment. Using an input-output model, the jobs analysis
estimated how investments from the modeled energy pathways may affect net energy sector
employment. This document outlines the methodology for the jobs analysis at a high level. A full
technical approach will be included in the final Oregon Energy Strategy report.

Summary of Input-Output Models

Input-output (I/0) modeling is used to generate employment estimates based on different investments
or changes in a given economy over time. The research team used two different I/O models:

1. IMPLAN, short for “impact analysis for planning”.
2. JEDI, National Renewable Energy Laboratory’s Jobs and Economic Development Impact model.

I/0 modeling outputs are broken down into direct, indirect, and induced impacts:

e Direct effects show the change in the economy associated with the initial economic activity.

¢ Indirect effects include all the backward linkages or the supply chain responses resulting from the
initial direct economic activity.

¢ Induced effects refer to the effects of increased household spending and are the result of direct
and indirect workers spending their wages within the local economy.

Sector Framework

The technical analysis estimated employment across Oregon’s Electricity, Fuels, Buildings, and
Transportation sectors. Employment outputs do not extend to parts of the economy that are not
connected to the four primary sectors. The Electricity, Fuels, Buildings, and Transportation sectors are
further broken down into the following 27 sub-sectors:

Electricity

e Distributed Solar
e Utility Solar

e Land-based Wind
e Hydropower

e Distribution

e Transmission

e Storage
e Natural Gas Generation
Oregon Comprehensive Climate Action Plan — EPA Grant #02J38701 136

May 2026


https://www.oregon.gov/energy/Data-and-Reports/Documents/Oregon-Energy-Strategy-Modeling-Assumptions-Sources.pdf
https://www.oregon.gov/energy/Data-and-Reports/Documents/Oregon-Energy-Strategy-Modeling-Assumptions-Sources.pdf

Other Fossil Generation

Nuclear

Other Renewable Generation - Biomass
Other Renewable Generation - Geothermal

Hydrogen

Biofuels

Natural Gas

Natural Gas Distribution
Other Fossil Fuels

Buildings

Commercial HVAC
Commercial Other
Residential HVAC
Residential Shell
Residential Other

Transportation

Vehicle Manufacturing
Wholesale Trade Parts
Vehicle Maintenance
Charging Stations
Conventional Fueling Stations

Initial Employment Output Methodology

The Initial Employment Outputs (IEOs) estimated the quantity of jobs by value chain in the baseline year
(2023) and in 2025, 2030, 2035, 2040, 2045, and 2050. The value chain details the industry area in which
direct and indirect jobs are employed, which include Construction, Manufacturing, Professional
Services, Other Supply Chain, and Induced employment. IEOs are provided for each sub-sector and
scenario. IEOs for the Reference Scenario are broken down by region—with outputs presented for
Oregon state, Western Oregon, and Eastern Oregon—while IEOs for each of the six alternative scenarios
are presented only at the state level. The IEO methodology follows five steps:

1.

The research team determines the unit inputs for the model. Unit inputs typically come from the
forecasts developed by Evolved Energy Research (EER) data and take the form of device stocks
and sales, MW of electric capacity, and fuel demand over time.

The research team determines the total investments associated with the unit inputs described in
Step 1 above. Investment inputs come from the forecasts developed by EER data where provided,
and additional investments are developed based on secondary sources where needed.

The research team allocates the investment data into the relevant industry categories based on
the activities associated with the investments by using technical cost data from secondary
sources.

The research team applies IMPLAN/JEDI industry employment multipliers based on the
allocation described in Step 3 to calculate employment outputs.

Employment outputs are reported by industry category (Construction, Professional Services,
Manufacturing, Other Supply Chain, and Induced). The 2023 baseline employment is derived
from the 2024 United States Energy and Employment Report (USEER).
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Secondary Employment Output Methodology

The Secondary Employment Outputs (SEO) translate the direct and indirect employment estimates
generated by the IEOs into occupational outputs, illustrating how jobs would change by occupation and
wage distribution across the region. SEOs are presented for the baseline year (2023) and 2035 by
detailed occupations and wage tiers and were only be run for the Reference Scenario. This SEO work will:

Complete a crosswalk of IMPLAN industry categories to North American Industry Classification
System (NAICS) codes for each of the sub-sectors by four of the value chain categories as defined
in the IEOs — Construction, Manufacturing, Professional Services, and Other Supply Chain —
omitting induced employment.

Run direct and indirect employment from IEOs through proprietary staffing patterns (NAICS to
SOC) for each of the value chain categories within each sub-sector for 2023 and 2035 to estimate
employment by detailed occupations.

Using finalized occupational employment within sub-sector and value chain categories, wages are
grouped into three tiers: Tier 1, or above a sustaining wage; Tier 2, or at a sustaining wage; and
Tier 3, or below a sustaining wage, defined by the MIT Living Wage Calculator. Occupational
wages are held constant from 2024 to 2035, and do not incorporate any wage changes due to
changes in supply or demand of workers in any given occupation. The outputs presented for the
wage analysis show the number of jobs in 2024 and 2035 by their wage tier categorization in
2024, using 2024 dollars.
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Appendix F: Methods for calculating co-pollutant benefits
of measures on low-embodied-carbon building materials

Oregon's CCAP documents already describe the methods Oregon DEQ used to project the GHG reduction
benefits of existing and new measures focused on low-embodied-carbon building materials. Some of
those methods relied on life cycle and consumption-based analyses that were GHG-specific and could
not produce equivalent outputs in co-pollutants such as PM2.5.

To estimate the benefits of those measures in terms of co-pollutants CO, NOx, PM2.5, VOC, PM10, SO2,
and HC, Oregon DEQ followed a 4-step process.

First, DEQ simplified the list of product categories used to characterize the broad field of "building
materials". "Building materials" as an economic category includes hundreds of products -- lumber, wire,
asphalt, etc. It was impractical to study them all for all co-pollutants. However, the new and existing low-
embodied carbon measures are strongly oriented towards government spending on infrastructure.
Oregon DEQ's past examinations suggest such spending is dominated (by an order of magnitude) by
highway, bridge, and similar projects, whose predominant materials are concrete and asphalt. Concrete
and asphalt serve as a proxy for all "building materials" for the purpose of estimating co-pollutants.

Second, considering only those two materials, DEQ used life cycle databases (GaBi LCA for Experts and
Ecolnvent) to establish documented, defensible ratios of co-pollutant emissions (per kg of building
material produced) to GHG emissions (per kg of building material produced). This resulted in 14 ratios (2
materials x 7 co-pollutants). This was reduced to 7 ratios (one per co-pollutant) by averaging the ratios
for concrete and asphalt, because a survey of material ratios used in infrastructure projects suggested a
rough equivalence between the masses of concrete and asphalt used on a statewide basis. The units of
the ratios were "kg [co-pollutant] per kg CO2e GHG emission".

Third, these 7 ratios were applied to the GHG emissions reductions estimated for the existing and new
low-embodied carbon measures.

Finally, the co-pollutant emission reductions were differentiated by those emissions expected to occur
within the geographical boundary of the State of Oregon (“In State”) and those which are expected to
occur elsewhere or are additional reductions (“Global”). This differentiation is based on the same ratio
used to estimate In State vs. Global GHG emissions for each measure.

Table 23b. Waste, Water, and Other Sustainable Materials Management Sector Estimated Co-Pollutant
Reductions (Metric Tons) from TIGHGER BAP Measures by 2035

Action Title Scope Cco \\[0)'} PM2.5 VOC PM10 SO2 HC
P (MT) (MT) (MT) (MT) (MT) (MT) (MT)

Low Carbon In-
Materials* State 52.63 43.69 2.23 28.59 7.45 18.01 0.20
Low Carbon | -\ | 35025 | 20236 | 14.95| 191.36| 49.86| 120.55 1.33
Materials*
Low Carbon | | 40488 | 336.05| 17.18| 219.95| 5731 138.56 1.53
Materials*

CERTA Measures

10 & 12* Total 34.83 8.24 4.85 6.61 5.44 4,01 NE
RMA (Recycling | In- 0.07 003| 001| 002 o001| 001 NE
Improvements) State
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RMA (Recycling | 101 | 053 023 004| 020 008 012 NE
Improvements)
RMA (Recycling | [\ 0.6 026| 005| 022 009| 013 NE
Improvements)

*Data provided by DEQ program data and analysis.

Table 24b. Waste, Water, and Other Sustainable Materials Management Sector Estimated Co-Pollutant
Reductions (Metric Tons) from TIGHGER BAP Measures by 2050

Action Title co NOX PM2.5 VOC PM10  SO2 HC
(MT) (MT)  (MT) (MT)  (MT) (MT)  (MT)
Low Carbon In-
Mot ari ot ctate 131.09 | 108.80 556| 71.22| 1856| 44.86| 050
Low Carbon Global | 877.28| 728.15| 37.23| 47659 | 124.18| 30024 | 3.31
Materials*
Low Carbon Total |1,008.37 | 836.95| 42.79| 547.81| 142.74| 3451| 3.81
Materials*
CERTA Measures 10 | In- 31.76 5.77 478|  4.93 499| 279 NE
& 12* State
CERTA Zli;iures 10 Global n/a n/a n/a n/a n/a n/a NE
CERTA ;"i:i“res 10 rotal 31.76 | 577| 478 493 499| 279| NE
RMA (Recycling | In- 011| 0.5 001| 0.04 002| 002 NE
Improvements) State
RMA (Recycling | -\ | 085| 037 007| 031 012| 019 NE
Improvements)
RMA (Recycling | .\, 096 | 0.42 008| 035 014| 021 NE
Improvements)
*Data provided by DEQ program data and analysis.
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Appendix G: Method for Estimating Criteria Pollutant
Emissions for Food and Agriculture Related Measures in the
CCAP

Infroduction

Oregon Department of Energy requested assistance from Oregon Department of Environmental Quality
to estimate criteria pollutant emissions associated with specific measures from Oregon’s Comprehensive
Climate Action Plan (CCAP). The specific measures all pertain to food or agriculture systems, they are:

e Measure 6 — Existing Food Waste Reduction
e Measure 7 — Certa Measure 11 Food Waste Recovery
e Measure 8 — Additional Food Waste Reduction

e Estimates were derived from the following criteria pollutant categories, shown in Table G-1.

Table G-1. List of Criteria Pollutants for Emissions Estimation
m_m
Carbon Monoxide
Nitrogen Dioxide NOx
Volatile Organic Compounds VOC
Particulate Matter (10 micrometers or smaller)  PM 10
Particulate Matter (2.5 micrometers or smaller) PM 2.5

Hydrocarbons HC
Sulfur Dioxide SO,
Methodology

To estimate criteria pollutants associated with these four measures DEQ used life cycle inventories drawn
from DEQ’s Waste Impact Calculator.%°

These inventories include potential emissions of criteria pollutants associated with specific materials
(food, fertilizer) or activities (composting, landfilling, anerobic digestion, transportation).

For these measures, the material tonnages estimated within each measure were multiplied by the
expected/potential emissions from relevant life cycle inventories directly generate criteria emissions.
This calculation was performed annually, to derive total criteria emissions (CPtotal) from 2023-2050,
where CP total is the sum of criteria pollutant emissions associated with a given measure over time (t).
This calculation was performed for each criteria pollutant listed in Table G-1.

The co-pollutant emission reductions associated with these food measures were further
differentiated by those emissions expected to occur within the geographical boundary of the State
of Oregon (“In State”) and those which are expected to occur elsewhere, Outside of Oregon or

150 DEQ Waste Impact Calculator - https://or-dept-environmental-quality.github.io/wic/
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additional (“Global”). This differentiation is based on the ratio used to estimate In State vs. Other
(Global) GHG emissions for each measure.

As with any model, these results are estimates extrapolated from average expected criteria pollutant
emissions associated with various technologies (AD, Composting, Landfilling) and materials (Fertilizers,
Food Production) and so should be considered directionally appropriate.

Table 25b. Food & Agriculture Sector Estimated Co-Pollutant Reductions (Metric Tons) from TIGHGER

BAP Measures by 2035

Action Title Scope co NOx PM2.5 VOC PM10 SO2 HC
P (MT) (MT) (MT) (MT) (MT) (MT) (MT)

CERTA Measure 11* Total 219.92 | 149.51 15.28 | 261.37 8.61 | 43.22 0.05

Pacific Coast Food | In- 023| 036| 002 o005| 005| 002| 0.02
Waste Commitment State

Pacific Coast' Food Global 1.67 2.62 0.11 0.34 0.36 0.12 0.16
Waste Commitment

Pacific Coast' Food Total 1.9 2.98 0.13 0.39 0.41 0.14 0.18
Waste Commitment

*Data provided by DEQ program data and analysis.

Table 26b. Food & Agriculture Sector Estimated Co-Pollutant Reductions (Metric Tons) from TIGHGER
BAP Measures by 2050

Action Title scone | €O NOx PM25 VOC PM10 SO2  HC
P& MT) (MT)  (MT)  (MT) (MT)  (MT)  (MT)

CERTA Measure 11* | Total | 623.33 | 418.89| 42.57| 772.69| 24.71| 11825| 0.11

Pacific Coast Food | In- 045| o080| 004| 008| o010 002 005
Waste Commitment State

Pacific Coast Food | -\ | 37| s583| 029| o057| 075/ o016| 037
Waste Commitment

Pacific Coast Food | [\, 372| 663 033]| 065| 085 018| 042
Waste Commitment

*Data provided by DEQ program data and analysis.

Table 27b. Estimated Co-Pollutant Reductions (Metric Tons) Gap Measures in the Food & Agriculture
and Waste, Water, and Other Sustainable Materials Management Sectors by Measure by 2035

. . [\ [0)' PM2.5 VOC PM10 SO2 HC
Action Title Scope CO (MT) (MT) (MT) (MT) (MT) (MT) (MT)
Additional In-
Food Waste 85.50 31.71 13.10 17.69 7.11 24.80 0.10
. State

Reduction

Additional
Food Waste | Global 364.49 135.20 55.83 75.42 30.33 105.75 0.44
Reduction
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Additional
Food Waste
Reduction

Total

449.99

166.91

68.93

93.11

37.44

130.55

0.54

New Low
Carbon
Materials

In-
State

648.98

538.66

27.54

352.57

91.86

222.11

0.51

New Low
Carbon
Materials

Global

4,343.21

3,604.88

184.28

2,359.50

614.79

1,486.42

3.45

New Low
Carbon
Materials

Total

4,992.19

4,143.54

211.82

2,712.07

706.65

1,708.53

3.96

Table 28b. Estimated Co-Pollutant Reductions (Metric Tons) Gap Measures in the Food & Agriculture
and Waste, Water, and Other Sustainable Materials Management Sectors by Measure by 2050

. . NOXx PM2.5 vVOoC PM10 S02 HC
Action Title Scope CO (MT) (MT) (MT) (MT) (MT) (MT) (MT)
Additional In-
Food Waste State 1,746.46 647.79 267.53 361.37 145.29 506.68 2.10
Reduction
Additional
Food Waste Global 7,445.41 | 2,761.63 | 1,140.51 1,540.60 619.41 | 2,160.05 8.95
Reduction
Additional
Food Waste | Total 9,191.87 | 3,409.42 | 1,408.04 | 1,901.97 764.70 | 2,666.73 | 11.05
Reduction
New Low In-
Carbon State 6,740.10 | 5,594.31 285.99 | 3,661.65 954.07 | 2,306.73 | 25.49
Materials
New Low
Carbon Global | 45,106.85 | 37,438.87 | 1,913.91 | 24,504.90 | 6,384.91 | 15,437.38 | 170.60
Materials
New Low
Carbon Total | 51,846.95 | 43,033.18 | 2,199.90 | 28,166.55 | 7,338.98 | 17,744.11 | 196.09
Materials
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