STATE OF WASHINGTON

DEPARTMENT OF ECOLOGY
PO Box 47600, Olympia, WA 98504-7600  360-407-6000

September 5, 2025
Re: Legislative report — Carbon Dioxide Removal Evaluation Study
Dear Representatives and Senators:

In 2024, in Engrossed Substitute Senate Bill 5950, Section 302(51), the Legislature provided
funding to the Washington Department of Ecology to contract for a study of the current state of
carbon dioxide removal (CDR) in Washington, the challenges and opportunities it presents, and
its potential to help Washington meet greenhouse gas limits established in statute (RCW
70A.45.020). Ecology is to provide the findings of the study and resulting recommendations to
the Legislature in a final report by June 30, 2025. The budget proviso states:

“$300,000 of the climate commitment account—state appropriation is provided solely
for the department, in consultation with the department of commerce, to contract with
a third-party entity to conduct a study of the extent to which carbon dioxide removal is
needed to meet Washington's emissions reduction targets defined in RCW 70A.45.020.
The study must include recommendations on policies to grow Washington's carbon
dioxide removal capacity, including compliance market development and government
procurement policies. The department must provide an interim progress report to the
appropriate committees of the legislature by November 30, 2024. The department must
provide a final report by June 30, 2025, that includes: (i) A summary of feedback from
relevant stakeholders; (ii) An analysis of economic and climate opportunities for
Washington; (iii) Ways in which carbon dioxide removal might integrate with existing
compliance programs; (iv) Strategies to support industry sectors in integrating carbon
dioxide removal and maximizing federal funding; (v) Recommendations for monitoring,
reporting, and verification standards to ensure carbon dioxide removal technologies may
be compared; and (vi) Consideration of carbon dioxide removal accounting mechanisms
that account for varying durability of different approaches.”

Brief Summary of Report Contents

The report, authored by EA Engineering, Science, and Technology, Inc., PBC in consultation with
Ecology and the Washington Department of Commerce, establishes the compelling need for
Washington to invest in CDR to meet its statutory greenhouse gas limits, which require
Washington to reduce overall emissions 95% below 1990 levels and offset the remaining 5% by
2050. The report provides an analysis of the state of CDR in Washington based on information


https://lawfilesext.leg.wa.gov/biennium/2025-26/Pdf/Bills/House%20Passed%20Legislature/1975-S2.PL.pdf?q=20250516102759
https://app.leg.wa.gov/RCW/default.aspx?cite=70A.45.020
https://app.leg.wa.gov/RCW/default.aspx?cite=70A.45.020

gained through consultation with leading industry experts, and evaluation of peer reviewed
articles, industry publications, reports by research organizations, and popular media.

This report was authored by EA Engineering, Science, and Technology, Inc., PBC and does not
necessarily represent the views of Ecology or Commerce. As directed by the Legislature, this
report was intended as a largely technical overview of the state of CDR, defining their role in
Washington, and identifying opportunities and challenges for their implementation. It aims to
capture the current body of knowledge about CDR development and deployment in
Washington based on the best available information, including interviews with interested
parties. This report does not explicitly incorporate legal or regulatory considerations that will
have to be evaluated by Ecology or other state agencies in the implementation of
recommendations. Due to the limits in scope, timeline, and resources for the study, Ecology did
not complete all the elements of a full public policy review of CDR in Washington. A
comprehensive review would also include assessing implementation feasibility and tradeoffs,
and a priority order of CDR opportunities to pursue based on their suitability and timeliness for
meeting Washington’s climate goals.

Perhaps most importantly, Ecology, Commerce, and the contractor were unable to engage a
wide spectrum of local communities, environmental and environmental justice advocates,
Tribes, business interests, and the broader public. This critical outreach would facilitate the
development of responsible and informed policy on behalf of the state. These endeavors would
be the next logical step for assessing state government’s role in promoting CDR in Washington.

While some of the CDR methods analyzed in this study hold promise in the near term for
removing carbon dioxide directly from the atmosphere and storing it long term, most need
further investment before they can be feasibly deployed at scale. Development of CDR is a
recommendation in Ecology’s forthcoming report to the legislature titled, 2025 Summary
Report on the Science of Human Caused Climate Change and Recommendations for Washington
State’s Greenhouse Gas Emission Reduction Limits, due to be published in summer 2025.
Washington should be exploring how the state can responsibly develop CDR by fostering
collaboration, promoting the use of the best available science, and championing environmental
justice so that all Washingtonians can benefit from a clean energy economy and preventing the
worst effects of climate change.

For more information, please contact Tamara Jones, Senior Legislative Planner, at
tamara.jones@ecy.wa.gov or 564-669-3713.

Sincerely,

ool G

Joel Creswell
Program Manager
Climate Pollution Reduction
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Executive Summary

In 2024, Ecology was directed by the state Legislature, under Engrossed Substitute Senate Bill
5950, Section 302(51)?, to contract for a report. The budget proviso states:

“$300,000 of the climate commitment account—state appropriation is provided solely
for the department, in consultation with the department of commerce, to contract with
a third-party entity to conduct a study of the extent to which carbon dioxide removal is
needed to meet Washington's emissions reduction targets defined in RCW 70A.45.020.
The study must include recommendations on policies to grow Washington's carbon
dioxide removal capacity, including compliance market development and government
procurement policies. The department must provide an interim progress report to the
appropriate committees of the legislature by November 30, 2024. The department must
provide a final report by June 30, 2025, that includes: (i) A summary of feedback from
relevant stakeholders; (ii) An analysis of economic and climate opportunities for
Washington; (iii) Ways in which carbon dioxide removal might integrate with existing
compliance programs; (iv) Strategies to support industry sectors in integrating carbon
dioxide removal and maximizing federal funding; (v) Recommendations for monitoring,
reporting, and verification standards to ensure carbon dioxide removal technologies may
be compared; and (vi) Consideration of carbon dioxide removal accounting mechanisms
that account for varying durability of different approaches.”

This study, authored by EA Engineering, Science, and Technology, Inc., PBC, aims to support
Washington in assessing the use of carbon dioxide removal (CDR) to meet statutory limits on
greenhouse gas emissions, which are defined in the Revised Code of Washington (RCW)
70A.45.020.3 These statutory limits require Washington to reduce overall emissions of
greenhouse gases 95% below 1990 levels and achieve net zero by 2050. The residual 5% that
remains is the portion of Washington's greenhouse gas emissions projected to remain in 2050
after other reductions have occurred. These residual emissions refer to non-carbon dioxide
(CO2) sources of emissions, such as methane from agriculture, waste, and natural gas leakage,
and perfluorocarbons in aluminum production. The purpose of this report is to evaluate key
CDR methods, determine how to integrate CDR with existing compliance programs, and
recommend policies to enhance CDR capacity as required to meet statutory greenhouse gas
emissions reduction limits.

This study reviews CDR methods, both technological and nature-based, that are the most viable
in Washington and provides recommendations for growing Washington’s CDR capabilities.
Carbon dioxide removal is the process of removing CO, directly from the atmosphere and
storing it long-term. Technology-based CDR is engineered by humans and often integrated with

2 https://lawfilesext.leg.wa.gov/biennium/2023-24/Pdf/Bills/Session%20Laws/Senate/5950-
S.SL.pdf?q=20240522145158
3 https://app.leg.wa.gov/rcw/default.aspx?cite=70A.45.020
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industrial processes. Nature-based CDR uses ecosystem processes that may provide additional
environmental benefits.

In addition to analyzing CDR methods, this study covers:

e Regulatory and policy considerations for integrating CDR.
e Strategies for market development.

e Mechanisms for carbon accounting.

e Monitoring, reporting, and verification standards.

This study is heavily informed by interviews conducted between December 3, 2024, and
January 9, 2025. A steering committee from the Departments of Ecology and Commerce
identified interested parties to participate in outreach interviews with organizations and
industry representatives involved in the design and deployment of CDR projects, trade
associations, and climate and energy advocacy groups. The interviews captured a range of
insights, identified shared priorities, and brought to light potential concerns and opportunities
regarding the potential role of CDR in Washington’s future. These findings, along with the best
available peer reviewed articles, industry publications, reports by research organizations, and
other media published as of April 2025, were integrated into the study and subsequent
recommendations.

Seven CDR methodologies were analyzed, and the table below provides a summary of each
method.

Table ES-1. Carbon dioxide removal methods examined in this study.

Carbon st Carbog t Potential
orage Cos otentia
ol PS torage per metric ton Durability
otential co,

Direct Air Capture: (technology- Thousands of Permanent
based) captures the ambient air using | metric tons CO, $200-$600 (geological
chemical processes then geologically per facility, storage)

stores CO;, per year
Bioenergy with Carbon Capture and | 2-10 metric tons Permanent
Sequestration: (technology-based) CO2 $30 -$400 (geological
production of bioenergy using biomass per hectare, storage)
then geologically stores CO; per year
Enhanced Rock Weathering: 0.1-7 metric ton Potentially long-
(technology-based) soil amendment of CO2 $50 - $350 term, requires
crushed rock that absorbs CO,, per hectare, mair’1tenance
becoming carbonate minerals per year
Biochar: (technology-based) produced o1 ggtzrlc on Potentially long-
throu . h vsi d st e hect $100 - $500 term, requires
gh pyrolysis and stores CO, per hectare, maintenance
per year
Marine Carbon Dioxide (mCDR) 1-100 metric $62.3-$144.2 | Potential to be
Removal: (nature-based) includes tons COz (ocean geologically
Publication 25-14-066 CDR Evaluation Study - Final
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Carbon

Carbon .
CDR Method Storage Storage.Cost Poten_t|_al
: per metric ton Durability
Potential
CO;
ocean alkalinity enhancement and per hectare, alkalinity significant,
seaweed cultivation and sinking/land- per year enhancement) varies by
use of biomass to store carbon mMCDR method
Blue Carbon Coastal & Marine 1-10 metric tons Variable,
Ecosystem Restoration: (nature- CO2 $10-$100 dependent on
based) carbon that is stored in coastal per hectare, ecosystem
and marine ecosystems per year health
Forest-based CDR and 1-10 metric tons
o CO2 : Decades to
Sequestration: (nature-based) carbon Variable .
) . per hectare, centuries
that is stored in forests
per year

Based on the analysis of CDR methods, EA Engineering, Science, and Technology, Inc., PBC
recommends the following next steps to further develop CDR policies:

e Continue support of CDR technology: Washington should support the development and
implementation of CDR methods as a critical component of efforts to achieve both 2050
statutory limits and long-term climate change mitigation.

e Define net zero: To support Washington's commitment to net zero emissions by 2050,
pursuant to RCW 70A.45.020,3 the Legislature should clearly define "net zero" in statutory
or regulatory terms, including the specific role and eligibility criteria for carbon dioxide
removal methods, as discussed in this report.

e Develop clear criteria for CDR methodologies: The Legislature should direct appropriate
agencies to adopt clear criteria defining how CDR methodologies can effectively contribute
to the Washington’s commitment to net zero emissions by 2050, pursuant to RCW
70A.45.020.3

¢ Facilitate collaboration: Washington should continue to facilitate collaboration between
regulators, technical experts, and project developers concerning CDR technology specifics
and policy integrations, including continued collaboration with regional and national
partners on defining, implementing and documenting CDR methods.

e Build tiered approaches: Washington should establish a tiered approach to classify the
durability of CDR methods to reflect their carbon storage time frames and develop a tiered
framework for allocating credits based on project size and outcomes.

e Engage Communities: Washington should have active coordination with local communities
which is essential for successful CDR implementation in Washington, where significant
concerns exist about CO, storage safety, pipeline transportation, and environmental justice
impacts. Various interested parties—including Indigenous tribes concerned about treaty
rights and cultural resources, environmental justice communities in the Puget Sound region
worried about compounding air quality and water issues, and rural Eastern Washington
communities anxious about biomass production effects on agriculture and forests—must be
meaningfully informed about both potential impacts and benefits. Transparent engagement
with these communities, particularly those historically bearing disproportionate

Publication 25-14-066 CDR Evaluation Study - Final
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environmental burdens, is critical to address safety concerns, advance environmental
justice, and enable CDR development to scale effectively.

Additional detailed technical recommendations are provided throughout the study and are
compiled in Section 8. These recommendations are intended to support the responsible
development, deployment, and integration of CDR.

Publication 25-14-066 CDR Evaluation Study - Final
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1.1

1.0 Introduction

Framework and foundations

Revised Code of Washington 70A.45.0203 mandates greenhouse gas emission reduction for the

state of Washington, with specific deadlines and requirements for achieving the following
reductions:

e By 2020: Reduce overall greenhouse gas emissions to 1990 levels, which corresponds to
90,500,000 metric tons (MMT) of carbon dioxide equivalent (COze) (90.5 MMT COze).

e By 2030: Reduce overall greenhouse gas emissions to 50,000,000 metric tons (50 MMT
COse), representing a 45% reduction below 1990 levels.

e By 2040: Reduce overall greenhouse gas emissions to 27,000,000 metric tons (27 MMT
COze), or 70% below 1990 levels.

e By 2050: Reduce overall greenhouse gas emissions to 5 million metric tons (5 MMT COze),
achieving a 95% reduction below 1990 levels. Additionally, Washington must achieve net
zero greenhouse gas emissions by 2050.

The ability of Washington to achieve these goals involves balancing emissions with carbon
sequestration and other methods of carbon dioxide (CO2) removal.

1.2

Study objectives

In 2024, Ecology was directed by the state Legislature under Engrossed Substitute Senate Bill
5950, Section 302(51)? to contract for a report. The budget proviso states:

“$300,000 of the climate commitment account—state appropriation is provided solely
for the department, in consultation with the department of commerce, to contract with
a third-party entity to conduct a study of the extent to which carbon dioxide removal is
needed to meet Washington's emissions reduction targets defined in RCW 70A.45.020.
The study must include recommendations on policies to grow Washington's carbon
dioxide removal capacity, including compliance market development and government
procurement policies. The department must provide an interim progress report to the
appropriate committees of the legislature by November 30, 2024. The department must
provide a final report by June 30, 2025, that includes: (i) A summary of feedback from
relevant stakeholders; (ii) An analysis of economic and climate opportunities for
Washington; (iii) Ways in which carbon dioxide removal might integrate with existing
compliance programs; (iv) Strategies to support industry sectors in integrating carbon
dioxide removal and maximizing federal funding; (v) Recommendations for monitoring,
reporting, and verification standards to ensure carbon dioxide removal technologies may
be compared; and (vi) Consideration of carbon dioxide removal accounting mechanisms
that account for varying durability of different approaches.”

This Carbon Dioxide Removal Evaluation Study completed for Ecology and in consultation with
Commerce aims to support Washington Legislature in assessing the extent of CDR required to
meet statutory emissions reduction requirements. Research was conducted to identify key CDR
opportunities, determine how to integrate with existing compliance programs, and recommend
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policies to enhance CDR capacity. Final analysis of this research effort—informed by interested
parties’ engagement—details strategies, recommendations, and potential pathways to achieve
climate action goals.

This comprehensive study is organized into seven sections:

e Analysis of Leading CDR Opportunities

e Integration of CDR with Compliance Programs

e Strategies for Industry Sector Integration of CDR and Maximizing Federal Funding for CDR
e Monitoring, Reporting, and Verification (MRV) Standards

e CDR Accounting Mechanisms

e Interested Party Outreach

e Study Outcomes and Recommendations

Each section contains an introduction with background information and research activities
employed to provide a detailed analysis of the extent to which CDR is needed to meet
Washington's statutory emissions limits, defined in RCW 70A.45.020.3
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1.3 Study implications for state strategy

After the 2020 revision of the greenhouse gas emissions limits, set in 2008, Commerce
completed the 2021 State Energy Strategy,* which provides a road map for meeting
Washington’s emissions limits. The 2021 State Energy Strategy® reports a residual 5%, or 5
MMT carbon dioxide equivalent (CO;e), of the remaining emissions in 2050 will need to be,
“balanced by an equivalent amount of biological or geological emissions removal from the
atmosphere.” These residual emissions refer to other non-CO; sources of emissions, such as
methane from agriculture, waste, natural gas leakage, and perfluorocarbons in aluminum
production.

The 2021 State Energy Strategy’s® residual 5% is a modeling assumption, not a result; and
further assumes, “reductions in non-CO, emissions are possible, the solutions are highly
uncertain.” Further analysis of non-CO; source emissions by Net-Zero Northwest Technical
Report,” using an U.S. Environmental Protection Agency (EPA) supply curve of mitigation
potential,® identified maximum achievable reductions of non-energy, non- CO, gases emission
at 11.6 MMT. This modeling suggests a gap between the 5% residual identified in the

2021 State Energy Strategy*Error! Bookmark not defined. and the identified non-CO»
greenhouse gas mitigation potential noted above, leaving about 6.8 MMT CO; of greenhouse
gases to be addressed. Both greenhouse gas models suggest a deficit in Washington’s ability to
implement reduction measures sufficient to achieve the statutory limit, with a range between
5.0-11.6 MMT CO..

Bridging this gap will require CO.e removal, which will involve both emissions abatement and
other methods of carbon dioxide removal. CDR is essential for offsetting difficult-to-reduce
greenhouse gas emissions.

4 https://www.commerce.wa.gov/energy-policy/state-energy-strategy/

5 Evolved Energy Research. Net-Zero Northwest Technical Report. 2023. https://www.nznw.org/files/energy-
technical-report

6 U.S. State-level Non-CO2 GHG Mitigation Report. https://www.epa.gov/global-mitigation-non-co2-greenhouse-
gases/us-state-level-non-co2-ghg-mitigation-report
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2.0 Carbon Dioxide Removal Technologies

2.1 Analysis of leading carbon dioxide removal
technologies

To meet Washington’s state emissions limits (defined in RCW 70A.45.020),3 based on the
decarbonization pathways analysis and modeling, included in the 2021 State Energy Strategy,*
a combination of emissions reduction, removal, and sequestration methods will be needed for
at least 5% of Washington’s 1990 baseline emissions by 2050.

As illustrated below in Figure 1, for this study, carbon dioxide removal refers to an active
process, whether technological or nature-based, that removes CO, directly from the
atmosphere and secures it through long-term storage. Carbon sequestration, by comparison,
refers to the durable storage of carbon, which may originate from direct atmospheric removal
(as in CDR processes) or from point-source capture at industrial facilities or power plants. While
there can be significant overlap between sequestration and removal in some methodologies
(e.g., use of engineered wood products as a sequestration approach paired with forestry
management CDR methods), this analysis focuses primarily on permanent or long-term
removal.

CARBON DIOXIDE REMOVAL (CDR) CARBON SEQUESTRATION
Note: In general,

'long-term storage' is
considered

century-scale or longer
by most industry

protocols (e.g.,
Intergovernmental

Panel on Climate

Change, Voluntary
Carbon Market
Integrity Initiative).

An active process that takes CO2 from the Long-term, durable CO2 storage (from
atmosphere and stores it securely long-term. air or industry) to support climate goals.

Figure 1. General overview of carbon removal versus carbon sequestration

The Pacific Northwest region of the United States (U.S.) is known for its diverse ecosystems and
industries, such as forestry, agriculture, and technology. This diversity offers unique
opportunities for a wide range of CDR methods that align with the region’s characteristics and
large corporations operating in Washington.

This study examines the technical feasibility, economic viability, and policy implications of
integrating various CDR opportunities in Washington.
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The leading opportunities are analyzed to include:

e quantifying the CDR potential over time,

e quantifying the carbon storage potential durability over time, in the context of the
definition for “permanent sequestration” in Washington Administrative Code (WAC)
173-407-1107 (99% retention for 1,000 years),

e details about uncertainties, and

e estimated cost ranges per ton of CO,e removed.

These elements collectively provide a comprehensive framework for assessing the viability,
effectiveness and economic implications of each CDR opportunity. CDR opportunities
determined to be relatively less advantageous for meeting Washington’s needs are also
documented, with reasoning for determination provided.

Research used public data from the comprehensive Roads to Removal® study, by Lawrence
Livermore National Laboratory, as a starting source to identify data for Washington.
Additionally, supplemental data was collected as part of a comprehensive approach and
included a thorough literature review and data collection on CDR methodologies and state-
specific characteristics.

In the future, the results of this analysis may be used as an input to economy-wide emission
reduction pathway models to inform comprehensive statewide climate action planning.

For this study, CDR opportunities have been categorized as either Technology-based CDR or
Nature-based CDR, as defined below.

Technology-based CDR refers to engineered methods that capture and sequester atmospheric
or industrial CO,, using mechanical, chemical, or geological processes. These methods are
designed to provide long-term or permanent carbon removal and are often integrated with
industrial systems to enhance scalability and efficiency.

Nature-based CDR leverages natural ecosystems to capture and store CO, through natural
processes (e.g., photosynthesis, biomass storage, mineral weathering). These methods may
provide additional environmental benefits, such as biodiversity protection, improved water
quality, and climate resilience, while supporting long-term carbon sequestration.

7 https://app.leg.wa.gov/wac/default.aspx?cite=173-407-110
8 https://roads2removal.org/
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Table 2. Carbon dioxide removal methods examined in this study

Carbon Storage .
CDR method | C8ron Storage | ¢ 4 o metric FOETIIEL Key
Potential ton CO, Durability Uncertainties

Thousands of

Cost, energy

. . . Permanent .
Direct Air metric ton.s. CO; $200-$600 (geological requirements,
Capture per facility - technology
storage?®)
per year development
. . Technology
g;?sgr?rgg v::}pe 2-10 metric tons Permanent efficiency,
and P CO: per hectare $30 -$400 (geological economic
: per year storage) viability, CO-
Sequestration )
storage risks
Measurement
i , . i accuracy,
Enhanced Rock 0.1-7 metric tons Potentially Ipng reversibility,
) CO: per hectare $50 - $350 term, requires .
Weathering . climate
per year maintenance e
sensitivity,
supply chain
Measurement
0.1-7 metric tons Potentially long- r:\fgrusriiﬁi}’:,
Biochar CO: per hectare $100 - $500 term, requires climate Y,
per year maintenance e
sensitivity,
supply chain
Marine Carbon . Potentia_l to be rce;gj;[l"eemngﬁg
o 1-100 metric $62.3-$144.2 geologically ’
Dioxide gy s technology
tons CO: per (Ocean alkalinity significant,
Removal . development,
hectare per year | enhancement) | varies by mCDR .
(mCDR) ecological
method
concerns
Blue Carbon Variable Climate change
Coastal & 1-10 metric tons de endent,on impacts, human
Marine CO: per hectare $10-$100 P activities,
ecosystem
Ecosystem per year ecosystem
; health 0
Restoration variability
Growth rates,
Forest-based 1-10 metric tons Decades to natural
CDR and CO; per hectare Variable . disturbances,
! centuries
Sequestration per year land-use
changes

* Permanent geological storage implies 1,000+ years of CO, containment, consistent with durability expectations
of centuries to millennia, as referenced in Intergovernmental Panel on Climate Change guidance and international

carbon accounting standards and codified in WAC 173-407-110.7
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2.2 Technological carbon dioxide removal methods

Technological CDR methods are engineered methods that capture and store atmospheric or
industrially produced CO, using mechanical, chemical processes, typically combined with
geologic storage. These methods, such as direct air capture (DAC), and bioenergy carbon
capture and sequestration (BECCS) are designed to provide long-term or permanent carbon
removal and are often integrated with industrial systems to enhance scalability and efficiency.

2.2.1 Direct air capture
Overview

DAC involves capturing CO; directly from the ambient air using chemical processes (Figure 2).
The two most widely used methods isolate the CO; using solid sorbents or liquid solvents. The
CO; stream can then be used or sent to geologic storage underground; typically, either
physically trapped below impermeable rock or injected into geologic formations where carbon
mineralization locks up the CO,. The U.S. Department of Energy supports the development of
DAC technologies for permanent CO; storage.

In solid sorbent DAC, air is passed through chemical sorbents that capture CO;, which is then
concentrated and stored underground. For the sorbent-based capture, the filters chemically
bind with the CO; as the air moves through the material. The filter is then heated or placed in a
vacuum to release the CO; to be stored or used. Solvent-based DAC passes air through chemical
solvents that react and capture the CO,. The solvent-based solution also relies on a
combination of heat and/or vacuum to remove the captured CO,.

.

aa Ja A g gn ga
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N G O O
DS RS OB O DR

Geologic Storage
in Basalt or
Saline Aquifer

Figure 2. Direct Air Capture (DAC)
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Geologic storage

Geologic storage involves injecting CO, underground into suitable underground rock formations
to prevent its re-release into the atmosphere. These rock formations are often deep, salty brine
formations (known as saline aquifers), depleted oil and gas reservoirs, CO-reactive rock
formations, or other geological structures (e.g., deep-sea sediments). In other words, the same
geologic reservoirs that held oil and gas for millennia can help us by storing carbon from the
atmosphere.

Washington exhibits significant geological storage potential for captured carbon, primarily due
to its diverse geological formations. There are two main types of rock formations suitable for
CO, storage: sandstone reservoirs in western Washington and basalt formations in eastern
Washington. Additionally, saline aquifers in west-central Washington provide a third geologic
storage opportunity.

These formations offer promising sites for long-term CO, sequestration, contributing to carbon
capture and storage efforts, aimed at reducing greenhouse gas emissions.

Sandstone reservoirs in western Washington are characterized by their high porosity and
permeability, making them ideal for CO, injection and storage. The substantial storage capacity
of sandstone reservoirs ensures large volumes of CO, can be securely stored underground,
preventing it from re-entering the atmosphere and contributing to climate change. The Jackson
Prairie Gas storage facility in Lewis County exemplifies the effective use of sandstone layers for
gas storage.

The Columbia River Basalt Group, in eastern Washington, provides a unique opportunity for CO,
sequestration through mineralization. When CO, is injected into basalt, it reacts with the rock
to form stable carbonate minerals, effectively locking the carbon away permanently. This
mineralization process adds an extra layer of security, reducing the risk of CO, leakage and
providing perhaps the most secure, long-term storage of carbon among the technologies
evaluated. The extensive and thick basalt formations in this region make them particularly
suitable for large-scale CO; storage, enhancing Washington's capacity to contribute to carbon
capture and storage initiatives. The Columbia River Basalt Group covers over 210,000 km?
across eastern Washington, Oregon, western Idaho, and parts of northern Nevada. The
Centralia-Chehalis Basin in west-central Washington offers significant potential for CO, storage
in deep coal seams and interbedded saline aquifers. The Eocene Skookumchuck Formation coal
seams, buried at depths of 150-500 meters, can store substantial amounts of CO, through
enhanced coalbed methane processes. Interbedded saline aquifers provide additional storage
capacity, with some sandstones exhibiting high porosity and permeability.°

Once injected, geologic storage relies on various physical and mineral-trapping mechanisms to
keep the CO; stored. Each of these mechanisms occurs over different time periods, with
structural trapping occurring the fastest (days) and mineral trapping taking the longest

9 U.S. Carbon Capture Activity and Project Map - CO;, Storage Capacity. (n.d.). Retrieved from Clean Air
Task Force: https://www.catf.us/ccsmapus/

Publication 25-14-066 CDR Evaluation Study - Final
Page 8 Sept. 2025


http://www.catf.us/ccsmapus/

(decades to tens of thousands of years).1° Geologic storage mechanisms have the potential to
hold the CO; for tens of thousands of years.

Carbon storage potential and durability

DAC has the potential to capture thousands of metric tons of CO; per facility per year. These
facilities can be deployed in various locations, independent of emission sources. Since DAC is
removing CO; from the surrounding air, there is almost unlimited potential removal available.
However, because of the concentration of CO; in the atmosphere of about 0.04%,* DAC is
more energy intensive than other removal technologies. The U.S. Department of Energy’s
Regional DAC Hubs Program aims to support the deployment of DAC technologies across
different regions. CO, removed by DAC facilities can be stored underground for permanent and
high-volume storage. Assuming DAC facilities in Washington are paired with permanent
geologic storage, they can achieve high-volume CO; capture and permanent storage. DAC is an
energy intensive process that will require access to low-cost clean energy to be cost-effective
and scalable. Eastern Washington has the combination of clean energy availability with the
potential for additional development combined with the geologic storage potential to support
DAC project implementation.

The CO; captured by DAC can be stored permanently in geological formations. The U.S.
Department of Energy supports the development of DAC technologies for permanent CO;
storage.

Cost considerations

While DAC is currently more expensive than some other CDR technologies with a rough order of
magnitude cost of 200 U.S. dollar (S) to $600 per metric ton of CO; captured, ongoing research
and development are expected to reduce costs. The International Energy Agency highlights the
potential for cost reductions with continued technological advancements. Examples of recent
projects with approximate removal potential and cost include:

e Climeworks Orca Plant: Size: 4,000 metric tons CO; per year; Cost: $15 million; Location:
Hellisheidi, Iceland; Year: 2021. CO;, Sequestration: 4,000 metric tons per year

e Carbon Engineering Pilot Plant: Size: 1 MMT CO; per year; Cost: $500 million; Location:
Squamish, British Columbia, Canada; Year: 2016. CO; Sequestration: 365 metric tons per
year with an estimated future capacity of 1 MMT per year

e Heirloom Carbon Technologies: Size: 1,000 metric tons CO; per year; Cost: $475 million;
Location: Tracy, CA; Year: 2024. CO; Sequestration: 1,000 metric tons per year

10 p, Kelemen, S. M. Benson, H. Pilorgé, P. Psarras, and J. Wilcox, “An Overview of the Status and Challenges of CO,
Storage in Minerals and Geological Formations,” Frontiers in Climate, vol. 1, November 2019, Sec. Carbon Dioxide
Removal.

11 National Energy Technology Laboratory. "Carbon Dioxide 101." Netl.doe.gov.
https://netl.doe.gov/carbon-management/carbon-storage/faqs/carbon-dioxide-101.
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Economic opportunities and co-benefits

One of the biggest concerns about DAC CO; removal presents the largest potential economic
opportunity: energy consumption. The development of DAC together with co-located large-
scale low CO; energy projects (bioenergy with carbon capture and sequestration, solar, wind,
geothermal, nuclear small, modular reactors) can provide the co-benefit of increased clean
energy availability to support other economic development in the region, such as industrial
facilities and data centers.

Assuming DAC facilities in Washington are paired with permanent geologic storage, they carry
the potential to achieve high-volume CO; capture and permanent storage. As an additional co-
benefit, Washington should explore the co-siting of infrastructure to tie injection facilities to
DAC, BECCS, and other CDR facilities, as appropriate.

Concerns

As mentioned previously, the current restraint for DAC development, in Washington and
elsewhere, is the cost related to energy consumption. A summary of overall concerns includes:

e High project costs and overall energy consumption.

e Requires continued research and development of cost-effective, efficient sorbents
and storage methods.

e Regulatory considerations, including obtaining permits, ensuring environmental protection,
and adhering to safety standards. Understanding, applying, and complying with federal,
state, and local regulations may require unique application of regulations and
communication with and education of regulators.

e As with all new CDR methodologies, there are concerns about durability until the
technology is proven. Theoretically, underground storage of DAC carbon in saline aquifers
and/or basalt geologic formations is one of the most durable storage methods.

In the interest of addressing local community concerns and advancing environmental justice, it
is also essential to coordinate with and actively engage local communities where DAC projects
are planned for development. There have been significant community safety concerns
expressed related to injecting and storing captured CO; underground, as well as the
transportation of CO; via pipelines. Ensuring that Washingtonians are meaningfully informed
and educated about both the possible environmental and social impacts of these technologies
and the potential benefits—such as climate mitigation and local economic opportunities—is
critical to the feasibility of bringing DAC development to scale. Efforts to conduct significant
local outreach, particularly in frontline communities, will empower communities to participate
in decision-making processes that affect their health, livelihoods, and environment.

Overview

BECCS is the production of bioenergy—renewable energy that comes from biological sources
like organic matter or biomass—coupled with the harvesting and subsequent storing of CO;
(Figure 3). This storing of CO2 can be underground, in oceans, or in forests. The process involves
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capturing CO; from bioenergy processes and storing it in geological formations. The carbon
from the biomass is extracted from the bioenergy process and then captured and permanently
stored. Like DAC, the post-combustion, carbon-capture process uses solvents to isolate the CO;
from the flue gas.

The main difference between power generation with carbon capture and BECCS lies in the
source of the carbon dioxide and the overall impact on atmospheric CO; levels. Power
generation with carbon capture and storage (CCS) involves capturing CO, emissions from fossil
fuel power plants and storing underground, which reduces emissions but does not remove
existing atmospheric CO,. In contrast, BECCS uses biomass to produce energy, captures the CO,
released during this process, and stores it underground. In Washington, biomass may be
agriculture byproduct, forestry byproduct, or plants and/or trees grown specifically for BECCS.
The use of byproducts is preferred, as it does not take land out of production for other uses.
Since the CO; captured by BECCS was originally absorbed from the atmosphere by plants, it
results in a net reduction of atmospheric CO; levels, making BECCS a carbon-negative process.!?

Biomass is converted into energy, and the resulting CO, emissions are captured and stored
underground, preventing entry into the atmosphere. Typically, biomass can be converted to
energy by combustion, gasification, or pyrolysis, a chemical process where organic materials are
broken down by heat in the absence of oxygen. Combustion involves burning the biomass to
produce heat; therefore, generate electricity.

Gasification is the process of heating the biomass with partial oxidation or by pyrolysis, both
result in breaking down the material into a syngas.

As with DAC above, Washington exhibits significant geological storage potential for BECCS
captured carbon. Sandstone reservoirs in western Washington and basalt formations in eastern
Washington, together with saline aquifers in west-central Washington, provide opportunities
for geologic storage of captured carbon across Washington.

12 Consoli, C. (2019). “Bioenergy and Carbon Capture and Storage.” Global CCS Institute.
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Geologic Storage
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Figure 3. Bioenergy with Carbon Capture and Sequestration

Carbon storage potential and durability

BECCS can capture significant amounts of CO,, depending on the efficiency of the bioenergy
process and capture technology. BECCS technology is also highly scalable as the technology
advances with the limitations being sustainable feed stock supply and storage capacity. It is
estimated BECCS can result in the capture and storage of 2 to 10 metric tons CO;, per hectare,
per year. Much like DAC, the CO, captured by BECCS is stored in geological formations,
providing permanent sequestration. The U.S. Department of Agriculture (USDA) highlights the
role of BECCS in achieving long-term carbon storage.

Cost considerations

As with DAC, cost is one of the biggest limitations to utilizing biomass as an energy source. With
new, more efficient generation designs combined with the economic co-benefit of utilizing
byproduct, where possible, and carbon capture, BECCS is becoming more cost-competitive and
the production of energy from biomass is likely to increase, and a significant level of carbon
storage can emerge. Sourcing biomass and locating bioenergy facilities near storage locations
can reduce transportation costs and related CO, emissions.

BECCS provides the added benefit of renewable energy production, which can offset some of
the costs associated with carbon capture and storage. The USDA emphasizes the dual benefits
of BECCS in energy production and carbon sequestration. Implementation of BECCS is
estimated to cost between $30 and $400 per metric ton of CO,. The wide variability is
attributable to the location of bioenergy feed stock and CO; storage that will impact
transportation cost, and net CO, removal. Examples of recent projects with approximate
removal potential and cost include:
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e Drax BECCS Project: Size: 8 million metric tons CO; per year; Cost: $2 billion; Location: North
Yorkshire, United Kingdom; Year: 2018. CO;, Sequestration: 8 million metric tons per year,
when complete®3

e lllinois Industrial CCS Project: Size: 0.5 million metric tons CO; per year; Cost: $207 million;
Location: Decatur, lllinois, United States; Year: 2012. CO; Sequestration: 0.5 million metric
tons per year4

Economic opportunities and co-benefits

BECCS can provide cost competitive renewable energy while removing and permanently storing
CO,. Forestry and agricultural residue can be used as the source of biomass for energy
providing the co-benefits of disposing of unwanted biomass and reducing fire-fuel wood in
forests and agricultural lands. Using forestry residue will not only result in energy generated
with carbon negative technologies but also create value-added uses for forest residue and yard
debris — two feedstocks are associated with wildfires. As mentioned above, the location of
feedstock, generating facility, and storage location are critical to minimize transportation cost
and emissions that can reduce the CDR efficiency and cost effectiveness of the project.

Washington has strong synergies for potential BECCS projects. BECCS can complement forest
health treatments by using biomass that would otherwise be left to decay or contribute to
wildfire risks. Washington has abundant biomass resources from forest thinning and
management methods, which can be sustainably harvested for bioenergy production.

The Forest Inventory and Analysis data indicate Washington and Oregon host 5.17 billion metric
tons of carbon stored in woody biomass, while California has 2.36 billion metric tons.?®
Assuming BECCS facilities in Washington are paired with permanent geologic storage, they carry
the potential to achieve high-volume CO; capture and permanent storage.

As an additional co-benefit, Washington should explore the co-siting of infrastructure to tie
injection facilities to DAC, BECCS, and other CDR facilities, as appropriate. Address prevalent
community concerns about the siting and safety of geologic storage projects.

Concerns

The effectiveness of BECCS depends on the efficiency of both the bioenergy process and the
CO; capture and storage technology. Implementation is limited by the same storage
locations/capacity issues as DAC. Additionally, BECCS is limited by source and availability of
feedstock. There is concern that transitioning land to bioenergy crops to increase BECCS can
result in deforestation. The United Nations Framework Convention on Climate Change

13 Drax. 2022. "Drax Submits Plans to Build World’s Largest Carbon Capture and Storage Project." Drax UK, July
2022. https://www.drax.com/uk/press release/drax-submits-plans-to-build-worlds-largest-carbon-capture-and-
storage-project/.

14 McDonald, Scott, and Biofuels Development Director. 2017. "lllinois Industrial Carbon Capture & Storage Project
Eliminating CO2 Emissions from the Production of Biofuels - A '‘Green' Carbon Process." Bioeconomy 2017.
https://www.energy.gov/sites/prod/files/2017/10/f38/mcdonald bioeconomy 2017.pdf.

15 Crotty, Sinéad, D. A. 2023. "Synergies Between BECCS and Forest Health Treatments in the Western U.S." Carbon
Containment Lab.
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estimated that BECCS can only provide 15% to 25% of the total carbon removal required
worldwide by 2100.

BECCS is subject to the same regulatory considerations as DAC relating to the capture,
transport, and storage of CO, underground. BECCS is also subject to air-quality and emissions
regulations and potential regulations surrounding feedstock collection, transport, and storage.

To address prevalent community concerns about the siting and safety of geologic storage
projects, development of BECCS facilities must consider the same community and
environmental justice concerns as development of DAC facilities. Ensuring that the public is
meaningfully informed about both the possible environmental and social impacts and benefits
of these technologies is critical to bringing BECCS development to scale. Efforts to conduct
significant local outreach, particularly in frontline communities, will empower communities to
participate in decision-making processes.

Enhanced rock weathering (ERW) builds on a natural part of our climate system. As rocks are
worn away by rain or “weathered,” they release elements like calcium and magnesium.
Meanwhile, CO; in the air goes through other natural reactions to become carbonic acid (found
in rain) or bicarbonate (found in the ocean). When these different compounds meet, they join
to form new rocks, like calcium carbonate, better known as limestone. ERW in Washington uses
volcanic rock, such as basalt, crushed into a fine gravel or dust and applied to the top 15
centimeters of agricultural soils. The crushed rock, due to its large surface area, interacts easily
with soil water to shed minerals, such as calcium and magnesium, and absorbs carbon dioxide,
becoming carbonate minerals. The carbonate minerals either wash from fields and become
stored in the ocean or aggregate to form rocks on land.

Carbon storage potential and durability

Durability of carbon storage is very high with ERW. ERW creates soil carbonates that remain
stable unless exposed to a few conditions. Nitrogen applied to soils may neutralize carbonates
and release carbon dioxide back to the atmosphere.

Carbonates that wash from fields into high alkaline riverine or estuarine environments may
result in carbonate precipitates that later release carbon dioxide. Studies to estimate such
losses are sparse, but estimates are as high as 20% loss in high-alkalinity rivers in the United
Kingdom.1®

The amount of carbon storage varies by soil type. Small and large test-plot results!’ indicate 13
metric tons of basalt results in 1 metric ton CO; removal in soybean-corn crop rotations,

6 Harrington, K. J., R. G. Hilton, and G. M. Henderson. 2023. "Implications of the Riverine Response to Enhanced
Weathering for CO2 Removal in the UK." Applied Geochemistry 152: 105643. Retrieved April 2025.
https://www.sciencedirect.com/science/article/pii/S0883292723000884?via%3Dihub.

17 Kantola, I. B., et al. 2023. "Improved Net Carbon Budgets in the US Midwest Through Direct Measured Impacts of
Enhanced Weathering." Global Change Biology 29 (24): 7102-7028. Retrieved April 2025.
https://doi.org/10.1111/gcb.16903.
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possibly increasing over time from a 13:1 to a 7:1 ratio in soil model forward predictions'®
lasting decades into the future. A study to estimate ERW CO; removal at scale for row-crop
production in Washington is not available. Based on research studies'®'® and assumptions of 40
metric tons applied to all 1.05 million hectares in row-crop production in Washington, a rough
estimate for the maximum carbon dioxide removal is a range of 3.9 MMT to 6.3 MMT per year,
a rough estimate across more than 1 decade, low-end, is 30 MMT CO; removal.

The combination of biochar and EWR application may result in carbon-reduction synergies and
is a subject of ongoing research.

Cost considerations

ERW production and implementation rely entirely on existing technologies that can be
deployed immediately. A recent ERW carbon dioxide reduction project!® began implementation
in 2024 with an estimated carbon dioxide reduction during 2024 — 2028 of 154,240 tons CO,.
Rock crushers, rock haulers, and field spreaders are the primary technologies, keeping capital
costs very low or nonexistent. ERW production incurs costs for rock procurement,
transportation, labor, energy, registry, and verification. Perhaps the verification technology is
the only ERW technology in need of refinement and testing at scale.

Concerns

ERW uncertainties are small for production and application, since existing technology is
suitable, requiring little, if any, technological demonstration and capital investment. The
primary concern for production may be that mining, grinding, and transporting rock require a
significant amount of energy, most of which comes from climate-polluting fossil fuels.
Enhanced weathering needs to be careful to remove more CO; than it creates. The ability for
the crush process to use renewable energy and using low carbon fuels for transport and
application can prevent undermining ERW carbon reduction by fossil fuel emissions during ERW
production. Another concern is the ability to identify quarry locations near agricultural
application sites to minimize transport. Verification is likely a more substantial risk, as standard
procedures do not exist for tracking the fate of carbonate transport.

One way to reduce the risk of miscalculating ERW carbon reduction is to support an analysis of
landscape, riverine, and coastal features that present risks, ensuring carbonates reach the
expected locations for permanent storage.

It is important to coordinate and educate local communities where ERW projects are located to
inform and educate the public on the benefits and impacts of CDR. This will encourage
communities to participate in decision-making processes.

18 Beerling, D. J., et al. 2025. "Transforming US Agriculture for Carbon with Enhanced Weathering." Nature 638:
425-434, Retrieved April 2025. https://doi.org/10.1038/s41586-024-08429-2.

19 Lithos. 2023. "Frontier Makes Largest Carbon Removal Purchase from Lithos Carbon." Retrieved April 2025.
https://carbonherald.com/frontier-makes-largest-carbon-removal-purchase-from-lithos-carbon/.
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Biochar is produced as high-carbon content material and processed at high temperature (above
350°C) with zero- or low-oxygen, a process called pyrolysis. Carbon in pyrolysis does not burn or
release from the material, while other molecular components transform from solid to gas and
leave the material as synthetic gas (syngas). The products during and after pyrolysis are biochar,
typically a dark or black solid, including carbon material and low-grade syngas. Biochar may
remove CO; as it is stored through incorporation into industrial material and agricultural soils
and buried in closed mines. The largest biochar storage capacity in Washington is within
agricultural soils. Biochar carbon is sequestered in the soil by adding biochar to shallow soil,
typically the top 15 centimeter of the soil layer, in forms resistant to decomposition and
subsequent release into the atmosphere as carbon dioxide.

Carbon storage potential and durability

Durability of carbon storage is very high with biochar but is dependent on end fate. Burials in
mines or below ground surface may result in no loss of carbon from stored biochar unless the
storage container is breached. For incorporation into industrial material and soil, the
temperature at which biochar is produced sets the fraction of biochar that may undergo
oxidation and release back into the atmosphere as CO,. At higher temperatures (>550° C), the
hydrogen to carbon ratio is less than 0.7 and less biochar is potentially oxidized. Biochar carbon
remaining after 100 years is estimated to range from 80% to 90% of the carbon in the initial
biochar application.

The amount of biochar carbon storage also depends on end fate. The production of 1 metric
ton of biochar potentially removes 4 to 4.5 metric tons of CO;e. The storage potential is lowest
for incorporation into industrial material (much less than 0.1 metric ton CO; per year per site),
highest for incorporation into soil (0.1 — 7 metric tons CO; per year, per hectare), and in
between for underground storage (0.1 — 1 metric tons CO; per year, per site). For underground
storage, the amount of biochar carbon storage is limited by proximity of biochar feedstock to
the storage location. For incorporation into soil, the annual carbon storage capacity varies for
the soil type and number of acres available; however, application of biochar can exceed storage
capacity as oxidation of biochar reduces the biochar content (10% to 20% loss before 100 years)
and needs replenishment to maintain storage at capacity. The range possible from soil
incorporation is large, between 0.1 and 7 metric tons CO; per year, per hectare, because the
size of agricultural land and soil quality varies greatly across production systems for vegetables,
vineyards, and row-crop production. The Washington State University report?° on potential
drawdown of CO; through biochar soil storage provides a reasonable assumption for the
conditions under which the upper end of soil storage potential is achieved. The assumption in
Washington considers only the row-crop production (wheat, corn, barley) and uses 50 metric
tons in the top 15 centimeters for soil capacity of biochar carbon. The estimate of carbon
dioxide reduction from biochar application on every hectare of row-crop production at the

20 Amonette, J. E. 2021. "Technical Potential for CO2 Drawdown Using Biochar in Washington State." Retrieved
from Washington State University in April 2025. https://wpcdn.web.wsu.edu/cahnrs/uploads/sites/44/Technical-
Potential-for-CO2-Drawdown-Using-Biochar-in-Washington-State final-2.pdf.
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upper end (7 metric tons CO; per year per hectare) results in biochar carbon soil storage
capacity of 182 MMT (803 MMT COze removal) over the next 100 years.

The combination of biochar and EWR application together may result in carbon-reduction
synergies and is a subject of ongoing research.

Cost considerations

Several biochar technologies exist and may be used at different scales of biomass processing
with different levels of cost. Biochar production incurs costs of capital, biomass procurement,
transportation, labor, energy, facility maintenance, compliance permits, registry, and
verification. Small-scale (up to 10,000 metric tons of dry biomass processed per year) biochar
production costs primarily come from biomass procurement and labor with overall costs
typically in the range of $300 to $500 per metric ton CO, removal. Large-scale (more than
100,000 metric tons of dry biomass per year) biochar production costs have extensive capital
cost, but with continuous throughput, the overall costs range $100 to $200 per metric ton CO>
removal. Biochar production costs may be offset by either recycling waste heat or by recycling
or marketing the coproduct syngas. Biochar production is unique among carbon dioxide
reduction technology in producing a marketable coproduct.

Concerns

Biochar concerns include market size, market price stability, feedstock cost, measurement and
verification, and supply chain stability. Current market demand in Washington does not support
full production capacity of biochar, as evidenced by biochar facility closures. Nationally, biochar
production has grown rapidly since 2021. The 2023 biochar market report from the
International Biochar Initiative and U. S. Biochar Initiative?! estimates, across North America,
the biochar production has increased from approximately 50,000 to 150,000 metric tons
between 2021 and 2023.

Biochar production currently serves several established markets and one emerging market. The
primary market, consuming, according to the 2023 biochar market report, an estimated 80% of
biochar production, is the agriculture and horticulture industry, for which, biochar is used as a
soil amendment to improve water holding capacity and nutrient uptake. Smaller established
markets include water filtration, landscaping, building materials, and cosmetic materials. An
emerging market is the voluntary carbon credit market. The 2023 biochar market report also
estimates from biochar production facility surveys that approximately 25% of biochar
production receives some carbon credit revenue, but only 5% of production receives most of its
revenue from carbon credits.

The primary demand driver of production expansion is soil improvement in support of
horticulture, viniculture, and industrial hemp. Further support for expanding agricultural use of
biochar in commodity cropland, like wheat and corn production, may come from the

U.S. Department of Agriculture Natural Resources Conservation Service practice code 336 (Soil

21 US Biochar Initiative and International Biochar Initiative. 2024. "2023 Global Biochar Market Report." Last
retrieved April 2025. https://biochar-us.org/2023-market-report.
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Carbon Amendments) and code 384 (Woody Residue Treatment). The amount of biochar to
support code 336 and code 384 is limited by the appropriated dollars to the Natural Resources
Conservation Service programs. Acre enrollment in code 336 since practice inception (originally
called code 808) in Federal Fiscal Year 2021 is 17,000 acres at a cost of $5 million. In 2025, code
336 payment schedule for biochar ranges $500 to $1300 per acre in Washington.
Approximately 3 metric tons biochar carbon per acre is required to build soil carbon, so the
payment range is $37 to $96 per metric ton COze removal.

Market demand and price stability likely will require state-level support. Significant biochar
production expansion to address the Washington statutory carbon reduction residual would
over-supply demand for both the primary market of biochar soil amendment and emerging
market of voluntary carbon credits, resulting in downward pressure on prices. Furthermore,
federal program funding levels, such as Natural Resources Conservation Service and Fertilizer
Production Expansion Program, face existential and lingering uncertainty.

The value chain contains several uncertainties and risks.?? The scale of supply chain logistics
from feedstock generation and preparation, transportation, and processing at the biochar
production facility as well as the scale of measurement and verification have not been
demonstrated. Consideration should be given to the availability of transport, drivers, and low-
carbon transportation fuels. At the biochar production facility, feedstock storage risks, such as
fire potential and feedstock decomposition, should be considered as well as production risks,
such as availability of parts, should production failures occur and the ability of supply chain to
absorb a production outage or execute elsewhere. Finally, risks to application and verification
at scale should be considered, including technical assistance and labor support for application
and technology development for soil carbon content monitoring and verification.

Again, it is important to coordinate and educate local communities where biochar projects are
located to inform the public of the benefits and impacts of this technology, to encourage
communities to participate in decision-making processes.

22 Amonette, J. E., et al. 2021. "Biomass to Biochar: Maximizing the Carbon Value." Report by Center for Sustaining
Agriculture and Natural Resources, Washington State University, Pullman WA. Retrieved April 2025.
https://csanr.wsu.edu/biomass2biochar/.
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2.3 Nature-based carbon dioxide removal methods

Nature-based CDR methods increase the ability of natural ecosystems to capture and store CO,
through processes like forest and tidal marsh restoration, soil carbon enhancement, and coastal
habitat conservation and resilience improvements that reduce vulnerabilities associated with
sea level rise. These methods may provide environmental co-benefits, such as biodiversity
protection, fish and wildlife habitat, improved water quality, and climate resilience, while
supporting long-term carbon sequestration.

Marine Carbon Dioxide Removal (mCDR) encompasses a range of strategies that can leverage
natural oceanic processes to sequester atmospheric CO,. Key methods include ocean alkalinity
enhancement, blue carbon coastal restoration, and seaweed cultivation and sinking (often
discussed as macroalgae cultivation in mCDR studies). Typically, mCDR applications focus on a
combination of seawater chemistry enhancement, natural carbon sequestration of marine
plants and organisms, and use of seabed sediments to sequester CO,. Additionally, mCDR may
provide co-benefits, such as mitigating ocean acidification, enhancing biodiversity, and
supporting coastal resilience.

In Washington, where there are extensive coastal ecosystems and active marine industries
along the Pacific Coast, mCDR presents potential opportunities to complement terrestrial CDR
strategies as well as obstacles. For this study, nature-based mCDR methods have been
categorized into four general categories:

e Ocean alkalinity enhancement: Ocean alkalinity enhancement involves adding alkaline
minerals—such as ground silicates or carbonates—to seawater to increase its pH. This
adjustment enhances the conversion of dissolved CO, into stable bicarbonate and
carbonate ions, which remain sequestered in the ocean for centuries. Under ideal chemical
conditions, these ions may also precipitate as solid carbonate minerals that settle into
seafloor sediments, further locking away carbon and effectively augmenting the ocean's
capacity as a long-term carbon sink.

e Seaweed cultivation and sinking: Seaweed, or macroalgae, cultivation and sinking entails
the large-scale farming of seaweed to capture and store CO; through the plant’s natural
photosynthetic processes. The resulting biomass can either be naturally sunk or harvested
and intentionally sunk to sequester carbon in deep ocean sediments, where it remains
locked away for varying durations. Alternatively, the biomass can be processed into stable
carbon forms, such as biochar, which can then be sequestered via geologic storage or
incorporated into construction materials to enhance their carbon neutrality.
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e Blue carbon coastal restoration: Blue carbon restoration focuses on creating and
rehabilitating coastal ecosystems (e.g., salt marshes, tidal wetlands, and seagrass beds) that
remove CO; from the atmosphere via photosynthesis to support plant growth and reduce
methane emissions by increasing inundation of saline water. These ecosystems store plant
carbon in aboveground biomass (trees) and in underlying sediments (marshes, seagrasses)
for extended periods (100s to 1,000s of years). In addition, intertidal saline wetlands export
dissolved inorganic carbon to the coastal ocean, a process known as lateral flux of CO,,
which can make a substantial contribution to net coastal carbon flux.?> Of the mCDR
methods evaluated, blue carbon coastal restoration is considered the most extensively
researched and operationally established method.

e Other: Emerging mCDR methods that, while promising in theory, have not yet reached the
level of development or scale needed for immediate application in Washington. This
category includes methods such as microalgae cultivation, ocean fertilization,
electrochemical mCDR techniques, and sub-seafloor geologic CO, storage. Although these
technologies currently face significant technical, environmental, and economic
uncertainties, they represent potential future pathways for mCDR. Evaluation of these
alternative methods in this study are limited to discussion of theoretical benefits and
current limitations. Research gaps, necessary to determine their viability as part of a
comprehensive decarbonization strategy, are also briefly presented. These other mCDR
methods have not been evaluated for the purposes of this study, due to the lack of peer-
reviewed, evidence-based research and available data. Some mCDR methods, which may
have future applications in Washington, are briefly summarized in Section 2.4 Assessment
of carbon dioxide removal methods with limited applicability in Washington.

With respect to citing mCDR projects, it is important to note, projects will need to be
established within the United States Exclusive Economic Zone, which extends up to 200 nautical
miles from the coastline. While costs and additional resources necessary to maintain any
project beyond the 200-nautical-mile mark would likely eliminate the project site from
consideration, the London Convention and its Protocol?* would also be an additional limiting
consideration. The London Convention is an international agreement governing the deliberate
disposal or dumping of materials into the deep ocean. The Protocol governs the deliberate
disposal of materials into the deep ocean and imposes strict requirements on ocean fertilization
methods, which would impose additional constraints and environmental assessment
obligations if projects were to venture into deeper waters. The Protocol would apply to both
biomass sinking and alkalinity enhancement projects.

2 Wang, Z. A., Kroeger, K. D., Ganju, N. K., Gonneea, M. E., and Chu, S. N. 2016. "Intertidal Salt Marshes as an
Important Source of Inorganic Carbon to the Coastal Ocean." Limnology and Oceanography 61: 1916-19

24 Convention on the Prevention of Marine Pollution by Dumping of Wastes and Other Matter 1972,
https://www.imo.org/en/OurWork/Environment/Pages/London-Convention-Protocol.aspx
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Figure 4. Ocean-based carbon dioxide removal methods
Illustration by Ocean Visions ©2023, licensed under CC BY-NC-ND 4.0

2.3.1.1 Ocean alkalinity enhancement
Overview

Ocean alkalinity enhancement (OAE) is the process of adding processed alkaline minerals to
seawater to increase the water’s pH, allowing for improved conversion of dissolved CO,. Also
referred to as “ocean liming,” minerals, such as limestone, olivine, or basalt are used to
improve the water’s capacity to absorb and store atmospheric CO, through surface application
of minerals at sea or applied to beaches and coastal areas where minerals are pulled into the
ocean through wave and shore interactions and runoff.

In Washington, basalt is widely available, due to extensive surface exposures from the Columbia
River Basalt Group, and is considered the most accessible and locally sourced candidate for
ocean-alkalinity enhancement demonstrations, despite its slower dissolution rate. Olivine,
while more reactive, is less abundant and harder to mine in the region, limiting its near-term
feasibility.

Once in the ocean, the alkalinity of the ocean water rises to convert CO,, dissolved into more
stable bicarbonate, and carbonate ions, which have potential to remain stored in the ocean for
centuries.
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Figure 5. General illustration of ocean alkalinity processes
Illustration by Ocean Visions ©2023, licensed under CC BY-NC-ND 4.0

The process essentially amplifies the naturally existing, long-term inorganic carbon cycle in
which minerals are slowly weathered over time by natural processes and eventually
transported to the ocean through runoff. This long-term cycle has been demonstrated to
globally sequester billions of tons of CO, annually?> under the most ideal conditions, when
deployed at large-scale. This estimate only represents gross uptake potential. It does not
account for baseline uptake or life-cycle emissions associated with technologies.?®

Ocean-based demonstrations of OAE, to date, do not offer enough data on costs, ecological
impacts, or required resources to fully evaluate OAE’s applicability in the Pacific Northwest,
where basalt is both relatively abundant and occurs in accessible deposits.

Additionally, there are significant regulatory hurdles related to ocean fertilization and
geoengineering that need to be overcome to further evaluate OAE’s true sequestration
capabilities.

Carbon storage potential and durability

Storage of CO, in open-ocean waters, through OAE processes, can exhibit significant variability,
largely governed by the unique physical, chemical, and biological characteristics of each water

25 Ciais, P., Sabine, C., Bala, G., Bopp, L., Brovkin, V., Canadell, J., et al. 2013. "Carbon and Other Biogeochemical
Cycles." In Climate Change 2013: The Physical Science Basis. Contribution of Working Group I to the Fifth
Assessment Report of the Intergovernmental Panel on Climate Change, 465-570. Cambridge: Cambridge University
Press.

26 Bach, L. T. 2024. "The Additionality Problem of Ocean Alkalinity Enhancement." Biogeosciences 21: 261-277.
https://doi.org/10.5194/bg-21-261-2024.
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column. In particular, the durability of carbon sequestration via OAE depends on the capacity of
a regional marine environment to maintain elevated levels of stable bicarbonate and carbonate
ions over long periods.

In Washington, the naturally cooler and well-mixed coastal waters provide advantageous
settings for OAE. The dynamic circulation patterns and lower temperatures help sustain the
chemical equilibria needed to convert and lock CO, into stable, dissolved inorganic carbon
forms. These conditions favor the persistence of bicarbonate and carbonate ions, limiting their
precipitation into solids, enhancing overall sequestration.

Under modeled scenarios, carbon stored through OAE, is projected to remain sequestered for
time frames ranging from centuries to millennia. This extended durability places OAE on par
with other established carbon removal pathways, including terrestrial sinks, in terms of long-
term storage reliability. However, while laboratory experiments and small-scale pilot tests have
consistently demonstrated increased alkalinity can accelerate CO, uptake, there remains a
notable gap in data concerning region-specific performance—especially in Pacific Northwest
settings. The limited number of pilot studies conducted in environments analogous to
Washington’s coastal waters means that further research is required to validate these modeled
outcomes and to refine our understanding of localized process dynamics.

Moving forward, incorporating regionally tailored oceanographic models and in situ monitoring
will be critical. Such efforts will not only improve estimates of CO, uptake and permanence but
also help identify potential ecological or chemical feedback unique to the Pacific Northwest.
Enhanced monitoring protocols and integrated life-cycle assessments can further ensure the
net-carbon removal benefits of OAE are robust and sustainable, when applied at commercial
scales.

Cost considerations

As noted in the Roads to Removal® study, there is limited data currently available on the costs
of ocean-based projects, including OAE. Improved understanding of OAE costs requires
comprehensive cost analysis to address multiple interrelated factors, from material sourcing to
long-term monitoring.

While estimates can vary widely based on local conditions and project design, key cost
considerations for OAE projects in the Pacific Northwest would include:

Material sourcing and processing: OAE projects require strategic procurement of alkaline
minerals (basalt or olivine), which are critical for the liming process that increases the
overall regional seawater alkalinity. The costs associated with these materials depend
heavily on their availability and on the quality or purity of the mineral. Additionally, once
procured, these minerals typically need to be processed into fine, reactive powders through
energy-intensive milling or grinding operations. Establishing processing facilities, therefore,
represents a significant capital and operational expense that must be weighed against the
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projected carbon removal benefits. Additionally, the dissolution of olivine can release trace
metals like nickel and chromium, which may have ecological implications.?”

e Transportation and deployment logistics: Transporting minerals once acquired and
processed to Washington’s coastal deployment is a primary logistical consideration
involving specialized vessels or barges to move large volumes of material safely and
economically,? all while navigating potentially challenging coastal waters. The deployment
itself may require custom-designed equipment, such as pumps and dispersal systems,
engineered to distribute the minerals effectively over targeted ocean areas. Optimizing
shipping routes and equipment designs to minimize expenses and reduce supply chain
emissions that lower overall decarbonization scores for individual projects, will be critical to
cost reduction and overall operational performance.

e Research, development, and operational expenses: Given OAE is widely considered an
experimental approach to decarbonization, pilot projects, to evaluate effectiveness and
specific scalability for Washington, will inherently involve higher research and development
expenses compared to the commercialized operations of more established methods.
Significant investment will be needed to design, test, and optimize mineral deployment
methods, as well as to develop custom monitoring systems and predictive models tailored
to Washington’s coastal conditions. These research and development costs are
compounded by ongoing operational expenses for specialized equipment operations and
maintenance, periodic recalibration of monitoring instruments, and labor. Additionally,
comprehensive life-cycle assessments must be conducted to ensure that the entire
process—from mineral extraction to CO, sequestration—results in a net reduction in total
atmospheric carbon that justifies the project’s economic viability and ensures no ecological
damage.

e Cost per metric ton of CO; removed: Achieving a competitive cost per metric ton of CO,
removed is essential for the project's commercial viability and for wider integration of OAE
methods into emerging carbon markets where price sensitivity will drive market demand for
offsets. Cost calculations will need to account for operational scale (i.e., pilot projects tend
to incur higher per-unit costs) and development and deployment costs associated with new,
specialized equipment and other technologies. Limited studies that evaluate costs suggest,
with optimization (i.e., ideal siting of mineral processing sites, use of reclaimed minerals
compared to current mining operations, energy efficiency considerations, and limiting
transportation distances), costs for OAE could be relatively comparable to the most efficient
direct air capture technologies.?® Renforth and Kruger (2013) presented a comparison of
financial costs of a variety of ocean alkalinity methods documenting costs ranging from
$62.3 per metric ton of CO; removed to $144.2 per metric ton, where costs varied based on

27 Bach, L. T., Gill, S. J., Rickaby, R. E. M., Gore, S., and Renforth, P. 2019. "CO2 Removal With Enhanced Weathering
and Ocean Alkalinity Enhancement: Potential Risks and Co-benefits for Marine Pelagic Ecosystems." Frontiers in
Climate 1-21. https://doi.org/10.5194/bg-21-261-2024.

28Harvey, L. D. D. 2008. "Mitigating the Atmospheric CO2 Increase and Ocean Acidification by Adding Limestone
Powder to Upwelling Regions." Journal of Geophysical Research 113: C04028.
https://doi.org/10.1029/2007jc004373.

2% Renforth, P., B. G. Jenkins, and T. Kruger (2013), Engineering challenges of ocean liming, Energy, 60, 442—452.
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the type of mineral used in the application. The Renforth study also critically points out that
all forms of ocean alkalinity involve additional electric and thermal processing
considerations that will impact OAE’s net sequestration calculations.

By confining OAE methods to near-shore and coastline mineral spreading, rather than open-
ocean deployments, Washington could drastically reduce implementation costs. A near-shore
or coastline focus would lower costs by reducing transportation costs and simplifying the
permitting process.

Beach-based methods should be integrated with existing coastal management and restoration
programs, where they meet Washington’s environmental regulations, provide necessary
benefits, and have been through a community engagement process to obtain feedback. Open
ocean OAE is often seen as a form of geoengineering and will be required to undergo greater
regulatory evaluation to confirm compliance with Washington’s environmental regulations and
could require more robust community involvement and education efforts. Nearshore
applications will require careful environmental assessments and permitting, and actual savings
would be dependent upon site-specific logistics, regulatory frameworks, and interested party
engagement processes.

Economic opportunities and co-benefits

OAE in Washington not only offers carbon removal potential but may offer a range of co-
benefits that align with Washington's economic, ecological, and social priorities. Nearshore
methods have the potential to create significant synergies with existing coastal industries and
restoration programs; whereas open-ocean applications could position Washington as a
pioneer in climate innovation. These co-benefits should be evaluated in feasibility studies or
cost benefit analyses to inform decision-making.

Publication 25-14-066 CDR Evaluation Study - Final
Page 25 Sept. 2025



Table 3. Economic opportunities and potential co-benefits associated with OAE

applications in Washington

Opportunity or

Description of Potential Benefits

Co-benefit

Ocean Acidification Mitigation
Coastal Restoration and
Resilience Integration

Job Creation and Workforce

Development

Rural Economic Development
through Mineral Sourcing

Carbon Credit Revenue
Generation and Innovation

Scientific and Technological
Leadership

Enhances water chemistry to improve conditions for
shellfish and aquaculture, improving growth, increased
survival of shellfish, and reduced industry losses.

Pairing OAE with coastal restoration efforts, such as dune
replenishment and sediment management offers erosion
control, enhanced habitat, improved flood resilience, cost-
sharing with restoration projects.

Generation of new employment in mineral processing,
environmental monitoring, and engineering.

Focused procurement policies to require utilization of
locally available alkaline minerals (e.g., basalt, olivine) for
OAE feedstock could drive economic growth in rural
areas. Local procurement further increases the value of
decarbonization by creating lower-emission industrial
supply chains.

Once projects are established and additionality* has been
achieved, projects may generate carbon removal credits
for sale on emerging voluntary markets. Sale of verified
credits would create an additional revenue stream that
would enable Washington to further invest in
decarbonization projects.

Leverage Washington’s university system, in partnership
with investors and federal research institutions, to
improve access to federal funding and enhance academic
collaboration.

Notes: *Additionality means the project’s carbon removal would not have occurred without the financial
support provided by carbon credits or other climate-related funding.

Concerns

The evaluation of OAE as an emission reduction strategy for Washington reveals the benefits
and complex challenges that must be addressed before OAE approach can be scaled to
commercial levels. While OAE offers a scientifically sound pathway for sequestering CO, over
extended timescales, its broader implementation is hampered by uncertainties in the accurate
guantification of CO, removal and the long-term durability of stored carbon. Critical to this
process is the development of robust monitoring, reporting, and verification systems that can
reliably track changes in ocean chemistry and ensure sequestration is permanent, while
satisfying stringent regulatory requirements.

From a regulatory standpoint, potential pilot projects are constrained by jurisdictional
boundaries and environmental protections. Projects are limited to areas within approximately 3
nautical miles of the coastline (Washington’s Exclusive Economic Zone), while the presence of
the Olympic Coast National Marine Sanctuary further restricts viable sites to the southern half
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of the coast. These limitations necessitate careful site selection to ensure compliance with state
jurisdiction, while optimizing environmental and operational conditions, and minimizing impact
on sediment dwelling fauna (e.g., razor clams).

Additionally, discussion of scaling OAE in Washington must also recognize the sovereign rights
of federally recognized Tribes regarding marine resources. As co-managers of fisheries, Tribes
must be engaged through Government-to-Government consultation before any pilot project
can proceed, and project siting must avoid interference with subsistence, commercial, and
ceremonial harvest zones. Moreover, Tribal fisheries’ management plans often include
habitat-protection measures—such as restrictions on turbidity, sediment deposition, and
water-chemistry alterations—OAE deployments could inadvertently trigger. Nearshore or
beach-spreading operation would need to demonstrate that changes in alkalinity and pH will
not harm juvenile salmonids, shellfish beds, or other culturally and economically important
species.

Economic feasibility remains a significant concern, as the costs associated with mineral
sourcing, processing, transportation, and ongoing environmental monitoring add layers of
complexity to the scaling of OAE. Capital and operational expenses are compounded by the
challenges of navigating federal and state permitting processes, which require comprehensive
environmental impact assessments and extensive interested-party engagement.

Public acceptance is also a critical factor, as open ocean applications, often perceived as
geoengineering, may require more robust community outreach and involvement efforts
compared to nearshore or beach-based methods. Integrating OAE with existing coastal
restoration and management efforts could help alleviate some concerns, yet still requires
transparent communication and inclusive interested party processes.

In summary, while OAE holds substantial potential as part of a diversified decarbonization
portfolio for Washington, significant technical, regulatory, economic, and social challenges
remain. Addressing these concerns through rigorous pilot testing, adaptive management, and
targeted research is essential to unlocking the full potential of OAE as a scalable
decarbonization tool.

2.3.1.2 Seaweed cultivation and deep ocean sinking
Overview

Seaweed (also referred to as macroalgae or kelp) has significant carbon sequestration potential
due to its fast growth, ability to thrive in nutrient-rich waters, and high biomass production per
unit area. The coastal Pacific Northwest provides generally favorable conditions for seaweed
cultivation due to cold temperatures; its nutrient-rich and well-oxygenated waters; sufficient
light in the euphotic zone (0 to 50 meters); and moderate currents which distribute nutrients
and prevent stagnation.

In the Pacific Northwest, giant kelp (Macrocystis pyrifera) and bull kelp (Nereocystis luetkeana)
offer the highest CO, sequestration potential due to their rapid growth and ability to produce
large amounts of biomass. However, Bull kelp requires annual replanting, as it sheds tissue
throughout the growing season, releasing dissolved organic carbon as part of natural sinking
processes.
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For seaweed cultivation, growth in the euphotic zone is considered the ideal depth, given the
light available for photosynthesis, with most aquaculture being completed in the top 5 to 15
meters, where light is strongest. For these reasons, seaweed cultivation in deep-sea
environments is not feasible, meaning carbon sequestration strategies must focus on growing
seaweed in shallow areas and deliberately transporting it to deep-sea sinks for long-term
carbon storage.

The process to use seaweed as an mCDR method involves harvesting seaweed to take
advantage of the seaweed’s natural carbon capture capabilities and transfer the captured
carbon to long-term storage by sinking the biomass to depths below the carbon sequestration
threshold (typically >1,000 meters). Oceanographic conditions will influence how and where
this can be most effectively done. In the case of the Washington coastline, the distance from
shore to where the continental shelf drops to at least 1,000 meters in depth ranges from 35 to
53 nautical miles, well beyond Washington’s jurisdictional waters, which would trigger federal
permitting and other jurisdictional considerations when selecting a sink site.
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Figur 6. United States Economic Exclusion Zone and depth considerations off Washi'ngton's
Pacific coast

This subsection evaluates opportunities for decarbonization support presented by open-ocean
seaweed farming through a combination of cultivation and deliberate sinking, or cultivation and
natural sinking.
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e Seaweed cultivation and deliberate open ocean sinking is the most studied form of mCDR
involving seaweed cultivation. The Pacific Northwest has a narrow continental shelf in
places and deep canyons off the coast, which could facilitate sinking biomass after harvest
into deep basins where decomposition is slow, allowing for long-term sequestration (below
>1,000 meters). In Washington, this would involve transporting biomass that has been
farmed in coastal and nearshore environments to deeper waters for strategic sinking at
depths that result in longer-term storage of CO;, as natural sinking has been shown to have
significantly shorter sequestration durability. To ensure deep-sea sequestration, the
seaweed must be transported below the biological carbon cycling zone, where respiration
and decomposition occur more slowly. This can be done through a variety of processes,
such as waterlogging, weighting with biodegradable materials, and encapsulation.

e Natural sinking is the process in which seaweed, growing either in the open ocean or
coastal areas, naturally detaches and gradually sinks to the ocean floor without human or
industrial intervention to accelerate the process. After detaching, seaweed may float for
days to weeks before sinking, and sinking rates range from 100 to 500 meters per day,
meaning most reach the seafloor within days. This process relies on ambient environmental
conditions and the natural life cycle of the seaweed, leading to uncontrolled biomass
distribution and passive carbon sequestration. This uncontrolled approach to sinking is not
recommended as a decarbonization method because deliberate harvest and sinking allows
for better monitoring, assurance of deeper deposition, and potentially improved storage
permanence compared to the variability associated with natural sinking.

Carbon storage potential and durability

While seaweed cultivation presents an emerging natural method for carbon capture and
biomass production as seaweed absorbs CO; as it grows, the overall emissions associated with
its life cycle are not insignificant. Marine traffic required for farm maintenance, harvesting
operations, and transportation of biomass to processing facilities generates emissions from
vessel fuel consumption. Additionally, large-scale cultivation may necessitate fertilization or
nutrient supplementation, which can introduce upstream emissions from fertilizer production
and application. The energy demands of post-harvest processing—whether for drying,
transporting, or preparing biomass for land-based applications or sequestration—also factor
into the overall carbon balance. These emissions cumulatively reduce the net decarbonization
impact of seaweed biomass utilization, emphasizing the need for low-carbon operational
strategies, such as optimizing transport logistics, incorporating renewable energy in processing,
and developing low-emission marine vessel technologies and more sustainable fuels for marine
vessels.

Estimates suggest that large-scale seaweed cultivation could remove gigatons of CO, annually if
deployed more widely on a global scale. However, the durability of carbon sequestration
depends on the sinking depth and the fate of the biomass. Typically, the durability of
macroalgal sequestered carbon is influenced by depth, location, and the local chemistry at
biomass sink site. Optimal sinking sites are deep, stable, and exhibit high sedimentation rates,
which enhance the proportion of biomass that becomes buried and sequestered over
geological timescales. Seaweed organic carbon is primarily stored in carbohydrates, as opposed
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to the storage in cellulose and lignin in seagrass, salt marsh, and trees. Seaweed carbohydrates
are more readily decomposed by microorganisms, and are more frequently consumed by
herbivores, than the cellulose and lignin compounds in macrophytes and trees, and thus will
quickly decompose in oxygenated, warm environments.

Models show the primary dictating factor for sequestration durability from sinking mCDR
methodologies is depth of the sinking allowing for the CO; to be buried in ocean floor
sediments or remineralized in deep water. The duration of CO; storage for sunken biomass is
greatest when depths exceed 1,000 meters. At that depth, studies suggest carbon
sequestration could last for more than 500 years taking advantage of the slow carbon cycle of
the deep ocean.3? However, decomposition and microbial activity can still result in partial CO,
release. Sinking biomass at more shallow depths significantly shortens sequestration time
frames.

According to the Siegel et al.,?! “...globally averaged median sequestration times are 21 years
for the 208 meter discharge depth and 508 years at 2100 meters with extensive geographic
variations...” The requirement for sinking at depth to achieve long-term sequestration benefits
suggests sinking seaweed biomass near shore will not be as beneficial for decarbonization
support. This is largely due to warmer water temperatures, wave action, and currents along
shallower coastal continental shelves which release CO, more quickly.

Table 4. Sequestration durability comparisons for biomass sinking methods

. Sequestration Durability
Sinking Method m and Kev Risks

Natural Sinking <200m Weeks to months. Assumes rapid decomposition in typical

(Coastal/Drifting) environmental conditions, includes potential for CO, release.
Natural Sinking - .

(Mid-Ocean 200 — 500m Yea.rs to I(_de(‘:tgdes. Limited sequestration due to

Depths) remineralization.

Continental Shelf | 500 — Decades to centuries. Some sediment burial occurs allowing
Sinking 1,000m decomposition to continue.

Centuries to millennia. Assumes deep-sediment burial.
Requires monitoring to ensure biomass sinks fully.
Significant logistical challenges and costs.

Thousands of years, similar to organic matter encapsulation
in sediment deposits that result in fossilization.

Deliberate Deep 1,000 —
Ocean Sinking 3,000m

Abyssal Plains &

Deep-Sea Burial >4,000m

30 Running Tide. 2023. "Framework Protocol for Multi-Pathway Biological and Chemical Carbon Removal in the
Ocean." April 2023. Accessed at https://assets-global.website-
files.com/61f2f7381f60618eb5879371/643eff588341be0362c4f557 Running%20Tide%20Framework%20Protocol
%202023.pdf.

31 Sjegel, David A., et al. 2021. "Assessing the Sequestration Time Scales of Some Ocean-Based Carbon Dioxide
Reduction Strategies." Environmental Research Letters 16 (10). https://doi.org/10.1088/1748-9326/ac0be0.
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Cost considerations

The cost of large-scale seaweed cultivation and sinking varies depending on location, depth of
sequestration, infrastructure, and operational expenses. In Washington and the greater Pacific
Northwest, seaweed cultivation and sinking costs will also be influenced by regional
environmental conditions, regulatory frameworks, and logistical challenges unique to this
coastal region.

e Capital Costs: Establishing commercial-scale seaweed farms dedicated to carbon
sequestration aquaculture in the Pacific Northwest will require significant investment in
coastal infrastructure, including specialized nurseries for native macroalgae species,
offshore cultivation structures, and harvesting equipment. The costs may vary based on
proximity to existing aquaculture hubs, like those in Puget Sound, where shellfish farming
operations provide a potential model for shared infrastructure. It will be necessary to
evaluate the benefit of co-locating open ocean cultivation plots with deep sea sinking areas
to eliminate the transportation impacts compared to growing the biomass nearshore and
shipping it to deeper regions for sinking.

e Operational Costs: Labor costs in Washington are higher compared to other aquaculture-
intensive regions (e.g., Southeast Asia), and skilled marine-farming labor is limited.
Additionally, the logistics of deploying, maintaining, and harvesting offshore seaweed farms
in the colder, high-energy waters of the Pacific require specialized vessels and equipment,
increasing operational costs. Some of these costs may be offset by establishing near shore
farms, and limiting the need for offshore logistics to scheduled “sinking runs” following
harvest of biomass.

¢ Sinking and Offshore Logistics: Deep-sea sinking operations require careful site selection to
comply with federal ocean governance frameworks (e.g., Marine Protection, Research and
Sanctuaries Act; Marine Mammal Protection Act; Magnuson-Stevens Fishery Conservation
and Management Act; Outer Continental Shelf Lands Act) where sinking is conducted
beyond Washington’s Exclusive Economic Zone. In general, transporting harvested seaweed
from nearshore farms to appropriate offshore sinking sites would add logistical complexity,
fuel costs, and trigger significant regulatory considerations.

Additionally, the area available for Washington to establish open-ocean cultivation sites is
limited to areas between the mouth of Copalis River and the Oregon border due to the location
of the Olympic Coast National Marine Sanctuary. The sanctuary extends from approximately
the mouth of the Copalis and runs north into the Strait of Juan de Fuca covering 135 miles along
the Olympic Peninsula. Its offshore boundary extends 25 to 40 nautical miles from the coast,
varying due to natural features like deep canyons, seamounts, and upwelling zones, which are
ecologically significant.

Designated under the National Marine Sanctuaries Act,®? the Olympic Coast National Marine
Sanctuary prohibits commercial extraction of marine resources, including commercial

32 https://nmssanctuaries.blob.core.windows.net/sanctuaries-prod/media/archive/library/national/nmsa.pdf
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aquaculture, harvesting, and cultivation of seaweed. This restriction is intended to protect
marine ecosystems, habitats, and cultural resources.

e Verification and Monitoring Costs: Long-term monitoring to validate carbon sequestration
is necessary for participation in emerging carbon credit markets. Developing and
implementing standardized monitoring systems for carbon sequestration in deep ocean
sites remains a significant challenge. Costs for deploying deep-sea sensors, remote
monitoring technologies, and compliance with international carbon accounting frameworks
could be a barrier to commercial viability.

While costs remain high, the Pacific Northwest's established marine research institutions (e.g.,
University of Washington, Pacific Northwest National Laboratory) and growing blue economy
provide opportunities for collaborative investments that could help scale cost-effective
seaweed cultivation and sequestration projects.

In addition to cost considerations associated with implementation and pilot projects, the lack of
demand for carbon offsets associated with sinking biomass within the voluntary market, largely
a result of the early stage of the method’s development state and absence of standardized
protocols for verification and certification, should be considered. While there has been a
notable uptick in start-up companies in the ocean CDR space over the past several years, few
have been able to attract investment interest at a rate that allows them to remain commercially
viable long enough for projects to mature and result in offsets—which could be between 3to 5
years in an ideal project scenario, given regulatory complexities, technology challenges, and
market dynamics.

An example of this market issue is illustrated by the closure of Running Tide Technologies, Inc.,
which focused on restoration and aquaculture technologies. Once considered to be a leader in
the ocean carbon removal industry, the company ended operations in 2024, citing lack of
voluntary market demand for the credits associated with their offsets despite having
commercial offtake agreements in place with large corporations.

Economic opportunities and co-benefits

It is difficult to quantify overall investments in United States seaweed cultivation projects which
may be funded in whole or in part through a variety of private equity, venture capital, grants,
and government funds. Additionally, studies often group seaweed industry funding to include
cultivation for uses other than carbon sequestration. Phyconomy, a tracking website that
collects publicly available data associated with seaweed economies, estimates the United
States seaweed industry received nearly $400 million in funding from 2019 through 2022 (the
last year the site provided an updated “state of the industry”).33 However, the data includes
investments in applications that include aquaculture for food, pigments, bioplastics, and
feedstock in addition to carbon sequestration.

33 Hermans, Steven. "Phyconomy: A Database of Seaweed Organizations." Available at
https://phyconomy.net/database/. Accessed February and March 2025.
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In the Pacific Northwest, key hurdles to commercially scale seaweed cultivation include refining
large-scale cultivation techniques and establishing reliable supply chains—both of which offer
significant economic opportunities to stimulate coastal communities with new jobs in
aquaculture, processing, research, and infrastructure development. Development of open-
ocean aquaculture “farms” would also spur the growth of ancillary industries—from vessel
operations and equipment manufacturing to bioprocessing facilities should the biomass be
harvested rather than sunk.

Concerns

At the time of this study, there were limited large-scale field experiments related to open-
ocean seaweed cultivation. Long-term pilot tests in open-ocean conditions are needed to fully
evaluate this mCDR method both for effectiveness (growth rates and sequestration potential)
and environmental impacts.

Effectiveness and Durability Concerns

Of primary concern with any sinking approach is the ability to accurately quantify how much of
the biomass ultimately reaches the ocean floor for sequestration offering long-term storage of
captured CO,. As macroalgal material descends through the water column, it is subject to
physical fragmentation, microbial decomposition, and consumption by marine organisms—
processes referred to as “carbon leaking.” Carbon leaking allows portions of the organic carbon
to be processed back into CO; before it is permanently sequestered, shortening the duration of
carbon storage and diminishing the effectiveness of the approach as a long-term sequestration
strategy.

Additionally, ocean currents and lateral transport will also disperse sinking biomass over broad
areas or cause it to stall at intermediate depths further complicating monitoring efforts to
establish a direct link between sinking and durable carbon storage. Even for biomass that does
settle on the seafloor, permanence of carbon storage is not guaranteed as benthic microbial
activity and oxygen-rich conditions can lead to remineralization reemitting CO; into the ocean-
atmosphere system.

Environmental concerns

Of ecological concern is the need for large-scale open ocean cultivation which could alter local
nutrient dynamics, alter microbial communities, affect native species, or create zones of low
oxygen (caused by sinking and decomposition of millions of tons of biomass), if not managed
properly. It is estimated harvesting 1 gigaton per year of seaweed carbon would require
farming over 1 million square kilometers of the most productive exclusive economic zones
located in the equatorial Pacific region.3*

Regulatory and social concerns

As with OAE, Tribal jurisdictions and the role of federally recognized Tribes as co-managers and
stewards of regional marine resources must be fully considered. Treaty-protected fishing rights

34 Chopin, Thierry, et al. "Deep-Ocean Seaweed Dumping for Carbon Sequestration: Questionable, Risky, and Not
the Best Use of Valuable Biomass." One Earth Volume 7, Issue 3, 359 — 364.
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along with deep cultural, economic, and ecological connections to marine environments, will
significantly influence the feasibility of siting seaweed cultivation and sinking methods. Formal
Tribal consultation will be critical to respect fishing areas and other areas used for Tribal
subsistence or cultural and ceremonial practices. A formal consultation process also provides an
opportunity for projects to incorporate traditional ecological knowledge into project planning
and design.

Finally, like OAE, considerations for projects outside Washington’s territorial waters federal
permitting and other jurisdictional considerations would trigger increased costs and extend
project permitting timelines, effectively preventing establishment of deep ocean sink sites
beyond the U.S. Exclusive Economic Zone.

2.3.1.3 Near-shore seaweed cultivation and sinking
Overview

Near-shore seaweed cultivation leverages coastal environments to grow seaweed in shallow
waters where conditions are favorable for high productivity and provide easier access to
infrastructure. In contrast to open-ocean cultivation—which typically focuses on deep-water
sinking for long-term carbon storage due to the cold, high-pressure, and low-oxygen conditions
that slow decomposition—near-shore operations benefit from lower capital expenditures and
enhanced integration with local ecosystem restoration efforts.

While near-shore cultivation can capture substantial CO, through photosynthesis and sediment
management, there are challenges with ensuring durable carbon storage in shallower waters.
The more dynamic and warmer conditions of shallow coastal waters can accelerate biomass
decomposition, reducing the longevity of natural carbon storage. As a result, it is generally
considered more effective (as it relates to use of biomass for decarbonization) to process near-
shore cultivated biomass on land rather than relying on natural sinking or transporting the
biomass for deep ocean sinking after harvest. Processing the biomass—through methods such
as conversion into biochar or chemical stabilization—locks the carbon in a more durable form,
overcoming the limitations of shallower coastal waters where near-shore sinking tends to result
in faster decomposition and CO, re-release. While processing near-shore cultivated biomass
can result in carbon sequestration durability similar to open-ocean sinking time frames, it is
important to consider additional energy inputs and resource requirements for processing must
be factored into the overall assessment of its decarbonization benefits.

Carbon storage potential and durability

Active as natural carbon sinks, near-shore vegetative systems capture atmospheric CO, at rates
and durability that, in many cases, can exceed those of terrestrial ecosystems.3> However, the
long-term durability of sequestration in shallow, dynamic coastal waters is challenged by faster

35> Mcleod, E., Chmura, G. L., Bouillon, S., Salm, R., Bjérk, M., Duarte, C. M., Lovelock, C. E., Schlesinger, W. H., &
Silliman, B. R. (2011). “A blueprint for blue carbon: Toward an improved understanding of the role of vegetated
coastal habitats in sequestering CO,.” Frontiers in Ecology and the Environment, 9(10), 552—
560. https://doi.org/10.1890/110004
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biomass decomposition, which can result in quicker CO, re-release. Consequently, near-shore
seaweed cultivation is often viewed as part of the short carbon cycle due to the rapid turnover
of CO; in these environments. To mitigate this limitation, integrating near-shore cultivation
with processing techniques—such as converting biomass into biochar or other stable carbon
forms—could enhance sequestration durability and transition the stored carbon into longer-
term, land-based storage methods.

Alternatively, integrating near-shore seaweed farms with blue carbon restoration initiatives
may naturally boost long-term carbon storage even if natural sinking alone does not meet
sequestration limits.

Cost considerations

The proximity of near-shore cultivation sites to coastal infrastructure reduces capital and
operational expenses relative to open-ocean farming and sinking, with lower transportation
costs and easier access for maintenance and harvesting. However, these savings are partly
offset by the challenges of navigating more complex coastal regulatory frameworks and
potential conflicts with existing methods, such as fisheries and recreation, which can introduce
additional costs and delays. Moreover, high start-up expenditures and protracted, complicated
permitting processes often hinder the acquisition of start-up investment and grant funding.

If near-shore cultivated seaweed is to be harvested for deep-ocean sinking—to leverage the
long-term sequestration benefits of colder, deeper Pacific waters—additional cost
considerations become significant. These include the expense of specialized vessels and
equipment designed to safely transport and deploy biomass into deeper waters, which
generally entails higher fuel consumption and increased maintenance. Further, as discussed in
2.3.1.2 Seaweed cultivation and deep ocean sinking, deep ocean sinking incurs added costs for
long-term monitoring and verification to ensure that the biomass reaches and remains at the
target depth. Contingency expenses related to delays or disruptions from adverse weather or
unforeseen operational challenges also contribute to the overall cost burden. Finally, deep-
ocean sinking may trigger federal ocean governance frameworks if conducted beyond
Washington’s Exclusive Economic Zone, further complicating the process and potentially
increasing costs.

Economic opportunities and co-benefits

Near-shore seaweed cultivation holds promise for generating multiple co-benefits beyond
carbon sequestration. In Washington, which is already home to a thriving aquaculture industry
that includes well-established shellfish, finfish, and other marine production, expanding
seaweed cultivation could support diversification of the coastal economy and create additional
jobs. Washington’s established aquaculture sector is currently estimated to generate roughly
$200 million3® in annual revenue and supports thousands of jobs both directly and indirectly
related to farming, harvesting, processing, and distribution. Integrating seaweed farming,
specifically for decarbonization purposes, together with existing aquaculture operations could

36 Washington State Department of Agriculture. "Aquaculture in Washington." Available at
https://agr.wa.gov/departments/agricultural-products/aquaculture. Accessed March 2025.
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stimulate growth in complementary sectors, such as processing, logistics, research, and coastal
management, further strengthening local economies. Moreover, increased seaweed cultivation
might help mitigate revenue and job losses in other aquaculture industries that face seasonal
production variability related to overfishing, toxicity concerns, or other environmental
challenges requiring periods of population recovery.

Further, pairing near-shore seaweed farming with coastal blue carbon restoration projects
(discussed later in this study) may result in ecological co-benefits tailored to Washington’s
diverse coastal environments. In Washington, where coastal wetlands, salt marshes, and
eelgrass beds play critical roles in supporting salmon habitats and other marine life, integrating
seaweed cultivation with habitat restoration can further enhance water quality and
biodiversity. For example, restoration initiatives in Puget Sound and along the Olympic
Peninsula have already demonstrated improved shoreline protection and increased ecosystem
resilience documented in Puget Sound Recovery Plans for fish species prepared by the National
Oceanic and Atmospheric Administration. Adding near-shore seaweed farming can help
stabilize sediments and reduce nutrient runoff, complementing ongoing blue carbon projects
and amplifying their carbon sequestration potential. This combined approach not only supports
the recovery of degraded habitats but also aligns with Washington’s broader goals for
sustainable coastal management and local economic development.

A final ecological co-benefit that should be noted involves use of near-shore seaweed
cultivation to support the Puget Sound Kelp Conservation and Recovery Plan.3” Expanding
nearshore seaweed farming in Washington’s Puget Sound presents a dual opportunity to
advance mCDR efforts while simultaneously supporting kelp conservation and recovery.
Cultivated seaweed, such as sugar kelp (Saccharina latissima), can enhance water quality by
absorbing excess nitrogen and phosphorus, mitigating nutrient-driven eutrophication that
contributes to harmful algal blooms and reduced light penetration—both key stressors limiting
natural kelp recruitment. Additionally, the localized buffering of ocean acidification by farmed
seaweed may improve conditions for vulnerable kelp life stages, particularly in nearshore
habitats subject to seasonal acidification events.32 Strategically placed seaweed farms can also
provide structural habitat for forage fish and juvenile rockfish, reinforcing critical food web
linkages that benefit commercially and ecologically significant species. However, to maximize
ecological co-benefits while minimizing potential trade-offs, site selection should prioritize
areas that do not conflict with existing wild kelp forests or critical eelgrass habitats. Integrating
seaweed farming with other nature-based coastal resilience strategies—such as eelgrass
restoration, living shorelines, and shellfish reef enhancement—could further strengthen
ecosystem services, ensuring mCDR initiatives contribute not only to carbon sequestration but
also to broader habitat restoration and biodiversity conservation goals in Puget Sound.

37 Northwest Straits Commission, NOAA National Marine Fisheries Service, Puget Sound Restoration Fund,

Washington Department of Natural Resources, and Marine Agronomics. 2020. "Puget Sound Kelp Conservation

and Recovery Plan." Retrieved from https://bit.ly/KelpAppA.

38 Duarte, C. M., Wu, J., Xiao, X., Bruhn, A., and Krause-Jensen, D. 2017. "Can Seaweed Farming Play a Role in
Climate Change Mitigation and Adaptation?" Frontiers in Marine Science 4: 100.
https://doi.org/10.3389/fmars.2017.00100.
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Moreover, by integrating with blue carbon initiatives, near-shore operations can help enhance
overall ecosystem resilience and contribute to a broader portfolio of decarbonization strategies
within the region. The Table 5 below summarizes potential integrations between nearshore
seaweed cultivation with other blue carbon restoration efforts and their potential to enhance
Washington’s coastal resilience, biodiversity, and carbon sequestration capacity, providing co-
benefits that support both marine ecosystem health and climate adaptation.

Table 5. Potential co-benefits of blue carbon strategies paired with near-shore seaweed
cultivation.

Potential Ecological Benefits to

Blue Carbon Synergy with Near-shore . ,
Strategies Seaweed Cultivation Washlngton 5 Gzl
Environments
Eelgrass & Improve water quality by absorbing = Enhanced water clarity, improved
Oyster Reef excess nutrients, complementing species habitat, increased resilience
Restoration eelgrass and oyster filtration. to ocean acidification.
Stabilizes sediments and buffers Increased shoreline resilience,
Living Shorelines | wave energy, reducing coastal habitat creation for juvenile fish,
erosion. enhanced carbon sequestration.
Sediment Absorbs suspended nutrients, Improved light penetration for

submerged aquatic vegetation,
reduced fine sediment smothering of
benthic habitats.

Habitat Provide habitat complexity, Increased species populations,
Conservation supporting biodiversity. enhanced food web interactions.
Strengthened natural kelp
populations, improved carbon

Management & | reducing turbidity and promoting
Flow Restoration  sediment stabilization.

Restoration of | Can provide donor material for wild

Native Kelp kelp restoration and genetic ) o
- sequestration potential, increased
Forests resilience. ! ; .
fisheries productivity.
Concerns

As discussed under 2.3.1.2 Seaweed cultivation and deep ocean sinking, there are significant
advantages of deep-water sinking for long-term sequestration. As a result, near-shore methods
must overcome additional hurdles (e.g., environmental assessments, permitting challenges,
etc.) through careful site selection, consideration of innovative processing methods for biomass
on land in lieu of sinking, and comprehensive environmental monitoring. Further research and
pilot projects in the Pacific Northwest are essential to fully assess the viability and
environmental impacts of near-shore seaweed cultivation as an mCDR strategy.

Effectiveness and Durability Concerns

Despite its potential, near-shore seaweed cultivation faces challenges distinct from those
encountered in open-ocean systems. Shallower waters lead to less durable carbon storage, and
coastal ecosystems are often more sensitive to disturbances.

Regulatory and social concerns

Additionally, stricter regulatory oversight and competing coastal uses can complicate permitting
and operational logistics. The same concerns discussed in 2.3.1.2 Seaweed cultivation and deep
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ocean sinking, Tribal jurisdictions and the role of federally recognized Tribes as co-managers
and stewards of regional marine resources are also applicable to near-shore cultivation. In fact,
Tribal considerations are likely to be more complex due to the proximity to coastal areas that
are frequently used for Tribal fishing, shellfish harvesting, and other subsistence activities.

Because near-shore areas are already subject to competing uses—such as navigation,
recreation, and commercial aquaculture—adding seaweed cultivation or biomass sinking
infrastructure may create access barriers or cumulative ecosystem impacts that
disproportionately affect Tribal communities.

2.3.1.4 Seaweed cultivation and land-based use of biomass

The cultivation and harvesting processes for seaweed intended for sinking are largely similar to
those for seaweed grown for biomass products. To avoid redundancy, this section focuses
solely on the differences in post-harvest processing and utilization of seaweed.

Overview

A final method for use of seaweed cultivation to support decarbonization includes the use of
harvested seaweed biomass to reduce emissions through application of land-based methods
(e.g., harvested kelp used as soil sediment). Once cultivated, seaweed offers a renewable and
nutrient-rich biomass source that can support land-based biomass production for multiple
applications, including bioenergy, soil enrichment, and sustainable feedstock for agricultural
and industrial processes. This approach leverages near-shore seaweed cultivation, where
species are farmed as aquaculture specifically for harvesting and processing into biomass inputs
for terrestrial uses.

Unlike ocean-based carbon sequestration methods involving deliberate sinking of harvested
seaweed, this method utilizes cultivated seaweed to generate processed biomass that can be
used in controlled, land-based systems. The feasibility of integrating cultivated seaweed into
terrestrial carbon capture and utilization strategies depends on regional agricultural policies,
industrial demand, and processing capabilities. Land-based use of seaweed biomass primarily
relies on sugar kelp (Saccharina latissima) which is frequently used for food and bioproducts.
Winged kelp (Alaria marginata) which is also native to the Pacific Northwest is also a strong
method for aquaculture in support of biomass uses but is susceptible to seasonal die-off
resulting in additional replanting costs.

Carbon storage potential and durability

Biochar and soil amendments that incorporate seaweed-derived biomass provide semi-
permanent carbon storage, with sequestration durations ranging from decades to centuries,
depending on soil conditions and microbial decomposition rates. Bio-based materials may
extend storage timelines further if the biomass is incorporated into durable products, though
end-of-life emissions must be considered. Unlike ocean-based storage, land-based use is more
vulnerable to CO, re-release due to microbial degradation and exposure to atmospheric
oxygen.

Cost considerations
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If sesaweed biomass is harvested and processed rather than transported directly for sinking,
both conversion and transport costs must be factored into economic and environmental
assessments. The feasibility of land-based biomass utilization depends on processing
infrastructure, transportation logistics, and market demand for bio-based products. Drying and
stabilizing seaweed for transport and processing requires significant energy inputs, especially
for long-distance shipments. Further processing into biochar, bio-based materials, or soil
amendments adds capital and operational expenses, including equipment investments and
regulatory compliance.

These additional energy and water demands can reduce the overall environmental benefits of
the decarbonization strategy. While Washington’s clean energy grid helps mitigate some of
these impacts, public perception of increased industrial activity—such as the construction of
new processing facilities or transportation infrastructure—could create challenges in securing
community support. To improve cost efficiency and minimize emissions, prioritizing co-location
with existing industrial facilities, such as biochar production plants or anaerobic digesters,
would be essential. Leveraging existing supply chains and infrastructure can help offset
processing costs and reduce the carbon footprint of seaweed biomass utilization.

Economic opportunities and co-benefits

In addition to economic benefits previously discussed associated with expanding Washington’s
seaweed aquaculture industry, utilizing cultivated seaweed biomass for land-based applications
offers its own potential benefits.

Incorporating seaweed-derived products, such as biochar and soil amendments, into
agricultural practices can significantly improve soil quality. These amendments enhance soil
carbon content, boost nutrient availability, and improve water retention, leading to increased
crop yields and resilience. Additionally, seaweed-based biochar has been shown to reduce
methane emissions from soils, contributing to greenhouse gas mitigation.

Transforming seaweed biomass into bio-based products supports the development of a circular
economy. By creating sustainable alternatives to fossil-fuel-derived materials, such as
bioplastics and biofuels, seaweed utilization reduces reliance on non-renewable resources. This
approach not only addresses environmental concerns but also adds economic value by
converting biomass waste into valuable commodities.

The versatility of seaweed biomass opens new avenues in various industries, including food,
cosmetics, and pharmaceuticals. For instance, startups like Marine Biologics are developing
seaweed-based products for applications ranging from food emulsifiers to sustainable
biomaterials, showcasing the potential for industrial innovation and the creation of eco-friendly
consumer products3? in expansion of a blue economy.

In addition to private industry investments in development of algae-based bioproducts for
nutrition and bioenergy applications, the U.S. Department of Energy's Advanced Research

39 Griffin, Patrick "This Goopy Seaweed Slurry Could Make Its Way Into Your Lunch, Your Shirt, and Your Lipstick,"
WIRED, March 2025, https://www.wired.com/story/marine-biologics-seaweed-supercrude/.
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Projects Agency-Energy launched MARINER, Macroalgae Research Inspiring Novel Energy
Resources, with the aim to position the United States as a leader in macroalgae production,
enhancing energy security and economic opportunities. The Pacific Northwest National
Laboratory, located in Washington, is responsible for two MARINER research projects
evaluating agriculture and bioenergy applications of macroalgae biomass.*°

These initiatives highlight the multifaceted benefits and growing interest and investment in
seaweed biomass research and utilization. These investments underscore its potential to
contribute to sustainable agricultural practices, industrial innovation, and the advancement of a
circular economy.

Concerns

Economic sustainability will depend on cost-effective processing, strong market demand, and
supply chain integration. Environmental viability requires robust life-cycle assessments,
contamination risk mitigation, and low-carbon processing methods. Regulatory success will rely
on transparent permitting processes, proactive community and interested party engagement,
and responsible marine spatial planning. By integrating these considerations into policy and
project development, seaweed cultivation for land-based biomass applications may become a
scalable and sustainable component of carbon dioxide removal strategies. Addressing these
concerns is essential for the successful development of seaweed-based mCDR methods.

Economic concerns

One of the most significant challenges associated with the use of cultivated seaweed biomass
for land-based applications is the high processing and transportation costs. Additional industrial
manufacturing processes to create a usable biomass product add to capital and operational
expenses, particularly when energy-intensive techniques are involved. Additionally, wet
seaweed biomass has a high moisture content, making transportation costly due to increased
weight and volume. Processing facilities will need to be located near cultivation or drying sites
to lessen carbon footprint impacts and increase financial costs associated with transport.

Fluctuating market demand will also create uncertainties in the economic viability of seaweed-
derived products. While biochar, soil amendments, and bio-based materials are growing
sectors, they face competition from well-established alternatives, such as synthetic fertilizers
and petroleum-based plastics. Without improved market incentives, subsidies, or regulatory
support (e.g., state procurement incentives), large-scale production of seaweed-based
materials may struggle to compete economically. Furthermore, investment in processing
infrastructure remains a critical barrier, as industrial-scale facilities require substantial upfront
costs, regulatory approvals, and long-term financial commitment. Without a well-developed
supply chain, companies may find it difficult to secure funding or maintain operational stability.

40 ARPA-E, "Modeling Scalable Macroalgae Production," Advanced Research Projects Agency-Energy (ARPA-E),
accessed March 2025, https://arpa-e.energy.gov/programs-and-initiatives/search-all-projects/modeling-scalable-
macroalgae-production.
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Environmental concerns

The sequestration durability of land-based biomass use is shorter and more vulnerable to CO,
re-release than deep-sea sinking. While biochar and soil amendments can store carbon for
decades to centuries, decomposition, microbial activity, and soil conditions influence their long-
term effectiveness. In warm, humid environments, for example, biochar may degrade faster,
reducing its potential as a long-term carbon sink. Similarly, bio-based products, such as
bioplastics and biodegradable packaging, if not properly managed at the end of their life cycle,
will break down and reintroduce captured CO, into the atmosphere.

Potential environmental contamination risks also require consideration. Seaweed is known to
absorb heavy metals and excess nutrients from seawater posing risks to crop health, food
safety, and groundwater quality; large-scale applications of seaweed-derived soil amendments
may unintentionally alter soil microbial communities, impacting nutrient cycling and plant
interactions; and water quality concerns associated with leaching of organic compounds into
groundwater. These risks highlight the need for rigorous testing, quality control, and regulatory
oversight when integrating seaweed biomass into land-based systems.

The energy and resource demands of processing seaweed biomass can also diminish its overall
environmental benefits. Drying and stabilizing seaweed requires substantial energy inputs,
particularly if fossil fuels are used in processing facilities. Water usage is another critical factor,
as washing, extraction, and hydrolysis of seaweed biomass can consume large amounts of
freshwater. While Washington’s clean energy grid may help reduce emissions associated with
processing, any reliance on non-renewable energy sources would weaken the net carbon
removal benefits of seaweed-based mCDR strategies. Energy-efficient processing and co-
location with existing industrial facilities are necessary to mitigate these impacts.

Regulatory and social concerns

Seaweed biomass processing facilities would face similar permitting and land-use challenges as
some of the technological CDR methodologies associated with construction of a large facility.
Seaweed facilities would also face additional shoreline and in-water permitting challenges.
Local communities may oppose new industrial developments due to concerns over traffic,
emissions, water quality, or visual impacts. Without proactive community engagement and
transparent environmental assessments, local community concerns may not be adequately
addressed, generating obstacles to permitting.

Additionally, competition for coastal and offshore space may create conflicts with other
industries and interested parties. Large-scale seaweed cultivation operations could interfere
with existing fisheries, marine conservation areas, and Indigenous fishing rights. If aquaculture
infrastructure, such as moorings, buoys, and harvesting equipment disrupts marine ecosystems
or traditional fishing zones, it may lead to regulatory pushback and create impacts for local and
Tribal communities. Policies governing marine spatial planning will play a crucial role in
determining where and how seaweed farming can be expanded without negative frontline
community impacts.
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2.3.1.5 Blue carbon coastal ecosystem restoration
Overview

Blue carbon refers to carbon stored in coastal and marine ecosystems, such as tidal salt
marshes, seagrass meadows, and mangroves. Healthy blue carbon ecosystems can capture
atmospheric carbon through photosynthesis and sedimentation to sequester it in wetland soils
more efficiently than terrestrial biomass sequestration. This difference is partly due to the
varying location of the carbon stored by the plants. Timber stores most of its captured carbon
within thick woody, aboveground plant materials, while coastal wetland carbon is stored in
water-logged, low oxygen content sediments slowing decomposition, leading to long-term
(centennial to millennial-scale) carbon storage.*

Blue carbon is widely considered to be the most studied and mature of mCDR methods. With
numerous restoration studies documented worldwide, blue carbon is aligned with numerous
identified climate adaptation co-benefits. Projects in the United States are also seeing increased
implementation with efforts to restore tidal marshes and eelgrass beds having already been
undertaken by state agencies, non-profits, and Indigenous communities. In the United States,
notable projects in California, Texas, Florida, and several states in the Northeast have provided
valuable science-based assessments that help to quantify blue carbon benefits in a variety of
tidal and estuary ecosystems—though decarbonization support has not been the sole driver for
many of these projects.

In Washington, there has been interest in evaluating the feasibility of integrating blue carbon
restoration into state-level climate mitigation activities for more than a decade. Conducted in
2014, the Coastal Blue Carbon Opportunity Assessment for the Snohomish Estuary found
restoration projects in the estuary had the potential to sequester 2.4 million metric tons of CO;
over the course of a century.*? Additional blue carbon research projects of note include the
Port of Seattle’s Smith Cove Blue Carbon Pilot Project, and the University of Washington’s Blue
Carbon, Green Fields marine algae project.

Washington’s coastal ecosystems—such as Puget Sound, the Columbia River Estuary, and other
tidal wetlands—have significant ecological functions in addition to carbon sequestration,
providing restoration co-benefits such as habitat for salmon and shoreline protection to
support coastal resilience.

Carbon storage potential and durability

Measuring carbon sequestration in restored coastal habitats requires field-based sampling,
modeling, and recognized carbon accounting standards. This includes evaluating aboveground
biomass (e.g., vegetation sampling) to assess current primary production, and sediment coring

41 McLeod, Elizabeth et al., "A Blueprint for Blue Carbon: Toward an Improved Understanding of the Role of
Vegetated Coastal Habitats in Sequestering CO2," Frontiers in Ecology and the Environment 9 (2011): 552-560,
https://doi.org/10.1890/110004.

42 Crooks, Steve et al., Coastal Blue Carbon Opportunity Assessment for the Snohomish Estuary: The Climate
Benefits of Estuary Restoration, report by Environmental Science Associates, Western Washington University,
EarthCorps, and Restore America’s Estuaries, February 2014.
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and laboratory analysis to quantify organic matter stored in anoxic wetland soils. Sediment
dating, using 210Pb or 14C dating, provides information on longer-term sediment carbon
accumulation rates. In cases where marshes are constructed or restored at a known date, an
alternative approach is to measure how carbon in sediment accumulates over time to refine
sequestration estimates.** Modeled emission factors, including those for methane and nitrous
oxide, further capture all relevant greenhouse gas fluxes.

Estimates for salt marshes often range between 1-3 metric tons CO,e per hectare per year,*
although specific rates vary depending on plant productivity, sediment supply, and tidal flow.
Data from Restore America’s Estuaries® (summarized from McLeod et al, 2011)*! documents
annual carbon sequestration rates as:

e 2.26 metric tons of carbon per hectare per year (mangroves)
e 2.18 metric tons of carbon per hectare per year (salt marshes)
e 1.38 metric tons of carbon per hectare per year (seagrasses)

Washington’s coastlines include seagrass meadows (primarily eelgrass), limited tidal salt
marshes, and tidal swamps.*® Globally, seagrasses account for roughly 10% of all carbon
sequestered by the ocean every year even though they account for just 0.2% of the ocean floor.
Both seagrasses and tidal marshes are disappearing at alarming rates of between 1% and 2%
per year for tidal marshes and 1.5% for seagrasses—resulting in the release of carbon
sequestered in their underlying sediments.*’ Sea-level rise and coastal development threaten
the future of tidal wetlands, as they are squeezed between the rising ocean and upland
development.*®

Washington’s coastal areas are extensive, but much of the shoreline is already developed or
constrained by hard infrastructure (e.g., bulkheads), which limits the ability to restore wetlands.
This unfortunately limits the overall acreage of restorable tidelands using blue carbon methods
in Washington, which affects the upper bound for carbon sequestration at scale.

Cost considerations

Costs associated with blue carbon restoration efforts are generally cited as being higher in costs
than other traditional nature-based CDR methods, but lower than technology-intensive removal

43 Davis, J. L., Currin, C. A., O’Brien, C., Raffenburg, C., and Davis, A. "Living Shorelines: Coastal Resilience with a
Blue Carbon Benefit." PLoS ONE 10, no. 11 (2015): e0142595. https://doi.org/10.1371/journal.pone.0142595.

44 project Drawdown. "Coastal Wetland Protection." Project Drawdown. Accessed February and March 2025.
https://drawdown.org/solutions/coastal-wetland-protection.

4 https://estuaries.org/

46 Janousek, Christopher N. et al., "Blue Carbon Stocks Along the Pacific Coast of North America Are Mainly Driven
by Local Rather Than Regional Factors," Global Biogeochemical Cycles 39 (2025): e2024GB008239,
https://doi.org/10.1029/2024GB008239.

47 Waycott, M. et al., "Accelerating Loss of Seagrasses Across the Globe Threatens Coastal Ecosystems,"
Proceedings of the National Academy of Sciences of the United States of America 106, no. 30 (2009): 12377-12381,
https://doi.org/10.1073/pnas.0905620106.

48 Warnell K, Olander L, and Currin C. Sea level rise drives carbon and habitat loss in the U.S. mid-Atlantic coastal
zone. PLOS Climate 1(6) (2022): e0000044. https://doi.org/10.1371/journal.pclm.0000044.

Publication 25-14-066 CDR Evaluation Study - Final
Page 43 Sept. 2025


https://estuaries.org/
https://doi.org/10.1371/journal.pone.0142595
https://drawdown.org/solutions/coastal-wetland-protection
https://doi.org/10.1029/2024GB008239
https://doi.org/10.1073/pnas.0905620106
https://doi.org/10.1371/journal.pclm.0000044

methods like DAC. Specific project variables like site conditions, scale, and complexity of
monitoring drive costs up, but typical blue carbon estimates range from $10 to $100 per metric
ton of CO, removed.

In contrast, terrestrial forest carbon projects, which benefit from easier monitoring and land
conversion approaches, frequently range between S5 to $40 per metric ton while DAC costs
range much higher, from $200 to $600 or more per metric ton due to significant energy and
capital requirements. Likewise, BECCS can vary widely, from around $50 to $200 per metric ton
due to varying considerations associated with feedstock, processing, and storage logistics.
These cost differences illustrate how blue carbon restoration projects, despite some project-
specific complexities, can be competitive—or even lower-cost—compared to other methods,
particularly when the value of environmental co-benefits (e.g., improved biodiversity, shoreline
protection, water quality management) are factored into the overall return on investment.

If Washington were to invest in blue carbon restoration projects with the specific goal of
supporting decarbonization efforts, there are four general categories of cost considerations
that Washington would need to evaluate: project design and planning; implementation and
construction; monitoring and verification; and transaction and administration costs.

Project design and planning: Blue carbon initiatives require careful site assessments, baseline
data gathering, and feasibility studies to ensure ecological and financial viability. Tasks may
include mapping habitat extent, gauging local hydrodynamics and tidal elevations, and
soil/sediment condition studies. In many cases, particularly where engineering solutions are
necessary (e.g., dike removal, water flow reconfiguration), specialized consultations are
mandatory to model projected tidal influences and sediment dynamics. Altogether, this
groundwork can be costly, but it minimizes risks by pinpointing the most suitable restoration
sites and offering robust planning frameworks that help maximize long-term carbon
sequestration.

A blue carbon team led by Oregon State University and Western Washington University are in
the process of consolidating data conducted as part of a long-term monitoring program looking
at tidal wetland restoration projects in Oregon and California. The project, funded by a 2022
National Estuarine Research Reserve System Science Collaborative grant, was implemented to
enhance regional wetland restoration and blue carbon partnerships; inform blue carbon policy,
project prioritization, and monitoring; and expand knowledge of long-term ecological changes
resulting from restoration efforts.*’

Implementation and construction: Once planning is complete, implementing blue carbon
projects typically involves substantial construction or site reconfiguration. Physical tasks may
include removing barriers like levees, reestablishing tidal channels, regrading land surfaces, or
planting native vegetation. In coastal regions with limited real estate or competing land uses,
projects might also need to secure land purchase or easement agreements to facilitate
restoration. These actions often account for a significant share of total expenditures, while also

49 Williams, Trevor et al., "Methane and Nitrous Oxide Fluxes from Reference, Restored, and Disturbed Estuarine
Wetlands in Pacific Northwest, USA," Ecological Applications 35, no. 2 (2025). https://doi.org/10.1002/eap.70011

Publication 25-14-066 CDR Evaluation Study - Final
Page 44 Sept. 2025


https://doi.org/10.1002/eap.70011

laying the foundation for enduring, habitat-driven climate benefits. The complexity of each
project’s implementation, shaped by local geography, regulatory constraints, and desired scale,
will drive the overall variability in costs.

Monitoring and verification: Blue carbon is increasingly recognized in state and federal
decarbonization and conservation strategies, with emerging frameworks for carbon accounting
(e.g., through the Blue Carbon Initiative).°® Long-term monitoring and carbon accounting are
central to demonstrating the verifiable climate benefits of coastal restoration. In addition to
measuring aboveground vegetation, successful validation will require sediment coring, soil
carbon analyses, and high-resolution remote sensing to monitor projects overtime. These
ongoing data collection efforts not only maintain project credibility, but also support adaptive
management, helping project developers adjust restoration strategies if key indicators (e.g.,
sediment accretion rates) diverge from initial estimates. Additional monitoring and verification
costs may arise if offsets must be verified by independent third parties.

Under the Verified Carbon Standard Program, administered by Verra®! provides a structured
and science-based framework for quantifying the greenhouse gas benefits of blue carbon
projects for tidal marshes and seagrass projects. The methodology sets out the technical
guidelines and verification steps necessary to rigorously measure and certify the climate
benefits of coastal restoration projects, paving the way for credit issuance and potential
revenue generation through carbon markets. Use of the methodology to validate carbon
sequestration benefits of Washington blue carbon tidal wetlands and seagrasses projects could
lower the perceived risk for investors while contributing to broader ecological, social, and
climate objectives. The Pacific Blue Carbon Working Group is developing a blue carbon
calculator that is calibrated for the pacific northwest that will be invaluable to gain Washington
specific context.

Transaction and administration costs: Administrative overhead and transactional fees add to
projects costs where there is a desire by project owners to register, verify, and market carbon
credits once projects have attained maturity. Projects along Washington’s coastline may face
unique permitting procedures, due to aquatic resource regulations. Additionally, project
developers often invest in legal support or obtain insurance to mitigate the risk of “reversa
events that could affect the permanence of carbon storage. Though not always the most
prominent cost category, these back-end elements are critical to achieving a financially viable
and environmentally sound blue carbon project.

|II

Washington will need to evaluate the creation of tax incentives, streamlined permitting,
technical support, and dedicated state funding mechanisms (e.g., subsidy programs and grants)
to reduce the financial burden of blue carbon projects to encourage increased investment along
Washington’s coastline.

50 https://www.thebluecarboninitiative.org/
51 https://verra.org/
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Economic opportunities and co-benefits

While blue carbon ecosystems in Washington may not rival large-scale terrestrial forests in
terms of absolute carbon removal potential, they provide unique long-term carbon storage and

Table 6. Potential ecological and social co-benefits of blue carbon projects in Washington

Co-benefit Value for Seagrass Meadows Value for Tidal Marshes

Habitat for fish
and shellfish

Water quality
improvements

Carbon storage
and climate
mitigation

Shoreline
stabilization

Biodiversity
and overall
ecosystem
health

Recreation,
tourism, and
education

Cultural and
Tribal values

Coastal
resilience

Eelgrass meadows provide nursery
grounds and feeding habitats for
regionally important species such
as salmon and Dungeness crab.

By stabilizing sediments and
absorbing excess nutrients,
seagrasses help maintain water
clarity and reduce eutrophication.

Seagrass root systems accumulate
organic matter in sediment,
sequestering carbon for decades to
centuries when left undisturbed.

Seagrasses anchor substrate and
reduce wave energy, mitigating
coastal erosion in adjacent
shorelines or mudflats.
Biodiversity thrives in and around
seagrass meadows, creating
complex food webs that support
microalgae to larger fish and
marine mammals.

Clear, thriving seagrass beds can
support tourism (e.g., scuba diving,
kayaking) and education programs
that highlight marine biodiversity
and conservation.

Healthy eelgrass meadows are
integral to many Tribal traditions,
reinforcing community ties to
coastal resources.

Seagrass meadows can dampen
wave energy, support food webs,
and contribute to ecosystem
adaptability associated with sea-
level rise.

Tidal marshes offer critical foraging
and rearing areas for juvenile
salmon’, waterfowl!, and various
invertebrates, supporting healthy
fisheries.

Marsh vegetation filters pollutants
and excess nutrients from runoff,
improving water quality in estuarine
and nearshore environments.
Marsh plants capture CO, and store
carbon in their dense root and
sediment layers for long durations,
boosting overall carbon
sequestration.

Marsh vegetation buffers wave
action, captures sediments, and
limits erosion, protecting coastal
regions from storm surges.

Tidal marshes support diverse
plants and animals, from
invertebrates to birds, provide vital
nursery habitat, boosting ecological
complexity and resilience.

Marsh landscapes often facilitate
birdwatching, nature walks, and
educational outings, providing
engagement opportunities for local
communities and visitors.

Many Pacific Northwest Tribal
communities depend on tidal
marshes for subsistence,
ceremonial, and cultural uses.

Tidal marshes can migrate landward
with rising sea levels, continuing to
sequester carbon and provide
buffers for coastal communities.

Notes: * Eelgrass beds and estuaries are crucial for salmon recovery in the Puget Sound. Moreover, the
restoration of salmon populations is a key factor in efforts to revive orca populations. Therefore, it is essential to
acknowledge enhancements in tidal marshes contribute significantly to the overall integrity of the region’s food

web.

Publication 25-14-066

Page 46

CDR Evaluation Study - Final
Sept. 2025



valuable ecological co-benefits. The restoration of coastal habitats can improve ecosystem
health and enhance community well-being.

On the environmental side, healthy seagrass meadows and tidal marshes serve as vital breeding
grounds for marine life, bolster water quality, and protect shorelines against erosion and
extreme weather events. At the same time, local communities benefit through improved
fisheries, cultural preservation, recreational opportunities, and strengthened coastal resilience.

Concerns
Economic concerns

On the policy front, multifaceted permitting requirements and inconsistent pathways for
carbon credit certification can prolong project timelines, raise costs, and deter potential
investors. Economic feasibility is similarly pivotal: blue carbon initiatives often involve
significant upfront and monitoring expenditures, so stable carbon prices and financing tools—
such as public-private partnerships or pay-for-performance schemes—are essential to ensure
returns that justify long-term restoration and upkeep. Ongoing research, data collection, and
technical guidance from Washington’s universities and state agencies can help standardize
measurement protocols and reinforce project credibility, giving potential funders and
policymakers the confidence needed to scale blue carbon methods across the region.

Environmental concerns

Sea level rise, shifting temperature regimes, ocean acidification, and other ecological and
industrial stressors can diminish the capacity for blue carbon ecosystems given these projects’
inherent connection to broader climatic conditions. Environmental degradation threatens the
ability of blue carbon projects to function as long-term carbon sinks.

Along Washington’s Pacific coastline and within the Puget Sound, threats, such as marsh
submergence due to rising sea levels and storm impacts, will undermine ecosystem restoration
of seagrass meadows and tidal marshes. These pressures, among others (e.g., nutrient runoff,
invasive species), underscore the importance of site selection, adaptive management, and
broader coastal resilience measures—such as removing barriers and limiting shoreline
development that limits marsh migration or water quality improvements to prevent algal
blooms that block sunlight crucial for eelgrass photosynthesis.

Regulatory and social concerns

Blue carbon restoration projects may intersect with long-standing Tribal interests along the
coastline, raising concerns that must be addressed early and transparently. Coastal wetlands
and seagrass meadows frequently overlap with treaty-protected Tribal fishing and shellfish
grounds, making prior informed Tribal consent essential before altering tidal hydrology or area
access. Early and ongoing consultation with federally recognized Tribes will improve the
likelihood of project acceptance and establishment of co-management and stewardship
agreements while also offering an opportunity to incorporate time-tested traditional ecological
knowledge and land management practices.
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Meanwhile, land-use restrictions and entrenched development pressures can limit access to
suitable restoration sites, especially in areas with dense infrastructure or competing
commercial interests. Converting private or agricultural land back to marsh, as a potential way
to address lack of restoration sites, can raise fears about property rights, taxation, and potential
gentrification of working waterfront economies. Some interested parties view decarbonization
and the carbon credits market with skepticism, questioning whether revenue will be shared
equitably or reinvested in local stewardship jobs, youth education, and habitat monitoring
programs.

It will be crucial for project developers to engage interested parties early and earnestly to build
local support and address land-use priorities. Addressing these concerns will be necessary to
implement blue carbon projects that enhance community livelihoods and align with Tribal
interests and priorities while advancing climate goals.

2.3.1.6 Final thoughts on applicability of mCDR deployment for Washington
decarbonization

The integration of mCDR presents a compelling opportunity to strengthen Washington's
decarbonization strategy by complementing terrestrial methods with innovative blue carbon
and seaweed-based techniques. However, its successful deployment hinges on establishing
robust regulatory frameworks, enacting supportive policies, and fostering cross-agency
collaboration to effectively manage both ecological risks and impacts on interested parties.
While the potential benefits are substantial, addressing significant economic hurdles related to
scalability and cost-effectiveness remains critical. Ongoing research is essential to refine mCDR
technologies, enhance predictive models, and develop adaptive management practices that
ensure sustainable outcomes.

To potentially accelerate its mCDR deployment, Washington could consider implementing a
series of targeted initiatives that not only stimulate research and market development but also
streamline regulatory processes and foster collaborative partnerships.

¢ Financial incentives for research and development. Evaluate introduction of tax credits and
state-funded grants specifically aimed at supporting research and development of mCDR
pilot projects. This would help explore the scalability and cost-effectiveness of mCDR
technologies in real-world scenarios within Washington’s unique coastal environment and
Pacific Ocean Exclusive Economic Zone.

e Streamlined regulatory permitting. Evaluate potential improvements to Washington’s
existing environmental regulation and associated permitting processes to support improved
or streamlined regulatory reviews. For example, streamlining Coastal Zone Management
Permits for coastal restoration and ecosystem management could accelerate mCDR projects
focused on blue carbon initiatives. Improvements to aquaculture licensing would also be
critical to expand Washington’s seaweed farming industry to scale seaweed-related mCDR
methods.

In general, more cohesive approaches that minimize redundancy across different agencies
through a coordinated review process can foster innovation and encourage broader adoption
of mCDR methods, without sacrificing environmental safeguards needed to prevent long-term
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ecological impacts. Oregon and California have both taken steps to streamline coastal
permitting for aquaculture and restoration projects by consolidating reviews or implementing
other CDR-friendly regulatory practices that could serve as useful models for adapting
permitting frameworks to support mCDR methods in Washington.

Tribal consultation. Successful deployment of any mCDR methods in Washington will
require early, sustained, and respectful engagement with Tribal governments, whose
sovereign rights, treaty-protected marine resource access, and co-management and
stewardship roles are central to responsible coastal and ocean planning. Many proposed
mMCDR methods, particularly those involving near-shore or offshore cultivation and biomass
sinking, have the potential to affect areas of cultural, ecological, and subsistence
significance.

The Government-to-Government consultation process must not be treated as just a procedural
requirements, but as an opportunity to build collaborative partnerships, incorporate traditional
ecological knowledge, and align projects with Tribal priorities and environmental stewardship
values. Ensuring Tribal voices are meaningfully included in decision-making will be essential to
the equitable and effective advancement of mCDR in Washington.

Environmental justice consideration. To advance environmental justice in the deployment
of mCDR opportunities, it is critical to coordinate with and actively involve coastal
communities and individuals located near proposed project sites. Meaningful engagement
should ensure that Washingtonians are well-informed about both the potential benefits—
such as contributions to climate mitigation, marine ecosystem restoration, and local
employment opportunities—and the potential environmental and cultural impacts on
ocean resources and traditional practices. This inclusive approach enables communities to
participate in decision-making processes that affect their marine environments, livelihoods,
and long-term well-being.

Procurement policy guidelines. Embed sustainability criteria into procurement processes by
integrating environmental impact metrics and performance indicators. Policies could
consider higher selection scoring for vendors that incorporate mCDR methods in products
or supply chains, to support enhancement of a market-driven incentive for adopting and
scaling these technologies.

Academic partnerships. Academic partnerships could play a significant role in advancing
Washington-specific mCDR methods by fostering innovative research and informing policy
development. By collaborating with leading universities and research institutions, several of
which are already engaged in studying CDR and related decarbonization strategies,
Washington can refine predictive models, evaluate ecological risks, and develop adaptive
management strategies that underpin sustainable decarbonization efforts.

Notably, ongoing work at institutions such as the University of Washington and Washington
State University—where innovative research in blue carbon and ecosystem restoration is
underway—demonstrates Washington’s capacity to lead in this arena. These collaborative
initiatives can generate evidence-based insights that inform the adaptation of permitting
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frameworks, ensuring regulatory processes remain responsive to emerging mCDR technologies
and scalable applications.

Additionally, integrating procurement considerations like those used for diverse supplier and
small business engagement can further incentivize university collaboration and foster the
development of Washington-based intellectual property in mCDR research and development.

e Cross-agency collaboration. Promote coordinated efforts among state agencies to ensure
mMCDR deployment complements terrestrial decarbonization strategies. Integrated planning
and shared resources can enhance overall policy effectiveness and streamline project
implementation.

The thoughtful integration of mCDR could serve as a vital component in Washington's broader
efforts to achieve a resilient, low-carbon future. These targeted actions complement the overall
strategy of integrating mCDR into Washington’s decarbonization portfolio, reinforcing both
innovation and sustainability in the pursuit of a low-carbon future.
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2.3.2 Forest-based CDR and sequestration

In the context of forestry, CDR includes afforestation, reforestation, and a variety of
management techniques which enhance a forest’s natural ability to remove and sequester
carbon dioxide from the air. Afforestation refers to the process of establishing a forest in an
area where there was no previous tree cover, while reforestation involves replanting trees in a
forest that has been depleted or damaged. Fundamentally, this carbon dioxide mitigation
strategy manipulates the forest’s natural carbon cycle to minimize the pool of carbon in the air
by maximizing the pool of carbon in forest biomass and soil. The longevity of this sequestered
carbon can be increased through reducing the risk of carbon release from catastrophic
disturbance of forests, removing carbon from the landscape as wood products made from
harvested biomass, and converting sequestered carbon into energy to substitute for fossil fuel
burning (Figure 7).

There is wide agreement within academic literature that Washington’s forests have the
potential to store significantly more carbon than currently, but disagreement remains on how
much of this unrealized potential is attainable.>? This section describes the most promising
techniques to pursue this management goal.

WASHINGTON FOREST CARBON CYCLE
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Figure 7. Washington forest carbon cycle
(tree biomass carbon obtained from Palmer et al. 2019)56

52 Case, Michael J. et al., "Forests of the Future: Climate Change Impacts and Implications for Carbon," Forest
Ecology and Management 16 (2021).
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The following sections will discuss the most proposed strategies for manipulating the forest
carbon cycle to minimize the atmospheric carbon pool. However, an action maximizing the
carbon content of a particular pool (i.e., forest biomass) does not necessarily minimize the
carbon content of the air, as the rest of the pools in the system may also be affected. The
following sections will also discuss the uncertainty in estimating the magnitude (and sometimes
whether the sequestration is net positive or negative and thus a source of carbon) of the
carbon removal and storage potential and the assessment of carbon sequestration potential
over a short term (5 to 10 years) and medium term (30 to 50 years), where known, the
geographic suitability in Washington (including co-benefits and trade-offs), and alignment with
state resources.

2.3.2.1 Improved forest management and harvesting for resilience

“Improved Forest Management” refers to sets of techniques to increase carbon sequestration
in forests by carbon crediting protocols. Certain activities, such as thinning and managing
competing brush and invasive species, are discussed in the section Reducing catastrophic
wildfire risk. In addition, healthy stocking density is discussed below under the section
Afforestation and reforestation. Although there is consensus that forests hold more carbon
than non-forested areas, there is disagreement on management practices that optimize carbon
sequestration in existing forests, particularly ones managed predominantly for timber
production. Encouraging adoption of published sustainable forestry standards recommending
such practices, including the Sustainable Forest Management Standard®3 and the Forest
Stewardship Council Principles and Criteria®* may increase carbon sequestration by Washington
forests. Consistently higher average carbon storage per cumulative timber output has been
observed among Forest Stewardship Council scenarios relative to business-as-usual in timber
forests in both Washington and Oregon, indicating Forest Stewardship Council-certified wood
carries an embedded carbon benefit.>> However, management strategies viewed over the
regional scale may enhance overall carbon sequestration but not be optimal for any particular
forest type or stand, as discussed in the section Harvest rotation extensions.

Although difficult to quantify, managing for forest health and resilience rather than theoretical
optimal carbon sequestration under current known conditions may ultimately sequester the
most carbon over a longer (century) time scale. Although managing forests with multiple
species and age classes increases the complexity and costs associated with harvests, these
practices increase forest resilience: forests containing a variety of species with different
characteristics are more likely to contain species adaptable to unknown future conditions. This
complexity also provides ecological co-benefits, such as improved habitat and water quality.
Further research and discussion with land managers may identify an optimal scale at which
such forest complexity and resilience could be introduced while still accommodating harvest
practices.

53 https://forests.org/forestmanagementstandard/

54 https://my.fsc.org/my-en/fsc-principles-and-criteria

55 Diaz, David D. et al., "Tradeoffs in Timber, Carbon, and Cash Flow under Alternative Management Systems for
Douglas-Fir in the Pacific Northwest," Forests 9, no. 8 (2018): 447, https://doi.org/10.3390/f9080447.
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2.3.2.2 CDR through forest growth

Plants pull carbon dioxide out of the air to incorporate into their tissues. Trees, which are long-
lived and massive, can store substantial amounts of carbon. Techniques that create conditions
to keep more and larger trees alive for longer result in more carbon being stored in live
biomass. Live tree aboveground carbon density in the Pacific Northwest moist coastal forests
regularly reaches more than 80 metric tons per hectare up to an estimated 217 metric tons per
ha, making the region highly suited to carbon sequestration through forestry (Table 7).%8
Management principles in this category include afforestation, extending timber harvest
rotations, and managing forest resilience.

Table 7. Regional carbon density variations for the Pacific Northwest
Reported in Mg/ha (equivalent to MMT per hectare), from Nave et. al. 2021.>8

Aboveground biomass | Soil profile to 1 meter
Ecological section 95% 95%
confidence confidence
interval interval
264

Oregon and Washington 217 187.247 243.286 481
coast ranges

Western Cascades 246 207.285 162 137.193 408
Klamath Mountains 221 174.269 117 94.146 338
Northern Cascades 194 145.242 134 104.173 328
Puget Trough 220 160.279 104 72.148 323
Southern Cascades 113 75.151 155 117.205 268
Willamette Valley 97 75.120 154 140.170 252
Okanogan Highland 93 78.108 94 86.102 187
Blue Mountains 68 57.79 114 103.127 182
Palouse Prairie 61 1.121 99 85.116 161
Eastern Cascades 80 64.95 80 65.99 160
Modoc Plateau 47 15.79 57 41.80 105
Snake River _Basalts and 12 0.37 83 70.99 95
Basins
Columbia Basin 19 6.32 59 49.72 78
Owyhee Uplands 20 0.58 54 30.97 73
Blue Mountain Foothills 10 3.18 53 45.62 63
Northwestern Basin and 0 0.0 45 35 58 45

Range

The carbon content in forests between eastern and western Washington differs significantly
due to variations in climate, forest types, and management practices. Washington contains 22.1
million acres of forested land, which stores approximately 853 MMT as aboveground, live tree
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carbon.>® In western Washington, the climate is mild and moist, with average annual rainfall
ranging from 20 to 150 inches,>’ supporting primarily coniferous forests, including Douglas fir,
hemlock/Sitka spruce, and fir/spruce/mountain hemlock forest types® Washington’s coastal
range total forest carbon (soil depth to 1 meter and aboveground biomass) has been estimated
to hold 481 metric tons of carbon per hectare.>8>8

Eastern Washington is generally drier, with annual rainfall ranging from 7 to 30 inches.>’ The
dominant species there include ponderosa pine, lodgepole pine, and western larch, and the
region has a history of relatively frequent low-intensity fires, which have been altered by recent
fire suppression efforts.>® The west side of the Cascades holds approximately 73% of the live
tree biomass in Washington, despite the forest area being relatively equal on both sides of the
Cascade crest.>® Western Washington typically experiences infrequent high-severity fires
occurring every 200 to 600 years, alongside moderately frequent mixed-severity fires in drier
places.>® Western Washington forests hold more carbon per unit area than forests in eastern
Washington (Table 7).56.6°

Although both eastern and western forests can store massive amounts of carbon, carbon held
by living organisms is inherently dynamic and subject to disturbance. Wildfire is one of the most
significant types of disturbance forests that are vulnerable to, especially in the drier forests of
eastern Washington, which releases large quantities of the carbon stored in living tissue back
into the atmosphere.?®! Other types of disturbance enhance tree mortality and include pests,
drought, and windfall. Furthermore, climate change is expected to increase the frequency and
severity of disturbance. The risk of disturbance limits the durability of carbon storage in forest
biomass, which is commonly reported to be on the order of decades to centuries. Carbon
stored in the highly productive, moist, coastal forests in Washington with long fire return
intervals (500+ years) is likely more durable than carbon stored in forests with more frequent
fire return intervals, such as dry eastern forests with a fire return interval of approximately 30
years.

59

56 palmer, Marin, Kuegler, Olaf, and Christensen, Glenn Washington’s Forest Resources, 2007-2016: 10-Year Forest
Inventory and Analysis Report. General Technical Report PNW-GTR-976. Portland: U.S. Department of Agriculture
and Forest Service, 2019.

57 "Climate of Washington," Western Regional Climate Center, accessed 4.2025.,

https://wrcc.dri.edu/climate of washington.

8 Nave, Lucas E. et al., "Disturbance and Management Effects on Forest Soil Organic Carbon Stocks in the Pacific
Northwest," Ecological Applications 31, no. 2 (2021): e2611, https://doi.org/10.1002/eap.2611.

59 Raymond, Crystal, Harriet Morgan, David Peterson, and Jessica Halofsky, A Climate Resilience Guide for Small
Forest Landowners in Western Washington. A collaboration of the University of Washington Climate Impacts
Group, the U.S. Forest Service, and the Northwest Climate Hub, 2022.

8 Andrew N. Gray, Thomas R. Whittier, and Mark E. Harmon, "Carbon Stocks and Accumulation Rates in Pacific
Northwest Forests: Role of Stand Age, Plant Community, and Productivity," Ecosphere 7, no. 1 (2016): e01224,
https://doi.org/10.1002/ecs2.1224.

61 Law, Beverly E. and Waring, Richard H., "Carbon Implications of Current and Future Effects of Drought, Fire, and
Management on Pacific Northwest Forests," Forest Ecology and Management 46 (2014): 123-135,
https://doi.org/10.1016/j.foreco.2014.05.001.
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Afforestation and reforestation

There is scientific consensus forested ecosystems hold more carbon than non-forested
ecosystems, highlighting afforestation as an important tool for enhancing Washington’s carbon
storage capacity. Although forested ecosystems have the greatest carbon storage potential,
afforestation should not replace healthy, functioning ecosystems.®? A study of urban carbon
stocks in Seattle in 2002 found forests in developing areas were estimated to hold 140 + 40
metric tons carbon per hectare, well above U.S. aboveground urban forest carbon stocks
(estimated to be 25 metric tons of carbon per hectare), suggesting urban forests can provide
significant carbon sequestration (Table 7).%3 An analysis of land-use types with the potential to
sequester carbon through reforestation/afforestation identified 0.13 million hectares of open
urban space in Washington as capable of sequestering up to 0.74 million metric tons CO; per
year.®* Cook-Patton et al. 2020 found open spaces along roads are specific areas of opportunity
and note urban trees provide significant documented co-benefits, including mitigating the
urban heat island affect and improving public health.®*

Pasture also has a high potential to sequester carbon at low cost with reforestation.® Cook-
Patton et al. found reforested pastures in Washington could sequester 1.16 MMT CO; per
year.% Pastures underlain by challenging soils alone could sequester 0.24 MMT CO; per year.%*
Several agricultural practices have the potential to increase forest cover on agricultural lands,
including silvopasture, alley cropping, and forest farming. Silvopasture is an agricultural
management practice where livestock are pastured within forests, suited to eastern
Washington. In alley cropping, ground-level crops are grown between widely spaced trees;®
co-benefits of alley cropping include fuel reduction through maintenance of an open understory
and preservation of ecosystem services on agricultural lands. In forest farming, productive trees
and understory crops are planted together to more closely resemble a natural forest more
closely. Carbon densities per hectare are highly dependent on a variety of specific practices and
are difficult to compare due to methodological differences between studies, but pastureland
converted to these agricultural systems results in increased carbon accumulation compared to
pure pasture.®®

Although maximizing tree density may maximize carbon held on site in live biomass, high
densities increase fire risk and competition between closely spaced trees may reduce growth,
and thus marketable timber, especially in less intensively managed public forests. The increase

62 Colorado Energy Office, Draft Colorado Carbon Management Roadmap, 2024.

63 Hutyra, Lucy R., Byungman Yoon, and Marina Alberti, "Terrestrial Carbon Stocks Across a Gradient of
Urbanization: A Study of the Seattle, WA Region," Global Change Biology 17, no. 2 (2010): 783-797,
https://doi.org/10.1111/j.1365-2486.2010.02238..x.

64 Cook-Patton, Susan C. et al., "Lower Cost and More Feasible Options to Restore Forest Cover in the Contiguous
United States for Climate Mitigation," One Earth 3, no. 6 (2020): 739-752,
https://doi.org/10.1016/j.0neear.2020.11.013.

85 Udawatta, Ranijith P., Water, Daniel, and Jose, Shibu, "Carbon Sequestration by Forests and Agroforests: A
Reality Check for the United States," Carbon Footprints 2 (2023): 2, https://doi.org/10.1002/cf.2023.2.2.

56 Nair, P. K. Ramachandran, Kumar, B. Mohan, and Nair, Vimala D., "Agroforestry as a Strategy for Carbon
Sequestration," Journal of Plant Nutrition and Soil Science 172 (2009): 10-23,
https://doi.org/10.1002/jpIn.200800030.
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in fire risk with density on less actively managed lands, especially in forests in more fire-prone
ecoregions such as eastern Washington, may cancel out the short-term increase in on-site
carbon over the expected fire return interval. Industrially managed forests carefully manage
stocking density to maximize marketable timber, while minimizing growth-inhibiting
competition and fire risk. Developing incentives for removing biomass from public lands as
harvested wood products and for use in bioenergy may increase the durability of the forest
carbon by reducing wildfire risk, see the section on Wood products for further discussion).

Robertson et al. 2021 estimated the carbon sequestration potential of restored riparian forest
in Washington.®” Using the rate of riparian forest restoration obtained from several sources for
1999-2015, they ran simulations for three scenarios — a low rate of riparian restoration, a
moderate rate of riparian restoration, and a high rate of riparian restoration for a 30-year
period ending in 2050. They found riparian forest restoration could sequester 0.01 MMT CO,e
per year in the conservative scenario, up to 0.29 MMT COe per year in the ambitious scenario.
However, the assumptions made in this study should be examined and discussed with
knowledgeable individuals on the county level. The Forest Practices Act, RCW 76.09,% regulates
growing and harvesting timber on all non-federal and non-Tribal forestlands in Washington.®®
The Forest Practices Act constrains forestry practices to protect public resources, such as water
quality and aquatic habitats.®® The gap between Forest Practices Act and Forest Stewardship
Council rules in Washington is narrower than in Oregon (where the methodology Robertson et
al. was applied), primarily because Washington has higher levels of stream protection in its
regulations. These higher levels of protection result in Washington having less opportunity for
additional carbon storage compared to Oregon, where more intensive harvest practices are
permitted.

Replanting forests following fire can help mitigate carbon storage losses due to fire. Robertson
et al. 2021 also estimated the carbon sequestration potential of restoring forest on federal land
following wildfire. Robertson et al. estimated the baseline for replanting on federal land and
estimated carbon sequestration achievable by increased rates of replanting, finding the low
replanting rate achieved 0.03 MMT CO.e per year, up to 0.09 MMT CO.e per year in the
ambitious scenario. When restoring forest following fire in areas at risk of severe fires, it may
be beneficial to prioritize species such as Ponderosa Pine over Douglas fir east of the Cascades.
Ponderosa pine demonstrates greater resilience and lower combustion percentages following
fire, compared to Douglas fir, which experiences higher mortality rates under similar
conditions.>®6?

The practice of removing trees following disturbance can affect the forest’s recovery and
resistance to subsequent disturbance. The effects of removing salvage trees are complex.
Following windfall, salvage of trees can reduce bark beetle host trees and beetle-tree

57 Robertson, James C. et al., "Leveraging the Potential of Nature to Meet Net Zero Greenhouse Gas Emissions in
Washington State," PeerJ 25 (2021): 70011, https://doi.org/10.7717/peerj.70011.

58 https://app.leg.wa.gov/rcw/default.aspx?cite=76.09

69 Washington State Department of Natural Resources, Policy for Sustainable Forests. Doug Sutherland,
Commissioner of Public Lands, 2006.
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connectivity, enhancing reforestation.”® Salvaging healthy trees following fire can reduce
regeneration through seeding, as these trees produce new seeds and moderate the seedlings’
environment and can prevent selection for genetic resistance to fire.®” However, salvage
following fire may also decrease fuel loads and reduce the risk of subsequent high intensity
fires.”% In a review of salvage logging practices, Leverkus et al. 2021 created a decision
framework to assist land managers in evaluating when salvage may be beneficial to ecosystem
health.”® However, policy incentives may need to be designed to assist forest landowners to
choose long-term forest health over short-term recovery of economic losses.

Harvest rotation extensions

Industrially managed forests in Washington are often harvested at financially optimal rotation
ages, which vary by tree species. Douglas fir timberland is generally managed intensively as
even-aged stands west of the Cascades and harvested on 40- to 50-year rotations.>> The
financially optimal rotation age does not necessarily align with theoretical “biological rotation
age” maximizing timber yield; this rotation age is described as the culmination of mean annual
increment (CMAI) — the volume of merchantable timber divided by the number of years since
the stand was established.’? Although the rate of carbon removal from the atmosphere
decreases as a stand ages, the total quantity of carbon is thought to increase for hundreds of
years, well past CMAI.®*

Scientific debate exists over the carbon sequestration potential of extended harvest rotations.
Some studies argue “no harvest” scenarios result in greater carbon sequestration potential than
scenarios where trees are harvested, and longer rotations (generally capped at CMAI) result in
greater harvest sequestration potential than shorter harvest rotations. For example, extending
Douglas fir rotations from 35 to 70 would result in 2.35 times more carbon stored in live
biomass.”> However, maximizing live biomass in forests does not necessarily equate to
maximizing carbon sequestration of the forest carbon cycle (Figure 7). Specific leakage rates
resulting from reduced supply, where carbon sequestered by delayed harvest within the region
is offset by increased harvest outside of region due to the increased wood value, would need to
be calculated to ensure additionality of the carbon stored through this management technique.

Some of the debate originates from differences in assumptions and system boundaries used by
the studies. Fain et al. 2018 summarized the debate as centered around the assumed
percentage of harvested wood used in estimating substitution benefits over more fossil fuel-
intensive materials, and the accumulation of these substitutions over time.”® Some studies
assume a single rotation age extension, disregarding species differences and the objectives of

"OLeverkus, Alexandro B. et al., "Does Salvage Logging Mitigate Subsequent Forest Disturbances? Tamm Review,"
Forest Ecology and Management 481 (2021): 118721, https://doi.org/10.1016/j.foreco.2020.118721.

71 Randazzo, Nina A., Gordon, Doria R. 2023. "Realistic potential increases in carbon storage via timber rotation
extensions: an analysis of the Pacific Northwest." Carbon Management.

72 Chisholm, Paul and Gray, Andrew"Forest Carbon Sequestration on the West Coast, USA: Role of Species,
Productivity, and Stockability," PLoS ONE 19, no. 5 (2024): e0302823,
https://doi.org/10.1371/journal.pone.0302823.

73 Stephen J. Fain, Brian Kittler, and Amira Chowyuk, "Managing Moist Forests of the Pacific Northwest United
States for Climate Positive Outcomes," Forests 9, no. 10 (2018): 618, https://doi.org/10.3390/f9100618.
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land managers; this assumption overestimates the short-term magnitude of possible offsets of
rotation extension.’* Randazzo and Gordon 2023 suggest, even if economic forestry
management incentives were to align with CMAI harvests using carbon offset credits, the full
carbon sequestration potential of the harvest rotation extensions could not be achieved for at
least 100 years. However, despite these limitations, Randazzo and Gordon identified a
contiguous area from the central coast of Washington extending to the Columbia River at the
Oregon border where the current harvest age differed most from CMAI. Targeted rotation
extensions in this area could achieve 84 metric tons of CO; over a 60-year rotation.

Some studies state that shorter extensions maximize carbon storage outside of the system
through product use, bioenergy generation, and substitution. Fain et al. 2018 cite an example
study testing the importance of considering substitution for more fossil-fuel intensive materials
(such as concrete or steel) in carbon sequestration potential. Omitting substitution from the
analysis caused the no harvest/longest rotation scenarios to accumulate the most carbon, while
including substitution caused the shortest harvest interval to accumulate the most carbon.
Other studies suggest harvesting at CMAI stores more carbon per land area than shorter
rotation, when including wood products, disposal, substitution and in-forest carbon pools.”?
However, other studies note substitution benefits are likely overestimated.®* Whether harvest
rotation extension is beneficial for carbon sequestration may depend on a variety of factors
including the conditions of a particular forest, how it is harvested, and the set of products made
from the wood.

2.3.2.3 Sequestration of carbon removed by forests

Durability of carbon stored in forest ecosystems depends on disturbance frequency and
severity. Stand biomass per unit ground area continues to increase in forests for at least 300
years in the moist forests of western Washington, which has a less frequent fire return interval
than eastern Washington.?* However, climate change is expected to reduce carbon storage
durability as disturbance frequency from wildfire, pests, and drought are expected to increase
in both eastern and western Washington.” The durability of carbon sequestered in forest
biomass can be increased through removing the biomass from the landscape and thus from
exposure to disturbance.

Reducing catastrophic wildfire risk

In addition to management techniques seeking to enhance the forest’s ability to remove carbon
from the atmosphere, forest carbon removal can be enhanced through management
techniques designed to keep that carbon on site. Wildfire is the type of forest disturbance with
the largest potential to release carbon back into the atmosphere. Although eastern Washington
experiences higher wildfire risk than western Washington, climate change is expected to
increase wildfire frequency on both sides of Washington.”” Fire suppression strategies over the

74 Joseph E. Fargione et al., "Natural Climate Solutions for the United States," Science Advances 4, no. 11 (2018):
eaat1869, https://doi.org/10.1126/sciadv.aat1869.
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past century and climate change have caused high severity fires to be more likely.”>7®¢ When
plants die in wildfires, carbon stored in their tissues is released into the air, although there is
debate on how much.®! Palmer et al. 2019 report that 0.8 MMT carbon was emitted per year
between 1993 and 2007 due to wildfire on National Forest Service lands.”® The amount of
carbon released in a fire depends on factors such as fire severity, tree species, and tree
diameter; in general, higher severity fires release a greater proportion of on-site carbon. Meigs
et al. 2009 found approximately 22% of pre-fire carbon pools were combusted in four fires in
Oregon, and only 1.24% of live tree stem carbon was combusted.”” Non-combusted biomass
killed by fire decomposes, but this carbon is released slowly, over decades to centuries. Half the
carbon remaining after a fire persists in the soil for about 90 years, with the other half
persisting more than 1,000 years.’®

Thinning, reducing tree planting density, controlled burning, and removal of invasive species
(such as Scotch broom) are forestry management techniques likely to result in net carbon
sequestration over the next century by reducing the risk of high severity wildfires. However,
these techniques are likely to reduce carbon sequestration (through reducing live biomass in
the forest) over the next 25 years.”>%! Roads to Removal® study modeled potential carbon
sequestration from reducing catastrophic wildfire risk by pile burn and restoration thinning
treatments in the wildland urban interface in Washington by county (Table 8). Chelan County
had the highest potential carbon sequestration at 332,968 tons CO,e per acre; total additional
carbon storage in Washington from these treatments was 822,126 tons CO,e per acre.

7> Case, M. 1., Johnson, B. G., Bartowitz, K. J., and T. W. Hudiburg. "Forests of the Future: Climate Change Impacts
and Implications for Carbon Storage in the Pacific Northwest, USA." Forest Ecology and Management 482 (2021):
118886.

76 Laflower, D. M., Hurteau, M. D., Koch, G. W., North, M. P., and B. A. Hungate. "Climate-Driven Changes in Forest
Succession and the Influence of Management on Forest Carbon Dynamics in the Puget Lowlands of Washington
State, USA." Forest Ecology and Management 482 (2015): 118886.

77 Meigs, G. W., Donato, D. C., Campbell, J. L., Martin, J. G., and B. E. Law. "Forest Fire Impacts on Carbon Uptake,
Storage, and Emission: The Role of Burn Severity in the Eastern Cascades, Oregon." Ecosystems 12 (2009): 1246—
1267.

78 Singh, N., Abiven, S., Torn, M. S., and M. W. . Schmidt. "Fire-Derived Organic Carbon in Soil Turns Over on a
Century Scale." Biogeosciences 9 (2012): 2847-2857.
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Table 8. Potential CO> storage from fire resilience treatments (pile burn or thinning) in
Washington counties, along urban wildland interface, over a 25-year period.®

Count Potential Additional Storage from Pile Burning or
! Thinning (tons CO2e per acre) over 25-year Period

Asotin County 1,160
Chelan County 332,968
Columbia County 13,748
Douglas County 817
Ferry County 11,835
Garfield County 3,717
Kittitas County 178,970
Klickitat County 162,946
Lincoln County 8
Okanogan County 21,547
Pierce County 34,656
Stevens County 12,395
Yakima County 47,358

Enhancing carbon storage in forest soils

Despite the potential size of the carbon reservoir in forest soil, it is often ignored by studies due
to a lack of data.”® In addition to storing carbon in their tissues, plants pump carbon dioxide into
the soil through their roots and root exudates. When plants die and are broken down by
decomposers, a portion of the carbon stored in their tissues is released into the air and a
portion gets incorporated into the soil. Minimizing the release of carbon into the air through
reducing microbial decomposition will be discussed in the context of wood products and
bioenergy. Carbon can be stored in soil in organic and inorganic forms. Soil (to a depth of 1
meter) in Washington and Oregon is estimated to hold 44% of the total ecosystem carbon,
compared to 33% in aboveground biomass.”® Carbon stocks in non-mineral soil can exceed 400
metric tons C per hectare, depending on the plant association zone (which describes the
dominant vegetation species at forest stand maturity) and CMAL.”? Soil carbon may be highly
durable, persisting from centuries to millennia.>®

7® Nave, Lucas E., Kendall Delyser, Grant M. Domke, Scott M. Holub, Maria K. Janowiak, Brian Kittler, Todd A. Ontl,
Eric Sprague, Eric B. Sucre, Brian F. Walters, and Christopher W. Swanston. "Disturbance and Management Effects
on Forest Soil Organic Carbon Stocks in the Pacific Northwest." Ecological Applications 21 (2021): Ecological Society
of America.

Publication 25-14-066 CDR Evaluation Study - Final
Page 60 Sept. 2025



In a meta-analysis of organic carbon storage in soil and aboveground biomass in the Pacific
Northwest, Nave et al. 2021 estimate carbon storage for ecological sections in the region.>®
Topography, climate, and vegetation are the key variables influencing soil organic carbon
variation. Their analysis reveals wildfires consistently decrease soil organic carbon storage, so
practices that mitigate wildfire risk have the highest impact on soil carbon stocks. They found
harvesting has limited impacts on soil organic carbon storage, although with low confidence.
Additional practices, which they identified to affect soil organic carbon with high confidence,
but moderate influence, include planting red alder in managed conifer stands and organic
amendments such as addition of biochar, biosolids, and wood chips. Employing both
mechanical thinning and prescribed fire may be the most effective strategy to minimize fire risk
and soil organic carbon loss, especially in dry interior forests’. Although the carbon storage
benefit of wood chip mulch has not been quantified, this treatment may enhance forest growth
through preserving soil moisture, which is anticipated to be a limiting factor for forest growth in
likely climate change scenarios where summers become warmer and drier®2.

Bioenergy

When generating bioenergy, humans essentially harvest energy from plant tissues before the
decomposers do, releasing the carbon stored in plant tissue being released into the
atmosphere. However, because this energy is used to perform work relevant to humans, it can
reduce carbon emissions through substitution for fossil energy. Carbon offsets through
bioenergy generation are complex to model, but the duration is considered permanent.8%8!
Analyzing and developing the market to convert currently non-marketable timber, harvesting
residues (such as treetops), mill residues, and forest thinning (such as those removed for
wildfire control) into bioenergy can therefore lead to permanent carbon removal through
substitution. This market, as part of the larger market for wood product, discussed in the next
section, would increase the value of underused wood biomass and reduce the costs of applying
thinning to reduce wildfire risk, allowing the technique to be practical for larger areas of land.
Wood products may also be burned to produce bioenergy at the end of their functional life,
providing additional carbon sequestration through substitution and removing the need for
disposal in landfills. Due to the complexity and scientific debate surrounding modeling
substitution effects, it is unclear how much carbon removal could be achievable via bioenergy
substitution from forest biomass in Washington.

Wood products

Wood products remove biomass from the landscape, preventing the biomass from burning in
wildfires or decomposition while they are in use. Wood can also substitute for other carbon-

80 Lucey, Taylor K., Nadia Tase, Prakash Nepal, Richard D. Bergman, David L. Nicholls, Poonam Khatri, Kamalakanta
Sahoo, Andrew N. Gray. A Synthesis of Harvested Wood Product Carbon Models. Gen. Tech. Rep. PNW-GTR-1020.
Portland, OR: U.S. Department of Agriculture, Forest Service, Pacific Northwest Research Station, 2024.
https://doi.org/10.2737/pnw-gtr-1020.

81 Taylor, Adam, Hongmei Gu, Prakash Nepal, and Richard Bergman. "Carbon Credits for Mass Timber
Construction." BioProducts Business 12 (2023).

Publication 25-14-066 CDR Evaluation Study - Final
Page 61 Sept. 2025


https://doi.org/10.2737/pnw-gtr-1020

intensive products, such as steel and concrete.>># However, this substitution is achieved with
energy and emissions to power machines to remove and process the biomass and so comes at a
cost. Whether a net carbon source or sink can depend on a variety of factors, including the
efficiency of the mills, the percentage of the biomass used, the types of products created, and
transport logistics.® Estimating carbon sequestration from wood products is especially sensitive
to differences in system boundaries, making studies difficult to compare. Models available to
estimate carbon sequestration through use of harvested wood products are discussed in detail
in Taylor et al. 2024.8% Detailed modeling and analysis specific to Washington would be needed
to provide a quantifiable estimate of the carbon sequestration potential from harvested wood
products.

Demand for specific wood products and their value directly influence the length of harvest
rotations. Although there is disagreement, removing biomass from the forest and storing it as
wood products may sequester more carbon from the atmosphere than no harvest alternatives
in some highly intensive management regimes under short harvest rotations, where
substitution is included in the models.®* However, substitution benefits are difficult to model
and may be overestimated.?

Life-cycle analysis is a method to estimate the total carbon balance of a product through its
entire life cycle, through disposal (Figure 8). The longevity of carbon sequestration depends on
the longevity of the product. Paper is estimated to have the shortest carbon storage potential,
at only several decades.®> Using a product for bioenergy production produces theoretically
permanent carbon sequestration, see Section Bioenergy for discussion on this. Structural
products, such as cross-laminated timber used as essential structural elements in buildings, are
expected to sequester carbon for at least the life of the building, which is generally assumed to
be 80 to 100 years.® In addition, such products are expected to be reusable at the end of a
building’s life, potentially extending sequestration. “Cascaded use” refers to the concept of
maximizing the number of reuses of wood products to maximize their life; however, maximizing
number of reuses is logistically challenging and doesn’t necessarily maximize carbon
sequestration due to emissions associated with obtaining, preparing materials for the next use,
and transporting to where they are needed.?° In addition, the cost of reuse depends on
complex market influences.®

Washington could benefit from commissioning a study to use life-cycle analysis and modeling to
develop policies to encourage manufacturing and use of harvested wood products with the

82 Chen, Cindy Xiaoning. 2019. Environmental Assessment of the Production and End-of-Life of Cross-Laminated
Timber in Western Washington. Dissertation, University of Washington.

83 Cabiyo, B. H. 2022. “Accounting for the climate benefits of harvested wood utilization.” University of California
Berkeley. https://escholarship.org/uc/item/80p6z3pd

84 Taylor K. Lucey, Nadia Tase, Prakash Nepal, Richard D. Bergman, David L. Nicholls, Poonam Khatri, Kamalakanta
Sahoo, and Andrew N. Gray. 2024. “A Synthesis of Harvested Wood Product Carbon Models.” General Technical
Report PNW-GTR-1020, Pacific Northwest Research Station: United States Department of Agriculture and Forest
Service.

85 Ganguly, 1., Pierobon, F., and E. S. Hall. 2020. “Global Warming Mitigating Role of Wood Products from
Washington State’s Private Forests.” Forests: 11, 194. doi:10.3390/f11020194.

Publication 25-14-066 CDR Evaluation Study - Final
Page 62 Sept. 2025


https://escholarship.org/uc/item/80p6z3pd

longest sequestration potential in consideration of transportation/manufacturing emissions,
including identifying strategic placement of bioenergy facilities. Some products with high
carbon sequestration potential, such as cross-laminated timber, are not yet widely used in
Washington. A variety of barriers, including a lack of region-specific knowledge and public
awareness of these products, established supply chains, and building codes have hindered
widespread adoption of these products.®3 Begun in 2024, Washington’s Mass Timber
Accelerator Program?®® is seeking to resolve these barriers to adoption of mass timber.

Increased/decreased land-use change emissions
T f tem B0 S
Net sequestration in forest products

Indlrect emissions from Emissions from product use (i.e., embodled carbon)
Net sequestratuon purchased electricity Emissions from end of life
in forest carbon \,,_

. Emissions from * ‘
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0DE— . s -
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Figure 8. Depiction of emissions along a product's life cycle
Adapted from Heath et. al (2010)%*

2.3.2.4 Modeling and uncertainty

A variety of models are used to estimate biomass and carbon sequestration in forestry systems
(Table 9). Models fall within two general types: process and growth and yield models. Process
models simulate the physiological processes of trees and forests, focusing on how
environmental factors (such as temperature, moisture, and light) affect carbon uptake and
storage over time. Growth and yield models predict the growth of trees and stands based on
historical data and statistical relationships, and thus, do not reflect climate change. Process

86 https://www.wamasstimber.org/
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models that simulate all carbon pools within ecosystems are preferred by Verra.?”88 Growth
and yield models are commonly used to project productivity in managed and unmanaged
stands and are less desirable because volume must be converted using series of expansion
factors, introducing additional error.88

The following models are peer reviewed models calibrated for Washington and comply with
standard protocols to quantify carbon sequestration through forestry projects, although some
are listed as “not preferred” by Verra. Other, specialized models are generally needed to model
carbon sequestration by harvested wood products.

87 Verra. Methodology for Improved Forest Management through Extension of Rotation Age. VM0003 Version 1.3.
Sectoral Scope 14, 2023
88 Verra. Methodology for Improved Forest Management through Extension of Rotation Age. VM0003 Version 1.2.
Sectoral Scope 14, 2023.
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Table 9. Example models used to estimate carbon removal by forests, and
acceptance/preference for relevant carbon offset accounting protocols (Table A.2: CDR
Accounting Methods Pros and Cons)

Forest Projection = Growth and yield = Proprietary Forest Biometrics.®® Approved by California

and Planning Air Resources Board, Climate Action Reserve
System
CRYPTOS/CACTOS CRYPTOS (Cooperative Redwood Yield and Timber
ICRYPTOS Output Simulator)/CACTOS (California Conifer Timber
emulator Growth and vield Output Simulator)/CRYPTOS Emulator is a legacy model
y no longer available for download but is still listed as an
approved model in Climate Action Reserve and California
Air Resources Board
FORECAST Process Not listed in Climate Action Reserve U. S. Forest

Protocol Version 5.1, but allowed by Verra
May be obtained for fee by joining the California Growth
and Yield Modeling Cooperative (California Growth and
FORSEE Growth and yield | Yield Modeling Cooperative.)®® Approved by California
Air Resources Board but not listed in Verra, Climate
Action Reserve, American Carbon Registry, or BCarbon
Approved by Verra, Climate Action Reserve, California
Air Resources Board. Freely available stand level
CO2 fix Process simulation model quantifies the C stocks and fluxes in the
forest biomass, the soil organic matter and the wood
products chain.®’
Free download from Canada’s National Forest
Information System (NFIS) website 2
Landscape-scale model recently fit to forestry inventory
CBM-CFS3 Growth and yield | and analysis data for Pacific Northwest by Chisolm and
Gray 2024. The model fit is designed to address some of
the flaws of other growth and yield models to be applied
to any regional forest type. Not preferred by Verra.
A United States individual tree- and stand-level model
that simulates forest growth and provides estimates for
carbon storage in harvested wood products 2. An
Growth and yield | analysis by Fain et al. 2018 found model uncertainty
contributed more than 70% to the overall variance in their
100-year study period. Approved by BCarbon, Climate
Action Reserve, ACR, not preferred by Verra.

Forest Vegetation
Simulator

8 https://forestbiometrics.org/

%0 https://ww2.arb.ca.gov/our-work/programs/compliance-offset-program/compliance-offset-protocols/us-forest-
projects/models

91 Schelhaas, M. J., van Esch, P.W., Groen, T.A., de Jong, B. H. J., Kanninen, M., Liski, J., Masera, O., Mohren, G. M.
J., Nabuurs, G. J., Palosuo, T., Pedroni, L., Vellejo, A., Vilen, T. CO2FIX V 3.1 — A Modelling Framework for
Quantifying Carbon Sequestration in Forest Ecosystems. 2004.

92 https://carbon.nfis.org/cbm
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2.3.2.5 Applicability of techniques according to major Washington landowners

Washington’s forests are managed by a variety of entities (Figure 9) with a variety of landowner
objectives, which may or may not align with maximizing carbon dioxide removal from the
atmosphere or sequestration. Despite harvest, carbon stocks across Washington’s productive
timber land are estimated to be increasing, demonstrating general alignment of industrially
managed forests with Washington’s carbon dioxide removal goals.>®

Timber harvest on federal land in Washington is managed under the 1994 Northwest Forest
Plan. The U.S. Forest Service is the largest landowner in Washington, with over 8 million acres.
Most of this acreage (5,701,200 +40,900 acres) is managed as unreserved timberland, to
maintain a sustained timber yield.>® Enhancing reforestation following wildfire and other major
disturbances, and management actions to reduce wildfire risk and severity, could increase the
guantities of carbon dioxide removed by forests managed by the U.S. Forest Service.
Developing a market for wood products developed from thinning and brush cutting could
increase durability of carbon removal, promote longer term removal by reducing disturbance
risk, and reduce the costs of these treatments, allowing them to be applied to larger areas of
land. Although the data are unclear on the amount of carbon that could be stored through
forestry management techniques through soils, techniques such as mulching could in theory be
applied to managed timber lands owned by the U.S. Forest Service.

Reserved timberland managed by the U.S. Forest Service (1,776,200 + 61,400 acres), along with
lands managed by the National Park Service, non-governmental conservation, or natural
resource organizations are managed to product biodiversity, provide recreational
opportunities, or maintain ecosystems services.”® Fewer management actions are applicable to
these lands to increase carbon dioxide removal as they are less actively managed. Discussion
with the U.S. Forest Service would be required to determine the feasibility of obtaining Forest
Stewardship Council certification. Carbon removal by these forests may be enhanced through
invasive species management and wildfire risk management techniques, but applicability and
implementation of these techniques must be determined through coordination with the
landowning agencies.

Corporate privately owned forest is managed for timber. These heavily managed forests are
typically planted as even-aged, single species plantations.>®®! Forest management techniques
with the potential to increase carbon dioxide removed on industrial forests include maintaining
balanced stocking densities in consideration with the wildfire risk according to the forest type
and replanting soon after wildfires. Developing policies and markets to encourage production
of long-lived harvested wood products and bioenergy may increase carbon removals in
combination with short harvest rotations for appropriate forest types, such as in western
Washington. Alternatively, encouraging management for forest resilience with multi-aged
species, multi-species stands (such as encouraging Forest Stewardship Council certification or
other similar certifications) may reduce the risk of disturbance and increase forest carbon
removals longer-term. Carbon removal in highly managed forests may be enhanced through
intensive techniques, such as mulching of brush or thinning, intended to increase forest soil
carbon, that are impractical in less intensively managed forests.
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Individual landowners manage their forests for a wider variety of objectives than other groups,
including privacy, agriculture, recreation, conservation/habitat, and timber.>® Individual
landowners may more easily access carbon credits through project aggregation where allowed.
For large landowners in western Washington, landowners can be encouraged to harvest in
complex, multi-aged stands as they are more likely to create economic value from the co-
benefits associated with this management style, see Section 2.3.2.1 Improved forest
management and harvesting for resilience. Supporting research and public education on
silvopasture and other agroforestry techniques may encourage growth of new forest or
regrowth of historical forest on agricultural land.

Most of Washington’s state lands are state trust lands managed under 2006 Department of
Natural Resources Policy for Sustainable Forests®® and 1997 multi-species Habitat Conservation
Plan, and under the 1974 Washington Forest Practices Act, which is implemented through rules
which establish standards for timber harvesting and other forest practices. The Policy for
Sustainable Forests®® seeks to “conserve and enhance the natural systems and resources of
forested state trust lands...to produce long-term, sustainable trust income, and environmental
and other benefits for the people of Washington.” Washington Department of Natural
Resources (DNR) periodically calculates sustainable harvest levels, which define the volume of
timber scheduled for sale from state-owned lands during a planning decade.®® DNR serves both
as Washington’s natural resources manager and its principal wildfire control agency, with both
roles performed by distinct divisions with separate missions and leadership, ensuring functional
independence and minimizing potential conflicts between resource management and wildfire
response strategies.®® Therefore, policies made by both divisions affect carbon removal on DNR
lands through harvesting practices and as a result of wildfire risk management.

Nearly two million acres of Washington forests are Tribally owned and managed.>® The four
largest Indian reservations in Washington are those of the Confederated Tribes of the Colville
Reservation, Confederated Tribes and Bands of the Yakama Nation, the Quinault Indian Nation,
and the Spokane Tribe of Indians.®>°* Tribal land management and traditional indigenous
cultural uses emphasizes timber production, native plants, and wildlife habitat.®> Prescribed fire
is a management technique commonly used on Tribal reservations where low-intensity fires
were traditionally used to clear underbrush, renew berry patches, maintain open prairies, and
encourage growth of culturally important plants like camas and beargrass.®*

9 Governor’s Office of Indian Affairs. Tribal Maps: Map of Reservations and Ceded Land. 2010. Accessed April
2025. https://goia.wa.gov/sites/default/files/public/WATribalReservationTreatyCeded2010.pdf.

% Long, J. W., and F. K. Lake. "Escaping Social-Ecological Traps through Tribal Stewardship on National Forest Lands
in the Pacific Northwest, United States of America." Ecology and Society 23, no. 2 (2018): 10.
https://doi.org/10.5751/ES-10041-230210.

% Carroll, Matthew S., Patricia J. Cohn, and Keith A. Blatner. "Private and Tribal Forest Landowners and Fire Risk: A
Two-County Case Study in Washington State." Canadian Journal of Forest Research 41, no. 10 (2011): 2148-2158
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U.S. FOREST SERVICE 8,292,800 ACRES

CORPORATE PRIVATE 4,760,200 ACRES

INDIVIDUAL LAND OWNERS 2,568,600 ACRES

TRIBALLY OWNED 1,889,400 ACRES

NATIONAL PARK SERVICE 1,186,000 ACRES

LOCAL GOVERNMENT 457,400 ACRES

NONGOVERNMENT CONSERVATION OR NATURAL RESOURCE 193,000 ACRES

OTHER FEDERAL GOVERNMENT 186,300 ACRES

U.S. FISH AND WILDLIFE SERVICE 97,800 ACRES

1,000,000 2,000,000 3,000,000 4,000,000 5,000,000 6,000,000 7,000,000 8,000,000 9,000,000

Figure 99. Major forest landownership classes in Washington 2007-20165%
Total acreage is shown in each column. Error bars show standard error.

2.3.2.6 Conclusion and next steps

Table 10 presents recommendations to increase carbon dioxide removal and sequestration by
Washington’s forests, noting relevant landowner categories from Figure 9, where applicable.
Where known, an estimate of the potential carbon removal or sequestration is listed. The
academic studies examined for this report use a variety of models, with different assumptions,
and different system boundaries to present carbon dioxide removal and sequestration
estimates for forest carbon sequestration baselines and from implementing forestry
management techniques. These differences make carbon sequestration estimates for different
strategies or scenarios nearly impossible to compare or extrapolate beyond the narrowly
defined parameters of the study. Estimates for the carbon sequestration potential of a
particular technique may vary widely (for example, by a factor of two) or even from positive
(carbon sink) to negative (carbon source) based on system boundaries and temporal
assumptions. Adding to this uncertainty is the complexity in modeling how management
actions may affect each other or by climate change. Therefore, some of the recommendations
include adapting or performing follow-up studies specific to the needs of Washington.

Landowner coordination is needed to identify whether the recommended strategies for
Washington’s major forest landowners are appropriate and to encourage their implementation,
potentially through carbon offset projects. Many practices that increase the carbon
sequestration of a forest also improve forest health and productivity, aligning with commercial
forestry goals, although sometimes these practices reduce forest product net present value.®!
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Although specific techniques may be applicable to lands managed by Tribes, it is not
recommended that Washington seek to influence Tribal land-management practices.

A change in accepted baseline practices accepted by carbon offset protocols may be an
unintended consequence of encouraging widespread adoption of practices that enhance
carbon removal and sequestration, potentially reducing the value of registered carbon offset
projects. Potential policy changes meant to encourage better forestry management practices

must be examined for their potential to reduce the value of carbon offset projects in
Washington.
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Table 10. Summary of recommendations for enhancing carbon dioxide removal and
sequestration through forestry, with applicable landowner categories and estimates of carbon

removal/sequestration, where known.

. Carbon Removal/Sequestration
Recommendation .
Estimate

Encourage landowners to obtain Forest Stewardship
Council-certification.®!

Encourage landowners to manage forests as multi-species,
multi-aged landscapes at appropriate scales for the chosen
management regime.

Encourage reforestation of urban areas, particularly along
road corridors

Encourage reforestation of pasture, especially through
adoption of agroforestry practices on current agricultural
lands

Support and coordinate with Mass Timber Accelerator
Program to develop market and incentives for removing
biomass from public lands as long-lived harvested wood
products and for use in bioenergy generation

Encourage riparian reforestation.

Encourage restoration of healthy stocking levels following fire
in areas at risk of severe fires and to consider prioritizing fire
resilient species east of the Cascades.

Encourage use of decision tools such as published by
Leverkus et al. 2021 to consider ecosystem health in the
decision of whether to salvage. Policy incentives may need
to be designed to assist forest landowners to choose long-
term forest health over short-term recovery of economic
losses where economic incentives lead to salvage at the
expense of ecosystem health.

Thinning, reducing tree planting density, controlled burning,
and invasive species (Scotch broom) removal are forestry
management techniques likely to result in net carbon
sequestration over the next century by reducing the risk of
high severity wildfires

Encourage practices that increase soil organic carbon, such
as planting red alder in managed conifer stands and organic
amendments such as addition of biochar, biosolids, and
wood chips; employing both mechanical thinning and
prescribed fire to minimize fire risk and soil organic carbon
loss, especially in dry interior forests.

Commission a study to use life-cycle analysis and modeling
to develop policies to encourage manufacturing and use of
harvested wood products with the longest sequestration
potential in consideration of transportation/manufacturing
emissions, including identifying strategic placement of
bioenergy facilities.

Unknown -estimation would require a
study with Washington-specific system
boundaries

Unknown -estimation would require a
study with Washington-specific system
boundaries

0.74 MMT COz2 per year®*
1.16 MMT CO2 per year®

Unknown -estimation would require a
study with Washington-specific system
boundaries

Unknown-estimation would require
geographic analysis of Robertson et al.
2021 riparian reforestation rates’®

0.03-0.09 MMT CO2e per year’®

Unknown -estimation would require a
study with Washington-specific system
boundaries and information from
corporate and individual landowners

Unknown -estimation would require a
study with Washington-specific system
boundaries

Unknown -estimation would require a
study with Washington-specific system
boundaries

Unknown -estimation would require a
study with Washington-specific system
boundaries
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2.4 Assessment of carbon dioxide removal methods with
limited applicability in Washington

This section provides a summary of CDR methods that currently have limited applicability in
Washington. The reasons for their exclusion (e.g., technical, financial, and regulatory
challenges) are discussed to provide context on why these methods are considered less
promising methods to support Washington’s statutory emissions limits.

Microalgae cultivation is the process of growing microscopic, photosynthetic organisms—such
as Chlorella, Spirulina, and Nannochloropsis—in controlled environments for various
applications including biofuels, nutritional supplements, aquaculture feed, and CDR. These
algae use sunlight or artificial light, CO,, water, and nutrients to rapidly produce biomass that
can be for use.

In the context of CDR, microalgae cultivation can capture significant amounts of CO,, and when
paired with durable end-uses like biochar production or deep biomass storage, it may offer a
potential pathway for long-term carbon sequestration. However, microalgae cultivation is
traditionally completed within controlled systems (e.g., photobioreactors or open ponds) that
require significant infrastructure investment, energy inputs, and rigorous monitoring to
maintain productivity and carbon capture efficiency.

For microalgae cultivation to be implemented as a potential complement to Washington’s
broader decarbonization efforts, the process requires a thorough life-cycle assessment and
intensive pilot testing to determine its economic and environmental feasibility. Currently, the
infrastructure, operational costs, and energy inputs for microalgae cultivation outweigh
potential decarbonization benefits compared to more naturally integrated mCDR and other
nature-based methods.

Freshwater seaweed cultivation involves growing macroalgae in inland water systems such as
ponds, tanks, or raceways rather than traditional marine environments. By carefully managing
water quality, nutrients, and temperature, these controlled systems can optimize the growth of
specific algae strains that are effective at capturing carbon dioxide from the atmosphere.
Freshwater cultivation offers controlled conditions and protection from marine hazards, but is
limited by a narrower range of species, lower growth rates, and the need for artificial
manipulation of water quality and nutrient levels.

The carbon sequestration dynamics in freshwater systems are influenced by distinct nutrient
cycles, water chemistry, and ecological interactions that typically result in lower overall biomass
yields. Although controlled freshwater systems can optimize productivity to some extent,
scaling up such operations is more challenging compared to the established, large-scale
saltwater systems.

Consequently, while freshwater macroalgae can capture and store carbon on a per-unit basis,
their overall scalability and durability for carbon dioxide removal are less proven. Given

Publication 25-14-066 CDR Evaluation Study - Final
Page 71 Sept. 2025



Washington's abundant coastal and marine resources—with a robust aquaculture industry in
place for saltwater seaweed cultivation—the potential for freshwater seaweed as a
decarbonization strategy is limited. As a result, freshwater seaweed is not currently considered
a high-priority method for large-scale decarbonization. Further research into freshwater species
and cultivation methods is necessary to fully develop strategies that can optimize carbon
sequestration in these environments.

Though not recommended as viable mCDR method, it is noted, on a per-unit basis, when the
saltwater and freshwater species have similar carbon content, their potential to capture CO,
could be comparable. This suggests a potential for freshwater cultivation to be integrated with
existing water treatment or agricultural practices to increase biomass production for use in
other CDR or sequestration methods (e.g., biochar or BECCS).

In summary, while a range of innovative and emerging CDR methods offer theoretical potential
for carbon capture, current research completed for this CDR Evaluation Study suggest they are
not yet applicable or financially viable for Washington's decarbonization objectives. High capital
costs, technical challenges, and regulatory uncertainties continue to impede their large-scale
deployment. However, as technologies evolve, further research and pilot projects may lead to
improved scalability and lower production costs, potentially shifting the feasibility of these
methods in the future. Continued monitoring of technological advancements and cost
reductions will enable Washington to remain informed and ready to adopt more effective CDR
strategies as they emerge.
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3.0 Regulatory and Policy Considerations
for Carbon Dioxide Removal Integration

It is necessary to assess the extent to which selected CDR initiatives align with existing state and
federal compliance programs, as such alignment will maximize regulatory compliance and
funding opportunities. The following discussion will allow Washington to select CDR methods
with the most likely opportunity to provide benefit, given existing regulations and compliance
programs, without having to implement statutory changes.

This section includes the following:

e Review of Washington’s Climate Commitment Act®® (CCA) and other state-specific climate
regulations.

e |dentification of current permitting framework able to be used by CDR.

e Analysis of federal programs and incentives available for CDR, including the 45Q tax credit.

e Identification of regulatory gaps and barriers that may hinder the adoption and scaling of
CDR technologies.

e Development of recommendations for policy adjustments or new legislation to support the
successful implementation of decarbonization methods.

3.1 Climate commitment act

The Climate Commitment Act, RCW 70A.65,% is the primary policy Washington has
implemented to ensure emissions limits are achieved. With near-term federal support for
climate policy projected to be minimal, for Washington to continue to make progress towards
its statutory emissions limits, it is even more critical for Washington to continue to establish
robust policy and regulations and build on existing ones.

The CCA has implemented a variety of requirements to achieve the set emissions limits. Most
notably, the CCA has established the Cap-and-Invest Program. It requires the largest polluters in
Washington (emitting more than 25,000 metric tons of greenhouse gases per year) to
participate in the Cap-and-Invest Program. Facilities can either reduce their emissions by
implementing lower-carbon operations or they can purchase allowances to cover their
emissions. Some types of facilities are eligible to receive no-cost allowances such as electric
utilities, natural gas utilities, and emissions-intensive, trade-exposed industries if they meet
certain criteria and actions set out by the CCA. As time goes on, the cap on pollution is lowered
and fewer allowances are available for purchase, so polluters must find ways to reduce their
emissions in the face of increased allowance prices. This is the “cap” in Cap-and-Invest.
Washington then reinvests the revenue from the allowances back into communities, prioritizing
vulnerable communities. CCA funding helps Washingtonians switch to climate-friendly options

% https://ecology.wa.gov/Air-Climate/Climate-Commitment-Act
97 https://app.leg.wa.gov/RCW/default.aspx?cite=70A.65
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for their homes, schools, businesses, vehicles, and more. This is the “invest” in Cap-and-Invest.
The program also creates jobs in clean energy as facilities are retrofitted or established.

Washington is currently evaluating whether it should link its Cap-and-Invest market to the
larger cap-and-trade market shared by California and Québec on the Western Climate Initiative,
Inc. platform. In October 2023, Ecology published the Cap-and-Invest Linkage Criteria:
Preliminary Analysis Report®® reviewing if linkage criteria would be met for Washington to link
with the California-Québec market. In November 2023, Ecology's director announced a
preliminary decision to pursue linking Washington’s carbon market with California and Québec,
which also expressed mutual interest in linkage. All three programs would also need revisions
to some regulations but could potentially begin operating a linked market in 2026 or 2027, if all
regulatory revisions and linkage agreements are completed.

There are two primary ways in which the Cap-and-Invest Program creates opportunities to
implement CDR mechanisms—offsets and permanent sequestration. The Cap-and-Invest
program created a compliance offsets market with the launching of the program in 2023.
Modeled after California’s compliance offset program, Washington’s program facilitates the
generation of offset credits by project developers according to four main protocols — U.S. Forest
(including reforestation, avoided forest conversion, and improved forest management), Urban
Forestry, Livestock, and Ozone Depleting Substances. These compliance instruments can then
be sold in the offsets market and used to meet a percentage of compliance obligations by
entities covered by the program. The CCA requires offset projects result in greenhouse gas
reductions that are real, permanent, quantifiable, verifiable, and enforceable. The reductions
must be in addition to those already required by law. All offsets used for compliance in
Washington’s Cap-and-Invest Program must also demonstrate direct environmental benefits to
the state.

The other mechanism to utilize CDR methods within the Cap-and-Invest program is by having
them recognized as meeting the state legal definition of permanent sequestration. The
definition of permanent sequestration set out in WAC 173-407-1107 establishes “permanent
sequestration" means the retention of greenhouse gases in a containment system using a
method ... that creates a high degree of confidence that substantially ninety-nine percent of the
greenhouse gases will remain contained for at least one thousand years. When verified by
Ecology’s Greenhouse Gas Reporting Program, emissions permanently sequestered by a
covered entity may be deducted from their reported covered emissions.

3.2 State and federal permitting

The development of state and federal permitting for CDR technologies is in the early stages of
evolution and, as technology progresses, an increasing need for development of specific CDR
permitting is pressing. Washington can leverage and adapt out-of-state existing and proposed

%8 https://apps.ecology.wa.gov/publications/documents/2314005.pdf
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permitting frameworks to develop its permitting infrastructure in line with federal
requirements.

The Clean Water Act prohibits discharging pollutants through a point source into a water of the
United States unless a National Pollutant Discharge Elimination System (NPDES) permit is in
place. NPDES permitting has the potential to require regulatory oversight across various
technological CDR and nature-based CDR techniques described in this report. The mCDR,
carbon sequestration, biochar, and enhanced rock weathering methods that result in the
discharge of effluent/material (e.g., alkaline solutions/materials, CO; injection underground
near aquifers/water sources) into waters of the United States and landward of the baseline, are
regulated under the Clean Water Act and may require a federal NPDES permit.

At this time, only one NPDES permit has been issued in Washington, and the U.S., for mCDR
operations at Ebb Carbon for their Project Macoma. This example of working with local, state,
and federal regulators shows this type of permit can be effectively implemented for mCDR.
With the broad scope the Clean Water Act has, this type of permitting and regulation has the
potential to encompass a variety of CDR methods and nature-based techniques.

Marine CDR practices, whether in a pilot program or an established facility, may require an
NPDES Permit or a Marine Protection, Research and Sanctuaries Act (MPRSA) Permit.

A MPRSA Permit applies to ocean waters, which include:

e The territorial seas (the first 3 nautical miles seaward of the baseline)

e The contiguous zone (the next 9 nautical miles from 3 to 12 nautical miles seaward of the
baseline)

e The exclusive economic zone of the United States (out to 200 nautical miles)

e The high seas, beyond the exclusive economic zone of the United States, extending to the
exclusive economic zone of another country

This permit type is needed to authorize the transportation and dumping of material into ocean
waters. Specific examples of mCDR methods requiring authorization under an MPRSA permit
include transportation and sinking biomass (e.g., seaweed cultivation and sinking) and
transportation and disposition of mCDR-related materials into the ocean (e.g., transporting and
releasing alkaline solutions/minerals). Special MPRSA permits may be issued when the
proposed activity satisfies EPA’s marine protection criteria in 40 CFR Parts 220-288. A General
MPRSA permit may be issued when the disposition of materials will have a minimal impact on
the environment and are released in small quantities. Lastly, a Research MPRSA Permit allows
disposal of materials into the ocean when it is determined the scientific merit of the project
outweighs the potential effects that may result from the activity.

At this time, no MPRSA permits (general, special, or research) have been issued by the EPA for
MCDR methods. This is largely because mCDR methods are new, still developing, and not
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directly covered by the original scope of the MPRSA. Beyond this, there is uncertainty about its
long-term environmental impacts which can be difficult to control or model.

An additional item to consider is federal permit applicants must demonstrate their project is
consistent with Washington’s Coastal Zone Management program. In Washington, a
Consistency Certification, submitted to Ecology, is required if the applicant is seeking a federal
license or permit, such as a MPRSA permit. While Washington is still developing mCDR
infrastructure, it is important to be aware of these existing permitting structures. It is extremely
valuable to incorporate specific permitting considerations of mCDR as the technology and
infrastructure matures.

As Washington approaches the emissions limits set out for 2030, 2040, and 2050, regulated
sources of air pollution will need to change their operations to remain compliant. There are
various avenues that can be taken but will likely include retrofitting existing infrastructure or
establishing new air facilities that use new fuel types, using more efficient technology, and
changing operations to emit less. As facilities begin to implement these changes, they will likely
be required to update existing permits or apply for new air permits.

Whether the facility is existing or new, an Air Quality Notice of Construction Permit would be
required. This is required to install a new source of air pollution or modify an existing source of
air pollution (increase or decrease in emissions). This permit type is also required to install,
replace, or change the existing emission units and to change a fuel type. For all types of permit
application, the permittee must seek air quality program review by the permitting authority
(either Ecology or the applicable local clean air agency).

Once the previously mentioned methods for emissions reductions have been exhausted, there
will likely be a shift to implementing CDR at regulated sources of air pollution. Currently, there
is no specific permitting procedure for DAC or BECCS projects in Washington. To allow adequate
scale to meet decarbonization goals, DAC and BECCS permitting infrastructure needs to be
established, or guidance needs to be provided on other types of permits that may be required.
The most likely permitting required for DAC and BECCS is carbon storage focused, because once
the carbon dioxide is removed from the atmosphere, it needs an adequate end-state
(sequestration). See the next section on permitting infrastructure for underground injection
wells.

In Washington, the Class VI well type is specifically designated for the long-term geologic
storage of CO, under EPA’s Underground Injection Control Program.% Permits for these
operations are administered by the EPA, but it is still necessary to work with other state, local,
and Tribal entities to acquire the appropriate permits. Agricultural regulations and land-use
regulations will be involved in ensuring the best practices are taken for these types of projects
as well. Washington has primacy over permitting and compliance for Class | =V well types, but

% https://www.epa.gov/uic
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the EPA maintains regulatory authority over Class VI wells. Other states, like Colorado or
California, have either gotten primacy for Class VI wells or work closely with the EPA to manage
the permitting process for these projects.

Each Class VI well requires a permit to construct and operate the well through site

closure. Since Washington does not maintain primacy over Class VI wells, the EPA has direct
implementation authority, and the regional office (Region 10 for Washington) will evaluate
permit applications and issue permit decisions. This permitting process is well established, and
several other states have seen underground injection control Class VI Permits administered for
geologic storage of carbon dioxide. It is recommended Ecology work closely with the EPA for a
more streamlined permitting process for these types of injection wells. Ecology also requires
underground injection control wells to be registered, which applies to existing and future
installation of wells.

The framework California currently employs is a good example of Washington’s regulatory
authority working with the EPA to administer Class VI Permits. The California Air Resources
Board developed a CCS Permanence Certification to verify carbon dioxide injection projects
meet the standards for permanent and secure underground storage. This certification of secure
storage is essential for carbon removal and storage projects to be employed as a long-lasting
tool.

3.2.4.1 RCW 80.80 Baseload electric generation performance standard

Washington has existing CCS regulations in RCW 80.80'% regarding CO; injection and
permanent sequestration from electric generation facilities. The purpose of this law is to
promote cleaner baseload electricity generation by prohibiting utilities from making long-term
financial commitments for baseload generation unless the greenhouse gas emissions
performance standard is met; the maximum permissible level of greenhouse gas emissions for
baseload electricity generation is set at 970 pounds of greenhouse gases per megawatt-hour.

While carbon sequestration is not a removal technology it is still an important step in ensuring
the end-state of carbon dioxide is secure. RCW 80.80%°1% |ays down the foundation for CCS in
Washington that could easily be expanded to include CDR opportunities, such as DAC and
BECSS facilities.

Some techniques for forest-based sequestration fall under fire management, which would
require a burn permit from Ecology. There are various types of burn permits, including
silvicultural burning, land clearing, and special, among others. For the type of burn permit most
applicable to the project, it is recommended to contact the permitting authority for the area.
The Department of Natural Resources regulates forest practices on private and state forest
lands and requires a Forest Practices Permit for some types of operations. Local counties or
municipalities may have additional regulations and permits that apply to forestry operations,
especially if they occur near urban areas or in specific environmental zones. The current general

100 https://app.leg.wa.gov/rcw/default.aspx?cite=80.80
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landscape for forestry permitting allows for forest-based sequestration to progress as discussed
in previous sections without the need for additional specific permitting for those types of
climate-management techniques.

Enhanced rock weathering and biochar technologies do not currently have CDR-specific federal
regulations but may likely require federal and state permitting in several areas, including air
operating permits, water quality permits, land use permits, and various others, depending on
the operations. Washington Substitute Senate Bill 5961, passed in 2022, incentivizes biochar
application in state-funded public works projects and funds the Department of Natural
Resources to pilot the removal of slash pile residuals for biochar production.

More research needs to be done on the process and impacts of biochar manufacturing to
develop specific permitting framework. Different biochar production technologies can have
very different manufacturing emissions, each requiring air quality permitting. Current policies
and permitting requirements in Washington do not restrict the use of enhanced rock
weathering and soil amendments. There are parallels between this CDR technology and
traditional soil management practices recommended by the U.S. Department of Agriculture. It
is recommended to also work with the Washington Department of Agriculture for permitting
requirements.

3.3 Tax credits

The federal Section 45Q Tax Credit for Carbon Sequestration*®* as incentivized significant
investments across the United States in CCS and DAC technologies. By lowering the financial
risk for companies that implement CDR methods it supports the economic viability of these
technologies. This tax credit has contributed to scaling up carbon capture and sequestration
capacity, especially DAC technologies. This credit helps facilitate early-stage adoption of CDR
methods and provides a steppingstone to further development of more advanced methods.
Introducing new tax credits to enhance existing federal tax credits will help further incentivize
carbon removal and storage initiatives.

102

The 45Q Tax Credit program currently excludes a variety of CDR, including biochar, enhanced
rock weathering, and ocean alkalinity enhancement, among others. It is recommended, if a
Washington tax credit is implemented, it should support all types of CDR methods and nature-
based removal methods. This will support further scalability and research opportunities for all
types of CDR.

The federal Carbon Dioxide Removal Investment Act% was introduced in November 2024 and
aims to establish a technology-neutral production tax credit. The Act seeks to support both
existing and emerging CDR methods, such as those discussed in this study. Qualifying projects

101 https://lawfilesext.leg.wa.gov/biennium/2021-22/Pdf/Bills/Session%20Laws/Senate/5961-
S.SL.pdf?g=20250504121700

102 https://www.congress.gov/crs-product/IF11455

103 https://www.congress.gov/bill/118th-congress/senate-bill /5369
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must commence before January 1, 2035 to be eligible for tax credits. This tax credit expands on
the eligibility of CDR projects to potentially include mCDR and enhanced rock weathering, while
still including direct air capture and storage, and terrestrial biomass-based CDR. Biochar is not
directly edible for this tax credit under the Act; quantification of CO; storage needs to be
further evaluated to determine if it can be considered for this tax credit. For mCDR projects, it
must be a certified marine carbon dioxide removal method as defined in the Act. For enhanced
rock weathering, removal needs to be measurable and potential to store CO; for at least 1,000
years. The Carbon Dioxide Removal Investment Act has not yet passed and become public law,
but will be a step forward to support further integration of various types of CDR.

The Federal Clean Energy Tax Assistance Program!®* is supported with funding from
Washington’s Climate Commitment Act. The program is designed to help local governments,
Tribes, nonprofits, and other tax-exempt entities get tax credits for clean energy. It also
provides free technical and legal assistance to help organizations navigate the process of
claiming federal clean energy tax credits.

3.4 Recommendations for integration

As regulatory framework around the U.S. and the world develops, Washington also has the
opportunity to build its own framework to support development of CDR. There are a variety of
recommendations included in this section including discussion on the permitting process and
new opportunities Washington could explore.

Permit harmonization and standardization is a key item that needs to be accomplished for CDR-
specific permitting. Permitting considerations vary across the technological and nature-based
removal methods so there cannot be a single type of permitting that covers all CDR methods.
The variation of permitting across states should be harmonized to establish a standard for the
process. As CDR scales, with the potential to cross state borders, permit harmonization
becomes increasingly important to allow ease of establishing CDR methods and nature-based
CDR methods. This can be done by working with other state entities who have begun
establishing permitting criteria and who have experience establishing new CDR facilities.

Within each state there also needs to be harmonization between departments. There will likely
be an overlap between various departments in Washington (e.g. Ecology, Department of
Natural Resources, Department of Agriculture, and others, as well as among cities and
counties). Permit types and considerations vary between entities, and it will be vital these
groups establish clear communication and delegate roles to streamline the process.

Collaboration between the regulators, technical experts, and developers will be essential in
creating a harmonized permitting framework. It would be valuable to designate a lead entity
(like Ecology) for all CDR permitting. The lead entity would be responsible for coordinating with
all state, local, Tribal, federal, and technical expert entities and providing oversight of the entire
permitting process. Clarifying these respective roles and responsibilities will reduce regulatory

104 https://irataxcredits.wa.gov/home
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uncertainty. Establishing a memorandum of understanding to encourage cohesiveness between
entities could be a valuable tool in achieving this collaboration.

New technologies and pilot projects may encounter additional barriers if existing permitting is
applied to these projects. The permitting structures available for use at the moment are
generally not well aligned to cover the scope of new technologies and pilot projects which may
hinder development. Uniform policy, or a “one size fits all”, will not be adequate to address the
need for updated policies concerning CDR methods. Distinct policies and permitting structures
must be tailored to their respective CDR method.

The timeline will be key in establishing a new permitting framework. With some permitting
taking years to decades, it will be important to streamline the process to not hinder
development and scalability of these CDR opportunities. This will depend largely on establishing
clear milestones and requirements for acquiring a permit. Potential future CDR permitting
pathways can benefit from Washingtons existing permitting structure and should be developed
in a way that is consistent with existing permitting processes. Pre-application meetings will be
incredibly important to establish across all types of CDR permitting and will help make the
process more effective and efficient. It is also recommended Washington develop a one-stop
permitting portal. Permit applications are currently required to be submitted in various forms
(email and/or mail), but it would be beneficial to create a portal where the permitting
application and renewals can be housed as well as to consolidate permitting information. This
would allow for a streamlined process for permitting applications, renewals, and permit specific
information.
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4.0 Strategies for Market Development

4.1 Industry adoption and sector-specific carbon dioxide
removal applications

Critical to the overall success of Washington's emissions reduction limits is the identification of
strategies to support industry sectors in integrating CDR and maximizing federal funding to
support decarbonization projects that provide public benefits. Washington has already taken
significant steps in this direction through its Cap-and-Invest Program, which creates a market-
based approach for industries to reduce carbon emissions. The construction industry can now
implement CDR through Washington's new biochar legislation, Substitute Senate Bill 5961,
which promotes using carbon-negative biochar as a concrete additive in infrastructure projects,
while the transportation sector incorporates biochar in highway development and road repair,
creating durable carbon sinks within infrastructure.

The forestry sector benefits from the new pilot law program that converts wood residuals from
timber harvesting and wildfire mitigation into biochar, preventing emissions from slash pile
burning while sequestering carbon. Beyond biochar, Washington's timber industry can further
enhance carbon sequestration through sustainable forest management practices and mass
timber construction that stores carbon for decades. Washington's robust agricultural sector has
significant CDR potential through soil carbon practices like cover cropping, no-till farming, and
rotational grazing, while Washington's dairy industry could deploy anaerobic digesters
producing both renewable gas for energy generation and carbon-sequestering residual solids.

Washington's unique geographical advantages enable additional sector-specific applications,
with the maritime industry poised to develop blue carbon initiatives through kelp farming and
seaweed cultivation in Puget Sound and coastal waters. Washington' prominent technology
sector is developing projects in direct air capture and carbon mineralization projects that
leverage local geological formations for permanent carbon storage. The energy sector, already
strong in renewables, has opportunities to implement bioenergy with carbon capture and
storage that achieves negative emissions while producing clean energy.

While these diverse industry-specific CDR initiatives represent important progress, additional
state policies will be necessary to fully realize Washington's forthcoming Comprehensive
Climate Action Plan across all sectors. Success will depend on creating frameworks that enable
industries to incorporate these applications while maintaining economic competitiveness and
maximizing co-benefits for Washington communities and ecosystems.

4.2 Maximizing federal funding

Washington faces a challenging federal funding landscape for CDR initiatives due to significant
shifts in climate policy priorities. The Trump administration has implemented severe funding
freezes causing immediate negative impacts on Washington's forthcoming Comprehensive
Climate Action Plan and CDR initiatives. Specifically, the $3.5 billion U.S. Department of Energy
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Regional Direct Air Capture Hubs Program??® has been suspended, halting progress on the
Ankeron Carbon Management Hub. Additionally, the $1.2 billion U.S. Department of Energy
Carbon Capture Demonstration Projects Program freeze has stalled three pilot facilities
planned for implementation in Washington’s industrial centers.

The Department of Energy’s Carbon Negative Shot!%” initiative has experienced a significant
budget reduction, effectively terminating research grants that were supporting Washington’s
forestry carbon sequestration research programs at the University of Washington and
Washington State University. Critical funding for DAC technology validation has been placed on
indefinite administrative hold, directly impacting five Washington-based startups that were
developing next-generation carbon capture materials. The $27 million previously allocated for
biochar commercialization through the USDA’s Climate-Smart Commodities program has been
redirected, undermining the implementation of Washington’s new biochar legislation at a
critical early stage.

Executive orders redirecting federal resources toward conventional energy development and
regulatory streamlining have created an uncertain environment for climate technology funding.
Washington must now navigate these challenges by recasting CDR methods as innovations that
enhance domestic resource utilization and industrial competitiveness. Biochar production
facilities using forest residuals from Department of Natural Resources lands, as mandated by
Washington’s new legislation, should be positioned as rural economic development initiatives
that simultaneously reduce wildfire risk, a priority that maintains bipartisan support despite
broader climate funding freezes.

To respond to these immediate funding disruptions, Washington should establish an interagency
resilience task force focused on maintaining CDR momentum during federal funding gaps. This
group would secure emergency bridge funding from Washington’s Cap-and-Invest Program
auction revenues, negotiate public-private partnerships with technology companies seeking
carbon neutrality commitments, and maintain institutional readiness to rapidly respond when
federal funding priorities shift. This adaptive approach will help Washington sustain progress
toward its Comprehensive Climate Action Plan goals despite federal funding volatility.

4.3 Partnerships and collaboration

Maximizing Washington’s access to federal funding will rely largely on proactive coordination to
develop partnerships and collaborations with federal agencies, research institutions, and
public-private partnerships. Collaborations with research institutions, such as universities and
national laboratories, bring critical technical expertise and innovative research capabilities,
which strengthen the scientific foundation of funding proposals. Engaging with federal agencies
such as the EPA and the National Science Foundation helps align state projects with national
priorities and available funding programs, increasing the likelihood of securing support.

105 https://www.energy.gov/oced/DACHubs
106 https://www.energy.gov/oced/CCdemos
107 https://www.energy.gov/topics/carbon-negative-shot
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Washington’s success in CDR implementation depends on establishing strong connections
between technology developers, industrial end-users, and regulatory bodies. The Washington
State CDR Innovation Hub, operating as part of the broader Ankeron Carbon Management Hub,
provides critical infrastructure for this collaborative approach. This Pacific Northwest initiative
leverages the region’s unique resources, including renewable energy and basalt formations
suitable for geological carbon storage, to advance direct air capture, carbon mineralization, and
carbon utilization technologies. Selected for funding by the Department of Energy as part of its
Carbon Negative Shot!'% target, the Ankeron Hub connects Washington’s leading research
institutions like the University of Washington and Washington State University with key
industry partners across forestry, agriculture, and manufacturing sectors. This established
framework creates a robust pipeline for translating promising CDR research into commercially
viable applications that support Washington’s climate goals while positioning Washington
within a coordinated regional approach to carbon management.

Cross-sector partnerships are particularly critical for scaling biochar applications as mandated
by Washington’s new legislation. Timber companies, waste management operators, and public
works departments must coordinate to ensure forest residuals are effectively converted to
biochar and utilized in infrastructure projects. Additionally, industry-specific working groups
should be established for each major CDR method to identify regulatory barriers, technical
challenges, and market opportunities specific to that method.

The changing federal landscape under the Trump administration’s recent executive orders on
energy infrastructure and permitting reform necessitates stronger state-federal partnerships.
Washington should strengthen dedicated liaison positions with relevant federal agencies to
ensure state CDR initiatives align with federal priorities while maintaining the integrity of
Washington’s climate commitments. These partnerships will be essential for navigating evolving
federal policies while advancing Washington’s leadership in carbon removal methods.

4.4 Grant funding

The federal funding landscape for climate initiatives has dramatically shifted with the Trump
administration’s implementation of broad funding freezes affecting many climate-related grant
programs. In this constrained environment, Washington has developed robust state-level
infrastructure to support organizations in identifying and securing remaining funding
opportunities. Washington’s recently launched FundHubWA1% platform, established in
September 2024, serves as a centralized resource connecting individuals and organizations with
both state and federal climate funding opportunities that remain accessible despite federal
pullbacks.

Washington’s Department of Commerce has proactively established programs to navigate the
complex funding environment, including the Federal Clean Energy Tax Assistance Program?04
and Federal Funds Grant Writing Assistance Program.® These initiatives provide critical
support for organizations developing grant applications in the challenging federal landscape,

108 https://fundhub.wa.gov/
109 https://www.commerce.wa.gov/federal-energy-funding/ffgwap/
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helping them maximize opportunities through the EPA’s Climate Pollution Reduction Grant
Program, 9 which offers $250 million in noncompetitive planning grants (Phase 1) and $4.6
billion in competitive implementation grants (Phase 2). While these EPA programs currently
face uncertain futures due to administrative holds, Washington has received a $3 million
Phase 1 grant and positioned its agencies and interested parties to quickly respond if funding
becomes available.

Washington has created a comprehensive network of agency-specific grant and contracting
opportunities through Ecology, Department of Commerce, Recreation and Conservation Office,
Washington State Parks, Department of Natural Resources, Washington Climate Corps network,
and Department of Transportation. This diversified approach ensures that CDR projects can
identify funding pathways aligned with their specific focus, whether forestry-based carbon
sequestration, biochar production, or transportation infrastructure integration. The Office of
Minority & Women’s Business Enterprises!!! provides additional opportunities for diverse
businesses engaged in climate initiatives, creating a more inclusive approach to CDR market
development.

For organizations new to state contracting, particularly those pursuing opportunities related to
Washington’s innovative biochar legislation, the Department of Enterprise Services offers
guidance on navigating procurement processes. Special certifications for small businesses
owned by veterans, minorities, women, and socially disadvantaged individuals provide
enhanced access to state contracting opportunities, ensuring that Washington’s CDR initiatives
create benefits across diverse communities. By maintaining this comprehensive state-level
grant infrastructure while preparing for potential restoration of federal climate funding,
Washington demonstrates institutional resilience in its approach to advancing carbon dioxide
removal methods during a period of federal funding uncertainty.

4.5 Leveraging voluntary carbon markets

Voluntary carbon markets represent a significant opportunity for Washington to scale CDR
projects beyond what government funding alone can support. As corporations increasingly
commit to net zero requirements, demand for high-quality carbon credits continues to grow,
creating potential revenue streams for carbon removal projects across Washington.
Washington should position itself as a leader in producing premium carbon credits that meet
the highest verification standards while delivering tangible environmental and equitable social
co-benefits.

The state can leverage its existing Cap-and-Invest Program infrastructure to adopt
complementary frameworks supporting voluntary market participation. This includes
establishing clear accounting methodologies for emerging CDR methods and creating
streamlined verification processes that reduce transaction costs while maintaining credit
integrity. Washington’s recent biochar legislation creates immediate opportunities for

110 https://www.epa.gov/resilient-investments/climate-pollution-reduction-grants-program
111 https://omwbe.wa.gov/
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generating creditable carbon removals, as biochar projects offer measurable, long-term carbon
sequestration benefits that align with voluntary market requirements.

Washington should also utilize the existing Cap-and-Invest Program methodologies to track
carbon removal projects, verify their carbon benefits, and facilitate their entry into national and
international voluntary markets. This process could employ enhanced monitoring requirements
that address common concerns about carbon offsets while providing buyers with assurance
that Washington-sourced credits represent authentic climate benefits.

Recent federal policy changes affect the voluntary carbon market landscape, with executive
orders emphasizing regulatory simplification and economic growth. While these changes may
create uncertainty in compliance markets, they potentially enhance the importance of
voluntary action. Washington should position its CDR projects as premium voluntary market
offerings that maintain environmental integrity regardless of federal policy fluctuations. By
creating a reputation for high-quality, verified carbon removal credits, Washington can attract
corporate buyers seeking to demonstrate climate leadership through verifiable investments in
carbon dioxide removal methods.
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5.0 Carbon Dioxide Removal Accounting Mechanisms

It is crucial to develop CDR accounting mechanisms that accurately reflect the varying durability
of different sequestration opportunities. Not all CDR methods provide the same level of
permanence in carbon storage; some methods, such as geological storage, can sequester
carbon for thousands of years, while others, like soil carbon sequestration, may have shorter
durations influenced by factors like land use changes or natural disturbances. Developing
accounting mechanisms that account for these differences is essential to ensure the reliability
of CDR initiatives in supporting Washington’s overall carbon reduction strategy. By
differentiating between the durability of CDR methods, these mechanisms allow for more
accurate tracking of long-term carbon sequestration and help prioritize investments in the most
reliable and effective methods.

Additionally, such accounting systems support transparent reporting and compliance with both
state and federal regulations and international commitments, thereby enhancing the credibility
of Washington’s climate commitments. They also facilitate better alignment with carbon
markets, where the value of carbon credits may vary based on the expected longevity of the
sequestration.

Carbon marketplaces are trading platforms where carbon credits, representing verified
greenhouse gas emission reductions or removals, are bought and sold. Carbon markets can be
categorized into two primary types, each with distinct characteristics and implications for CDR
accounting: compliance and voluntary.

Compliance markets are regulated systems established by governments to achieve legally
binding emission reduction limits. In Washington, the Cap-and-Invest Program established
under the Climate Commitment Act creates such a compliance market. Under RCW
70A.65.170,12 offset projects within this compliance system must meet specific criteria to
ensure environmental integrity. Specifically, offset projects must: (a) provide direct
environmental benefits to Washington or be in a jurisdiction with which Washington has
entered into a linkage agreement; (b) result in greenhouse gas reductions or removals that are
real, permanent, quantifiable, verifiable, and enforceable; (c) be additional to reductions
otherwise required by law or that would otherwise occur; and (d) be certified by a recognized
registry. These rigorous standards ensure that compliance markets maintain environmental
integrity while creating economic incentives for carbon dioxide removal.

Voluntary carbon markets operate outside of regulatory requirements, driven by corporate
climate commitments, consumer demand, and social responsibility. Companies and individuals
can choose to buy or sell carbon credits without being regulated by a cap-and-trade system. In
Washington, voluntary markets operate alongside the Cap-and-Invest Program, allowing
businesses to offset emissions through projects that reduce or remove greenhouse gases. The
first Cap-and-Invest Program offset credits, issued in December 2023, were designed to
incentivize emissions reductions and fund climate projects.

112 https://app.leg.wa.gov/RCW/default.aspx?cite=70A.65.170
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Demand for voluntary carbon credits continues to evolve in response to shifting political
landscapes. The United States withdrawal from the Paris Climate Accord under the 2025 Trump
administration (Executive Order 14162)'13 created significant uncertainty in global climate
policy. However, in the absence of federal climate leadership, many major United States
corporations strengthened their voluntary commitments and carbon credit purchases,
maintaining momentum for climate action through private sector initiatives. During this period
of uncertainty, voluntary markets are likely to become increasingly important for emerging CDR
methods, with premium buyers like Microsoft, Stripe, and Shopify establishing leadership
positions by investing heavily in carbon removal and carbon capture methods.

5.1 Economic development and business attraction benefits

Beyond environmental benefits, robust CDR accounting mechanisms position Washington as a
leader in the emerging carbon removal economy, creating significant opportunities for
economic development and business attraction. The potential synergies between Washington
and businesses—both those already headquartered in the region and those possibly attracted
to relocation—represent opportunities that can accelerate CDR deployment.

Washington's commitment to achieve net zero emissions by 2050 as established in RCW
70A.45.0203 creates a substantial market opportunity that can be leveraged through strategic
public-private partnerships. These synergies can manifest in several ways:

First, Washington-based CDR projects with rigorous accounting can generate high-quality
carbon credits that meet the stringent procurement criteria of technology companies like
Microsoft, Amazon, and Google, all of which have substantial operations in Washington and
have made ambitious climate commitments. By establishing premium CDR credits within state
boundaries, Washington has the potential to keep corporate carbon removal investments
circulating in the local economy rather than flowing to out-of-state or international.

Conversely, businesses developing innovative CDR methods will be better positioned to use
Washington's advanced accounting framework to demonstrate and scale their methods. The
state could establish preferential procurement policies for carbon credit generated by in-state
companies developing breakthrough CDR methods, creating market certainty that attracts
corporate research and development investment and technology deployment. This could
position Washington as a testbed for emerging methods from DAC to biochar, creating high-
value jobs.

Most importantly, Washington's 2050 commitment to net zero emissions creates a compliance
market that provides baseline demand, while corporate voluntary commitments can provide
premium pricing for higher-quality credits. This hybrid market approach can drive investment
across multiple CDR methods and price points for scaling promising methods.

By adopting sophisticated CDR accounting mechanisms that build upon the existing Cap-and-
Invest Program, Washington is creating a competitive advantage in attracting and retaining

113 https://www.federalregister.gov/documents/2025/01/30/2025-02010/putting-america-first-in-international-
environmental-agreements
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technology companies and other businesses with ambitious climate commitments. The Cap-
and-Invest Program provides a foundational compliance market that establishes baseline
demand for carbon mitigation, while enhanced CDR accounting frameworks can help the
program evolve to incorporate innovative removal methods as they mature. By leveraging the
existing market infrastructure established under the Climate Commitment Act and expanding it
to accommodate the full spectrum of carbon removal methods, Washington can maximize both
environmental and economic benefits

Washington's adoption of CDR accounting mechanisms directly aligns with the needs of
commercial interest and economic development in the region. Amazon has committed $2
billion to its Climate Pledge Fund supporting carbon removal methods and aims to be net zero
carbon by 2040. According to Amazon's 2023 Sustainability Report,*'* the company specifically
requires “proven” carbon credits for its investment portfolio. Implementing CDR accounting
frameworks in Washington would encourage Amazon, where they maintain their headquarters
and significant operational footprint, to direct investment capital to in-state carbon removal
projects rather than to competing states.

Microsoft, in their Carbon Removal Program criteria, has pledged to be carbon negative by
2030. This commitment is demonstrated through the company’s participation in Washington-
based forestry offset projects and has expressed interest in expanding regional carbon removal
investments contingent upon the adoption of standardized accounting protocols and
verification requirements.

Google’s 24/7 Carbon-Free Energy Goal aims to operate on carbon-free energy by 2030. Google
2024 Environmental Report!'®> emphasizes the critical importance of prioritizing emissions
reductions first before compensating for residual emissions. After reducing emissions, Google
will address residual emissions with carbon removal methods. Google notes that “due to the
early stage of the carbon removals market, the volumes of removal credits available for
purchase, as well as the quality and permanence of credits, may vary. Additionally, many
methods will require long lead times to scale, as well as significant improvements in
measurement and system design.” The Cap-and-Invest Program, as detailed in RCW
70A.65.170112112 and described in Section 5.0 Carbon Dioxide Removal Accounting Mechanisms,
provides a framework that can support the development of high-quality CDR projects aligned
with Google's requirements for verified carbon removal methods.

Implementing proven CDR accounting mechanisms creates multiple pathways for economic
development. Credible accounting frameworks attract CDR technology companies seeking
jurisdictions with supportive regulatory environments. Washington has the potential to position
itself as a Pacific Coast CDR innovation hub, attracting companies like Charm Industrial, Carbon

114 https://sustainability.aboutamazon.com/2023-amazon-sustainability-report.pdf
115 https://sustainability.google/reports/google-2024-environmental-report/
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Engineering, and CarbonCure Technologies. This hub development would likely generate jobs in
engineering, manufacturing, and environmental services.

Companies are seeking clear accounting frameworks to reduce investment risk. Corporations,
such as Breakthrough Energy Ventures ($3.5 billion), Amazon's Climate Pledge Fund ($2 billion),
Microsoft's Climate Innovation Fund (S1 billion) and Google (5100 million) have collectively
committed over $6.1 billion to emissions reduction and carbon dioxide removal methods and
are pursuing investment opportunities in regions with robust accounting systems.

As major corporations covered by the Cap-and-Invest Program also implement Scope 3
emissions requirements, it encourages businesses in their supply chains to look for competitive
advantages through participation in state-recognized CDR programs. For example, producers
and suppliers of low-carbon-intensity fuels may generate credits through the Clean Fuel
Standard.!'®

By implementing advanced CDR accounting mechanisms that build on Washington's existing
Cap-and-Invest Program, the state could establish a competitive edge in attracting and
retaining technology companies and other enterprises with ambitious climate objectives.

The Cap-and-Invest Program provides a foundational compliance market that establishes
baseline demand for carbon mitigation, while enhanced CDR accounting frameworks could help
the program evolve to incorporate innovative removal methods as they mature. This
complementary approach would transform climate policy from a regulatory burden into an
economic development opportunity, positioning Washington at the forefront of the emerging
carbon removal economy while simultaneously advancing Washington's environmental goals.
By leveraging the existing market infrastructure established under the Climate Commitment Act
and expanding it to accommodate the full spectrum of carbon removal methods, Washington
can maximize both environmental and economic benefits.

5.1.2.1 Case studies of economic benefits from CDR accounting leadership

e British Columbia Forestry Carbon Protocol: After implementing standardized forestry
carbon accounting, British Columbia attracted significant carbon project investments,
creating approximately 1,800 jobs in rural communities while protecting working forests.
The Forest Carbon Initiative!!® and the Indigenous Forest Bioeconomy Program1? have
demonstrated how standardized accounting can facilitate investment in carbon removal at
scale by providing a framework for measuring and verifying carbon sequestration.

e California's Compliance Offset Protocols: California's development of rigorous carbon
accounting protocols has generated over $1.7 billion in investment in carbon offset projects

117

116 https://ecology.wa.gov/air-climate/reducing-greenhouse-gas-emissions/clean-fuel-standard

117 province of British Columbia. CleanBC: Roadmap to 2030 Implementation Report. 2022. Accessed March 2025.
https://www2.gov.bc.ca/assets/gov/environment/climate-change/action/cleanbc/cleanbc roadmap 2030.pdf.
118 https://www2.gov.bc.ca/gov/content/environment/natural-resource-stewardship/natural-resources-climate-
change/natural-resources-climate-change-mitigation/forest-carbon-initiative

119 https://www2.gov.bc.ca/gov/content/industry/forestry/supporting-innovation/ifbp
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in 2023.129 |t's important to note that this investment is part of California Climate
Investments,?! funded by Cap-and-Trade auction proceeds, which include revenue from
the joint cap-and-trade auctions with Quebec. Many of these projects focus on carbon
avoidance rather than carbon removal strategies. According to the California Air Resources
Board, more than $600 million in California Climate Investments!?11?! have been invested in
natural and working lands across programs, including, but not limited to, improved forest
management, wildfire prevention, and carbon sequestration.??

5.1.2.2 Corporate location and expansion decision factors

Companies decide where to locate and expand their operations based on several factors
related to carbon removal accounting systems, including state-recognized accounting, a
predictable environmental compliance pathway, state-verified carbon removal methods,
corporate sustainability branding, and attraction and retention of skilled workers who prioritize
employer sustainability.

In Washington, the Cap-and-Invest Program creates a unique advantage in state-recognized
carbon removal accounting. Washington's Cap-and-Invest Program sets limits on greenhouse
gas emissions and requires major polluters to obtain allowances for their emissions. This system
creates both requirements and opportunities that influence business decisions in several ways:

First, when Washington officially recognizes carbon removal projects through its Cap-and-Invest
Program, companies can count these efforts toward their compliance obligations or voluntary
climate goals. This gives businesses confidence that their environmental work is legitimate and
measurable. For example, if a company invests in local forest restoration that captures carbon,
they can receive official credits through Washington's system.

Second, businesses appreciate having predictable environmental rules. The Cap-and-Invest
Program provides a clear carbon accounting framework, allowing companies to plan for
compliance costs. This stability helps them budget for environmental investments over several
years, rather than facing uncertain regulatory changes.

Third, carbon removal methods verified through Washington's Cap-and-Invest Program carry
more weight when companies report to investors and customers. When Ecology confirms a
company's environmental efforts meet rigorous standards, it adds significant credibility. This
matters because more investors now evaluate companies based on their environmental
performance.

Fourth, being associated with Washington's cutting-edge climate methods enhances a
company's reputation. When a business can point to specific, verified carbon removal projects
within Washington's program, it strengthens their image as an environmentally responsible
company. This can attract customers who prefer to support sustainable businesses.

120 california Climate Investments. Annual Report: Cap-and-Trade Auction Proceeds. 2024. Accessed May 2025.
https://www.caclimateinvestments.ca.gov/annual-report.

121 https://www.caclimateinvestments.ca.gov/

122 california Air Resources Board. California 2030 Natural and Working Lands Climate Change Implementation
Plan: Concept Paper. May 2018. Accessed March 2025. https://ww2.arb.ca.gov/sites/default.
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Finally, environmental leadership through participation in Washington's Cap-and-Invest
Program helps companies attract talented employees. Many skilled workers, especially younger
professionals, want to work for companies that take climate change seriously. Having
recognized carbon removal initiatives gives businesses an edge in the competitive job market.

These factors make Washington, with its well-developed Cap-and-Invest Program, more
attractive to forward-thinking businesses. Companies with meaningful climate commitments
often choose states such as Washington over areas with less-comprehensive carbon
management systems in place.

5.2 Overview of carbon accounting for CDR

Carbon accounting for CDR encompasses the methodologies, metrics, and frameworks used to
guantify, monitor, verify, and report carbon dioxide removed from the atmosphere. Unlike
conventional emissions reduction accounting, carbon removal accounting faces distinct
challenges related to storage permanence, additionality verification, and the diverse technical
pathways for carbon removal.

Effective carbon accounting frameworks require several integrated components, several of
which are already established within Washington's Cap-and-Invest Program under the Climate
Commitment Act, though expansion is necessary to accommodate the full spectrum of CDR
methods.

A foundational element is baseline determination—establishing the reference conditions
against which carbon removal can be measured. This comparison enables quantification of the
actual atmospheric benefit achieved beyond business-as-usual scenarios. Washington's Cap-
and-Invest Program has established rigorous baseline methodologies for forestry protocols that
may serve as a template for emerging CDR methods.

Quantification methodologies must be tailored to the specific removal method. These range
from direct measurement techniques, such as soil carbon sampling, to mass-balance
calculations for engineered systems, to model-based approaches for complex ecosystems. The
Cap-and-Invest Program uses various quantification strategies for its offset protocols,
demonstrating how methodology aligns with removal methods.

Permanence accounting is critical since carbon storage time frames vary dramatically across
CDR methods. Washington has set a high standard through its forestry offset requirement of
100+ years of maintained carbon storage with ongoing verification. Similar durability
frameworks, calibrated to the specific risks and characteristics of each removal pathway, will be
necessary for comprehensive CDR accounting.

Verification protocols ensure the credibility and transparency of carbon removal claims. The
Cap-and-Invest Program's requirement for accredited third-party verification of offset projects
establishes a rigorous precedent that may extend to all CDR methodologies, with verification
procedures adapted to the technical requirements of each method.

Monitoring frameworks provide ongoing assessment of carbon stocks and potential reversals.
The frequency and intensity of monitoring needs to align with the reversal risks of each CDR
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method—from annual soil testing for agricultural projects to less frequent but comprehensive
forest inventories. Washington's current monitoring requirements for offset projects
demonstrate this risk-based approach.

Risk mitigation mechanisms safeguard against the potential release of stored carbon. Buffer
pools, where a percentage of credits are held in reserve as insurance against reversals, are
already implemented in Washington's forestry offset protocols. These approaches will need
refinement and expansion to address the specific risk profiles of different CDR methodes.

Registry systems provide transparent documentation of all carbon removal projects, credit
issuance, transfers, and retirements to prevent double-counting and ensure market integrity.
Washington's existing registry infrastructure could be expanded to accommodate a broader
range of CDR methods while maintaining integration with the compliance market.

The establishment of Washington's CDR accounting framework needs to balance technical
accuracy with implementation feasibility. While more intensive measurement provides greater
certainty about climate benefits, it also increases costs and complexity. Achieving the
appropriate balance requires consideration of Washington's climate priorities, available
resources, and the imperative for credible, verifiable carbon removal that maintains public and
market confidence. Table A.1: Accounting methods, durability metrics, and storage duration
classifications for key CDR technologies, provides the accounting methods, durability metrics,
and storage duration classifications for key CDR methods.

Various standards and protocols have been developed for different CDR methods, each with
specific methodological approaches, verification requirements, and market recognition. These
can be categorized into established methodologies and data sources that support carbon
accounting.

5.2.1.1 Standards and tools for assessment

Organizations that develop and issue carbon credits establish comprehensive protocol
documents that serve as the scientific and methodological foundation for quantifying
atmospheric carbon dioxide removal or emissions reductions. In Washington, Ecology has
adopted several of these protocols for use in the Cap-and-Invest Program established under the
Climate Commitment Act, creating a regulatory framework for high-integrity carbon
accounting. By establishing standardized methodological frameworks, these protocols create
consistency in how carbon benefits are calculated across similar project types while adapting to
the unique characteristics of different ecosystems and methods.

The protocols contain detailed specifications for each component of the carbon accounting
process. They prescribe precise data collection methodologies—from direct field
measurements and laboratory analyses to remote sensing techniques assuring that
guantification begins with accurate, representative data. For forest carbon projects under
Washington's Cap-and-Invest Program, this includes specific requirements for forest inventory
and analysis approaches, minimum plot numbers based on forest heterogeneity, and
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standardized measurement techniques that align with Washington's Forest Practices Board
guidelines while meeting the rigor demanded by carbon markets.

A critical element of these protocols is the establishment of robust additionality tests to
demonstrate that carbon sequestration would not have occurred in the absence of the carbon
credit incentive. Washington's Cap-and-Invest Program incorporates these additionality
requirements through its adopted offset protocols, which typically employ a combination of
regulatory, financial, technical, and common practice analyses to establish a credible
counterfactual scenario. The U.S. Forest Projects Protocol approved for use in Washington
requires demonstration that carbon stocks will exceed those expected under a business-as-
usual forest management regime, often determined through comparative analysis with regional
harvesting practices documented by the Washington Department of Natural Resources.

To address potential displacement of carbon-emitting activities to areas outside project
boundaries, protocols include leakage assessment methodologies. These frameworks quantify
how a project's implementation might shift activities like timber harvesting or agricultural
production to other locations, potentially offsetting some of the project's carbon benefits.
Under Washington's Cap-and-Invest Program, leakage risk assessments for forestry projects
specifically consider Washington's timber market dynamics and regional harvesting patterns,
with appropriate discounts applied to ensure environmental integrity.

Uncertainty management represents another fundamental protocol component recognized in
Washington's offset framework. Most protocols establish methods for quantifying statistical
uncertainty in carbon stock estimations and prescribe deductions when uncertainty exceeds
specified thresholds. This might involve discounting carbon claims by the percentage of
uncertainty exceeding a tolerance level (often 10% to 15%), incentivizing project developers to
increase sampling intensity and measurement precision. Ecology's implementation of these
uncertainty provisions helps ensure conservative crediting within the Cap-and-Invest Program.

Verification requirements detail the qualifications, procedures, and frequency for third-party
assessment of project implementation and carbon quantification. Washington's Cap-and-Invest
Program maintains a registry of approved verification bodies that must meet stringent
accreditation standards. The verification process includes initial validation of project design, on-
site verification of carbon stocks and management practices, and periodic reverification at
intervals specified in the approved protocols. This verification framework serves as quality
assurance for the entire carbon accounting system, with verifiers examining everything from
field measurement techniques to modeling assumptions.

Finally, protocols establish comprehensive reporting frameworks that standardize how project
information and carbon benefits are documented. The Washington Cap-and-Invest Program
incorporates these reporting requirements into its registry system, requiring detailed
documentation of project descriptions, baseline determination, carbon stock calculations,
uncertainty analyses, additionality justification, and ongoing monitoring results. This
standardized reporting allows for consistent review by Ecology, verifiers, and market
participants, enhancing transparency and facilitating regulatory oversight.
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In Washington's evolving carbon management framework, these protocols serve as critical
bridges between carbon removal methods and both compliance and voluntary markets. The
state's Cap-and-Invest Program already recognizes specific protocols for compliance offset
purposes, providing a foundation that can be expanded to encompass a broader range of CDR
methods. By building upon these established methodological frameworks while adapting them
to Washington's unique ecosystems, climate goals, and policy context, Washington can
establish accounting systems that are both scientifically robust and operationally feasible,
creating a model for high-integrity carbon removal accounting that other jurisdictions may
follow.

5.3 Carbon market mechanisms and standards

As described in Section 5.0 Carbon Dioxide Removal Accounting Mechanisms, the carbon
marketplace comprises two distinct, yet increasingly interconnected, systems: compliance
markets established through regulatory frameworks, such as Washington's Cap-and-Invest
Program, and voluntary markets driven by corporate climate commitments and environmental
responsibility initiatives. These parallel markets create complementary incentives for carbon
dioxide removal, offering different pathways for valuing atmospheric carbon extraction and
permanent sequestration.

As detailed in Section 3.1 of this document, Washington's Cap-and-Invest Program, established
under the Climate Commitment Act of 2021, creates a sophisticated market-based mechanism
that establishes a declining limit on greenhouse gas emissions while generating revenue for
climate investments. This regulatory system represents one of the most advanced carbon
pricing mechanisms in North America. Washington's Cap-and-Invest Program is exploring
whether to join California and Quebec’s linked Cap-and-Trade market.

The program functions by setting an annual emissions allowance budget that gradually
decreases in alignment with the state's statutory emissions reduction limits. Covered entities—
those emitting over 25,000 metric tons of CO,e annually—must acquire allowances
corresponding to their emissions, either through quarterly auctions administered by the
Department of Ecology or through secondary market transactions. This creates a financial
incentive for emissions reduction while establishing a discoverable market price for carbon.

A critical component of the Cap-and-Invest Program is its offset provisions, which permit
covered entities to use verified emission reductions or removals for a portion of their
compliance obligations (initially up to 8% of total compliance). These offsets must meet
rigorous criteria for environmental integrity, including requirements for additionality,
permanence, verifiability, and enforceability as specified in WAC 173-446, Sections 500-595.1%3
By including offset provisions, the program creates compliance market demand for qualifying

123 https://app.leg.wa.gov/WAC/default.aspx?cite=173-446
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carbon removal methods while ensuring these removals meet stringent environmental
standards.

Offsets serve as compliance instruments within the Cap-and-Invest Program, allowing covered
entities to fulfill a portion of their emissions reduction obligations through verified projects that
effectively remove or reduce carbon dioxide from the atmosphere. The inclusion of offsets in
the compliance framework provides flexibility for entities and supports the development of
diverse carbon removal methods. Key criteria for offsets include additionality, ensuring that
projects provide benefits beyond what would have occurred under a business-as-usual
scenario; permanence, guaranteeing long-term sequestration of carbon; verifiability, enabling
accurate and transparent measurement and monitoring; and enforceability, ensuring projects
adhere to established protocols and regulations.

Washington's Cap-and-Invest Program leverages these offsets to support and incentivize high-
integrity carbon removal projects, aligning with the state's broader climate goals. By integrating
offset provisions within the compliance framework, Washington can foster innovation in carbon
removal technologies and methodologies while adhering to environmental standards and
regulatory oversight.

Operating alongside Washington's compliance market, voluntary carbon markets provide
mechanisms for translating CDR into tradable credits that can be purchased by organizations
and individuals seeking to offset emissions beyond regulatory requirements or support
innovative carbon removal methods. Voluntary markets serve as important functional
complements to compliance systems, often pioneering methodologies for emerging methods
and providing premium pricing for high-quality removal.

Voluntary markets are characterized by diverse standards bodies that develop and maintain
carbon accounting methodologies across various project types.

5.3.2.1 Verra (Verified Carbon Standard): The largest voluntary carbon credit registry
globally, with protocols for various CDR methods including forestry, agriculture, and blue
carbon. Credits issued as Verified Carbon Units.14

An example is the Nisqually Carbon Project in Washington, which has registered with Verra to
generate credits from improved forest management across 520 acres of Tribal land, generating
approximately 100,000 Verified Carbon Units over the project lifetime.

5.3.2.2 American Carbon Registry: One of the first private voluntary greenhouse gas
registries, with methodologies for forestry, agricultural land management, and DAC.'?

124 Verra. Verified Carbon Standard Program Guide v4.4. 2023. Accessed March 2025.
https://verra.org/project/vcs-program/.

125 American Carbon Registry. The American Carbon Registry Standard v8.0. 2023. Accessed February 2025.
https://americancarbonregistry.org/carbon-accounting/standards-methodologies.
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An example is Green Diamond Resource Company which has registered multiple forest carbon
projects in Washington under American Carbon Registry protocols, covering over 600,000 acres
of working forestland.

5.3.2.3 Gold Standard: Market standard emphasizing sustainable development co-benefits
alongside carbon removal, primarily focused on agricultural and agroforestry CDR methods.2°

An example is Woodland Carbon Code projects in the United Kingdom, which have a model
being adapted for implementation in Washington's small-scale forestry operations, with pilot
projects underway in Kitsap County.

5.3.2.4 Climate Action Reserve: U.S.-focused registry whose Forest Protocol (v5.0) has been
adopted for Washington's compliance market.!?’

An example is Northwest Natural Resource Group which has implemented Climate Action
Reserve protocols across 65,000 acres of community forest projects in western Washington,
generating over 3 million carbon credits.

5.3.2.5 Puro.earth: A specialized standard focused exclusively on engineered carbon removal
with long-term durability, maintaining methodologies for biochar, carbonated materials, and
geologically stored carbon.?®

An example is Carbon8 Systems, which has registered biochar projects using Puro.earth
methodologies, with expansion planned to include Washington-based biochar producers in
2023 and 2024.

5.3.2.6 Carbon Direct: Investment platform specializing in high-quality carbon removal
projects across multiple methods.?°

An example is Carbon Direct, which has provided technical review and investment for Charm
Industrial's bio-oil sequestration project, which includes feedstock sourcing from Washington
agricultural residues.

These standards organizations continuously evolve their frameworks to incorporate advances in
measurement science, verification approaches, and permanence assurance, driving innovation
in CDR accounting.

For Washington, voluntary markets offer several strategic advantages. First, they can
accommodate CDR methods not yet recognized under compliance protocols, providing early
market access for innovative methods from direct air capture to enhanced rock weathering.
Second, unlike regulatory compliance markets, voluntary buyers willingly pay higher prices for

126 Gold Standard. Gold Standard for the Global Goals: Requirements. 2023. Accessed February 2025.
https://www.goldstandard.org/project-developers/standard-documents.

127 Climate Action Reserve. U.S. Forest Project Protocol Version 5.0. 2022. Accessed May 2025.
https://climateactionreserve.org/how/protocols/ncs/forest/.

128 pyro.earth. Puro Standard: CO, Removal Marketplace Methodologies. 2023. Accessed May 2025.
https://puro.earth/puro-standard-carbon-removal-credits.

129 Carbon Direct. Carbon Credit Quality Assessment Framework. 2023. Accessed May 2025. https://carbon-
direct.com/resources/.
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carbon projects that deliver additional environmental and social benefits—such as protecting
biodiversity, improving water resources, or supporting local economies. This price difference
reflects corporate buyers' motivations, which include fulfilling social responsibility
commitments and responding to customer preferences for environmentally responsible
products, as seen when companies invest in multi-benefit initiatives, like biochar projects.
Finally, due to increasing corporate net-zero commitments, voluntary market demand is
expected to increase 5 to 10 times by 2030, 8 to 20 times by 2040, and 10 to 30 times by 2050
from the baseline 95 metric tons per year in 2020.13°

5.3.3 Market integration and synergies

Washington's carbon removal strategy can maximize impact by fostering strategic integration
between compliance and voluntary markets while maintaining appropriate boundaries to
prevent double-counting or environmental integrity concerns. Several mechanisms facilitate
this integration:

5.3.3.1 Registry Interoperability: Washington can enhance its existing Cap-and-Invest
registry to track both compliance and voluntary carbon removal, providing transparency while
ensuring credits are not claimed in multiple systems. This expanded registry could maintain
distinct tracking for compliance instruments while accommodating voluntary market
transactions, building on models like California's linkage with voluntary registries.*3!

5.3.3.2 Methodology Development Pathways: Voluntary market methodologies often
serve as testing grounds for approaches that may eventually gain regulatory acceptance.
Washington could establish formal pathways for promising voluntary methodologies to be
evaluated for potential inclusion in the compliance market, creating incentives for methodology
developers to engage with state priorities.

5.3.3.3 Nested Crediting Frameworks: For landscape-scale interventions like forestry and
agricultural practices, Washington could adopt nested accounting approaches that allow
projects to generate both compliance credits for certain carbon pools (such as aboveground
biomass) and voluntary credits for enhancement activities or carbon pools not yet recognized in
compliance systems (such as soil carbon or harvested wood products). The Architecture for
REDD+ Transactions TREES®3? standard provides a model for such nested accounting.

5.3.3.4 Buyer Coordination: Washington-based corporations with voluntary climate
commitments could align their carbon removal purchases with state priorities, creating
coordinated demand signals that accelerate project development. State agencies could

130 Trove Research. Future Demand, Supply and Prices for Voluntary Carbon Credits. 2023. Accessed May 2025.
https://www.msci.com/www/research-report/future-demand-supply-and-prices/04859655012.

131 california Air Resources Board. Guidance for Registry Offset Credit Transition. 2022. Accessed May 2025.
https://ww?2.arb.ca.gov/our-work/programs/compliance-offset-program/offset-project-registries.

132 https://www.artredd.org/trees/
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facilitate this alignment through convening activities, shared procurement frameworks, or
public-private partnerships, like the First Movers Coalition model.33

By strategically leveraging both compliance and voluntary market mechanisms, Washington can
create a robust ecosystem for carbon removal that addresses the full spectrum of CDR
methods, from mature methods ready for compliance market inclusion to emerging
innovations that benefit from voluntary market flexibility. This integrated approach maximizes
both environmental effectiveness and economic development potential, positioning
Washington as a national leader in carbon removal market development.

The operational frameworks of carbon markets encompass several interconnected elements
that influence how CDR is valued, transacted, and scaled. Washington's Cap-and-Invest
Program establishes a regulated marketplace with specific rules for credit issuance, trading
mechanisms, and price controls, while also interacting with broader voluntary market
structures.

Carbon credit issuance and trading forms the foundation of market functionality. Within both
Washington's compliance market and voluntary systems, credits represent one metric ton of
CO,e removed from the atmosphere or prevented from being emitted. Ecology oversees the
issuance of compliance offsets under the Cap-and-Invest Program, requiring verification by
accredited third parties who confirm adherence to approved protocols as specified in

WAC 173-446-535.13* Trading of these instruments occurs both through Washington's registry
platform and secondary markets, with specific rules governing ownership transfer and
retirement. Washington's registry system maintains the integrity of the compliance market
while parallel voluntary market registries enable transactions outside the regulated system.

Pricing dynamics reveal substantial differentiation across carbon credit types, with implications
for Washington's CDR strategy. The Cap-and-Invest Program establishes a price floor for carbon
allowances that began at $22.20 per metric ton COe in 2023, with quarterly auctions
consistently clearing above this minimum. In voluntary markets, pricing varies significantly
based on removal method, durability, co-benefits, and verification standard. Engineered
removals with high durability, such as direct air capture with geological storage, command
premium prices ranging from $50 to $500 per metric ton CO,e. Forestry projects with robust
verification typically trade in the mid-range at $15 to $50 per metric ton CO.e, while
agricultural practices with shorter permanence generally fetch $10 to $30 per metric ton CO5e.
This price stratification reflects market recognition of quality differences, creating incentives for
higher-durability removal methods.

Durability differentiation has emerged as a crucial factor in credit valuation. The market
increasingly recognizes carbon storage duration through emerging "metric ton per year"
accounting approaches that value credits based on the time frame carbon remains

133 World Economic Forum. First Movers Coalition: Purchasing Commitments. 2022. Accessed May 2025.
https://www.weforum.org/stories/2024/01/first-movers-coalition-procurement-net-zero/.
134 https://app.leg.wa.gov/WAC/default.aspx?cite=173-446-535
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sequestered. Washington's Forest Carbon Protocol already incorporates permanence
requirements of 100+ years, establishing a high standard for durability. Specialized markets
focused exclusively on long-duration carbon removal have developed, exemplified by initiatives
like Frontier Climate and Stripe's climate program, while buffer pool requirements within both
compliance and voluntary systems vary based on reversal risk assessments, typically ranging
from 10-40% of issued credits. Ecology has adopted these buffer approaches for Washington's
forestry offset protocols, creating reserves to address potential reversal scenarios. Durability in
accounting is discussed in more detail in Section 5.4 Differentiating carbon removal durability in
accounting.

Market trends indicate evolving preferences and structural developments relevant to
Washington's CDR accounting framework. Corporate buyers increasingly favor high-integrity
carbon removal over avoidance credits, with measurement-based verification gaining
precedence over modeled approaches. The establishment of forward purchasing agreements
enables project financing before credit issuance, creating important early-stage capital for CDR
initiatives. Carbon removal portfolios diversified across technologies and time horizons have
emerged as sophisticated buyers seek to balance risk, cost, and environmental integrity. These
trends suggest growing demand for the high-quality CDR credits, rigorous accounting
frameworks can facilitate.

The integration of voluntary and compliance markets presents both opportunities and
challenges for Washington. The Cap-and-Invest Program creates a regulated marketplace with
specific requirements for offset credits, while voluntary markets operate alongside this system
with greater flexibility but potentially less regulatory certainty. Projects meeting specific criteria
may qualify for both markets, though robust accounting must prevent double counting of
environmental benefits. Voluntary markets frequently develop methodologies for emerging
technologies before their incorporation into compliance systems, serving as innovation
pathways that may eventually inform regulatory approaches. Notably, voluntary market prices
for high-quality CDR can exceed compliance market prices, creating premium opportunities for
advanced removal projects that meet both sets of requirements.

Washington's CDR strategy stands to benefit from adopting accounting frameworks compatible
with both compliance and voluntary market standards. By aligning with established verification
approaches while maintaining state-specific requirements, Washington can facilitate private
investment while preserving environmental integrity. Ecology can establish appropriate
guardrails through methodology approvals, verification requirements, and registry tracking that
ensure market mechanisms deliver genuine climate benefits aligned with state priorities. This
balanced approach leverages market forces while maintaining regulatory oversight, maximizing
the economic and environmental potential of carbon dioxide removal.

5.4 Differentiating carbon removal durability in accounting

A critical aspect of effective CDR accounting is differentiating between removal methods based
on their durability or permanence—the expected time which carbon remains sequestered. This
differentiation is essential for comparing the climate value of diverse CDR methods and
adopting appropriate crediting mechanisms.
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5.4.1 Durability classification framework

Based on scientific understanding of carbon cycle dynamics, CDR methods can be classified into
durability categories.

Table 11. Durability categories

Durability CDR Methods Key Characteristics Accounting Implications
Classification

Geological sequestration

Physical or chemical trapping
mechanisms in stable

Ve : : e Lowest risk of reversal
ry via DAC or BECCS; geological formations e Minimal buffer
Long-Term i izati )
mineralization Mangroves are cable of requirements
Storage e Mangrove sequestration sequestration for Closest to "permanent”

(1,000+ years)

(as part of Blue Carbon
consideration)

Biochar application to
soils

exceptionally long periods of
time when their ecosystems
remain intact and undisturbed

removal

Low to moderate

e Wood product storage -
Long-Term e Some forms of Chemically recalcitrant reversal risk
Storage enhanced rock carbon forms resistant to e Requires monitoring

(100-1,000 years)

Medium-Term
Storage
(50-100 years)

Short to

weathering

Coastal ecosystem
restoration (mangroves,
salt marshes)

Afforestation and
reforestation

Coastal ecosystem
restoration (seagrasses
and tidal marshes)

biological decomposition

Carbon stored in living
biomass, sediment and
protected ecosystems
Vulnerable to disturbances
Sea level rise impact to
coastal restoration methods
lower sequestration times

protocols and moderate
buffers

Moderate reversal risk
Requires robust
monitoring and
substantial buffer pools

. e Soil carbon Carbon stored in soil organic Higher reversal risk
Medium-Term sequestration in matter Rquirgs frequent
Storage agricultural systems Vulnerable to management monitoring and larger

(10-50 years)

5.4.2 Accounting mechanisms for durability differentiation

Agroforestry

changes

buffer pools

Several sophisticated approaches have been developed to account for varying durability in CDR
methods, with implications for Washington's evolving carbon management framework. The
Cap-and-Invest Program already incorporates certain durability accounting mechanisms,
particularly for forestry offsets, while offering potential pathways for expanding these

approaches to additional CDR methodologies.

5.4.2.1 Buffer pool approach

The buffer pool mechanism represents a widely implemented approach to managing reversal
risk across varying project types. This system functions by withholding a percentage of issued
credits as collective insurance against potential carbon losses, with the withheld percentage

proportional to assessed reversal risk, ranging from 10% to 40% depending on the technology
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and project circumstances. Washington's Cap-and-Invest Program has incorporated this
approach within its adopted forestry protocols, requiring contributions to buffer reserves that
provide long-term reversal protection.

The buffer pool approach offers advantages including relatively straightforward implementation
and collective risk management that can efficiently address isolated reversal events. Ecology's
adoption of this mechanism for forestry offsets demonstrates its compatibility with regulatory
frameworks. However, limitations exist—buffer pools may inadequately differentiate between
fundamentally different permanence time frames and cannot effectively address large-scale,
systematic reversals affecting multiple projects simultaneously. As Washington expands its CDR
accounting framework, the buffer pool approach provides a foundational mechanism that could
be adapted for additional removal methods while being supplemented with other durability
accounting methods.

5.4.2.2 Ton-year accounting

Ton-year accounting is a way to value carbon storage based on how long it stays out of the
atmosphere. This method compares the climate benefits of different storage time frames. For
example, it helps compare the relative value of storing a large amount of carbon for a short time
versus storing a smaller amount for a longer time.

A significant limitation of ton-year accounting is its high sensitivity to the selected discount rate,
which dramatically changes how we value short-term versus long-term storage. The discount
rate represents a philosophical and value-based choice rather than a purely technical
determination. For example, using a 3% discount rate versus a 1% discount rate can change
credit valuations by orders of magnitude over long time frames. The scientific community and
policy makers have not reached consensus on a single "correct" discount rate, since it involves
complex questions about fairness between generations and uncertainty about future climate
impacts. This lack of standardization creates challenges for consistent market implementation
and has contributed to limited market adoption of pure ton-year approaches.

While Washington's Cap-and-Invest Program doesn't use ton-year accounting, the concept is
relevant in valuing carbon storage across different time frames. Microsoft emphasizes the
importance of long-term and durable carbon sequestration when evaluating Washington-based
forest carbon projects, categorizing forestry methods as having durability of up to 100 years
within their broader portfolio of carbon removal methods.3 Similarly, Climate Forward, a
program developed by the Climate Action Reserve, incorporates ton-year principles in their
Forecasted Mitigation Unit framework to help standardize and value temporary emissions
reductions across different project types, providing a methodology to compare carbon benefits
that occur over varying time horizons.3¢

135 Microsoft. Carbon Removal Program. 2023. Accessed May 2025. https://www.microsoft.com/en-us/corporate-
responsibility/sustainability/carbon-removal-program.

136 The Climate Trust. New Forecasted Mitigation Units to Address a Range of Emissions. April 2024. Accessed May
2025. https://climatetrust.org/news/new-fmu-carbon-offset-product-is-appropriate-for-a-range-of-emissions/.
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The advantage of ton-year accounting is that it provides a numerical framework to compare
different carbon storage time frames, which could benefit Washington's evolving carbon
management strategy despite not being currently used in Washington's Cap-and-Invest
Program. As Washington explores comprehensive CDR methods to achieve its commitment to
net zero emissions by 2050, understanding ton-year accounting becomes important because it
offers a potential pathway to incorporate shorter-duration carbon removal methods within
Washington's framework while maintaining focus on long-term methods. However, beyond the
discount rate sensitivity discussed earlier, ton-year accounting faces implementation challenges
due to its complexity in communicating clearly with interested parties and market participants.
While buffer pools will likely remain Washington's primary durability assurance mechanism,
examining ton-year accounting as a complementary approach provides policymakers with a
more complete understanding of available accounting options—particularly if implemented
with transparent acknowledgment of the value judgments embedded in discount rate
selections.

5.4.2.3 Temporary crediting

Temporary crediting represents a fundamentally different approach from ton-year accounting
by acknowledging the time-limited nature of certain carbon storage through the issuance of
credits with defined expiration dates. While ton-year accounting attempts to calculate the
benefit by multiplying the amount of carbon stored by the duration it remains stored,
temporary crediting assigns a value to temporary storage that must be replaced when they
expire.

Under this approach, credits come with defined expiration dates that require either
replacement with new credits or renewal through reverification of continued storage. The Clean
Development Mechanism under the Kyoto Protocol pioneered this concept with two specific
instruments: temporary Certified Emission Reductions, which expire at the end of the
commitment period following issuance, and long-term CERs, which expire at the end of the
project's crediting period. When these credits expire, the holder must replace them with other
compliance instruments to maintain environmental integrity.

Despite the theoretical elegance of temporary crediting as a solution to impermanence, market
adoption has been quite limited. According to historical data, from Carbon Offset Guide,3’
temporary Certified Emission Reduction projects accounted for just 27 out of 4,000 Clean
Development Mechanism projects as of 2008 and traded at substantial discounts compared to
permanent credits. This limited adoption reflects both the additional complexity of tracking
replacement obligations, and the economic uncertainty created for credit holders who must
account for future replacement costs.

While the Cap-and-Invest Program has not adopted temporary crediting, experimental
applications exist within Washington. The Climate Trust has developed pilot approaches for
agricultural soil carbon projects in the Columbia Basin, with credits valid for 5-year periods

137 https://offsetguide.org/
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requiring renewal through continued practice verification. This creates a clear monitoring
framework tied to the expected duration of carbon storage.

Temporary crediting offers several advantages for Washington's evolving carbon management
framework. It provides transparent acknowledgment of storage duration limitations, avoiding
misleading claims about permanence while creating appropriate incentives for maintaining
stored carbon. For shorter-duration storage approaches like soil carbon sequestration,
temporary crediting could provide a more appropriate crediting mechanism than attempting to
calculate permanent equivalence through ton-year methods.

However, significant implementation challenges have limited market adoption of temporary
credits. The approach creates complex future liabilities that require sophisticated tracking
systems, as credits must be replaced upon expiration. Current carbon market frameworks under
the Paris Agreement have generally moved away from the temporary crediting model toward
buffer pool approaches and other risk management mechanisms.?3” These practical challenges
have kept temporary crediting primarily theoretical in Washington, though they offer potential
for specific CDR methodologies where other permanence mechanisms prove inadequate.

5.4.2.4 Differentiated credit classes

The differentiated credit class approach represents an emerging market-oriented solution to
durability differences. This mechanism creates distinct credit types for different durability
categories, enabling separate markets and pricing for short, medium, and long-duration
removal. While not explicitly incorporated into Washington's compliance market, this approach
has gained traction in premium voluntary markets.

Specialized platforms like Puro.earth have established engineering-removal-specific credit
classes that command substantial price premiums based on enhanced durability verification.
Similarly, the Frontier Fund's advanced market commitment explicitly differentiates pricing
based on expected storage duration.

Within Washington, Charm Industrial has secured differentiated credit pricing for bio-oil
sequestration produced from Washington-sourced agricultural residues, achieving prices of
approximately S600 per metric ton CO,e compared to $15 to $30 per metric ton CO,e for
temporary soil carbon credits.3®

This market-based approach offers the advantage of allowing price discovery to reflect
fundamental durability differences while creating appropriate incentives for technology
diversification across different time frames. For Washington's CDR framework, differentiated
crediting could provide market signals that appropriately value varying storage durations
without requiring complex equivalence calculations. However, limitations include potential
market fragmentation, possible lack of demand for shorter-duration removal credits, and
challenges in standardizing durability categories across diverse project types. As Ecology
considers expanding recognized CDR methodologies, differentiated credit approaches could

138 Erontier. "Frontier Advance Market Commitment for Carbon Removal: Principles and Selection." 2023.
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complement existing permanence mechanisms while leveraging market forces to drive
appropriate valuation.

Washington's Cap-and-Invest Program has established strong foundations for durability
accounting, particularly through buffer pool requirements for forestry offsets. As Washington
expands its CDR framework to incorporate a broader range of removal methods, these
established mechanisms can be applied with adjustment factors appropriate to each
technology's specific risk profile, while maintaining the fundamental principle that all
compliance offsets must be functionally equivalent to allowances. Ecology could maintain
consistency in the compliance market by ensuring that varying permanence risks are addressed
through appropriate buffer pool sizing, rather than creating different classes of credits with
varying values. This approach preserves the core requirement of compliance markets that one
offset credit equals one allowance in terms of compliance utility, regardless of the carbon
removal technology that generated it.

By strategically integrating multiple durability accounting mechanisms, Washington can adopt a
comprehensive framework that works for both compliance and voluntary markets. Within the
compliance market, all carbon offsets would maintain functional equivalence with allowances to
preserve market efficiency. In parallel, the voluntary market could offer more flexibility to
recognize and reward different permanence characteristics through various pricing and risk
management approaches. This balanced approach would strengthen Washington's position as a
recognized leader in CDR efforts and ensure that carbon removal projects deliver real climate
benefits, regardless of the technology used.

Comprehensive durability accounting within Washington's carbon management framework
requires a sophisticated evaluation of multiple risk factors that could compromise long-term
carbon storage.

Physical reversal risks represent fundamental challenges to carbon storage permanence and
must be systematically evaluated within project design and crediting. Natural disturbances
constitute a primary concern in Washington's diverse ecosystems, with wildfire vulnerability
particularly acute in eastern Washington forests, where increasing temperatures and drought
conditions elevate conflagration probability. Ecology's offset protocols utilize a uniform fire risk
rating system with opportunities for rating improvement based on specific forest practices
rather than historical patterns, with "The Fire Risk Rating for all Assessment Areas is 4%.13°
Similarly, flood risks threaten carbon stored in riparian ecosystems, particularly in watersheds
experiencing altered hydrological regimes due to changing precipitation patterns and snowmelt
timing. Biological disturbances, including pest outbreaks like the mountain pine beetle and

139 california Air Resources Board. "U.S. Forest Projects Assessment Area Data File Description." California
Environmental Protection Agency, 2014. Retrieved from https://ww?2.arb.ca.gov/our-work/programs/compliance-
offset-program/compliance-offset-protocols/us-forest-projects/2014/aadf.
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sudden oak death, create additional reversal pathways that vary by forest composition and
management approach.4°

Anthropogenic reversal risks encompass human decision-making and economic pressures that
may compromise carbon storage longevity, including those stemming from climate change
impacts. Climate change itself represents a compounding anthropogenic risk factor that
intensifies over time, potentially undermining carbon sequestration as environmental
conditions shift beyond the tolerance thresholds of existing ecosystems!4!. Washington's diverse
bioregions exhibit varying vulnerability—coastal forests face increased windthrow risk from
intensifying storm systems, while eastern shrublands confront heightened drought stress that
may trigger carbon releases from soils and vegetation. For engineered CDR methods like direct
air capture with geological sequestration, physical risks include geological stability
considerations involving seismic activity assessment, particularly relevant in Washington's
tectonically active western regions.

Monitoring and verification considerations fundamentally influence risk assessment accuracy
and management efficacy. Measurement frequency requirements vary substantially across CDR
methods—forest carbon may be adequately monitored through 5- to 10-year remeasurement
intervals; measurement and verification timelines for engineered methods may differ, based on
their specific deployment context. Washington's Cap-and-Invest protocols currently specify
monitoring time frames for recognized offset types, though expanded CDR accounting will
require tailored schedules reflecting each method's specific vulnerability profile.*? Detection
capability for reversal events varies significantly across monitoring approaches, with remote
sensing proving effective for catastrophic forest losses but inadequate for subtle changes in
other sequestration systems, necessitating complementary verification strategies. It should be
noted that most forest carbon protocols, including Washington's, generally exclude soil carbon
measurements though biochar applications represent a potential exception as "biochar does
represent a stable form of carbon in soils and thus provides an intriguing potential carbon
storage strategy",*? functioning through carbon stabilization via pyrolysis rather than soil
amendment.144

Ecology has established foundations for integrated risk assessment within its existing offset
protocols, particularly for forestry projects. However, expanding CDR accounting to encompass
the full spectrum of removal methods will require more sophisticated, technology-specific risk
evaluation frameworks. By systematically addressing these multifaceted risk factors through

140 Anderegg, W.R.L., Trugman, A.T., Badgley, G., et al. "Climate-driven Risks to the Climate Mitigation Potential of
Forests." Science 368, no. 6497 (2020): eaaz7005.

141 Badgley, G., Freeman, J., Hamman, J.J., et al. "California's Forest Carbon Offsets Buffer Pool Is Severely
Undercapitalized." Frontiers in Forests and Global Change 5 (2022): 930426.

142 \Washington State Department of Ecology. "Offsets - Washington State Department of Ecology." 2024. Retrieved
from https://ecology.wa.gov/Air-Climate/Climate-Commitment-Act/Cap-and-invest/Offsets.

143 Washington State Department of Ecology. "Organic Waste to Resources Research and Pilot Project Report: Use
of Biochar from the Pyrolysis of Waste Organic Material as a Soil Amendment." Publication No. 09-07-062, 2009.
144 Garcia-Perez, M., et al. "Advancing Organics Management in Washington State: The Waste to Fuels Technology
Partnership 2021-2023." Washington State University, 2024.
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calibrated accounting mechanisms, Washington can create a more accurate and transparent
CDR framework that appropriately values different removal methods based on their true
climate benefits.

5.5 CDR recommendations for Washington

Washington has established ambitious statutory greenhouse gas reduction limits that require
net emissions to decline 95% below 1990 levels by 2050, as established in RCW 70A.45.020.33
Carbon dioxide removal methods will be essential components for achieving Washington's
commitment to net zero emissions. Meeting this precise statutory framework requires robust
accounting mechanisms that ensure CDR contributions are accurately quantified, verifiable, and
aligned with the Climate Commitment Act's requirements. The following recommendations are
specifically designed to create accounting frameworks that will enable Washington to achieve its
statutory emissions reduction limits while maintaining environmental integrity. Table A.2: CDR
Accounting Methods Pros and Cons, provides the advantages and disadvantages of the
accounting methodologies typically used for the CDR methods studied.

The Legislature should direct the appropriate agencies to adopt criteria for which CDR
methodologies can contribute toward Washington's commitment to net zero emissions by 2050
as established in RCW 70A.45.020,33 with standards specifically designed to ensure alignment
with Washington's legislative requirements. This legislative guidance should specify that only
methodologies demonstrating additionality, measurability, and storage durability extending
through the compliance period would be eligible for statutory compliance, maintaining
consistency with the existing framework established under the Climate Commitment Act.

While voluntary market standards may provide useful methodological frameworks, Ecology
should utilize Washington-specific adaptations that address the unique requirements of
statutory compliance. Leveraging the existing Cap-and-Invest Program, Ecology should establish
specific provisions for how CDR credits are created, tracked, and retired against the statutory
limits, with transparent accounting, clearly distinguishing between emissions reductions,
removals, and avoided emissions. This integrated approach would maintain the integrity of
Washington's emissions reduction framework while appropriately incorporating carbon
removal as specified in legislation.

A technical review panel would evaluate methodology eligibility for statutory compliance, with
streamlined approval processes for approaches demonstrating clear alignment with legislative
requirements. Policy incentives would recognize the varying durability of removal methods, with
disadvantaged community considerations integrated into project implementation to ensure
equitable distribution of benefits and impacts. This comprehensive approach ensures that CDR
methodologies not only meet technical standards but are also integrated within Washington's
broader climate strategy in a manner that maintains environmental integrity, advances equity
goals, and supports rather than undermines emissions reduction efforts while contributing
meaningfully to Washington's net zero requirement.
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To support Washington's commitment to net zero emissions by 2050 as established in

RCW 70A.45.020,3 the Legislature and delegated agencies should first clearly define "net zero"
in statutory or regulatory terms, including the specific role and eligibility criteria for carbon
dioxide removal methods. This definitional clarity is essential before implementing any
classification system for CDR methods. The statutory requirement that offset projects be
"permanent" as part of the Climate Commitment Act's mandate that offsets be "real,
permanent, quantifiable, verifiable, and enforceable” sets an important baseline for any
durability framework.

Within this context, Ecology could adopt a durability classification system that categorizes
carbon removal methods based on expected storage duration, while ensuring alignment with
current requirements. This system would classify CDR methods into tiers that reflect their
storage time frames: Very Long-Term (1,000+ years), Long-Term (100 to 1,000 years), Medium-
Term (50 to 100 years), and Short to Medium-Term (10 to 50 years). However, it should be
noted that the current protocols adopted by Washington have project durations of at least 100
years, and any classification system involving shorter time frames may conflict with the Climate
Commitment Act's permanence requirement which is "simply measured as 100 years."

For compliance with Washington's commitment to net zero emissions by 2050, Ecology should
consider how different storage durations contribute to meeting climate goals. Any approach
that contemplates credits for storage durations less than 100 years would need to be carefully
evaluated to ensure it does not conflict with the Climate Commitment Act's permanence
requirements which require "credited carbon reductions endure for 100 years." This framework
would ensure that Washington's carbon removal initiatives deliver climate benefits aligned with
the time frames established in law while maintaining the integrity of Washington's Cap-and-
Invest Program.

Ecology would develop Washington-specific risk assessment guidance for each CDR method
based on regional conditions, including wildfire vulnerability, hydrological patterns, and land use
pressures. The system would establish appropriate monitoring requirements calibrated to the
specific risk profiles of different removal methods, with more stringent verification for less
permanent methods.

To accurately track progress toward Washington's commitment to net zero emissions by 2050 as
established in RCW 70A.45.020,® Washington requires measurement-based accounting
approaches that provide high confidence in removal quantities. Ecology should continue to
leverage and refine established quantification methodologies, such as those already adopted
from California Air Resources Board protocols, while evaluating and incorporating additional
measurement approaches for emerging CDR methods. By adopting existing frameworks rather
than developing entirely new systems, Washington can ensure consistency with proven
practices while adapting them to Washington's specific ecosystems and carbon removal
objectives.
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Washington should prioritize direct measurement over modeling approaches for nature-based
CDR quantification. Ecology should establish Washington-specific sampling protocols adapted to
regional ecosystems, including standardized soil sampling depths, forest inventory and analysis
approaches, and blue carbon measurement techniques. This framework would build upon the
verification requirements in the existing Cap-and-Invest Program while expanding methodology
options for additional CDR methods. Establishing rigorous measurement requirements would
ensure that progress toward Washington's net zero emissions commitment represents genuine
atmospheric carbon dioxide removal rather than accounting artifacts or estimation errors.

Additionally, technical assistance programs would support landowner implementation, while
cost-sharing mechanisms would reduce measurement barriers for smaller projects. This
approach would enhance scientific credibility and market acceptance while reducing
uncertainty in carbon removal claims, though implementation costs must be carefully managed
to ensure economic viability.

Washington should build upon the methodologies in its existing Cap-and-Invest registry to
create a comprehensive tracking system for all CDR projects, regardless of their market
destination. This enhanced registry would maintain the existing compliance tracking functions
while maintaining separate accounts for CDR methods contributing to statutory compliance
versus voluntary or other removal method.

The existing compliance registry implements stringent verification requirements, with third-
party verification mandatory for all CDR projects counting toward statutory compliance. Annual
reporting would track cumulative progress toward the state's commitment to net zero
emissions by 2050, with public disclosure of methodologies, quantities, and project
performance. This transparent accounting framework would enable policymakers and
interested parties to monitor progress toward statutory requirements while maintaining the
integrity of Washington's climate commitments.

This expanded registry would facilitate integration between Washington's climate programs and
broader carbon markets by building upon existing infrastructure rather than creating parallel
systems. The state can maximize efficiency while enhancing transparency and providing
essential data for policy evaluation and adaptation.

To ensure that reversals do not undermine achievement of Washington's statutory emissions
reduction limits, Ecology should establish buffer requirements specifically designed to protect
against carbon losses during the compliance period for projects under the Cap-and-Invest
Program. These buffer contribution requirements would be calibrated based on reversal risks
through 2050, with higher buffer percentages required for CDR methods with greater
vulnerability to both anthropogenic and natural reversal drivers.

A state-managed buffer pool would provide insurance against reversals specifically for CDR
projects counting toward compliance obligations under the Cap-and-Invest Program, with
contributions ranging from 10% to 40%, depending on project-specific risk assessment. If
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reversal rates exceed buffer provisions, Ecology would implement automatic adjustment
mechanisms to recalculate progress toward statutory limits, ensuring unexpected carbon losses
do not compromise Washington's compliance with emissions reduction requirements. This
approach would protect the integrity of Washington's statutory framework while providing
reasonable reversal protection for project developers participating in the compliance market.

This approach would build upon the buffer requirements already established in Washington's
forestry offset protocols while expanding the framework to accommodate diverse CDR methods
with varying risk profiles within the Cap-and-Invest Program. While Ecology would not have
authority to mandate buffer requirements for voluntary market projects, Washington could
consider offering guidance or best practices for voluntary projects registered in Washington
tracking system, described in Section 5.6.3 Adopt measurement-based accounting to ensure
compliance. By implementing nested buffer systems with state oversight for compliance
projects, Washington can provide insurance against reversals while acknowledging the varying
risks across different CDR methods used to meet compliance obligations.

To maximize progress toward Washington's commitment to net zero emissions while ensuring
environmental integrity, Washington should adopt technology-specific accounting protocols
tailored to the unique characteristics of each CDR method. Ecology should prioritize CDR
methods with substantial deployment potential within Washington, focusing on technologies
capable of delivering measurable, verifiable removals by 2050.

For forest-based removals, Washington-specific guidance would address diverse forest types
and ownership patterns, with specific provisions for monitoring carbon stocks against baseline
scenarios. Agricultural soil carbon protocols would be adapted to Washington's farming systems
and soil types, with conservative crediting approaches that account for potential impermanence
within the statutory time frame.

Engineered removals like direct air capture and bioenergy with carbon capture would utilize
mass-based accounting with continuous monitoring systems to provide high confidence in
guantities. This technology-specific approach would ensure that Washington adopts diverse,
resilient CDR methods that can support the statutory commitment to achieve net zero
emissions by 2050. By having accurate accounting methods for various carbon removal
methods, Washington can effectively track and verify the carbon removal component of its net
zero strategy while continuing to prioritize direct emissions reductions.

These tailored approaches would ensure accounting accuracy while addressing the
implementation challenges unique to each CDR method, complementing the methodologies
already approved under the Cap-and-Invest Program.

To achieve the scale of carbon removal required to support Washington's commitment to net
zero emissions by 2050, Washington must address economic barriers limiting CDR deployment.
Appropriate Washington state agencies should establish incentive mechanisms specifically
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designed to accelerate progress toward statutory emissions limits, with funding prioritized for
approaches demonstrating cost-effective, verifiable removal at scale.

Cost-sharing programs would reduce implementation barriers for CDR projects contributing to
statutory compliance, with particular focus on measurement and verification expenses. Project
aggregation frameworks would enable participation by smaller landowners and operations,
helping to achieve the removal scale required by statute. Ecology could also work with credit
purchasers to develop market commitments or guaranteed purchase agreements for CDR
methods demonstrating promise for meeting Washington's statutory requirements, creating
market certainty that accelerates technology development and deployment.

These economic mechanisms would complement the market-based incentives in the Cap-and-
Invest Program by specifically addressing barriers to entry and implementation challenges faced
by CDR practitioners.

Given the rapidly evolving nature of carbon dioxide removal science and methods, Ecology
should implement a structured periodic review process for Washington's CDR accounting
frameworks and methods. This review process would maintain the fixed compliance standards
required by law while ensuring that implementation guidance, technical resources, and
scientific understanding remain current and effective.

Ecology, in coordination with relevant state agencies and technical experts, should conduct
comprehensive reviews of CDR program performance every 3 to 5 years. These reviews would
evaluate measurement techniques, verification approaches, and implementation outcomes
against the established statutory standards, helping to identify opportunities to improve
guidance documents and technical resources for project developers and verifiers. This approach
maintains the clear compliance requirements established under the Climate Commitment Act
while ensuring that Washington's implementation of those requirements benefits from the
latest scientific knowledge and technical innovations in carbon accounting. By separating the
fixed compliance standards from the evolving technical guidance on how to meet those
standards, Washington can maintain regulatory certainty while still benefiting from advances in
carbon measurement and verification.

Given the scale of CDR deployment needed to meet Washington's statutory limits, Ecology
should pursue regional collaboration that enhances Washington's ability to achieve its
commitment to net zero by 2050 as established in RCW 70A.45.020.33 A Pacific Coast working
group would coordinate accounting approaches across jurisdictions, potentially enabling
Washington to access additional removal methods through regional partnerships while
maintaining stringent accounting standards.

Cross-border project development would expand the resource base available for achieving
Washington's statutory limits, while harmonized verification requirements would reduce
implementation costs and enhance market functionality. Federal coordination would ensure
alignment between state and national CDR initiatives, potentially leveraging additional
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resources for achieving Washington's statutory requirements. This regional alignment would
reduce market fragmentation, lower implementation costs, and create more robust accounting
frameworks through shared expertise and resources.

By implementing these recommendations, Washington can establish the accounting
frameworks necessary to achieve its commitment established in RCW 70A.45.020.33 This
approach ensures carbon dioxide removal contributes appropriately to Washington's climate
goals while maintaining the primacy of direct emissions reductions, as required by law.



https://app.leg.wa.gov/rcw/default.aspx?cite=70A.45.020

6.0 Monitoring, Reporting, and Verification Standards

Within Washington's greenhouse gas emission reduction framework, established under

RCW 70A.45.020,® which mandates the achievement of net zero emissions by 2050, robust
MRYV protocols are essential for successful implementation. These protocols ensure that actions
taken to address the emissions contribute effectively to climate goals while maintaining the
integrity of Washington's overall emissions reduction strategy. This ensures CDR methods are
effectively quantified, verified, and documented; thereby, validating progress toward statutory
limits and facilitating continuous technology improvement through performance assessment
and adaptive management.

MRYV protocols provide the foundation for credibility and accountability in carbon sequestration
efforts by systematically quantifying, verifying, and documenting greenhouse gases removed
from the atmosphere. This transparency builds trust among interested parties, demonstrates
compliance with the Climate Commitment Act's statutory requirements, and secures essential
implementation funding. Furthermore, effective MRV enables assessment of carbon storage
durability—a critical consideration given that Washington's statutory limits extend through 2050
and require sustained carbon removal benefits throughout this time frame.

The Cap-and-Invest Program established under the Climate Commitment Act already
incorporates verification requirements for compliance offsets, providing a foundation that can
be expanded to encompass the varied CDR methods needed to achieve the statutory 5% limit.
By implementing comprehensive MRV standards specifically designed for carbon removal
accounting, Washington can validate progress toward its statutory limits while facilitating
continuous technology improvement through performance assessment and adaptive
management.

6.1 Existing MRV standards and frameworks for CDR

Washington can adapt existing MRV methodologies to support the development of regionally
appropriate protocols aligned with Washington's carbon removal goals. These frameworks have
evolved from broader greenhouse gas accounting standards with increasing specialization for
specific CDR methods.

6.1.1 Global standards applicable to Washington's framework

The Intergovernmental Panel on Climate Change (IPCC) provides methodological guidance for
national greenhouse gas inventories, including accounting for carbon removals. The 2019
Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories offers
updated guidance for land-based carbon removals and incorporates emerging CDR methods.
These guidelines establish tiered approaches, based on data availability, from basic default
factors to comprehensive measurement systems, which Washington could adapt to create a
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flexible framework accommodating diverse project types and scales while ensuring progress
toward statutory limits.14°

The Greenhouse Gas Protocol!*® has developed guidance for carbon removal and sequestration
accounting that could support Washington's efforts to achieve its commitment to net zero
emissions by 2050 as outlined in RCW 70A.45.020.3 This framework distinguishes between
emissions reductions and carbon removals—a critical distinction for Washington's compliance
accounting—and establishes principles for quantifying carbon storage time frames. These
frameworks could help Washington adopt accounting approaches that accurately reflect the
contribution of different CDR methods toward Washington's statutory limits.4’

International Organization for Standardization (I1SO) 140648 standards provide frameworks for
greenhouse gas quantification and reporting at both organizational and project levels.'*° These
widely adopted standards offer consistency and transparency in carbon accounting that could
be adapted to Washington's needs for tracking progress toward its commitment to net zero
emissions by 2050 as established in RCW 70A.45.020.3 while maintaining compatibility with
broader carbon markets.

The EPA's Greenhouse Gas Reporting Program primarily focuses on emissions rather than
removals, but its methodologies for carbon capture, utilization, and storage provide relevant
frameworks that could be adapted for engineered CDR projects in Washington. These
approaches offer value for monitoring geological storage systems that could deliver high-
durability removal toward Washington's statutory limits.>% 151

The California Air Resources Board has developed offset protocols for its cap-and-trade program
that address many issues relevant to Washington's Cap-and-Invest Program. These protocols
establish rigorous standards for monitoring, reporting, and verification with specific provisions
addressing permanence and leakage that could inform Washington's approach to ensuring the
integrity of carbon removal counting toward its statutory limit. Washington has already adapted
four of California Air Resources Board's established protocols for use in its own Cap-and-Invest

145 1PCC. Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas Inventories. Edited by Calvo Buendia,
E., Tanabe, K., Kranjc, A., Baasansuren, J., Fukuda, M., Ngarize, S., Osako, A., Pyrozhenko, Y., Shermanau, P., and
Federici, S. Published by IPCC, Switzerland, 2019.

146 https://ghgprotocol.org/

147 World Resources Institute & World Business Council for Sustainable Development. "Greenhouse Gas Protocol
Land Sector and Removals Guidance (Draft for Pilot Testing and Review)." World Resources Institute, Washington,
DC, 2023.

148 https://www.iso.org/obp/ui/#iso:std:is0:14064:-2:ed-2:v1:en

149 International Organization for Standardization. ISO 14064-2:2019 Greenhouse Gases — Part 2: Specification
with Guidance at the Project Level for Quantification, Monitoring and Reporting of Greenhouse Gas Emission
Reductions or Removal Enhancements. 2019.

150 .S, Environmental Protection Agency. "Greenhouse Gas Reporting Program (GHGRP): Subpart RR - Geologic
Sequestration of Carbon Dioxide. 40 CFR Part 98, Subpart RR." Washington, DC: U.S. EPA, 2022.

151 U.S. Environmental Protection Agency. "Greenhouse Gas Reporting Program (GHGRP): Subpart UU - Injection of
Carbon Dioxide. 40 CFR Part 98, Subpart UU." Washington, DC: U.S. EPA, 2022.
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Program: the U.S. Forest Projects Protocol>? (adopted in 2022), which requires 100+ year
commitments and buffer pools to address reversal risks in forest carbon sequestration; the
Livestock Projects Protocol?*? (adopted in 2022), which quantifies methane reductions from
biogas systems that could inform bioenergy with carbon capture approaches; the Urban Forest
Projects Protocol*>* (adopted in 2022), which offers accounting methods for urban tree carbon
sequestration; and the Montreal Protocol on Substances that Deplete the Ozone Layer!> (more
commonly referred to as the Montreal Protocol), which addresses the phased elimination of
consumption and production of potent greenhouse gases. Washington's adoption of these
protocols provides a foundation of robust MRV frameworks that will directly support
Washington's ability to accurately verify and account for carbon dioxide removal projects
contributing toward its commitment to net zero emissions by 2050.

Several voluntary market standards offer methodologies relevant to Washington's diverse
ecosystems and CDR opportunities. Verra's Verified Carbon Standard includes protocols for
afforestation/reforestation, improved forest management, agricultural land management, and
blue carbon that could be adapted to Washington's forests, agricultural systems, and coastal
ecosystems. These methodologies include detailed MRV requirements for baseline
establishment, monitoring plans, data collection, and verification that could support
implementation of projects contributing to Washington's commitment to net zero emissions by
2050.

The American Carbon Registry and Climate Action Reserve provide comprehensive
methodologies for forestry, soil carbon, and direct air capture with stringent verification
requirements. Their approaches to third-party verification and buffer pool systems for
addressing permanence offer valuable frameworks that Washington could adapt for ensuring
the durability of carbon removal counting toward its statutory limits.>® 157

6.2 CDR-specific emerging standards

Several emerging standards focus specifically on carbon dioxide removal, offering frameworks
particularly relevant to Washington's statutory requirements. Carbon Direct's MRV framework
provides guidance on appropriate methodologies based on technology readiness and scale,
helping to match verification approaches to different CDR methods. This technology-specific
guidance could help Washington establish appropriate MRV requirements for the diverse CDR
portfolio needed to achieve Washington’s commitment to net zero by 2050.

152 https://climateactionreserve.org/how/protocols/ncs/forest/

153 https://climateactionreserve.org/how/protocols/waste/us-livestock/

154 https://climateactionreserve.org/how/protocols/ncs/urban-forest/

155 https://www.unep.org/ozonaction/who-we-are/about-montreal-protocol

156 American Carbon Registry. The American Carbon Registry Standard, v8.0. Arlington, VA: Winrock International,
2023.

157 Climate Action Reserve. Climate Action Reserve Program Manual, v5.1. Los Angeles, CA: Climate Action Reserve,
2023.
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Microsoft's carbon removal program has established criteria for evaluating CDR projects that
emphasize measurement accuracy, conservative accounting, and third-party verification. While
developed for voluntary purposes, these corporate frameworks demonstrate the type of
rigorous accounting that Washington should implement to ensure genuine progress toward its
statutory limits.>®

6.3 CDR-specific MRV requirements

Different CDR methods present unique monitoring and verification challenges requiring tailored
MRV protocols. For Washington's statutory framework, technology-specific requirements are
needed to address the characteristics of each removal pathway while ensuring consistent
accounting toward the residual 5%.

Forest carbon projects, which represent a significant opportunity for Washington given its
extensive forestlands, require inventory-based approaches with periodic remeasurement to
track changes in carbon stocks. Ecology should establish Washington-specific guidelines for
sampling designs that account for Washington's diverse forest types, from coastal rainforests to
eastside dry forests, with verification intervals aligned with the permanence requirements
established under the Climate Commitment Act.

Agricultural soil carbon presents different challenges, requiring specialized sampling
approaches to detect relatively small annual changes against significant background variability.
Ecology should establish simplified but statistically robust protocols that balance measurement
accuracy with landowner implementation feasibility, potentially leveraging Washington State
University's extension network for implementation support. Washington State University's
extension network offers a valuable implementation partner with established relationships with
the agricultural community and regional expertise across Washington's diverse growing regions.
Their existing soil health monitoring programs could be leveraged and expanded to provide
technical assistance, training, and potentially direct measurement services to farmers
implementing carbon sequestration practices.

For engineered removal methods like direct air capture and bioenergy with carbon capture,
mass-balance accounting with continuous monitoring systems would provide the high
confidence measurements needed for statutory compliance. These methods require specific
provisions for monitoring capture efficiency, transport integrity, and geological storage security
to ensure permanent carbon sequestration.

Blue carbon ecosystems require specialized approaches for quantifying carbon in both biomass
and sediments, with particular attention to potential reversals from sea level rise or coastal
degradation. Given Washington's extensive coastline and the significant carbon storage
potential in its tidal wetlands, Puget Sound, and estuaries, establishing regionally specific
protocols for these ecosystems would enhance Washington's CDR portfolio.

158 Microsoft Corporation. "Microsoft Carbon Removal: Lessons from an Early Corporate Buyer," 2024 Annual
Report. Redmond, WA: Microsoft Corporation, 2024.
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Different CDR methods present unique monitoring and verification challenges that require
tailored MRV approaches. For Washington's CDR portfolio, please refer Table A.3: Key CDR
Technology MRV Considerations a list of CDR methods and their corresponding MRV
requirements. This table outlines the specific MRV approaches appropriate for each CDR
method that should be considered in implementing Washington's statutory requirements.

6.4 Challenges and uncertainties

There are several challenges to be addressed in adopting effective MRV systems for
Washington's statutory CDR framework. Baseline determination presents significant difficulties
across CDR methods, particularly for natural systems with limited historical data and high
variability. In Washington's diverse landscapes, establishing accurate counterfactual scenarios
require regionally specific approaches that account for varying management histories and
ecosystem characteristics. Table A.3: Key CDR Technology MRV Considerations, provides a
summary of key CDR technology MRV considerations.

Spatial heterogeneity in Washington's ecosystems necessitates intensive sampling to achieve
reasonable confidence in carbon stock changes. From coastal wetlands to eastside forests and
agricultural systems, this variability requires tailored sampling designs that balance statistical
rigor with implementation feasibility. Temporal variability further complicates detection of
management-induced changes, with Washington's climate patterns, including periodic drought
and wet cycles, requiring multiple-year monitoring to distinguish management effects from
natural fluctuations.

Verification presents additional challenges, including limited in-state expertise for emerging
CDR methods and significant costs that could create barriers, particularly for smaller projects
that might otherwise contribute to Washington's statutory emissions limits. Ecology must
navigate inconsistent verification standards across methodologies while establishing state-
specific requirements aligned with the Climate Commitment Act's provisions.

Implementation barriers include high initial costs for comprehensive MRV systems, technical
complexity requiring specialized expertise, and regulatory uncertainty regarding evolving

standards. Washington's approach must address these barriers to enable broad participation
across diverse CDR methods while maintaining the rigor necessary for statutory compliance.

System-level challenges involve accounting for varying permanence across CDR methods,
addressing potential leakage where emissions shift rather than decrease, determining
additionality relative to business-as-usual scenarios, and integrating diverse methodologies into
a coherent framework aligned with Washington's statutory requirements.

6.5 Recommendations for strengthening Washington's CDR
MRYV framework

By implementing the recommendations outlined below, Washington can adopt MRV systems
that ensure accurate accounting toward Washington's commitment to net zero emissions by
2050. These systems will provide the foundation for credible carbon removal that maintains the
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integrity of Washington's emissions reduction framework while creating economic
opportunities and environmental co-benefits aligned with Washington's climate goals.

Ecology should establish a flexible, tiered MRV system that balances rigor with practicality while
ensuring alignment with the Climate Commitment Act's requirements. This framework would
establish streamlined approaches for smaller projects, intermediate protocols for moderate-
scale initiatives, and comprehensive requirements for large projects or those seeking
compliance market credits. Projects contributing directly to Washington’s goal of achieving net
zero emissions by 2050 would require the highest tier of verification, while voluntary or
complementary projects might utilize simplified approaches.

Importantly, this tiered system would not compromise the environmental integrity of carbon
credits. Smaller projects would utilize more conservative default values, higher uncertainty
discounts, and larger buffer reserves to ensure that simplified measurements do not result in
over crediting. Statistical confidence requirements would remain consistent across project sizes,
with streamlined verification procedures focusing effort on highest-risk elements. This approach
assures that a metric ton of CO,e removal claimed by a small project represents the same
climate benefit as that from a larger project.

Further, the system would enable broader participation while maintaining rigor for statutory
compliance, addressing the barrier of high initial costs while building capacity. By maintaining
equivalent environmental safeguards across all tiers, Washington can ensure that all carbon
removal counted toward its statutory limits delivers “real” climate benefits, regardless of project
size.

Ecology should establish state-specific technical guidance for priority CDR methods that reflect
Washington's unique ecosystems, climate patterns, and existing data infrastructure. These
regionally calibrated references would account for the distinct carbon storage potential across
Washington's diverse landscapes, from coastal rainforests to eastern shrub-steppe, ensuring
more precise tracking of progress toward statutory emissions limits.

Sampling methods and monitoring approaches should be optimized for Washington's specific
ecosystems while leveraging existing infrastructure. Ecology should establish standardized
sampling protocols that account for the structural complexity of Pacific Northwest forests and
the variability of Washington's agricultural systems. By integrating with existing monitoring
networks, carbon measurement can become more efficient and build on established expertise
and relationships.

Risk assessment tools should address threats specific to Washington, such as the increasing
wildfire vulnerability in western forests and sea-level rise along the coast. These Washington-
calibrated risk assessments would inform appropriate buffer pool requirements that reflect
Washington's actual natural disturbance patterns, potentially with regional differentiation
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between eastern and western Washington. By establishing these tailored protocols, Ecology
would create an MRV framework that accurately captures Washington's carbon dynamics while
remaining practical and cost-effective for project developers implementing CDR methods that
count toward the statutory limit.

Washington should invest in establishing in-state verification capacity to support
implementation of the statutory CDR framework. A verifier accreditation program would
establish standards specifically aligned with the Climate Commitment Act's requirements, while
training and certification opportunities would build local expertise. Shared verification
infrastructure including laboratories, equipment, and databases would reduce costs, while
verification cooperatives would enable smaller projects to participate in meeting Washington's
greenhouse gas reduction limits. Building this capacity would reduce verification costs, create
jobs, ensure regional expertise, and make CDR projects more economically viable.

California has successfully implemented a state-based verifier accreditation program that
provides a working model for Washington's proposed CDR verification capacity development.
Established in 2012 as part of California's Cap-and-Trade Program, the California Air Resources
Board created an Accredited Offset Verifier program specifically aligned with Washington's
climate legislation requirements. This program demonstrates how Washington could build in-
state verification capacity tailored to its own Climate Commitment Act requirements.

Ecology should adopt a comprehensive tracking system specifically focused on documenting
CDR contributions toward Washington's commitment established in RCW 70A.45.020.3 This
system would integrate with the existing Cap-and-Invest Program registry while providing
dedicated tracking for carbon removal methods, with standardized reporting templates, quality
assurance procedures, and transparent public reporting of progress toward the statutory
emissions limits. The registry would implement immutable record-keeping through blockchain
or similar technology and establish clear protocols for prevented double-counting between
compliance and voluntary markets. This unified system would enhance transparency, reduce
reporting burdens, facilitate verification, and enable comprehensive analysis of Washington's
progress toward its commitment to net zero emissions by 2050.

Washington should implement a nested, buffer pool approach, specifically designed to ensure
carbon removal benefits persist through the statutory compliance period ending in 2050. Risk-
based buffer contribution requirements would vary by CDR method, with a state-managed
buffer pool providing cross-project insurance against reversals. Regular buffer pool assessment
would monitor the adequacy of these provisions, with clear mechanisms for addressing both
intentional and unintentional reversals that might compromise progress toward statutory
emissions limits. This approach would protect environmental integrity while fairly accounting
for different risk profiles across the CDR methods.
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Ecology should establish an adaptive management framework for MRV protocols that allows
incorporation of new scientific understanding and technological advances while maintaining
consistency in accounting toward the statutory emissions limits. A technical advisory committee
would periodically review protocols every 3 to 5 years, with pilot testing of innovative
approaches and clear transition pathways when protocols are updated. Research partnerships
with Washington universities would advance MRV methods particularly relevant to
Washington’s ecosystems and CDR opportunities. This adaptive approach would ensure MRV
systems remain scientifically robust and cost-effective while maintaining alignment with the
statutory framework.

Ecology should establish detailed, technology-specific guidance documents providing clear
implementation instructions for each CDR method that could contribute to the statutory
emissions limits. These materials would include comprehensive handbooks, field guides,
sampling protocols, documentation templates, and decision tools for selecting appropriate
methodologies. Case studies and examples would demonstrate successful implementation
approaches, while training programs would build implementation capacity. This practical
guidance would reduce barriers to entry, improve consistency, and ensure quality
implementation of MRV protocols for projects contributing to Washington's commitment to net
zero emissions by 2050.

Washington should develop partnerships between state agencies, private verifiers, project
developers, and technology providers to share MRV costs and expertise. Cost-sharing programs
would reduce implementation barriers, particularly for innovative approaches with potential to
deliver significant contributions toward the statutory limit. Cooperative monitoring initiatives
would leverage economies of scale across multiple projects, while pre-approved verification
partners would streamline implementation. Public funding mechanisms would support the
development of essential MRV infrastructure, creating an environment conducive to achieving
the scale of carbon removal required under statute.

Washington should ensure its MRV frameworks align with federal standards while maintaining
state-specific elements necessary for regional appropriateness and statutory compliance.
Coordination mechanisms with relevant federal agencies would prevent duplicative
requirements, while equivalency frameworks would streamline reporting to satisfy both state
and federal needs. Ecology should advocate for federal recognition of state adopted protocols
where appropriate and participate actively in national dialogue on MRV standardization. This
alignment would reduce regulatory complexity while ensuring Washington's CDR credits have
maximum market acceptance and regulatory recognition.
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Ecology should design MRV systems that complement Washington's existing Cap-and-Invest
Program while facilitating participation across Washington's diverse communities and
geographies. Recent federal executive actions have significantly shifted approaches to
environmental justice initiatives, with Executive Order 14170 specifically directing federal
agencies to eliminate DEl-related programs and requirements from their practices, policies, and
protocols. This evolving federal context creates both challenges and opportunities as
Washington progresses through its statutory emissions limit’s milestones.

Ecology should adopt MRV approaches focused on practical access and economic feasibility
rather than explicit equity categorizations. This could include simplified protocols for projects
with limited resources regardless of community designation, recognizing that technical
complexity and implementation costs create barriers across various interested party groups in
both rural and urban settings. Such approaches would build upon the offset project verification
framework already established under the Cap-and-Invest Program, extending its accessibility to
a broader range of potential carbon removal practitioners.

Technical assistance programs should be designed to support all communities and project
developers facing implementation barriers, with particular attention to building capacity where
MRV expertise is limited. These programs could emphasize geographic distribution across
Washington's diverse landscapes and economies rather than using demographic criteria that
might conflict with federal policies. Ecology could leverage existing Cap-and-Invest Program
infrastructure and expertise to provide this technical support, creating efficiencies while
expanding participation in Washington's carbon management framework.

Ecology should also focus on monitoring multiple benefits beyond carbon sequestration,
including watershed health, air quality improvements, soil productivity, and rural economic
development. This approach aligns with the Climate Commitment Act's broader environmental
goals while recognizing that CDR projects deliver diverse values beyond climate mitigation. The
Cap-and-Invest Program already incorporates environmental assessment in its offset protocols,
providing a foundation that can be expanded for comprehensive benefit monitoring across
carbon removal methods.

A participatory approach to MRV adoption would engage diverse Washington perspectives,
including agricultural producers, forest landowners, Tribes, urban communities, and industrial
facilities already participating in the Cap-and-Invest Program. This engagement should focus on
technical feasibility, implementation costs, and verification requirements, ensuring protocols are
practical for the range of entities that will implement them. Ecology's experience with
interested party engagement through the Cap-and-Invest Program provides valuable lessons
that can inform this collaborative MRV adoption process.

159 https://www.federalregister.gov/documents/2025/01/30/2025-02094/reforming-the-federal-hiring-process-
and-restoring-merit-to-government-service

Publication 25-14-066 CDR Evaluation Study - Final
Page 120 Sept. 2025


https://www.federalregister.gov/documents/2025/01/30/2025-02094/reforming-the-federal-hiring-process-and-restoring-merit-to-government-service

By focusing on pragmatic implementation, comprehensive benefits, and inclusive engagement,
Washington can design MRV systems that achieve equitable outcomes while navigating complex
federal policy environments. This balanced approach would facilitate broad participation in
meeting Washington's statutory emissions limits while maintaining alignment with
Washington's comprehensive environmental goals and the specific requirements of the

Climate Commitment Act.
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7.0 Industry Outreach

To supplement literature review and broader industry research, staff from Departments of
Ecology and Commerce on the project’s steering committee identified interested parties to
participate in outreach interviews. These included organizations and industry representatives
involved in the design and deployment of CDR projects, trade associations, climate and energy
advocacy groups, and other parties defined by Ecology. Interviews were conducted between
December 3, 2024, and January 9, 2025.

The goal of these outreach interviews was to capture a wide range of insights, identify shared
priorities, and surface potential concerns regarding the role of CDR methods in Washington’s
future. Specifically, interviews focused on:

e Perspectives of CDR in Washington or the greater Pacific Northwest,
e Technical, economic, and market feasibility of various CDR methods, and
e Potential barriers to CDR implementation in Washington.

Several positive trends emerged from these discussions that bolster Washington’s potential for
CDR adoption. Experts noted that Washington’s strong renewable energy infrastructure—
particularly its hydropower capacity—and abundant natural resources (e.g., basalt formations
ideal for mineralization) create a solid foundation for scaling carbon removal methods.
Additionally, Washington’s progressive climate policies, including the Climate Commitment Act,
are beginning to pave the way for more innovative, technology-neutral regulatory frameworks.
These initiatives signal governmental support for CDR projects and help create a market
environment conducive to further investments.

Beyond policy and infrastructure, the interviews also pointed to vibrant collaborative efforts
and educational programs that enhance the overall ecosystem for CDR adoption. Programs like
the Columbia River Basalt Technical Assistance Partnership® and workforce training initiatives
such as AirMiners Boot Up*®! have already demonstrated success in fostering technical
expertise and community engagement. These positive trends, coupled with strong public-
private partnerships and targeted funding opportunities, suggest that Washington is well-
positioned to address current challenges and accelerate the deployment of CDR methods
across Washington.

In addition to these positive trends, interviews identified three overarching themes that will be
critical to the successful advancement of CDR technology adoption in Washington: Permitting
Considerations, Infrastructure Investment, and Workforce Development. Interview Records are
provided in Appendix B. Interview Records and Written Input. These records are summaries of
general themes from these conversations with organizations and industry representatives and
do not necessarily represent the opinion of Ecology or the state.

160 https://www.carbonsolutionsllic.com/columbia-river-basalt-technical-assistance-program/
161 https://bootup.airminers.com/
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7.1 Permitting considerations

A consistent observation across interviews was that Washington’s current permitting
framework poses significant challenges for CDR projects. Specialists from organizations such as
CC Lab, CarbonQuest, and RMI explained existing regulatory frameworks were originally
designed for traditional fossil fuel operations rather than for innovative, emerging carbon
removal methods. This misalignment leads to long, unpredictable permitting processes that
create uncertainty and delay the development of pilot projects and large-scale facilities alike.

Feedback from the experts provided observation on permitting processes that vary
dramatically—with fossil CO, extraction permits being approved in just a few months, while CO,
injection permits can take over a decade—creating an uneven playing field. The absence of
uniform guidelines means that new CDR projects may find themselves navigating regulatory
gray areas. The experts strongly recommend enhanced collaboration between agencies such as
the EPA and state regulators to develop clear, technology-neutral guidelines and expedited
review processes that could streamline permitting and foster industry growth.

Existing models offer promising templates for streamlining Washington’s permitting process for
CDR methods. For instance, models from regions that have successfully implemented
integrated permitting approaches—such as California’s evolving framework—demonstrate that
clear, technology-neutral guidelines can be developed through multi-agency coordination.
Programs like the Columbia River Basalt Technical Assistance Partnership already bring together
technical experts and regulatory bodies, suggesting that such collaborative structures could be
expanded to create a more predictable, efficient permitting pathway for CDR projects.

7.2 Infrastructure investment

Interviewees stressed that significant investment in infrastructure is essential to fully realize
Washington’s CDR potential. Representatives from organizations like CarbonQuest, Lithos
Carbon, and RMI noted that without strategic investments in storage, transportation, and
renewable energy integration, Washington’s abundant natural resources and technical
potential will remain largely untapped. High capital costs for building storage facilities,
pipelines, and transport networks are seen as major barriers.

Industry representatives detailed several key concerns and recommendations. They cited the
steep capital intensity required for building storage facilities, pipelines, and transport networks,
and stressed the importance of integrating new projects with existing infrastructure, such as
Washington’s hydropower and rail systems. Experts envisioned a future CDR industry where
regional hubs would be developed around co-located emitters, processing facilities, and
transport networks, supported by state-backed funding mechanisms like grants, tax incentives,
and public-private partnerships. These coordinated efforts would be essential to drive down
costs and unlock the full potential of CDR at scale.

There are tangible examples of infrastructure models that could be scaled to address the
investment challenges identified in the interviews. Lithos Carbon’s approach, which leverages
local quarry facilities and strategically minimizes transportation distances through contracts
with regional farmers with a goal of limiting transportation to less than 50 miles from source to
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application site, provides a blueprint for cost-effective distribution infrastructure. Lithos’ model
includes economic co-benefits associated with bolstering the area’s transportation economy by
offsetting seasonally lower construction periods with transportation of the final soil
amendments to farms. Additionally, organizations like Clean & Prosperous Washington'6?
illustrate how public-private partnerships and state-backed funding mechanisms can be
harnessed to upgrade and expand critical infrastructure. These initiatives underscore the
potential for building regional hubs that effectively connect emitters, processing facilities, and
transportation networks to support broader CDR adoption.

7.3 Workforce development

A well-trained, robust workforce is seen as a cornerstone for the long-term success of
Washington’s emerging CDR industry. Interviewees from organizations such as Heirloom
Carbon, PACCLEAN, and Twelve stressed the evolution of carbon removal methods demands
not only technological innovation, but also a parallel investment in human capital. As the
industry shifts from traditional roles to more specialized positions in advanced CDR methods,
the need for targeted training and upskilling becomes paramount.

The feedback from industry experts illuminated several crucial areas for workforce
development. They identified significant skill gaps as the sector transitions from conventional
trades associated with oil, gas, and construction to the specialized requirements of DAC and
enhanced rock weathering, among others. The experts recommended forging strong
partnerships with community colleges, trade schools, and universities to develop curricula that
address these emerging needs. Additionally, there was a clear call for inclusive workforce
programs that emphasize fair labor practices and engage underserved communities—including
Tribal nations—to ensure that the benefits of industry growth are widely and equitably shared,
and that local talent is prepared to meet the demands of this transformative field.

Existing educational and training initiatives present an encouraging foundation to bridge the
skills gap in the emerging CDR sector. The AirMiners Boot Up*®? training program, for example,
has been effective in delivering accessible, modular training for entry-level positions in carbon
removal projects. Moreover, partnerships like those promoted by Clean & Prosperous
Washington,62162 which collaborate with community colleges and trade schools, have already
begun enhancing local workforce capabilities. Expanding these models could not only provide a
pipeline of skilled professionals to support current CDR operations and ensure workforce
development is inclusive and aligned with the needs of both traditional trades and new,
specialized technical roles.

7.4 Concluding outreach summary

Overall, the outreach process has illuminated both significant challenges and promising
opportunities for CDR adoption in Washington. While issues related to permitting,
infrastructure investment, and workforce development persist, existing programs and

162 https://www.cleanprosperouswa.com/
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collaborative models provide actionable pathways for overcoming these obstacles. By
leveraging proven frameworks and expanding successful initiatives, Washington can accelerate
the deployment of CDR methods and create a robust, sustainable carbon removal industry.
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8.0 Study Outcomes and Recommendations

This section provides a consolidated summary of the key recommendations EA Engineering,
Science, and Technology, Inc., PBC presented in this study. Additional details and technical
context may be found in each CDR methodology section. To support the effective
implementation of the strategies outlined in this study, the following key recommendations are
proposed as essential actions for Washington:

e Continue support of CDR development: Washington should continue to develop CDR as a
critical component of efforts to achieve 2050 statutory limits.

e Define net zero: To support Washington's commitment to net zero emissions by 2050 as
established in RCW 70A.45.020,3 the Legislature should first clearly define "net zero" in
statutory or regulatory terms, including the specific role and eligibility criteria for carbon
dioxide removal methods, as discussed in this report.

e Develop clear criteria for CDR methodologies: The Legislature should direct appropriate
agencies to adopt clear criteria defining how CDR methodologies can effectively contribute
toward Washington's commitment to net zero emissions by 2050 as established in RCW
70A.45.020.3

e Facilitate collaboration: Washington should continue to facilitate collaboration between
regulators, technical experts, and developers concerning CDR technology specifics and
policy integrations, including continued collaboration with regional and national partners on
defining, implementing and documenting CDR.

e Build tiered approaches: Washington should establish a tiered approach to classify CDR
durability methods to reflect their storage time frames and develop a tiered framework for
statutory requirements based on project size and outcomes.

e Community involvement: Washington should coordinate with and actively engage local
communities where CDR projects are planned for development to address local community
concerns and advancing environmental justice. In Washington, there have been significant
community safety concerns expressed related to injecting and storing captured CO,
underground, as well as the transportation of CO; via pipelines,®3 particularly in
communities with historically borne disproportionate environmental burdens.®* Federally
recognized Tribes have expressed concerns about potential impacts on treaty rights,
cultural resources, and sacred sites, as documented in Ecology's 2023 Tribal Engagement
Framework.1®> Communities in the Duwamish Valley, Central/South Seattle, and Tacoma's
industrial areas—areas identified by the Washington Environmental Health Disparities Map

163\Washington State Department of Ecology. (2023). 2023-2025 Carbon Capture Utilization and Sequestration
(CCUS) Strategic Plan. Publication 23-06-018. https://apps.ecology.wa.gov/publications/documents/2306018.pdf
(Accessed May 2025).

164Front and Centered. (2021). Pollution and Climate Change Vulnerability in Washington State. Retrieved from
https://frontandcentered.org/wp-content/uploads/2021/06/FC-Report-FINAL-2.pdf (Accessed May 2025).
165\Washington State Department of Ecology. (2022). Government-to-Government Implementation Guidelines.
Retrieved from https://ecology.wa.gov/About-us/Accountability-transparency/Partnerships-committees/Tribal-
relations/Government-to-Government-Implementation-Guide (Accessed May 2025).
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(2022) as experiencing cumulative environmental health disparities'®®—fear these
technologies could compound existing air quality issues and further strain limited water
resources.'®’ Rural communities in eastern Washington worry about the implications of
large-scale biomass production for agricultural practices, food security, and forest health,
concerns highlighted in the 2024 Washington State University assessment of biomass
potential.!®® Ensuring all Washingtonians, especially those in frontline and vulnerable
communities, are meaningfully informed about both the possible environmental and social
impacts of these technologies and the potential benefits—such as climate mitigation and
local economic opportunities—is critical to the feasibility of bringing CDR development to
scale.16®

8.1 Regulatory and policy integrations

The following recommendations are summarized as key measures for incorporation into state
regulatory frameworks and policy initiatives.

e Permit harmonization: Establish harmonization across states, federally recognized Tribes,
and other governing entities (Washington Departments of Ecology, Commerce, Natural
Resources, etc.)

o Develop a memorandum of understanding to encourage collaboration and
cohesiveness between entities and states.

e Collaboration: Continue to facilitate collaboration between regulators, technical experts,
and developers concerning CDR technology specifics and policy integrations.

e Working Groups: Establish industry-specific working groups for each major CDR method to
identify regulatory barriers and potential permitting framework.

e Standardization: Review permitting procedures for various CDR methods to identify
opportunities to standardized processes and conduct pre-application meetings. Make
information on permitting rules clear and predictable; consider development of a ‘one-stop-
shop’ state permitting portal.

166\Washington State Department of Health. (2022). Washington Environmental Health Disparities Map, Version 2.0.
Retrieved from https://doh.wa.gov/data-statistical-reports/washington-tracking-network-wtn/washington-
environmental-health-disparities-map (Accessed May 2025).

167pyget Sound Clean Air Agency. (2023). 2023 Air Quality Data Summary. Retrieved from
https://pscleanair.gov/DocumentCenter/View/4834/Air-Quality-Data-Summary-2023 (Accessed May 2025).
168\\/ashington State University. (2022). Washington Forest Biomass Assessment. Retrieved from
https://s3.wp.wsu.edu/uploads/sites/2147/2022/04/WA-Biomass-Inventory-2022-WSU.pdf (Accessed May 2025).
189\Washington State Department of Commerce. (2023). Washington 2023 State Energy Strategy. Retrieved from
https://www.commerce.wa.gov/growing-the-economy/energy/2023-state-energy-strategy/ (Accessed May 2025).
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8.2 Market development

The following recommendations are presented as strategic actions and opportunities to
accelerate market development initiatives at Washington, federal, and local level.

FundHubWA Platform: Utilize this platform, which helps identify funding opportunities that
fill gaps between existing state and federal funding.

Tax credits: Utilize Section 45Q tax credit and follow progress of The Carbon Dioxide
Removal Investment Act for future tax credit opportunities.

Economic development:

o Recognize carbon removal projects through Washington's Clean Energy
Transformation Act (CETA) (Engrossed Second Substitute Senate Bill 5116, 2019)7°
and Cap-and-Invest Program.

o Create predictable environmental rules.

o Establish pathways for verified carbon removal methods through Washington's Cap-
and-Invest Program.

o Support both volunteer and compliance markets for Washington's cutting-edge
climate solutions.

o Attract skilled workers through recognized carbon removal initiatives to give
businesses an edge in the competitive job market.

o Leverage CCA revenues to support advancement of promising and effective CDR
methods.

Engagement of federally recognized Tribes: Ensure early, transparent, and sustained
engagement with federally recognized Tribes where projects may affect usual and
accustomed lands and/or cultural resources. Tribal roles should be respected and
incorporated with the integration of traditional ecological knowledge actively integrated
into project planning and design.

Community-integrated approaches: State support (e.g., grants and incentives) should
prioritize CDR projects that demonstrate strong community involvement, incorporation of
traditional ecological knowledge, and the use of other green and sustainable infrastructure
approaches.

Compliance and Voluntary Programs

o Washington can leverage its existing Cap-and-Invest Program infrastructure to
develop complementary frameworks supporting voluntary market participation, and
should track projects implemented within its borders, quantify and verify their carbon
benefits, and facilitate their entry into national and international voluntary markets.

o Washington should position the CDR market to attract corporate buyers with effective
and verifiable voluntary market projects to encourage investments in carbon dioxide
removal methods.

170 https://lawfilesext.leg.wa.gov/biennium/2019-20/Pdf/Bills/Session%20Laws/Senate/5116-
$2.SL.pdf?q=20210822161309
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8.3 CDR accounting mechanisms

The following recommendations are proposed as foundational steps for establishing robust and
transparent CDR accounting mechanisms. For a detailed discussion on each of these
recommendations see Section 5.6 CDR recommendations for Washington.

e Integrate CDR standards with broader climate policy framework
e Establish a tiered durability classification system

e Adopt measurement-based accounting to ensure compliance

e Enhance Washington’s carbon registry for CDR tracking

e Implement buffer pool systems where appropriate

e Implement technology-specific accounting approaches

e Create economic viability mechanisms

e Establish adaptive management framework

e Foster regional collaboration

8.4 Monitoring, reporting, and verification standards

The following recommendations are put forward as essential actions to develop and implement
consistent, transparent MRV standards within state climate and environmental governance. For
a detailed discussion on each of these recommendations see Section 6.5 Recommendations for
strengthening Washington's CDR MRV framework.

e Develop a tiered MRV framework aligned with statutory requirements

e Establish Washington-specific technical protocols for statutory compliance

e Build verification capacity to support statutory implementation

e Establish a statutory compliance registry

e Address permanence through buffer systems calibrated to statutory time frames for
appropriate CDR methods

e Conduct comprehensive reviews of CDR program performance every 3 to 5 years

e Develop technology-specific MRV guidance

e Establish public-private partnerships for MRV implementation

e Align with changing federal standards

e Ensure broad participation while navigating evolving policy landscapes

8.5 Technological and nature-based CDR opportunities

The following recommendations are directly relevant to the diverse range of carbon dioxide
removal methods outlined in this report, encompassing both technological and nature-based
methods, and are intended to support their responsible development, deployment, and
integration into Washington’s infrastructure to meet the statutory emissions limits.

e Further explore Washington’s geologic storage potential: Assuming DAC and BECCS
facilities in Washington are paired with permanent geologic storage, they carry the
potential to achieve high-volume CO; capture and permanent storage. Explore the siting of
infrastructure to tie injection facilities to DAC, BECCS, and other CDR facilities,
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as appropriate. Address prevalent community concerns about the siting and safety of
geologic storage projects.

e Colocation: Collocate CDR facilities like DAC, BECCS, mCDR, etc. with industrial customers of
carbon dioxide for use in sustainable aviation fuel, building materials, etc. DAC facilities
should also be collocated together with large-scale low CO; energy projects (BECCS, solar,
wind, geothermal, nuclear small modular reactors).

e Incentives: Establish incentives to attract developers and researchers.

e Encourage research and development

o

Economic analysis: Perform economic analysis to evaluate regions where the various
CDR methods are economically viable.
Direct Air Capture: Encourage technological advancements of DAC projects and
studies to further reduce costs and address community siting concerns.
Biochar: Support demonstration projects to diversify biochar use within agriculture
(viticulture, potato production, wheat and corn production) to define production
benefits and application process.
Enhanced Rock Weathering: Encourage funding of ERW projects and studies that
focus on better evaluating carbon reduction, and that explore the technological
feasibility to estimate ERW CO; removal at scale in Washington.
Marine CDR: Washington should invest in applied research and pilot-scale monitoring
to stay informed and guide future decisions.
= Small, well-controlled demonstration projects—particularly those led by
Washington’s academic institutions or public-private research partnerships,
can generate valuable data on sequestration potential, ecological impacts,
and monitoring, reporting, and verification techniques.
= Pilots that receive state funding should emphasize transparency, community
engagement, and collection of site-specific data.
Forest-based CDR and sequestration: Commission a study to use life-cycle analysis
and modeling to develop policies to encourage manufacturing and use of harvested
wood products with the longest sequestration potential in consideration of
transportation/manufacturing emissions, including identifying strategic placement of
bioenergy facilities

e Restoration of nature-based CDR facilities

o

o

Coastal marine ecosystem restoration: Stimulate broader habitat restoration and
biodiversity conservation along coastal Washington.

Blue carbon restoration: Washington should prioritize support for blue carbon coastal
restoration as the most immediately viable mCDR method. While carbon
sequestration through restored salt marshes, seagrass beds, and other tidal wetland
systems should be quantified and tracked, it is recommended that Washington treat
sequestration as a co-benefit rather than the primary objective of blue carbon
initiatives.
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o Forest restoration and reforestation: Encourage restoration of healthy stocking levels
following fire in areas at risk of severe fires and to consider prioritizing fire resilient
species east of the Cascade Mountains. Also encourage reforestation of urban areas
(particularly along road corridors), reforestation of pasture (especially through
adoption of agroforestry practices on current agricultural lands), and riparian
reforestation.

Develop access to clean energy: DAC facilities require access to low-cost clean energy to be
cost-effective and scalable. Encourage these facilities to be powered by energy sources that are
not only affordable but also renewable. This is crucial to minimize operational costs and
maximize the potential for widespread deployment, which is necessary for achieving scalability.

Promote synergies: BECCS can complement forest health treatments by utilizing biomass that
would otherwise be left to decay or contribute to wildfire risks. Washington has abundant
biomass resources from improved forest management methods, which can be sustainably
harvested for bioenergy production.

Delineate sustainable feedstocks: Establish clear framework on feedstock removal to not lead
to less sustainable forest and agriculture land management.

Promote awareness: Build awareness in rural areas by supporting education about and success
of fire-cap kilns, which will become legal after Ecology completes rulemaking in Spring 2026.
Information to develop for awareness materials includes quantification of avoided emissions
compared to slash burning, credit market potential through life cycle comparison of kiln biochar
production compared to slash disposal methods, and air permitting requirements.

Advance standards: Promote product consistency and quality through the development of
biochar certification. By developing standardized criteria for production methods, feedstock
sources, and environmental safety, certification can build trust among developers, consumers,
and regulators. This, in turn, supports market development, facilitates regulatory acceptance,
and encourages wider adoption of biochar as a credible carbon dioxide removal method.

Reduce risk: Reduce the risk of miscalculating enhanced rock weathering carbon reduction by
funding an analysis of landscape, riverine, and coastal features that may prevent carbonates
from reaching the expected locations for permanent storage.

Continued monitoring: Stay keyed in on current and future mCDR methods as they evolve,
allowing for potential expansion as scientific certainty and ecological safeguards improve.
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Improve management: Encourage landowners to manage forests as multi-species, multi-aged
landscapes at appropriate scales for the chosen management regime.

Reduce risk of wildfires: Thinning, reducing tree planting density, controlled burning, and
invasive species (Scotch broom) removal are forestry management techniques likely to result in
net carbon sequestration over the next century by reducing the risk of high-severity wildfires

Increase soil organic carbon: Encourage practices that increase soil organic carbon, such as
planting red alder in managed conifer stands and organic amendments, such as addition of
biochar, biosolids, and wood chips; employing both mechanical thinning and prescribed fire to
minimize fire risk and soil organic carbon loss, especially in dry interior forests.
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Table A.1: Accounting methods, durability metrics, and storage duration

classifications for key CDR methods.

CDR Technology

Accounting Methods

Durability Metrics

Storage Duration
Classification

Implementation Example

Forest-Based
CDR and
Sequestration

Forest Inventory and
Analysis with periodic field
measurements

Remote sensing with
LiDAR and satellite
imagery for biomass
estimation
Intergovernmental Panel
on Climate Change (IPCC)
Good Practice Guidance
for Land Use, Land-Use
Change and Forestry
Climate Action Reserve
Forest Protocol (CARFP)

Annual tree survival rates
Biomass accumulation
rates (tons C/acre/year)
Forest stand resilience
score (1-10 scale based
on species diversity, age
structure)

Risk assessment for fire,
pests, and climate
impacts (percentage risk
factors)

Permanence
commitments through
legal protection
mechanisms (covenant
strength rating)

Medium to
Long-term
(40 to 100+ years)

Forest Inventory and
Analysis: Washington
Department of Natural
Resources’ Forest Carbon
Inventory Project uses forest
inventory and analysis
methodologies to quantify
carbon stocks across 2.1
million acres of state-
managed forest lands.

IPCC: Ecology uses IPCC
methodologies for statewide
forest carbon reporting in
Washington greenhouse gas
inventory.

CARFP: King County Forest
Carbon Program
(Washington) has registered
multiple projects under
Climate Action Reserve with
over 65,000 acres of working
forest conserved and more
than 2 million carbon credits
issued.
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Storage Duration

CDR Technology Accounting Methods Durability Metrics Classification Implementation Example
BCarbon standard protocol Soil carbon concentration Short to BCarbon: S_kagit Valley
(primary recommended (percent organic carbon) Medium-term Carpon Project (Washington)
method) Carbon stock change (10 to 50 years) | has implemented the
COMET-Farm soil carbon rates (tons C/acre/year) BCarbon protocol across
quantification tool Soil aggregation stability 7,500 acres spanning 16
Direct soil sampling with index farms, demonstrating average
laboratory analysis (0-30 Management practice increases of 0.3 tons
centimeters depth permanence score C/acrg/year through coyer
minimum) Climate vulnerability cropping and reduced tillage.
Verra's Verified Carbon assessment _ COMET-Farm: Palouse
Standard methodology (drought/flood risk factors) Conservation District Soil
BCarbon verification Health Program utilizes
Soil Carbon results and certification COMET-Farm for initial

Sequestration

level

assessments across 45,000
acres, combined with
strategic soil sampling for
verification.

Verra’s Verified Carbon
Standard VM0042: Indigo Ag
Carbon Program has applied
Verra's methodology across 5
million acres nationally,
including implementation in
eastern Washington wheat
systems with over 50,000
acres enrolled.
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Storage Duration

CDR Technology Accounting Methods Durability Metrics Classification Implementation Example
European Biochar .l\/lo_lar H:C ratio (Iower. . Long-term European_ Biochar Ce_n‘iﬁcate:
Certificate carbon sink |nd|cat§s greater stability) (100 to 1000+ Qregon Biochar Solutions has
potential calculation Pyr.o.IyS|.s temperature years) |rr.1plemented. !European
IPCC Methodology for verification . Blochar. (.Jert|f|cafce. prgtocols
biochar carbon persistence ASTM D1762 volatile for Stablht.y clas_S|f|cat|on .Of
) ) matter content forest residue biochar, with
International Biochar ) e G
Initiative standards Carbon persustenge factor \a/\F/)p“r?_ith:nnpﬂft; "'r\d
Lazo(;ag)ry gnalysis of H:C 2323iczioo:sproductlon de?:olns?trca)tinc; (z:a?'bosn
therrrllin(;a;c;z;ﬁy class Half-life estimates (years, persistence monitoring.
based on stability class) IPCC: Washington State
Application depth University Biochar Research
documentation Consortium has implemented
. IPCC methodologies for
Biochar

accounting carbon benefits in
a multi-county demonstration
project involving 12,000 tons
of biochar application.

International Biochar
Initiative: Lenz Enterprises
(Stanwood, WA) produces
International Biochar
Initiative-certified biochar
from forestry residues and
urban wood waste, with
applications on over 5,000
acres of agricultural land in
western Washington.
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CDR Technology

Accounting Methods

Durability Metrics

Storage Duration
Classification

Implementation Example

Bioenergy with
Carbon Capture
and Sequestration

ISO 14064-2 for
greenhouse gas project
accounting

Life-Cycle Assessment
(LCA) following ISO
14040/14044

IPCC Guidelines for
National Greenhouse Gas
Inventories

Mass balance approach
with chain of custody
documentation

Geological storage
integrity assessment
Leakage monitoring
results (parts per million
CO,)

Reservoir pressure
stability metrics

Seismic activity monitoring
data

Storage site certification
status

Monitoring, reporting and
verification (MRV)
compliance score

Very Long-term
(1000+ years if
geologically
sequestered)

ISO 14064-2: Columbia River
Carbonates, Woodland, WA.
While not a full BECCS
system, this facility has
implemented carbon capture
from biomass combustion
with planned geologic
sequestration. Their
accounting uses ISO 14064-2
combined with mass balance
approaches. The project
demonstrates potential
scalability as part of the
Pacific Northwest's forestry
sector.

LCA: Puget Sound Energy
Biomass Integration: This
utility has conducted
feasibility studies for
integrating biomass energy
generation with carbon
capture at existing natural
gas facilities, using LCA
methodologies to quantify
potential carbon benefits.
Their studies indicate
scalability potential across
multiple generating stations.

Publication 25-14-066
Page A-5

CDR Evaluation Study - Final
Sept. 2025




CDR Technology

Accounting Methods

Durability Metrics

Storage Duration
Classification

Implementation Example

Direct Air Capture

American Carbon Registry
methodology for DAC
Mass-based accounting
with continuous monitoring
ISO 14064-2 for
greenhouse gas emission
reductions

Carbon storage verification
through pressure and
volume monitoring

Capture efficiency
verification (tons CO,
captured/energy input)
Geological storage
integrity assessment
Storage formation
pressure monitoring
Caprock integrity
verification

Surface monitoring for
leakage (parts per million
CO,)

Well integrity testing
results

Storage site certification
status

Very Long-term
(1000+ years if
geologically
sequestered)

American Carbon Registry:
Project Carboneer, Richland,
WA, a research-scale DAC
system at the Pacific
Northwest National
Laboratory using the
American Carbon Registry
methodology for accounting.
This project is testing
integration with basalt
sequestration in eastern
Washington, showing regional
scalability potential.

Mass-based Accounting:
Carbon Engineering Pilot,
Squamish, British Columbia.
While located in Canada, this
facility is relevant to
Washington due to regional
partnerships. It employs
mass-based accounting with
continuous monitoring and
follows ISO 14064-2
principles. The technology
demonstrates scalability
through modular design.

Publication 25-14-066
Page A-6

CDR Evaluation Study - Final
Sept. 2025




CDR Technology

Accounting Methods

Durability Metrics

Storage Duration
Classification

Implementation Example

Marine CDR and
Blue Carbon

Verified carbon standard
VMO0O033 for blue carbon
IPCC Wetlands
Supplement methodology
Direct measurement of
sediment carbon
accumulation rates

Blue Carbon Initiative
protocols

Sediment accretion rates
(mm/year)

Ecosystem health
indicators (species
diversity, coverage)
Carbon burial rates (g
C/m?/year)

Sea level rise resilience
score

Storm vulnerability
assessment

Protected status strength
and enforcement
Monitoring frequency and
coverage

Medium to
Long-term
(50 to 100+ years)

Verra’s Verified Carbon
Standard VMO0033:
Snohomish Estuary Blue
Carbon Project (Everett, WA)
has re-established tidal flow
to 350 acres of former
agricultural land using this
methodology, with
documented carbon
accumulation of 2.4 tons
CO,el/acrelyear.

IPCC: Washington
Department of Natural
Resources Coastal
Resilience Project uses IPCC
Wetlands methodologies for
carbon accounting across
restoration sites in Willapa
Bay and Grays Harbor,
totaling over 1,000 acres of
tidal wetlands.

Blue Carbon Initiative: Port
Susan Bay Restoration
(Stanwood, WA) applies Blue
Carbon Initiative protocols
across 150 acres of tidal
marsh, with 8 years of
monitoring data
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CDR Technology

Accounting Methods

Durability Metrics

Storage Duration
Classification

Implementation Example

demonstrating sustained
carbon accumulation rates.

Pacific Northwest Blue
Carbon Working Group - Blue
Carbon Calculator. Nisqually
River Delta Blue Carbon
Project, used the calculator to
measure and verify carbon
sequestration in restored tidal
marsh ecosystems.
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Table A.2: CDR Accounting Methods Pros and Cons

Accounting Methods

Advantages

Disadvantages

Description/Note

IPCC Good Practice
Guidance for Land use,
land-use change,
and forestry

¢ Internationally recognized
and standardized

e Flexible tier system
accommodates different data
availability

¢ Facilitates national reporting
consistency

e Comprehensive coverage of
carbon pools

¢ Default factors may not
reflect local conditions

¢ Higher tiers require
substantial data collection

¢ Conservative estimates may
undervalue actual
sequestration

¢ Periodic updates require
methodology adjustments

Standardized methodology
developed by the
Intergovernmental Panel on
Climate Change for land use,
land-use change, and forestry
carbon accounting, using
tiered approaches based on
available data quality.

Climate Action Reserve
Forest Protocol

¢ Rigorous verification
requirements ensure
credibility

o Addresses permanence
through 100-year
commitments

¢ Includes comprehensive risk
assessment

¢ Well-respected in voluntary
carbon markets

e High compliance costs for
project developers

¢ Restrictive eligibility
requirements

e Complex baseline
determination process

e Limited flexibility for
innovative project designs

A standardized approach for
quantifying, monitoring, and
verifying carbon sequestration
in forest projects, with specific
requirements for project
boundaries, baseline
determination, and
permanence.

BCarbon Standard Protocol

e Emphasis on direct
measurement over modeling

¢ Designed specifically for soil
carbon markets

¢ Transparent verification
requirements

¢ Practical implementation for
landowners

¢ Relatively new standard with
limited implementation
history

e Sampling costs can be
prohibitive for smaller
landholders

¢ Limited geographic coverage
of current projects

A science-based soil carbon
storage standard designed to
work for landowners and soil
carbon buyers. It focuses on
actual measured increases in
soil carbon using standardized
soil sampling protocols with
third-party verification.
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Accounting Methods

Advantages

Disadvantages

Description/Note

o Establishes clear ownership
of carbon credits

¢ Requires multi-year
commitment before credit
issuance

COMET-Farm Soil Carbon
Quantification Tool

e User-friendly interface
accessible to farmers

¢ No direct soil sampling costs

e Covers diverse agricultural
systems

e Regularly updated with latest
scientific understanding

¢ Recognized by USDA
conservation programs

¢ Model-based rather than
direct measurement

¢ May not capture site-specific
variations

¢ Limited validation in some
regions and soil types

¢ Conservative estimates may
undervalue actual
sequestration

A web-based tool that uses the
USDA's CENTURY model to
estimate soil carbon changes
based on management
practices, soil types, and
climate factors. It allows
farmers to estimate the carbon
footprint of their operations
and potential carbon
sequestration from practice
changes.

Verra's Verified Carbon
Standard Methodology

e Internationally recognized
standard

e Compatible with global
carbon markets

e Comprehensive accounting
across multiple pools

e Addresses permanence and
leakage

o Established registry and
verification system

e Complex and costly
implementation requirements

¢ High technical expertise
needed

¢ Stringent additionality
requirements

¢ Conservative uncertainty
deductions

A family of methodologies for
agricultural land management
projects that increase soil
carbon stocks, with specific
protocols for various
management practices and
ecosystems.

IPCC Methodology for
Biochar Carbon Persistence

¢ Internationally accepted
methodology

e Compatible with national
greenhouse gas inventories

o Default factors may not
reflect specific biochar types

¢ Limited recognition of
production variables

Methodology included in the
2019 Refinement to the IPCC
Guidelines that establishes
default persistence factors for
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Accounting Methods

Advantages

Disadvantages

Description/Note

¢ Conservative approach
minimizes overestimation

¢ Simple tier system
accommodates data
limitations

¢ Relatively new addition to
IPCC guidelines

¢ Conservative estimates may
undervalue actual
sequestration

biochar carbon in soils based
on production method and
application conditions.

International Biochar
Initiative Standards

e Comprehensive
characterization
requirements

¢ Addresses multiple biochar
properties beyond carbon

e Recognized by diverse
international interested
parties

o Adaptable to various
feedstocks and production
methods

¢ Complex implementation for
producers

e Expensive testing
requirements

¢ Limited regulatory adoption

¢ Evolving methodology
creates potential
inconsistencies

A comprehensive framework
for biochar classification,
testing, and carbon stability
determination, including
standardized laboratory
methods and carbon
accounting approaches.

ISO 14064-2 for Greenhouse
Gas Project Accounting

¢ Internationally recognized
framework

e Applicable across diverse
project types

¢ Addresses baseline
determination and
additionality

¢ Incorporate verification
requirements

e Compatible with various
registry systems

e Generic framework requires
project-specific
methodologies

¢ Complex implementation
requirements

¢ Limited specific guidance for
BECCS systems

e Requires extensive expertise
for proper implementation

An international standard
establishing principles and
requirements for quantifying,
monitoring, and reporting
greenhouse gas emission
reductions or removal
enhancements. It provides a
framework for BECCS project-
level accounting.
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Accounting Methods

Advantages

Disadvantages

Description/Note

LCA Following ISO
14040/14044

e Comprehensive assessment
of system-wide impacts

¢ Identifies potential leakage
and indirect emissions

¢ Allows optimization of the full
supply chain

¢ Addresses multiple
environmental impact
categories

e Enables comparison
between different BECCS
configurations

¢ Data-intensive and complex
methodology

¢ Requires significant
assumptions for future
scenarios

¢ Results sensitive to system
boundary definitions

¢ Challenging to standardize
across different projects

A systematic approach to
evaluate the environmental
impacts associated with all
stages of a BECCS system's
life cycle, from biomass
production through energy
generation and carbon
sequestration.

IPCC Guidelines for National
Greenhouse Gas Inventories

¢ Internationally accepted
methodology

¢ Compatible with national
reporting requirements

¢ Addresses cross-sectoral
accounting challenges

¢ Conservative approach
minimizes overestimation

¢ Regular updates incorporate
the latest scientific
understanding

¢ Designed for national rather
than project-level accounting

e Complex sectoral allocation
of emissions and removals

¢ Limited specific guidance for
emerging BECCS methods

¢ May not fully capture system-
specific characteristics

A methodology framework for
accounting for BECCS in
national greenhouse gas
inventories, addressing
biomass carbon neutrality
assumptions, energy sector
emissions, and geologic
sequestration.

Mass Balance Approach
with Chain of Custody
Documentation

¢ Transparent tracking of
carbon through system

¢ Identifies potential leakage
points

e Complex documentation
requirements

¢ Challenging to implement
across multiple organizations

¢ Limited standardization
across projects

A method tracking carbon
flows through the entire
BECCS system, from biomass
growth and harvest through
energy production and
geological sequestration, with
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Accounting Methods

Advantages

Disadvantages

Description/Note

¢ Adaptable to various BECCS
configurations

¢ Provides verification pathway
for carbon claims

¢ Can incorporate temporal
dynamics of carbon flows

e Requires extensive
monitoring infrastructure

documentation of transfers
between system components.

American Carbon Registry
Methodology for DAC

¢ Specifically designed for
DAC systems

e Addresses unique
challenges of atmospheric
removal accounting

e Compatible with established
registry systems

¢ Includes comprehensive
monitoring requirements

o Addresses permanence
through long-term monitoring

¢ Relatively new methodology
with limited implementation
history

e Complex monitoring
requirements increase
project costs

¢ Conservative approach may
undervalue actual removals

¢ Limited recognition in
international compliance
markets

A standardized approach for
quantifying, monitoring, and
verifying CO, removal via
direct air capture with geologic
sequestration, addressing
baseline determination, project
boundaries, and permanence
requirements.

ISO 14064-2 for Greenhouse
Gas Emission Reductions

¢ Internationally recognized
framework

e Compatible with diverse
verification systems

o Establishes clear project
boundaries

¢ Addresses baseline and
additionality requirements

o Adaptable to technological
innovations

¢ Generic framework requires
DAC-specific adaptations

¢ Limited specific guidance for
emerging methods

e Complex implementation for
project developers

¢ Challenging compatibility
with geological storage
accounting

Application of the international
standard for project-level
greenhouse gas accounting to
DAC projects, establishing
requirements for quantification,
monitoring, and reporting of
atmospheric CO, removal.
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Accounting Methods

Advantages

Disadvantages

Description/Note

Verified Carbon Standard
VMO0033 for Blue Carbon

¢ Specifically designed for
coastal ecosystems

e Addresses unique
challenges of marine
systems

e Comprehensive accounting
across carbon pools

e Compatible with established
registry systems

¢ Accounts for both methane
and nitrous oxide fluxes

Complex implementation
requirements

High monitoring costs in
challenging environments
Stringent baseline
determination requirements
Limited implementation
history in Pacific Northwest
ecosystems

A comprehensive methodology
for tidal wetland and seagrass
restoration projects that
addresses baseline conditions,
carbon stock changes in
biomass and soil, and
monitoring requirements
specific to coastal ecosystems.

IPCC Wetlands Supplement
Methodology

¢ Internationally recognized
methodology

e Compatible with national
reporting requirements

e Tiered approach
accommodates data
limitations

e Conservative default factors
minimize overestimation

¢ Addresses both carbon
dioxide and methane
emissions

Designed for national rather
than project-level accounting
Limited specific guidance for
restoration methods
Conservative estimates may
undervalue actual
sequestration

Challenging adaptation to
project-scale implementation

Guidelines for national
greenhouse gas inventories
specific to wetlands, including
methodologies for accounting
carbon stocks and fluxes in
coastal ecosystems.

Blue Carbon Initiative
Protocols

¢ Scientifically rigorous field
and laboratory methods

o Addresses multiple coastal
ecosystem types

Primarily research-focused
rather than market-oriented
Limited integration with
carbon credit systems
Resource-intensive
implementation

A set of scientific
methodologies for assessing
carbon stocks and
sequestration in mangroves,
tidal marshes, and seagrass
meadows, developed through
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Accounting Methods

Advantages

Disadvantages

Description/Note

¢ Developed through
international scientific
consensus

e Comprehensive coverage of
carbon pools

¢ Provides standardized field
protocols

¢ Challenging adaptation to
regional ecosystem
variations

international scientific
collaboration.

BCarbon Standard
Application Across Methods

Afforestation & Restoration:

e BCarbon's verification
requirements can be applied
to forest carbon projects

¢ The registry and buffer pool
approaches are directly
transferable

o Measurement protocols
would need adaptation for
forest ecosystems

Coastal Marine Ecosystem
Restoration:

e The measurement-based
approach aligns with blue
carbon best practices

e BCarbon's verification
framework can be adapted
for coastal ecosystems

¢ Buffer pool concepts
address similar permanence
challenges

¢ Not readily applicable to
engineered methods like
DAC or BECCS

¢ Limited relevance to biochar
due to different persistence
quantification approaches

¢ Requires significant
modification for non-soil
ecosystems

BCarbon's strength lies in its
practical, measurement-based
approach that emphasizes
actual carbon changes rather
than model projections. This
focus on measured outcomes
with appropriate verification
makes it particularly valuable
for nature-based methods
where direct measurement is
feasible.
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Table A.3: Key CDR Technology MRV Considerations

Reporting Verification Cs;ramtsﬁ;iieaeggl:s
CDR Technology | Monitoring Requirements Requirements Approaches

¢ Establishment of e Detailed project o Third-party verification | e Integration with
permanent sample plots documentation by accredited forestry existing DNR
for periodic field including boundary carbon verifiers forest inventory
measurements definition and e Field visits to confirm and analysis
(diameter at breast baseline assessment project systems
height, height, species) e Species composition implementation and o Adaptation to

e Remote sensing and sample measurement regional forest
(satellite imagery, aerial planting/management accuracy types and growth
photography, LiDAR) for plans o Statistical analysis of models
large-scale monitoring e Carbon stock measurement data o Wildfire risk

e Annual or biennial calculations across and uncertainty assessment and
assessment of tree multiple pools e Review of management

Forest-Based . .
CDR and survival rates during (aboveground management records protocols
Sequestration establishment phase biomass, below- and compliance with ¢ Alignment with

e Periodic re- ground biomass, soil management plan Tribal forest
measurement (typically carbon, dead wood, o Assessment of natural management
5-year intervals) of litter) disturbance impacts practices where
established stands e Uncertainty and remediation applicable

e Monitoring of calculations and measures
disturbances (fire, management
disease, pests) and ¢ Documentation of
management methods management

e Assessment of below- interventions and
ground carbon through natural disturbances
root-to-shoot ratios or
soil sampling
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State-Specific

s . Rep_)orting O Considerations
CDR Technology | Monitoring Requirements Requirements Approaches
e Baseline soil carbon Detailed mapping of Third-party verification | e Adaptation to
measurement through management units of sampling design diverse agricultural
stratified sampling and sampling strata and implementation systems across
design Comprehensive soil Laboratory analysis eastern and
Minimum soil sampling sampling verification and inter- western
depth of 30 centimeters, methodology laboratory Washington
with consideration of documentation comparisons ¢ Regional factors
deeper horizons Quality Periodic independent affecting soll
Analysis of soil organic assurance/quality sampling to verify carbon dynamics
carbon using dry control procedures results (volcanic soils,
combustion methods for sample handling Field visits to confirm precipitation
Bulk density Calculation of carbon management practice gradients)
Soil Carbon measurement to convert stock changes with implementation . Int.eg.ration with
Sequestration carbon concentrations to statistical confidence Review of farm existing _
stocks intervals records and conservation
Monitoring frequency of Reporting of co- management district monitoring
3 to 5 years to detect benefits (soil health, documentation programs

meaningful changes
Documentation of
management practices
implemented between
sampling periods

water quality,
biodiversity)

e Consideration of
Tribal agricultural
lands and
practices
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State-Specific

s . Rep_)orting O Considerations
CDR Technology | Monitoring Requirements Requirements Approaches
¢ Characterization of Feedstock sourcing Third-party verification | e Integration with
feedstock source, documentation of production facilities Washington's
quantity, and carbon (including chain of and processes forestry sector for
content custody) Laboratory analysis of feedstock sourcing
e Documentation of Production representative biochar | e Alignment with
production conditions parameters and samples waste
(temperature, residence process control Review of production management
time, oxygen level) documentation records and mass regulations and
¢ Analysis of biochar Analysis certificates balance calculations biomass utilization
properties including H:C for biochar physical Field verification of policies
Biochar ratio for stability and chemical application rates and | ¢ Development of
determination properties methods regional factors for

¢ Molar O:C ratio testing
to determine
decomposition potential

¢ Application rate and
method documentation

e Soil sampling to verify
retention after
application

Calculation of stable
carbon fraction based
on production
conditions
Application records
including location,
rate, and
incorporation method

Periodic soil sampling
to verify persistence

biochar
persistence in
Washington soils
¢ Potential for
cascading
verification with
existing forest
certification
systems

Bioenergy with
Carbon Capture
and Sequestration

e Continuous monitoring
of biomass feedstock
quantity and composition

e Documentation of
bioenergy facility

operations and efficiency

Mass balance
calculations across
the entire BECCS
chain

Energy inputs and
outputs throughout
the process

Third-party verification
of capture efficiency
and quantities

Mass balance audits
across the capture,
transport, and storage
chain

¢ Integration with
existing biomass
industries (forestry,
agriculture)

¢ Assessment of
geological storage
capacity in
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CDR Technology

Monitoring Requirements

Reporting
Requirements

Verification
Approaches

State-Specific
Considerations

e Continuous
measurement of CO,
concentration and flow
rate in captured streams

¢ Monitoring of CO,
transport parameters
(pressure, temperature,
flow)

e Comprehensive
monitoring of storage
site including:

- Wellhead monitoring for
pressure and
temperature

- Subsurface pressure
monitoring through
observation wells

- Seismic monitoring for
plume migration and
caprock integrity

- Surface monitoring for
potential leakage

- Groundwater
monitoring around
storage site

Calculation of net
carbon removal
accounting for life-
cycle emissions
Storage site
characterization and
performance data
Risk assessment and
management
documentation
Regulatory
compliance
documentation

¢ Review of continuous
monitoring data for
operational
parameters

e Periodic verification of

storage site integrity
and monitoring
systems

o Compliance
verification with
applicable regulatory
requirements

Columbia River
Basalt formations

e Alignment with
Washington’s
Clean Energy
Transformation Act
requirements

¢ Integration with
carbon capture
facilities at existing
industrial facilities
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State-Specific

s . Rep_)orting O Considerations
CDR Technology | Monitoring Requirements Requirements Approaches
¢ Continuous monitoring Design and Third-party verification Integration with
of the CO, capture rate operational of technology Washington's
through mass flow specifications of the performance claims clean electricity
meters DAC technology Energy consumption grid to maximize

Direct Air Capture

e Energy consumption
monitoring across all
system components

e CO, purity analysis in
the captured stream

e For geological storage:
same monitoring
requirements as BECCS
storage

¢ For mineralization:
monitoring of
carbonation reactions
and product stability

Energy and material
inputs with life-cycle
emissions
calculations

Net carbon removal
calculations
considering energy
emissions

For geological
storage: injection
quantities, pressures,
and monitoring data
For mineralization:
product analysis and
stability verification

audits and emissions
calculations

Mass balance
verification across the
capture and storage
system

For geological
storage: compliance
with underground
injection control or
similar regulatory
requirements

For mineralization:
laboratory analysis of
carbonated products

net removal
Alignment with
existing industrial
permitting
frameworks
Assessment of
geological storage
or mineralization
opportunities in-
state

Potential for co-
location with
industrial facilities
for waste heat
utilization

Marine CDR and
Blue Carbon

e Baseline assessment of
ecosystem condition and
carbon stocks

¢ Mapping of project
boundaries and
restoration methods

e Measurement of
sediment accretion rates

Detailed project
documentation
including baseline
assessment
Restoration activities
and methodologies
employed

Carbon stock
calculations across

Third-party verification
by experts in coastal
and marine systems
Field verification of
restoration
implementation and
condition

Integration with
Puget Sound
restoration
initiatives
Alignment with
Tribal sovereignty
and interests in
coastal areas
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CDR Technology

Monitoring Requirements

Reporting
Requirements

Verification
Approaches

State-Specific
Considerations

and carbon
accumulation

e Biomass sampling for
above and below-ground
carbon stocks

¢ Monitoring of ecosystem
health indicators and
biodiversity

e Assessment of
hydrological conditions
including tidal exchange

¢ Potential methane and
nitrous oxide emissions
monitoring

multiple pools
(biomass, sail,
sediment)
Co-benefit
documentation
(habitat provision,
flood protection,
water quality)
Risk assessment for
potential reversals
(sea level rise,
storms)

¢ Review of sampling

methodologies and
calculations
Assessment of
permanence
considering sea level
rise and coastal
dynamics
Verification of
reported co-benefits
through ecological
assessment

¢ Consideration of
Washington's
specific coastal
ecosystem types

o Adaptation to
regional sea level
rise projections
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Appendix B. Interview Records and Written Input

These records are summaries of general themes from these conversations with organizations
and industry representatives and do not necessarily represent the opinion of Ecology or the
state.
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The Ad Hoc Group

Organization: The Ad Hoc Group; consisting of multiple organizations from the CDR State Policy
Working Group: Mast, Silvaseed, Pacific Coast Legacy Emissions Action Network (PACCLEAN),
Charm Industrial, and Heirloom Carbon.

Organization Type: Coalition

Written Input: A formal outreach interview was not conducted with The Ad Hoc Group as they
were identified after closure of the outreach scope of work for this study. In lieu of an
interview, The Ad Hoc Group was provided an opportunity to provide written input.

Washington is uniquely positioned to be a leader in carbon removal, based on the state’s
economic and geographic factors.'’! The state’s 22 million acres of forest and 14 million acres
of agricultural land provide substantial capacity for biomass-based carbon removal and
enhanced weathering, the Columbia River region's abundant basalt formations enable
mineralization projects, and coastal access positions the state as a natural hub for mCDR
initiatives. Furthermore, the state possesses significant potential to remove up to 22 MMT CO;
annually by 2050 through DAC, which can also be stored in Washington’s basalt formations. As
such, Washington can support carbon removal across a number of pathways, advancing a
portfolio of methods that can contribute to the state’s climate goals while supporting local
economic development.

Washington has already established itself as an attractive hub for CDR companies due to its
unique combination of skilled workers and proximity to potential buyers. According to the
Rhodium Group, DAC investment and operations alone could add 25,000 jobs annually by 2050
in the state.'’2 More broadly, carbon removal projects utilize skills of the existing workforce,
preserving the livelihood of communities previously employed in the oil and gas, logging, and
manufacturing industries. In addition to economic benefits, CDR technologies provide
environmental co-benefits, such as wildfire risk reduction, post-fire management and
restoration, improved crop yields and soil health, and ocean acidification mitigation. By
implementing targeted incentives for CDR development, Washington can catalyze substantial
growth in this emerging sector, attracting additional companies and creating meaningful
economic opportunities while complementing the state’s existing Climate Resilience Strategy.

However, a few key barriers continue to impede CDR companies’ progress in accelerating
deployment at scale in Washington. Firstly, varying technology readiness levels across different
CDR methods require dedicated pilot testing programs and regulatory sandboxes for effective
commercialization, particularly for emerging methods such as mCDR. Currently, there is

171 carbon Removal Alliance. "Carbon Removal in Washington." 2025. Retrieved from
https://www.carbonremovalalliance.org/policy-work/carbon-removal-in-washington/.
and RMI. "State CDR Atlas." 2025. Retrieved from https://rmi.org/state-cdr-atlas/.

172 Rhodium Group. "Rhodium Group." Accessed March 2025. https://rhg.com/.
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insufficient programmatic support for such pilot initiatives. Additionally, Washington lacks
streamlined permitting processes specifically designed for CDR storage needs, such as for
approaches utilizing the state's basalt formations. Finally, a general market demand shortfall
hampers the ability for CDR suppliers to scale and meet the substantial removal capacity
needed to achieve Washington's net zero emissions goals.

We believe that policy has a critical role to play in spurring market development for the CDR
industry to enable the state to achieve its net zero goals. Clear market signals and incentives
are essential for unlocking private investment, generating demand, and driving innovation for
carbon removal, which will in turn accelerate cost declines and the commercialization of CDR
technologies. To that end, we propose the following recommendations for Washington’s CDR
strategy:

Set separate durable CO; removal limits. Achieving Washington’s net zero emissions goals by
2050, will require both large-scale emissions reductions and durable carbon removal at scale.
We strongly encourage the state to establish separate limits for permanent carbon removal (in
addition to Greenhouse Gas Reduction limits) as the optimal strategy for achieving the state’s
emissions goals. The current approach of setting a single net target combines reductions and
removals without distinguishing their respective contributions. A distinct, technology-neutral
CDR target will ensure that carbon removal complements, rather than substitutes, deep and
sustained emissions reduction efforts.

Separate removal limits offer a few key advantages. Firstly, they directly address mitigation
deterrence concerns by maintaining focus on immediate emissions reduction efforts. Secondly,
separating reduction and removal limits from avoidance offsets allows for implementing
different pricing structures, which is essential for developing and scaling durable carbon
removal technologies. Within this framework, the state should establish appropriate
mechanisms to determine and periodically review these limits.

Establish a state-level carbon removal procurement program. Currently, demand for CDR
technologies is dominated by a handful of entities in the voluntary carbon market. Government
procurement programs can play an instrumental role in creating clear demand signals and
providing clarity on high quality benchmarks for private buyers. Specifically, we urge
Washington to explore a technology-inclusive carbon removal procurement program as a tool
for driving CDR market development and project deployment. We emphasize the importance of
supporting a diverse portfolio of durable carbon removal methods in credit procurement, with
an emphasis on quality and co-benefits throughout the evaluation process.

Explore financial incentive mechanisms to build a supportive regulatory environment. To
further spur demand, we urge the state to explore both financial incentives and compliance
market integration. Washington should consider mechanisms for building the option or
requirement for integrating a range of durable CDR technologies into existing programs, such as
the Clean Fuel Standard,''61'® Cap-and-Invest Program, and Buy Clean and Buy Fair Program,*’3

173 https://www.commerce.wa.gov/seep/bcbf/
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Washington Department of Natural Resources fire programs. Other financial incentives that
should be considered include grants, tax credits, carbon contracts for difference, and cost
sharing models for the full range of CDR technologies.

Clear, transparent and verifiable measurement standards are a critical pillar of high-quality
durable removal. Washington should leverage, to the extent possible, existing protocols
developed by the private sector that emphasize the key principles underpinning quality,
including: additionality (carbon removal would not have otherwise occurred), net negativity
(results in a net reduction of CO; in the atmosphere), and durability (carbon must be removed
on time scales comparable to the atmospheric lifetime of carbon emissions). By aligning with
and leveraging ongoing MRV efforts, the state can reduce redundancy and ensure that
requirements are consistent, minimizing uncertainty and administrative burdens for both
carbon removal buyers and suppliers.

In addition, Washington can consult federal agency resources as blueprints for developing its
MRV framework. The U.S. Department of Energy has published a range of resources through its
CDR Purchase Prize and Voluntary Purchase Challenge to support program development and
guide private sector carbon removal purchases. These established materials provide valuable
guidance for aligning state MRV efforts.
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Carbon Containment Lab

Organization: Carbon Containment Lab (CC Lab)

Organization Type: A research and educational 501(c)(3) non-profit laboratory supporting
development of carbon containment strategies with large-scale implementation potential.
Projects support the containment of CO; and other greenhouse gases through capture, storage,
use, or destruction.

Date of Interview: 10 December 2024

CC Lab’s geologic carbon sequestration project, Carbon TrapRock, focuses on the Pacific
Northwest region of the United States, investigating the potential for carbon mineralization
deep underground in the Columbia River Basalt Group. CC Lab has received a grant from the
Washington Department of Commerce to map and analyze the hydrogeology of the region
through aerial surveys to understand the carbon sequestration potential of the basalt
formations. Additionally, CC Lab is part of a regional Department of Energy-funded initiative
called The Columbia River Basalt Technical Assistance Partnership (CaRBTAP), which provides
objective and unbiased technical support to interested parties involved in carbon management
and storage projects in the region, with funding from the U.S. Department of Energy.
Furthermore, CC Lab has developed a life-cycle assessment (LCA) tool for ex-situ mineralization
project development and implementation, utilizing olivine from the Twin Sisters mine in
Washington. CC Lab plans to release the LCA tool to others working to evaluate CDR
technologies.

CDR technologies in Washington have the potential to complement green hydrogen hub
projects that are emerging in the region. This growth is driven by the need to produce green
ammonia for applications such as green fuels, fertilizers, and renewable energy. The expanded
adoption of CDR and additional projects can enhance energy efficiency and electrification
efforts in the area. Furthermore, these technologies enable sustainable gasification pathways
when combined with carbon sequestration methods, including wildfire mitigation, the
development of new distributed energy sources, and the generation of CO; to produce clean
drop-in synthetic hydrocarbon fuels.

While Washington’s climate goals are ambitious, they may fall short if difficult-to-abate
industries are permitted to use 'caps' that are too easy to achieve. CDR can assist companies in
meeting their emission reduction requirements, as evidenced by large buyers driving the
voluntary market. Additionally, CDR will be essential to bridge the gap relative to the state's
reduction objectives for achieving long-term emissions reduction goals. A combination of
technologies will be required, and there is need for more pilot studies and facility construction.
This is particularly challenging for start-ups due to the difficulty of navigating the regulatory
requirements related to design, permitting, and construction.

Discussions about the barriers to implementing and accepting CDR in Washington have noted
that several challenges are not unique to this region, such as costs, high capital expenses, and
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competition from other heavy energy users. Specific challenges for Washington include limited
permitting pathways, social acceptance, a lack of point source CO;, and insufficient carbon
management infrastructure and experience with CDR projects. Additional concerns involve the
sustainability of forestry practices highlighted by non-governmental organizations, wildfire
risks, water scarcity in eastern Washington, and the needs and expectations of federally
recognized Tribes.

The state should also look for ways to leverage key resource advantages that have already been
established including abundant natural resources (for nature-based CDR methods), specialist
knowledge base, regional commitment to environmental and sustainable outcomes, and
federally recognized Tribes.

CC Lab provides funding to kickstart research, pilot projects, and innovative approaches to CDR
and long-term containment. This helps bridge early-stage funding gaps, and can support
overcoming permitting challenges. Additional funding, grants, and incentives could boost
market participation and facilities operation. For instance, leveraging the state's Climate
Commitment Act could expand early-stage funding through offsets, enhance public-private
support, and secure further financing from green banks. Moreover, expanding the Act to
include a wider array of CDR technologies beyond DAC is essential. Although DAC has potential
due to Washington's clean energy grid and basalt storage capacity, it will compete with large
tech data centers and electrified fleet expansions for affordable clean energy.

Permitting considerations differ significantly across individual technologies, states, and
permitting departments. New technologies and pilot projects may encounter additional
challenges as states and municipalities attempt to permit CDR projects using existing processes
that are not well aligned or consistent across jurisdictions (e.g., permitting biomass burial as a
landfill). Given the complexity and unpredictability of the permitting process for CDR projects, it
is essential to develop more streamlined and uniform permitting procedures. Consistent policy
frameworks should be explored to address these challenges.

CC Lab’s short-term goal is to support the capture and abatement of short-lived climate
pollutants with the equivalent climate benefit of 30 MMT of CO; by 2030 at an average cost of
less than $25 per metric ton. Their long-term goal is to support removal and mitigation of the
equivalent of 1 billion metric tons of CO; by 2050 at an average cost of less than $75 per metric
ton. It is difficult to generalize costs for technologies as those costs vary widely across
geographies due to workforce, transportation, infrastructure, etc. In order to support more
cost-effective removal, there needs to be focus on the mitigation of impacts from methane and
hydrofluorocarbons (HFCs)—the impacts of which are currently seen as being undervalued
given the cost-effective nature of methane projects.

Washington's developing climate policies will increasingly need to differentiate between
varying qualities of carbon credits and offsets. Strong MRV practices will be essential to build
trust in CDR projects, especially given the skepticism expressed by many environmental non-
governmental organizations and local non-profits. These organizations often criticize CDR
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projects as either smokescreen or greenwashing, particularly in light of investments in some
CDR technologies by oil and gas companies or other industries known for their emissions.

Community outreach should form the cornerstone of any project, rather than being considered
an additional component. The development of a local ecosystem comprising CDR knowledge
and technical skills is essential. Capacity-building must encompass training opportunities,
workshops, or co-created research programs, enabling Washington’s interested parties—
ranging from policymakers to landowners, including Tribal nations—to make informed
decisions about incorporating advanced CDR methods into their decarbonization strategies.

Increased non-profit partnerships offer the advantage of adding more rigor to projects without
financial ties to any single technology or industry. Non-profits, such as CC Lab, provide neutral
and analytical perspectives that help focus projects on being agile and appropriate.
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Carbon Engineering ULC

Organization: Carbon Engineering ULC
Organization Type: Clean energy company specializing in DAC

Date of Interview: 09 December 2024

Carbon Engineering (CE), a Canadian clean energy company, focuses on CDR through DAC
technology. They support policies for carbon removal and the first facility using CE’s DAC
technology is being built West Texas to permanently sequester atmospheric carbon called
STRATOS. STRATOS is being built by CE’s sister company, 1PointFive, both are wholly owned
subsidiaries of Occidental.

For Washington, setting decarbonization goals in line with climate action goals should consider
the state’s existing industry and workforce to effectively adapt technologies to a commercial
scale need. DAC is generally perceived as one of the most readily available CDR technologies
available to scale, given its advanced technical readiness, measurability of removals, and
permanence of storage.

Environmental considerations for siting include proximity to renewable energy sources and
storage methods like basalt or saline reservoirs. However, DAC has geographic limitations
related to altitude and temperature that affect its efficiency based on the current state of the
technology.

Washington’s clean energy grid is recognized for its value to DAC, as renewable energy use is
prioritized in powering DAC processes. However, it is noted that some parts of the process may
use natural gas, which would require investments in infrastructure improvements.

Ensuring clear and commercially viable permitting and regulatory processes for both DAC
facilities and associated storage is essential for enabling FIDs for Washington projects.

Although there has been some voluntary demand for DAC-based CDR credits, in part fueled by
the cost reduction of DAC to sequestration achieved through expansion of the 45Q tax credit
within the Inflation Reduction Act, current demand is far from sufficient to support these major
capital projects. To encourage supply growth, Washington could seek to create policies that
generate demand through establishment of a CDR compliance market. For example, completing
the rulemaking to enable permanent removals to generate credits under the Clean Fuel
Program would aid in creating a near-term demand market.

It is noteworthy that compliance markets often consider jurisdictional boundaries for credit
allowances, even though carbon reduction projects can benefit multiple jurisdictions.
Consequently, government partnerships may play a crucial role in scaling DAC and CDR more
broadly. Government partnerships could facilitate international trade of credits, thereby
creating a more robust market for sale of removals, aiding to scale the industry and more
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quickly move down the cost curve. For instance, Quebec, Canada, and California have been
linked through a cap-and-trade program since 2014. This partnership, designed as the first sub-
national system, has created the largest carbon market for emission allowances in North
America.

It is important to note that a uniform policy will not be adequate. Different types of removal,
such as technological versus nature-based methods, necessitate distinct policies tailored to
specific technologies and the industries they serve best. A regulated balance must be
maintained concerning removal methods, type, and feasibility. DAC to storage has particular
benefits in its design as a closed system that facilitates precise measurement of CO; removed in
real time as well as has the benefit of permanent storage with a high degree of certainty that
CO; will be stored for well beyond 1,000 years. These features make it suitable to
counterbalance fossil based emissions, such as those in the transportation market, like within
Washington’s Clean Fuel Standard,*® including to address emissions from air travel. Other
types of CDR may have more uncertainty on the capture or the storage side and therefore may
be more suitable for use in other compliance markets, for example, using nature-based
methods for nature-based emissions like those from agricultural practices.

MRV considerations will differ by technology due to their distinct approaches to capture CO;
and the varying levels of certainty regarding sequestration durability. DAC is extensively studied
and is the most comprehensively understood concerning the calculation and verification of its
decarbonization potential. It is imperative to incentivize and monitor a diverse range of removal
technologies to facilitate state and support global decarbonization objectives. Technology-
specific studies must be conducted to gather essential data on environmental credits and verify
the environmental benefits achieved by each type of Carbon Dioxide Removal (CDR).
Furthermore, it is crucial that all credits and MRV considerations related to CDR are
distinguished from those associated with avoided emissions.

There was no significant discussion of outreach during this interview beyond recognition of its
importance to DAC projects because of time constraints.
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CarbonQuest

Organization: CarbonQuest
Organization Type: Point source carbon capture technology solutions provider

Date of Interview: 06 December 2024

Washington has significant potential for deploying CDR technologies, but success depends on
addressing financial, regulatory, and logistical challenges. Insights shared by CarbonQuest
emphasized the importance of aligning economic markets and regulatory policies to support
CDR efforts. Key factors include funding availability, regulatory clarity, and integrating emerging
technologies with existing infrastructure. The need for nuanced LCA rules to account for diverse
pathways and emitters was also highlighted, alongside robust programs for CO, avoidance
projects, which are expected to dominate emissions reductions in the near term.

The relationship between CDR and Washington’s Climate Commitment Act, as well as the
broader carbon credit market, is another critical consideration. While mineralization and
sequestration costs could be offset by carbon removal credits, which companies like Microsoft
and Amazon are willing to purchase at a premium, regulatory uncertainties complicate
implementation. Specifically, there is ambiguity about whether emitters covered by the CCA
can sell removal credits. This lack of clarity creates a gray area that must be addressed. Without
a clear pathway to monetize these credits, additional funding from CCA auction proceeds will
be necessary to establish viable CDR programs.

A recurring concern among interested parties is the stark regulatory disparity between fossil
fuel extraction and carbon sequestration. Permits for fossil CO, extraction can be obtained in as
little as 6 months, while approvals for CO; injection often take over a decade, even in states like
Washington with favorable geology. This discrepancy significantly hampers the scalability of
CDR methods. For instance, Washington’s lack of Class VI well primacy presents regulatory and
logistical barriers in the state for mineralization and sequestration projects. The need for state-
funded programs to support mineralization and for Washington to obtain Class VI well primacy
to streamline the permitting process was stressed. Eastern Washington was identified as a
promising location for developing infrastructure hubs co-located around emitters to support
infrastructure and transportation networks, though significant funding would be required.

In the building sector, which is challenging to decarbonize, potential synergies between energy
efficiency upgrades and CDR technologies were alluded to. A pilot project in New York City that
explored carbon capture in commercial boilers using combined heat and power (CHP) systems,
electrification, and energy efficiency upgrades was cited. While these approaches primarily
reduce emissions rather than remove CO;, they offer valuable insights into integrating CDR
technologies into residential and commercial buildings in the Pacific Northwest.

Finally, emphasis was placed on the need for Washington to pursue a dual strategy. While most
CO; sequestration over the next two decades will come from carbon avoidance measures, such
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as capturing emissions from industrial processes and fossil fuel combustion, the parallel
development of technology-based removal programs will be critical. This approach will
maximize impact and ensure that the state’s emissions limits are achieved.

A need for clarity in the application of carbon credits under the CCA was expressed. Current
uncertainties—such as whether emitters covered by CCA are eligible for carbon removal
credits—complicate participation in the market. Clear policy signals and standardized
verification methods are essential to resolve these ambiguities and foster confidence among
buyers like Microsoft, who are active in the market but face confusion about eligibility and
compliance.

A sustainable funding mechanism is critical for supporting CDR programs. It was suggested that
a portion of CCA auction proceeds should be allocated to develop sequestration, mineralization,
and transportation programs that permanently remove CO; and provide decarbonization
methods for local emitters. Additionally, robust LCA rules are needed to account for the unique
characteristics of different pathways, such as DAC with sequestration versus biogenic CO, with
mineralization, ensuring equitable treatment and accurate accounting.

Carbon avoidance projects, which capture CO, from non-biogenic sources, require dedicated
programs as they will represent the majority of emissions reductions over the next 15 to 20
years. Equal access to mineralization and sequestration sites is essential for these projects, as is
state-led development of CO; transportation networks. Current reliance on trucking limits
scalability, so exploring alternatives like rail and barge transport, particularly through
partnerships with local port authorities and economic development councils, is necessary.
Convening these interested parties alongside manufacturers, emitters, and technology
providers could pave the way for industry-led sequestration hubs, which would reduce costs by
pooling resources across DAC, biogenic, and non-biogenic CO; sources.

Policy effectiveness depends on establishing clear milestones and programs. The state must
define what it will fund, set guidance for LCA and reviews, and ensure that timelines and
requirements support steady progress. Efforts should differentiate CDR from nature-based
methods to clarify objectives and establish metrics for monitoring and evaluation. The
transition from voluntary to compliance-based markets will require the state to determine its
level of involvement, especially in shaping early market demand and setting policy boundaries.

Finally, government procurement can play a leadership role in advancing CDR though there are
currently noted challenges in defining procurement parameters for sequestration and
mineralization at the state level. Addressing these complexities will ensure the government can
support CDR adoption without imposing excessive burdens on state resources.

Not discussed in significant detail.
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A comprehensive approach should involve partnerships between the state, non-governmental
organizations, emitters, and the private sector. Industry-led coalitions and hubs can spearhead
project development, but the state plays a vital role in providing financial support, regulatory
approvals, and facilitating early-stage collaboration. To foster this, the state could convene
private sector parties and create structured programs to support CDR efforts.

Community engagement is also key to building local support and ensuring project success.
Cities like Spokane and Moses Lake are demonstrating leadership by involving local
governments and residents in discussions around climate action and CDR opportunities.
Expanding efforts to include Tribal representatives and other local entities is essential to
fostering inclusive, actionable communication and broadening public understanding of CDR
initiatives.

Workforce development was identified as another critical component. The potential of
community colleges and trade schools, which are currently underutilized resources, for
workforce training to support the CDR industry was pointed to as an area for potential
improvement. Organizations like Clean & Prosperous Washington®? offer tools and resources
to enhance workforce skills, preparing local talent to meet the demands of this emerging
market.
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Charm Industrial

Organization: Charm Industrial

Organization Type: CDR industry; Charm’s technology involves fast-pyrolysis of biomass
residues to carbon-rich bio-oil, and geologic storage of bio-oil. Charm is also involved with the
national Carbon Removal Alliance, a group of companies focused on high-quality and high-
permanence carbon removal methods.

Written Input: A formal outreach interview was not conducted with Charm Industrial as they
were identified after closure of the outreach scope of work for this study. In lieu of an
interview, Charm was provided an opportunity to provide written input.

Charm Industrial turns excess, inedible corn stalks and forest residues into bio-oil and then
stores that bio-oil underground to permanently remove carbon from the atmosphere, which
provides new economic opportunities to rural, farming, and energy communities. Charm can
repurpose orphan wells or other end-of life oil and gas assets for storage, and plug them in the
process to prevent environmental harms. In addition, Charm produces biochar, which is sold to
farmers as a soil amendment to support nutrient retention. After reaching a large scale of bio-
oil production, Charm will also use its bio-oil to produce carbon negative steel. Charm is
headquartered in San Francisco, CA and has field offices in Fort Lupton, CO and El Dorado, KS.
Charm is actively exploring a pilot in Washington to use fuel reduction residues to reduce
wildfire risks and permanently store carbon.

Charm has extensively studied capture efficiency, cost-effectiveness, and lifecycle analysis, and
continues to refine all three as Charm deploys its technologies. Charm’s technoeconomic
analysis is integrated with its life-cycle analysis, which tracks biomass supply chains, bio-oil
production, bio-oil sequestration, and biochar production, with emission factors sourced from
GREET, EPA eGRID, TRACI, and IPCC datasets. Sensitivity analyses explore emissions impacts
under various scenarios, such as renewable energy availability and different transportation
distances.

A modular approach to pyrolyzer deployment enables rapid cost reductions via economies of
scale and learning rates. In addition, Charm's strategy of using mobile pyrolyzers near biomass
sources minimizes transportation costs, a major bottleneck for other biomass-based CDR
methods.

Charm’s removals are verified via Isometric’s stringent bio-oil sequestration and biochar
protocols, and Charm removes around 1 to 1.5 metric tons CO,e per ton of bio-oil stored. Bio-
oil hardens in the subsurface, so is permanent for at least 1,000 years. Charm provides
transparency on each ton of carbon removed, and the detailed LCA for each of the more than
7,000 tons removed to date can be reviewed on Charm’s Carbon Ledger.

There are many benefits that Washington could gain from deploying CDR, but to scale CDR in
the state, there need to be clear regulatory frameworks to support the field, and CDR needs to
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be integrated into Washington’s climate programs to create demand for CDR to draw business
and economic benefits to the state.

CDR will play a critical role in helping Washington to meet its climate goals, and the co-benefits
of varied approaches can support Washington’s economy and environmental goals, including
improved air quality, fire hazard mitigation, agricultural benefits, and natural and working lands
resilience. Charm’s approach can help to manage wildfire risk, create economic opportunities
for farmers, and help to remediate orphan wells, as an example.

It is critical that CDR implementation in the state is technology-neutral to ensure a level playing
field and provide the most value to the state. It is also important to implement robust
standards to support responsible deployment.

CDR is needed to reach Washington’s climate goals, and so incentives and compliance
mechanisms are critical to growing CDR in the state. Those could include demand mechanisms
like tax incentives, adding CDR methods to the Cap-And-Invest and Clean Fuel Standard?!®
programs, and incentives for things like liability biomass utilization or reuse of decommissioned
industrial assets. There are a variety of approaches, but what is critical is creating demand to
ensure that CDR methods scale in Washington quickly enough to help the state meet its climate
goals.

The agriculture and forest products sectors could benefit a lot from biomass-based carbon
removal approaches being deployed in Washington.

Washington should consider technology neutral integration of CDR into the Carbon Fuel
Standard and the Cap-and-Invest Programs, adding CDR as another tool in Washington’s toolkit
to address climate change.

Responsible deployment of technologies, robust standards for quality and permanence, and
compliance mechanisms to grow the industry and decrease the cost of removals to ensure
there is adequate supply to meet climate goals

It is critical that the state and private sector collaborate on what CDR looks like in the state. The
state should focus on how CDR can support the state’s climate goals.

If the report will discuss various technologies, we urge you to include Biomass Carbon Removal
and Storage (BiCRS) as an engineered pathway. While BiCRS utilizes carbon that has been
captured by crops and trees, it is not a nature-based approach, given that it utilizes technology
to transform material into a storage format that can be safely and reliably stored for long
durations.
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Heirloom Carbon Technologies

Organization: Heirloom Carbon Technologies (Heirloom)
Organization Type: Commercial DAC carbon removal technology company

Date of Interview: 06 December 2024

Heirloom is a climate technology company that aims to provide large-scale, cost-effective CDR
by using DAC combined with natural mineralization. This method takes advantage of
limestone's natural carbon sink properties to enhance CDR and storage.

When evaluating factors influencing a company's decision to construct a DAC facility in the
Pacific Northwest, four key considerations were highlighted: workforce, storage, energy, and
demand.

Workforce—The CDR workforce often overlaps with trades in the oil, gas, and construction
industries, influencing DAC facility development in regions like Louisiana and Texas. Studies of
new facilities in Louisiana indicate they can generate 800-900 temporary construction jobs and
100 permanent operations jobs. DAC facilities offer employment opportunities in areas with
volatile economies and limited investment.

Storage—There is a critical need for storage capacity to facilitate permanent CO; storage. At
present, there is no guidance from EPA regarding carbon storage or permitting frameworks for
permanent storage. DAC is generally an efficient CDR method that can be scaled to meet
project requirements, constrained only by the available space and the ability to secure
necessary permits.

Energy—Due to DAC's considerable energy requirements and the substantial necessity to
remove net tons of CO,to meet “1.5 degree” commitments, there often needs to be an
increase in commitments to developing a region's renewable energy methods. Alternatively,
facilities need to be positioned in areas with established access to affordable renewable energy.
Washington's existing renewable energy infrastructure, including hydropower resources, makes
it an ideal location to support power-intensive facilities. Additionally, water consumption must
be considered for each site, as humid areas require less water to bind CO; to mineralization
components for storage.

Demand—Demand for DAC should be considered when establishing a new DAC project in
Washington or expanding existing projects in the region. Washington’s legislative emissions
reduction goals support CDR technology development. Additional policies that invest in CDR
purchases or improve cap and trade could signal a shift towards a compliance-driven market,
thereby increasing demand.
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An advocacy approach, such as the CDR stance adopted in California, facilitates the
implementation and demonstration of technologies at scale and cost. A modest yet supportive
policy framework attracts a variety of technologies, thereby increasing removal pathways,
reducing overall costs to scale, and fostering the development of a reliable and advanced
industry. The potential for CDR is significant, but it requires appropriate policy, investment, and
engagement to establish market drivers.

Increasing limits for emissions reduction and removal between now and 2030, with further
increases from 2030 to 2050, will stimulate demand in voluntary markets. Washington, home to
major buyers such as Microsoft and Amazon, is uniquely positioned as a regional hub of
demand. To capitalize on this position, a shift towards policy-driven demands is essential to
further stimulate market growth.

Not discussed in significant detail.

Community benefits and workforce development, including fair labor practices and competitive
wages, are essential for the successful siting and operation of any CDR technology. Heirloom is
heavily focused on engaging with local communities as they construct and stand-up new
facilities. For instance, Heirloom interacts with community groups through community benefit
agreements. This Community Governance Model was developed to gather community feedback
and assist Heirloom in determining investment strategies for the communities around the
facility in San Joaquin County. In Washington, community benefit agreements should consider
land rights for Indigenous communities, including potential revenue-sharing agreements.

Publication 25-14-066 CDR Evaluation Study - Final
Page B-16 Sept. 2025



Lithos Carbon

Organization: Lithos Carbon
Organization Type: Carbon removal company specializing in ERW

Date of Interview: 09 January 2025

The interview with Lithos focuses on mineral weathering and use of soil amendments on
agricultural lands as the company’s technology uses novel soil models and machine learning to
maximize CO, removal while boosting crop growth. The company is based in Bellevue,
Washington and maintains research partnerships with the University of Washington and
Washington State University, but operations primarily occur in North Carolina and the Midwest.

Mineral weathering CDR processes have the dual benefit of capturing CO, and improving
agricultural soil health by releasing essential nutrients like calcium, magnesium, and potassium
during the weathering process. Spreading basalt on croplands supports increase of dissolved
inorganic carbon with eventual storage as ocean carbonates. Studies show benefits to crop
yield increases from applications which are pH-tailored to individual farmers to maximize the
benefits of the amendment use to their needs.

In Washington, the basalt sources for this type of application are smaller providers and there is
limited infrastructure built out to support access to the quarry and mines that would provide
higher volumes of amendment needed for large-scale implementation. This creates an issue for
facility siting which is selectively done to take advantage of existing infrastructure. Further, co-
location or geographic proximity of the basalt sources close to buyers or project partners that
use the resulting soil amendments is necessary to maximize cost efficiencies. Limiting
transportation to between 30-50 miles (from source to application site) is seen as the ideal
siting consideration given that transportation emissions account for approximately 3-7% of
efficiency loss. In Washington, utilization of the state’s rail network to transport product from
quarries to agricultural hubs would be beneficial only if the end point included availability of
existing storage facilities for the product to prevent impacts from precipitation and humidity.
Though without incentive support from the state, small providers (e.g., family run quarries) may
struggle to negotiate with major rail providers due to volume requirements.

Washington’s vineyards and fruit farms will need to adjust spreading procedures to benefit
from the amendments fully. Although these amendments suit challenges like acidic soil and
moisture content, modifying equipment can be costly and time-consuming. Therefore, the
technology is currently focused on row crops and hay/pasture lands.

Though deploying amendments on passive lands was considered, it is not the focus in current
scenarios due to loss of agricultural co-benefits like improved crop yield. This is crucial since the
voluntary market emphasizes co-benefits. A Brazilian study is evaluating amendments with
afforestation in the Amazon rainforest and shows increased growth in plantings, a potentially
beneficial approach for Washington's temperate rainforests.
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Current policies in Washington do not restrict the use of ERW and soil amendments. The
process is well-documented, and extensive data from over a decade of testing indicates that
amendment applications do not harm water quality. The technology aligns with traditional soil
management practices recommended by the USDA. Soil Conservation Districts are likely to play
a significant role in the success of such projects by facilitating community and farmer
discussions about the technology as an alternative to soil liming, with input from technical
specialists and local agronomists.

With respect to job creation, these projects are shown to be highly effective. They not only
employ soil samplers and partners to deploy processed soil amendments but also provide
benefits to transportation jobs by offsetting seasonally lower construction periods. Additionally,
there are ancillary benefits for job development, and quarries are capitalizing on the sale of
amendments as an additional business line, requiring hiring for managing both raw material
and processed amendment stockpiles. Life-cycle analysis estimates that for every 1,000 tons of
amendment produced, approximately 30 jobs are created. These jobs are generally long-term
compared to seasonally dependent construction-related CDR projects, which also tend to be
more technical in nature and require a more skilled and highly educated workforce for the
technologies involved.

Soil sampling is the main method for measuring carbon removal in ERW, using Inductively
Coupled Plasma Mass Spectrometry (ICP-MS) and local universities for chemical analysis. This
process includes detailed pre- and post-application analyses over 6 to 9 months. Water
measurements track cation flow through watersheds. The soil sampling provides valuable data
for farmers and helps determine weathering and carbon removal rates for MRV reliability.

Additionally, nearly a decade of data from the University of lllinois supports these efforts, along
with a new method developed by the University of lllinois Urbana-Champaign to calculate CO;
reduction potential of basalt rock amendments on cropland.

Outreach for ERW, specifically agricultural soil amendment use, is generally focused on direct
engagement with privately owned farmers to educate on the process and ultimately secure
contractual agreements to provide and spread amendment. Local university agricultural
extensions and soil conservation districts are also likely to be beneficial in public engagement
and education. There is work to expand engagement with grassroots grower associations, like
Nature for Justice.
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MYNO Carbon Corporation

Organization: MYNO Carbon Corporation (MYNO)

Organization Type: Carbon management company; specializes in production of renewable
biochar

Date of Interview: 10 December 2024

The interview with MYNO primarily discussed biochar utilization (biochar carbon removal
[BCR]), as the company focuses on converting waste biomass into high integrity carbon
products that support advancing regenerative agriculture, environmental remediation, and
scalable carbon removal. MYNO is currently working to finance their first biochar production
facility in Port Angeles.

CDR is increasingly viewed as a burgeoning global market, offering Washington the opportunity
to lead in climate mitigation efforts and promote clean economic growth. While Washington
has made significant investments in pollution mitigation, electrification, and clean energy, CDR
is positioned as the next phase of climate investment to achieve greenhouse gas emissions
limits. CDR not only removes existing carbon but also, in the case of BCR, addresses current
pollution sources such as waste biomass, transforming a challenge into both climate mitigation
and market opportunities. Further, biochar facilities can be positioned to dispose of
construction and sawmill residuals from regional facilities to reduce expenses and overall
emissions while also supporting growth of green jobs across the state.

The scalability of BCR is significantly influenced by the availability of substantial waste biomass
markets, such as those provided by Washington's sawmill, forestry biomass, and
construction/demolition debris residuals. The primary challenge to scalability is the
development of large commercial facilities that can leverage existing sales funnels to market
biochar product efficiently. Given this context, Washington is well-positioned compared to
other regions in the United States to integrate the sale of BCR products within its agricultural
supply chain. Currently, BCR investors are focusing on identifying additional marketing channels
to promote and sell the biochar product.

Workforce Development—Currently, there are no specific workforce development programs
for BCR in Washington. However, discussions have highlighted the need to meet prevailing
wages and establish partnerships with trade schools, colleges, or universities. BCR does not
require highly advanced skills due to automation and reliance on project partners like
construction companies and sawmills near biomass feedstock.

State Investments—State agency procurement and use of biochar products could drive
investment in BCR facilities by expanding the market. Although CDR is less prioritized compared
to other climate strategies like renewable energy, advancing BCR requires state investment in
project funding and CDR market adoption beyond DAC. Essential investments include fiscal and
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administrative measures such as tax credits, cost share incentives, streamlined permitting,
expedited schedules, and regulatory support for biochar projects. State procurement initiatives
would broaden biochar markets and attract external investment in the BCR industry.

Of particular note, it was discussed that Washington should align with federal climate and clean
energy policies at a minimum. The 45Q tax credit program currently excludes biochar CDR and
other CDR, focusing only on DAC and carbon capture, utilization, and storage (CCUS). A state-
specific program must surpass federal policy to support all CDR technologies through "tech
neutral" policies for both buyers and producers to lower costs to operate. Inclusion of seed
funding through grant programs would further the potential to create a billion-dollar revenue
industry similar the clean energy industry. Ultimately, the overall economic impact to
Washington will rely on the state’s ability to create incentives that allow the industry to thrive.

Washington must develop MRV policies and programs that integrate into broader compliance
and voluntary markets to potentially open avenues for cross-border collaborations and credit
trading, including methodologies that allow end buyers to get carbon avoidance credits for use
of biochar. Strict MRV protocols should be established to develop certified CDR credits in “tech
neutral” way, including performance thresholds.

Biochar is currently considered a prominent CDR credit globally in the voluntary marketplace,
where the prices for carbon removal credits are typically higher than those in compliance
markets. As there is increasing scrutiny regarding the durability of cheaper nature-based
methods credits, biochar credits are perceived as more reliable due to the capability to
calculate laboratory performance using the hydrogen/carbon ratio to document biochar’s
permeance accurately. A higher hydrogen/carbon ratio indicates greater energy efficiency of
the fuel and lower CO; emissions from its combustion. The reliability of biochar is further
enhanced by generally strong life-cycle analysis for overall facility operations which will support
a carbon negative process overtime.

Reference was made to California’s efforts to kickstart a commercial CDR market with California
Senate Bill 308174 to “...enact the Carbon Dioxide Removal Market Development Act...”which
will require the State Air Resources Board “...to establish rules and processes for certifying
carbon dioxide removal processes that may be used to create negative emissions credits and
for tracking negative emissions credits...”

Educating the marketplace and communities about the benefits of biochar over other CDR
technologies is crucial. The industry should include more community benefit planning for
project success, as seen in Heirloom Carbon’s Community Governance Model supporting new
CDR projects in California.

174 https://leginfo.legislature.ca.gov/faces/billTextClient.xhtmI?bill_id=202320240SB308
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Pacific Coast Legacy Emissions Action Network

Organization: Pacific Coast Legacy Emissions Action Network (PACCLEAN)

Organization Type: Volunteer, citizen based regional carbon removal policy organization
focused on advocacy at the state, provincial, and local levels along the Pacific Coast of North
America.

Date of Interview: 05 December 2024

Existing policies and initiatives can largely achieve Net Zero, but CDR is necessary to reach "real
zero." CDR is crucial for removing 2 metric gigatons of legacy emissions and restoring natural
climate and ocean conditions. The biggest challenges to CDR adoption in the PNW are
awareness and demand, with the main barrier being overall costs driven by low demand.
Investors, industry, and entrepreneurs need assurance that there will be buyers for products,
including durable CDR credits. Large corporations like Microsoft and Amazon are currently
purchasing, but more companies, better policies, and improved regulatory markets are needed
to increase investments and reduce CDR technology costs.

DAC is often mistakenly considered the entirety of CDR or confused with other CCS methods.
Awareness of the broader range of CDR technologies and nature-based methods is currently
limited. It is also important to improve the understanding of the co-benefits of various CDR
methods beyond financial, tradable credits. For example, enhanced rock weathering and
biochar have been shown to support improved crop yield and may improve the pH of farm
runoff and/or treatment plant outfall, helping to combat acidification in areas such as the Salish
Sea. Another discussed co-benefit is the production of hydrogen from direct ocean capture, as
well as marine CDRs, which have the potential to mitigate ocean acidification and promote a
healthier ocean environment.

Despite Washington’s Climate Commitment Act, there is a general lack of awareness among
legislators and environmental organizations regarding the use of CDR technologies to support
“net zero” and similar emissions goals. Some groups may perceive that CDR could be used as a
means for polluters to avoid responsibility (e.g., moral hazard argument). It is important to note
that avoiding emissions initially is crucial, but it may not be realistic in many difficult-to-abate
industries. Removal technologies are not intended to replace measures for preventing or
reducing emissions. Some hard-to-abate sectors are adopting removal technologies, as
evidenced by the growing number of projects using cement as a CCS tool.

A better foundation of understanding CDR applications and their co-benefits is necessary to
enhance regulatory acceptance, legislative policy, and support scalability, which will reduce
costs. Ultimately, Washington has the potential to benefit from a variety of CDRs because of the
state’s abundant natural resources, including fields and forests, coastlines, clean power, and
ample basalt (used for enhanced weathering). The state also has great human resources and a
history of leading on both innovation and climate; evidenced by the state already evolving into
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a hub for CDR and working to better position itself as a leader in this new industry targeting the
transformation of legacy carbon pollutants into a resource as a saleable product or credit.

Workforce Development—CDR is projected to become a significant industry, potentially
reaching a trillion-dollar scale. As the industry grows, there may be a need to balance regional
requirements with local/community needs. Workforce development to support industry will
primarily occur in rural areas and will benefit from partnerships at community colleges
providing access to training to develop readily applicable skills for the various labor aspects that
are required. The AirMiners Boot Up*®! training was highlighted as an effective example of
workforce development training designed to offer accessible education modules for individuals
interested in entering the CDR field. Washington's original provision included sign-on letters
from various union groups that supported the state's targeted CDR growth.

Tribes also have the potential to benefit from the growth of CDR and greenhouse gas removal
(GGR) industry in the state. The National Indian Carbon Coalition,”® an inter-Tribal
organization, has been established to help Tribes identify ways to participate in the growth of
the industry, in a manner that is consistent with Tribal values and supports the harnessing of
traditional knowledge.

Policy and Regulator Insights—RCW 70A.45.100%7 states that “...Separate and apart from the
emissions limits established in RCW 70A.45.020,3 it is the policy of the state to promote the
removal of excess carbon from the atmosphere through voluntary and incentive-based
sequestration activities in Washington...” essentially laying out the state’s policy to advance
CDR for the state.”

Currently, there is a need for policies that will enact legislation aimed at promoting the removal
of excess carbon from the atmosphere, including CDR and GGR. Such legislation should allocate
more grant funding for CDR research and development, as well as finance projects based in
Washington. Furthermore, establishing specific limits for the use of CDR technologies,
recognizing their necessity to achieve Net Zero, would support the scalability of these
technologies. Setting specific limits within statutes often sends signals that can support
transition from voluntary to compliance market and support earlier buy-in. Additional
considerations include:

e Specific legislative mandate that requires industries to remove emissions may be critical
to meeting goals laid out in the state’s Climate Commitment Act. A Massachusetts’s
economic development act that rolled considerations for climate technology into the bill
was referenced as an example.

e Allowing use of captured environmental CO; as a feedstock for e-fuels and chemicals
that can replace fossil fuels and petrochemicals, as related to the state’s Clean Fuel
Standard.!®

175 https://www.indiancarbon.org/
176 https://app.leg.wa.gov/RCW/default.aspx?cite=70A.45.100
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e Public procurement commitments by the state to support offset of portions of the
state’s operational footprint. The U.S. Department of Energy issues procurement
opportunities to purchase carbon removal credits; program could be used as an
example to build a state market for state-level purchase.

e Washington’s Buy Clean and Buy Fair Program,'’® passed in some states, could support
demand for carbon-injected concrete to remove/sequester CO; through industrial based
materials initiatives.

e Alaska and Colorado have established production tax credits (to replace 45Q tax credit
for durable carbon removal technologies) that could be used as foundation for CDR
investments. These CDR Investment Acts could serve as a way to bring credit
opportunities/incentives to other technologies where these incentives are generally
seen as being too narrow and overly focused on DAC.

Ideally, the state can create demand signals combined with additional policies like those
described above that will draw private investment and innovation into the market and make
Washington a leader in this new emerging industry of cleaning up climate pollution.

An effective trading market should be multi-jurisdictional, focusing on durable carbon credits
that are real, additional, measurable, verifiable, and durable. CDR projects must implement
environmental and economic justice principles, including fair labor practices, inclusion, and
community consultation and approval.

Educating the public and a diverse array of interested organizations about CDR is essential given
the crucial role that CDR technologies will play in achieving Net Zero goals. Similar to
educational initiatives on wind and solar energy, programs designed to improve awareness of
CDR benefits and collaboration with community leaders will be required to effectively convey
what CDR entails. The way these educational programs are implemented in communities will
significantly influence how CDR projects are perceived by legislators, community groups, and
environmental organizations. These programs will help alleviate concerns traditionally
associated with emerging technologies and new facility construction.

Heirloom Carbon’s Community Governance Model was pointed to as a pioneering approach to
engage communities with CDR projects being implemented.
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RMI

Organization: RMI (formerly Rocky Mountain Institute)

Organization Type: 501c3 non-profit with a CDR initiative. In Washington, RMI's CDR initiative is
actively involved in advancing CDR technologies and policies. A notable endeavor is the
Ankeron Carbon Management Hub, a consortium led by RMI that received a $3 million federal
grant to assess the feasibility of a DAC hub in the Pacific Northwest, specifically targeting areas
in eastern Washington and Oregon. The Ankeron Hub aims to integrate DAC technologies with
innovative carbon storage methods, leveraging the region's abundant basalt formations for
mineralizing captured CO,. The project emphasizes community engagement and clean energy
deployment, ensuring that local communities benefit from and support the initiative.

Date of Interview: 03 December 2024

RMI has developed a State CDR Atlas!’’ that offers tailored insights for state policymakers,
highlighting opportunities for adopting CDR methods that align with a state's natural resources,
infrastructure, and workforce. The tool assists in identifying best-fit CDR methods, facilitating
informed decision-making to advance the state's climate goals. The tool notes that Washington
is well positioned with high scoring opportunities to implement a variety of CDR methods.
Energy intensive approaches like DAC would lend themselves to Washington in order to
capitalize on the state’s already relatively clean energy grid. In general, the state would benefit
from developing a portfolio of methods that implement multiple CDR technologies to leverage
the most economic benefits associated with workforce development and growth; climate and
environmental benefits; and social and health benefits for communities.

Infrastructure build-out may be necessary to enable larger-scale CDR methods to maximize
utilization and effectiveness. Additionally, approaches vary heavily in their current availability to
deploy and technology readiness; compared to technologies that are farther along in
emergence (e.g., DAC), biogenic and other lesser used approaches may require smaller research
and development deployment at a pilot test level to fully evaluate effectiveness in the Pacific
Northwest.

Related to supply considerations that have the potential to impact CDR adoption in
Washington, there are very few states farther ahead—Texas and Louisiana noted as examples.
CDR projects in Washington will run into challenges associated with accessing infrastructure
(e.g., additional clean energy, pipeline construction for transportation) needed to implement at
scale. Developing storage capacity, particularly for technologies reliant on Washington basalts
will be one of the more significant challenges. It is important to keep in mind that specific
challenges will vary for each individual project.

177 https://rmi.org/state-cdr-atlas/
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There is no specific permitting process for injection storage well permitting aligned with basalt
storage or other novel approaches like biomass burial. Permitting for biomass burial will vary
significantly from permitting for geologic storage of CO,. Permits for biomass burial will be
decided at the state and local level (they are typically permitted as landfills today), while Class
VI geologic storage will be regulated at the federal level. Class VI geologic storage could in the
future be completed at the state level if Washington pursues approved primacy through EPA.
Primacy would allow the state to manage their Underground Injection Control program for
Class VI wells at the state level while continuing to follow federal regulations.

The state will need to develop more streamlined permitting processes and spend effort to
coordinate with EPA, where applicable, to create permitting pathways that are better aligned to
CDR needs.

There are also universal challenges on the demand side that may create barriers to further CDR
adoption. There is a significant gap in demand for CDR compared to the amount of durable CDR
that will be necessary to meet established climate goals. Further, durable CDR is a significant
expense making it available to a limited group of corporations at this time. Many of whom are
headquartered in Washington (e.g., Microsoft, Amazon, Google).

To date, most demand has come from voluntary carbon market procurement. To drive demand
and lower costs, there needs to be hybrid government policies developed that both require
emitters to offset and remove historical emissions and improve government procurement
policies to support CDR considerations. To move into a more compliance driven market with
guality offsets, universal standards with a high degree of trust and credibility will need to be
established to drive a global market.

In addition to government procurement of CDR, state-level tax incentives, grants programs,
cost-sharing models, and compliance policies that spur CDR demand will be needed to support
advancement of CDR implementation and improve affordability of durable CDR. As examples
that Washington policy makers could look to, California has implemented a Cost Share for
Federal Clean Energy Funding Opportunities’® policy through the California Energy Commission
and the U.S. Department of Energy’s CDR Purchase Pilot Prize'’® as a procurement program for
CO; removal credits. In February 2025, California’s senate introduced Senate Bill 6438° which
would require establishment of a Carbon Dioxide Removal Purchase Program to support state
procurement of CDR credits generated by eligible CDR projects. It was also suggested that the
state could consider a program that allows state lands to be leveraged to potentially host
storage platforms.

Broadly, because Washington has led on climate policies through the state’s Climate
Commitment Act and on setting limits for emissions reductions, the state can build momentum
to expand support for CDR by integrating CDR as a pathway in the Clean Fuel Standard,!16116116

178 https://www.grants.ca.gov/grants/cost-share-for-federal-clean-energy-funding-opportunities/
179 https://www.energy.gov/fecm/funding-notice-carbon-dioxide-removal-purchase-pilot-prize
180 https://legiscan.com/CA/bill/SB643/2025
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Cap-and-Invest Program, and Buy Clean and Buy Fair Program?!73173173—with each integration
undertaken in a manner that does not risk mitigation deterrence (i.e., delaying emission
reduction opportunities in lieu of carbon removal or other mitigation alternatives). It will be
critical that any policy developed is inclusive of the full portfolio of CDR opportunities available
to the state. Policies singularly focused on more established CDR technologies like DAC will
inhibit CDR growth.

For consideration it was noted, to best support CDR growth through expansion of state policies,
the state would likely need to consider designating a lead agency for all CDR needs. The lead
agency would coordinate with other agencies, manage CDR-related budgets, develop grants
and other funding requests, offer clarity on project permitting and regulations, and provide
oversight to state participation in public/private partnerships.

Transparency and accountability in MRV protocols are necessary to ensure MRV and CDR, more
broadly, are trusted. One of the most important things that MRV standards can do is facilitate a
global market (e.g., allow another country to purchase U.S. credits or allow Washington to sell
credits across state lines). Ideally, Washington would plug into existing frameworks rather than
create a new system. If Washington opted to develop their own MRV system, the state would
need to design a flexible but rigorous system that allows incorporation of responses to
technological growths and standards over time. While data and reporting needs vary based on
technologies, any MRV standard would need to require verifiable data that (1) proves net-
negativity over the course of a project lifetime, (2) proves additionality, and (3) accounts for
variations in durability. Reference was made to an article prepared by RMI which
comprehensively lays out key principles that will be important for Washington to follow: U.S.
States and Carbon Dioxide Removal: Leadership Opportunities and Key Principles for

Policymakers. 8!

Extensive and meaningful community engagement will be needed in Washington when building
the CDR industry to avoid harming communities and impeding climate progress. The scale of
CDR needed to meet climate goals is massive, and careful engagement is required to ensure
implementation is successful and beneficial while also moving quickly. Engaging community-
based organizations with an interest in climate, federally recognized Tribes, labor organizations,
community leaders, local governments, and others who feel they have stake in the CDR
conversation will not only improve general understanding and acceptance of CDR, but it could
also improve community acceptance of large-scale construction of new facilities or
revitalization and reuse of abandoned industrial areas.

The University of Washington could play a pivotal role in supporting CDR startups and
incubators as part of state-supported public/private partnerships.

181 https://rmi.org/us-states-and-carbon-dioxide-removal-leadership-opportunities-and-key-principles-for-
policymakers/
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Twelve Benefit Corporation

Organization: Twelve Benefit Corporation (Twelve)

Organization Type: Carbon transformation company focused on low carbon fuels and
commodity chemicals to decarbonize transportation and manufacturing.

Date of Interview: 17 December 2024

Twelve Benefit Corporation is a California-based carbon transformation company currently
building a demonstration-scale sustainable aviation fuel (SAF) facility in Moses Lake,
Washington. Commissioning of the plant is scheduled for the third quarter of calendar year
2025. The goal is to transform CO; into more sustainable fuels and chemical feedstocks like SAF,
sustainable marine fuel, and naphtha. Twelve does not consider itself a traditional CDR or
carbon sequestration company; rather, it positions itself as a circular economy entity that
transforms waste CO; into sustainable drop-in fuels and chemicals used for other
manufacturing processes in place of traditional fossil fuel-based feedstocks.

The company is actively exploring sites in the Midwest (Kansas, Nebraska, Oklahoma, the
Dakotas, and northern Texas) for commercial-scale facilities. The company views siting criteria
as a combination of proximity to CO, sources, access to low-cost renewable power, and
proximity to offtake locations (such as purchasers and/or blending sites). Additionally, it was
noted that nearby rail infrastructure is more cost effective when a pipeline (ideal) is not as
proximate to get product to a blending facility or point of uplift (final sale site). Proximity to
pipelines is part of their siting scenario evaluation to preserve overall carbon intensity (Cl)
score. The Cl score is a measure of a product's lifecycle greenhouse gas emissions, expressed in
grams of CO; equivalent per megajoule (expressed formulaically as: gCO.e/MJ). In states that
have Low Carbon Fuel or Clean Fuel Standards'*¢1® (i.e., California, Oregon, and Washington),
only fuels with lower Cl scores than the baseline standard are eligible for credits. Other states
have SAF tax credits (e.g., Washington, Minnesota, lllinois).

Twelve’s Moses Lake facility is repurposing a former sugar-beet plant in Grant County. The site
was chosen primarily due to the availability of renewable energy (hydropower), which is crucial
for the electrolysis process used in producing Twelve’s SAF. Additionally, the location has
accessible biogenic CO; source. The focus on the Midwest for potential commercial-scale
facilities is primarily driven by the cost factors described above relative to siting criteria, and the
relative abundance of renewable energy resources.
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Economic Market and Regulatory Policy Considerations

The need for enhanced access to the SAF tax credits was discussed. Currently, the Washington
tax credits for SAF (alternative jet fuel) that were included in Senate Bill 544782 aligns with
federal incentives established under the Inflation Reduction Act.

However, the state tax credits have a barrier of entry of 20 million gallons per year of
alternative jet fuel production capacity that effectively makes the incentives unattainable for
projects in pilot and demonstration or start-up phases.

It was also observed that providing clarity on hydropower delivered through Washington’s
energy grid for Cl scoring could benefit long-term planning and investment projects.

Monitoring, Reporting, and Verification Considerations
Not discussed in significant detail.

Outreach and Collaboration

Community engagement involves working with elected officials, outreach with organized labor,
education around first responders’ concerns, and working with local community colleges to
support curriculum development

182 https://app.leg.wa.gov/billsummary?BillNumber=5447&Year=2023&lnitiative=false
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