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Create Carbon Reduction Opportunities
in West Virginia

West Virginia has the most scientific and
technological carbon reduction potential
for CDR options using natural methods

as well as bioenergy with carbon capture
and sequestration (BECCS) and direct air
capture (DAC). Whatever CDR options are
chosen, care should be taken to establish
appropriate standards and verification
processes.

Restore Carbon into West Virginia’s
Natural Resources

The chief challenge for the implementation
of BECCS and DAC options is developing
a better understanding of the ability to
store CO,in West Virginia.

Benefit West Virginia’s Economic
Prosperity, and Create Jobs for West
Virginians

CDR has the potential to generate
economic prosperity and job creation,
particularly in West Virginia’s coal
communities and other rural communities.

Open CDR Opportunities While
Protecting West Virginia’s Ecology,
Conservation, Economy, and the
Environment

Some CDR methods may have side
effects that impact the state’s ecology,
conservation, economy, and environment.
The West Virginia University team believes
that the potential societal benefits of CDR
outweigh the societal costs based on what
we know today.

Nurture West Virginia’s Disadvantaged
Communities

Socio-economically disadvantaged
communities in West Virginia can benefit
from CDR activities. However, care must
be taken to ensure that past mistakes
are not repeated by ensuring that local
communities are involved in decision-
making from the earliest stages and that
they benefit economically from CDR
investments.

Work with Federal agencies and leading
nongovernmental organizations to develop appropriate
standards for net carbon accounting of sequestered
carbon.

Fund a study by the National Academies of Science,
Engineering, and Medicine on the appropriate criteria
to consider in determining the optimal harvest cycle for
maximizing the carbon removal potential by forests and
forest products.

Sustain BECCS as part of the U.S. Renewable Fuel
Standard.

Fund a study that examines both community and
technical opportunities and challenges to identify suitable
locations for DAC demonstration projects in West
Virginia.

Invest in economic incentives for CDR activities such
as reforestation, improved forest management, forest
products, bioenergy, DAC, and CO, storage in southern
West Virginia and other disadvantaged communities in
the state.

Increase resources to provide technical assistance, and
advise small forest, farmland, rangelands, and wetland
owners on CDR activities at relevant West Virginia state
agencies and West Virginia University and West Virginia
State University Extension Services.

Take steps to protect the economic health, human health,
and ecology of local communities near CDR facilities and
related CO, storage operations by

®  monitoring potential concerns;

® improving the communities’ environmental and
ecological quality;

®  maximizing economic co-benefits; and

® responding to unanticipated issues.

Facilitate access to federal, state, and non-profit CDR-
related assistance programs for historically underserved
communities to create economic opportunities and
provide environmental, health, and safety protection.

Require that CDR companies negotiate a community
benefit agreement that includes the design and use of
a community fund and addresses community concerns
and recommendations from stakeholders (i.e., both
landowners and non-landowners).
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Carbon, in its many forms, has long provided economic development opportunities for West Virginia. The

nature of those activities has changed over time, and today West Virginia has a new opportunity to leverage the
competitive advantage of its natural resources: by capturing carbon out of the ambient air. Proactive policymaker
and stakeholder actions to capture this burgeoning opportunity in the near-term can place West Virginia in the
lead of long-term carbon management markets. In this policymaker guide, we explore this opportunity and its

potential in West Virginia.

WHAT ARE THE POTENTIAL OPTIONS
FOR CARBON DIOXIDE REMOVAL IN
WEST VIRGINIA?

When we think about reducing atmospheric
greenhouse gas concentrations, we typically focus
on ways to reduce carbon dioxide (CO,) and other
greenhouse gases emitted from the residential,
commercial, industrial, and transportation sectors.
An alternative option is to remove the CO, that
already exists in the atmosphere through carbon
dioxide removal (CDR) methods. This policymaker
guide focuses on the opportunities and challenges of
implementing these CDR options in West Virginia.

As stated by the United Nations Intergovernmental
Panel on Climate Change (IPCC), however, it's
important to keep in mind that “the faster reduction of
net CO,emissions in 1.5°C compared to 2°C pathways
is predominantly achieved by measures that result in
less CO, being produced and emitted [CO, reduction],
and only to a smaller degree through additional CDR
[CO,removal]” (emphasis added). In other words, CDR
is not a panacea for responding to climate change but
a mitigation tool that is necessary above and beyond
strategies that prevent emissions of CO,and other
greenhouse gases in the first place. As is often the
case, prevention of a problem is far better and more
cost effective than responding to the challenge after it
occurs.

As illustrated in Figure ES.1, CDR relies very heavily
on natural resources, including (1) forests, agricultural
land, and wetlands, which capture carbon dioxide
naturally, (2) forest and agriculture feedstocks to
produce biofuels, bioproducts, and biopower, and

(3) underground reservoirs and abandoned oil and
gas wells to store the CO, that is captured through
bioenergy with carbon capture and storage (BECCS)
and direct air capture (DAC). Based on the West

Virginia University (WVU) team’s analysis, all of these
resources are available in West Virginia, providing

the state with the potential to be a major player in the
evolving carbon management markets. Some of these
resources are detailed below.

1. Forestland: With about 12 million acres of
forestland, West Virginia is the 3rd most forested
state in the United States. Over half of this land
is owned by small family foresters (10% of West
Virginia’s total population), 78% of whom wish
to maintain their forests for future generations.
Therefore, forest management methods can play
a major role in capturing CO,, maintaining our
state’s legacy of forest management.

2. Forest Products: Forest products generate
approximately $3.2 billion annually and employ
more than 30,000 West Virginians across all
55 counties. West Virginia is 2nd in the United
States in terms of standing hardwood forest area.
The forest products industry plays an important
role in CDR by facilitating CO, capture, providing
the base material for long-lasting wood products
that can substitute for high-carbon-intensity
materials like concrete and steel, storing CO,in
buildings and furniture, and using any waste that
it generates to create bioenergy.

3. Agricultural Crops and Soil: West Virginia’s
agricultural industry (not including timber)
contributes $800 million annually to the state’s
economy and grows crops that could store CO,
or generate bioenergy (biopower and biofuels).
Almost 70% of farms produce livestock or
cultivate pastureland as their primary commodity.
If managed properly, pastureland sequesters
carbon in the soil. In addition, processing crop
residue and livestock manure can result in
renewable natural gas, which can reduce CO,



https://forestclimateworkinggroup.org/guide/fcwf-policy-platform/
https://forestclimateworkinggroup.org/guide/fcwf-policy-platform/
https://www.forestcarbonworks.org
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://forestcarbonworks.org/how-projects-work/?gclid=Cj0KCQiAr5iQBhCsARIsAPcwRONzDDZm6No7FCg58AqeUNlbnUIU1b8G7CkSsIiOSBU46N88_OYKM04aAia7EALw_wcB
https://ncx.com/
https://extension.psu.edu/what-is-selling-forest-carbon-like-three-landowners-experiences
https://westvirginia.gov/industries/forestproducts/
https://www.forestsforthebay.org/conservation_programs.cfm?sid=WV
https://www.usda.gov/media/press-releases/2021/04/02/usda-recognizes-5-million-acres-enrolled-conservation-easements
https://www.stateforesters.org/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
https://agriculture.wv.gov/2021/10/18/op-ed-west-virginia-grown-local-agricultures-impact-and-outlook/
https://wvforestry.com/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
https://www.fs.usda.gov/mnf
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Figure ES.1. Carbon Dioxide Removal Possibilities in West Virginia (West Virginia University, 2023;

adapted from Energy Futures Initiative, 2019)

with proper management and carbon capture and

storage.

4. Wetlands: Proper conservation, management,
and restoration of West Virginia’s inland
wetlands can potentially store more CO, per
acre than coastal wetlands while at the same
time supporting West Virginia’s tourism industry.
For example, the wetlands of the Canaan Valley
National Wildlife Refuge attract 73,500 annual
visits, resulting in 33 jobs and roughly $2.7
million in economic benefit—mostly from out-of-
town visitors.

5. CO, Storage: DAC requires a geological location
that can store any CO, that is not turned into
products. Luckily, the same geology that supports
West Virginia’s fossil fuel industry, including
former oil and gas reservoirs, unmineable coal
seams, and saline formations, can potentially be
used to store CO, and provide job opportunities
for those in former coal communities.

One CDR method that we found would not work in
West Virginia is carbon mineralization, as West Virginia
does not have suitable geology for this method of
capturing carbon.


https://forestadaptation.org/adapt/demonstration-projects/monongahela-national-forest-lambert-restoration-project
https://www.climatehubs.usda.gov/index.php/hubs/northeast/project/monongahela-forest-restoration
https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.dropbox.com/s/x0880okedchb18p/EFI%20Clearing%20the%20Air%20Full%20Report.pdf?dl=0
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HOW MUCH CARBON DIOXIDE
MIGHT BE REMOVED FROM THE
ATMOSPHERE IN WEST VIRGINIA?

Table ES.1 provides the WVU team’s estimate of how
much CO, can be removed from the atmosphere in
West Virginia using each method, the cost per ton of
CO, removed, and the annual investment that would
be required. In 2019, West Virginia’s energy-related
CO, emissions were 85.4 million metric tons, according
to the U.S. Energy Information Administration. The
range of these emissions that could be removed in
West Virginia, according to our analysis, is 3.8-30.0
million metric tons—4-35% of the state’s total energy-
related CO, emissions. The details of this analysis
are provided in the appendices. Overall, however, it
is important to understand that there is considerable
uncertainty and variability in both the potential CO,
removal and cost estimates.

WHAT IS THE POTENTIAL ECONOMIC
IMPACT IF CARBON DIOXIDE
REMOVAL METHODS WERE
IMPLEMENTED IN WEST VIRGINIA?

An important factor in West Virginia is the potential
economic impact CDR activities might have in

the state—especially in its disadvantaged coal
communities. Based on this information, Tables ES.2-5
provide the economic contribution these investments
would make to the state for natural, bioenergy, and
DAC methods, respectively. The details of this analysis
are provided in the appendices.

The U.S. Department of Energy’s 2022 U.S. Energy
and Employment Report estimated that West Virginia

had 3.412 workers in electric power generation in 2021.

The direct number of additional jobs in natural carbon
would be 4-16% of current electric power generation
employment, biomass to electricity would be 5-21%,
biomass to fuels would be 2-10%, and DAC would be
0-51%.

WHAT ARE THE POTENTIAL
CHALLENGES IN IMPLEMENTING
CARBON DIOXIDE REMOVAL IN WEST
VIRGINIA?

Implementing CDR in West Virginia involves a number
of challenges. A list of the potential environmental
challenges is provided in Table ES.6. In addition, in
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order for BECCS and DAC to be economically feasible,
co-location of these facilities near sites for storing
CO,, selling bioenergy (electricity generation, fuel), or
utilizing CO, in manufactured products is important.
There will likely be competition within West Virginia
for locations that could become CO, sequestration
hubs from the current fossil fuel, petrochemical, and
other manufacturing industries as well as a possible
hydrogen hub. As a result, co-location becomes
challenging because everything is driven by CO,
storage availability or utilization. If co-location is not
available, then the costs for BECCS and DAC can
quickly escalate beyond what is economically feasible.

WHAT ARE THE FINDINGS AND
RECOMMENDATIONS REGARDING
CARBON DIOXIDE REMOVAL IN WEST
VIRGINIA?

Based on a review of the literature and consultation
with experts in the field, the WVU team developed

a number of findings and policy options. The team
then analyzed each policy option, examining its
effectiveness (ability to achieve the societal goal),
efficiency (best “bang for the buck”), equity (“consistent
and systematic fair, just, and impartial treatment of all
individuals”), and ease of political acceptability (degree
of support or opposition among key players) in West
Virginia. Note that the results of this “4E” analysis may
differ in other geographic areas.

The team then provided the draft of this policymaker
guide including its findings and policy options at

three stakeholder roundtables held in August and
September 2022 (Appendix C). The stakeholders
provided feedback on the findings and policy options
during each roundtable discussion, and following the
event we asked them to identify the policy options
they thought should have the highest priority based on
the same 4E criteria. This resulted in a “top 10” list of
recommendations for the policy options (in no particular
order). The WVU team agreed with this top 10 list.

These results are presented as the findings and
recommendations provided in Table ES.7.


https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3794956.pdf
https://dep.wv.gov/dlr/aml/Pages/default.aspx
https://dep.wv.gov/dlr/aml/Pages/default.aspx
https://www.whitehouse.gov/briefing-room/statements-releases/2021/09/27/readout-of-the-interagency-working-group-on-coal-and-power-plan-communities-meeting-for-economic-growth-that-benefits-everybody/
https://www.capito.senate.gov/news/press-releases/west-virginia-hydrogen-hub-coalition-supports-creation-of-appalachian-regional-clean-hydrogen-hub
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-advancing-racial-equity-and-support-for-underserved-communities-through-the-federal-government/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-advancing-racial-equity-and-support-for-underserved-communities-through-the-federal-government/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-advancing-racial-equity-and-support-for-underserved-communities-through-the-federal-government/
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Table ES.1. Potential CO, Removal, by Method, in West Virginia with Cost and Annual
Investment Estimates (West Virginia University, 2023)

: Potential CO, Removal : CostEstimate’ : Annual Investment
CDR Method : (million metric tons CO,el/year : 2025-2045 : Estimate
: : by 2050) : ($/tonCO,e) : (million dollars/year)?
: Natural (forestland, crops, soil, $1.1-8.8 S 11-11 : $12-97
: and freshwater inland wetland : :
! management) : : :
: Bioenergy with Carbon Capture 12.7-13.2 : 120-96 : $324-1267
: and Storage (BECCS; new build) : :
: Direct Air Capture (DAC) 1 0-8 : 243-201 : $0-1608
Notes:

"Cost estimates are from the Lawrence Livermore National Laboratory Report (LLNL) Getting to Neutral: Options for Negative Carbon
Emissions in California (2020). Cost is expected to decrease over time due to technological learning for BECCS and DAC, while there is
sufficient knowledge about natural methods based on their long-time implementation. For the DAC option, LLNL assumes that natural gas
supplies the power as opposed to renewable energy options such as wind or solar, which require more space and monetary investment. Note,
however, that the WVU team believes there is considerable uncertainty and variability in both the CO, removal and cost estimates.

2The lower-bound annual investment estimate is determined by multiplying the lower-bound estimates for both CO, removal and cost.
Similarly, the upper-bound estimate is determined by multiplying the upper-bound CO, removal by the upper-bound cost estimate. Note that, in
the case of both BECCS and DAC, some revenue might be generated from selling the products that result from these processes. In addition,
the 45Q carbon oxide sequestration tax credit is already in place, and congressional proposals to modify that tax credit may subsidize the cost

of these options. These estimates, however, were made without consideration of these credits.

Table ES.2. Annual Economic Impact of Natural Carbon Sequestration Efforts in West Virginia
(West Virginia University, 2023)

Indirect & Induced

Direct Impact . Total Economic Impact

: : Impact

: Output ($, millions) 12.2-54.6 ©6.0-26.7 ©18.2-81.3
 Employment (jobs) 126561  74-331 : 200-892
: Labor Income ($, millions) 17.8-34.8 :2.7-12.0 :10.5-46.9
 Total Taxes ($, millions) 0.7-3.2 0.3-1.1 :1.0-4.3

Table ES.3. Annual Economic Impact of Biomass to Electricity Spending in West Virginia (West
Virginia University, 2023)

Indirect & Induced

Direct Impact Total Economic Impact

] : Impact

: Output ($, millions) : 276-1,094 ©170-675 © 446-1,770
: Employment (jobs) ©183-724 : 564-2,236 : 746-2,960
: Labor Income ($, millions) :30-120 : 39-156 1 70-277

: Total Taxes ($, millions) :5-19 P 4-17 :9-36

Table ES.4. Annual Economic Impact of Biomass to Fuels Spending in West Virginia (West Virginia
University, 2023)

Direct Impact Indirect & Induced Total Economic Impact

: g Impact

: Output ($, millions) :99-512 : 36-185 © 135-697

: Employment (jobs) : 68-354 £ 227-1,171 £ 295-1,525
: Labor Income ($, millions) 1 10-50 1 10-52 1 20-102

: Total Taxes ($, millions) :1-5 :1-5 :2-10



https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://dep.wv.gov/dlr/aml/Pages/AML-Pilot-Program.aspx
https://dep.wv.gov/dlr/aml/Pages/AML-Pilot-Program.aspx

CARBON DIOXIDE REMOVAL AND WEST VIRGINIA Executive Summary | 7

Table ES.5. Annual Economic Impact of Direct Air Capture Spending in West Virginia (West Virginia
University, 2023)

Indirect & Induced

Direct Impact : Total Economic Impact

] : Impact

: Output ($, millions) © 0-1,608 : 0-1,055 : 0-2,663
: Employment (jobs) 1 0-1,740 1 0-4,662 1 0-6,402
¢ Labor Income ($, millions) : 0-254 : 0-269 : 0-523
 Total Taxes ($, millions)  0-27 : 0-29 : 0-56

Notes for Tables ES.2 - ES.5:
" Tax revenue impact includes sales, personal income, property, and corporation net income taxes.

2 For this study, we assume that all expenditures from carbon remediation will result in new, additional spending in the state’s economy. We
also assume that workers at these operations will live in West Virginia and spend their income similarly to the average West Virginia resident.
All data for this study were provided to the Bureau of Business and Economic Research (BBER) by the WVU Carbon Dioxide Removal
Working Group and were not independently audited by the BBER.

3 To estimate the economic impact of the carbon removal, we apply a detailed model of the West Virginia economy that outlines how trade-
flows among industries interact with key economic indicators such as employment, income, output, and tax revenue. The annual expenditures
for carbon-removal measures are referred to as the direct economic impact. However, the total economic impact of these activities is not
limited to the direct impact but also includes secondary economic impacts accrued as those initial direct expenditures are re-spent across the
state, generating a multiplier effect throughout the rest of the state’s economy.

4 Because biomass to electricity and fuel uses the same feedstock, the numbers cannot be added to develop a total jobs estimate from all the
options in Tables ES.2-ES.5.

5 Due to the varying degrees of uncertainty associated with each CDR option, it is important to note that these estimates are ranges.

Table ES.6. Potential Environmental Challenges in Implementing CDR

CDR Option Potential Environmental Challenges

: Forestry : Lack of consideration for local conditions in reforestation management practices can result in
: : poor outcomes and decreased biodiversity, especially on previously mined lands. :

¢ Afforestation may require fertilizers which could make their way into local water systems.

Managing forests primarily for carbon removal can compete with other conservation efforts,
: such as creating habitat for native plants and wildlife.

Agriculture Additions of fertilizer materials, including manure, can contaminate local water systems.

Conversion of land to agriculture typically reduces local biodiversity and wildlife habitat,
: negatively impacts stream quality. and can lead to increased invasive species.

: Wetlands ¢ If not properly restored or created, wetland restoration failures can lead to more erosion :
: : invasive species colonization, over-abundance of predators. and other ecological challenges. :

Depending on their hydrology (movement of water), restored wetlands could release
: methane (CH,), which is a potent greenhouse gas.

Bioenergy with Carbon : Without sustainable water management practices, there is a potential of limiting freshwater
Storage : and decreased groundwater availability.

: Monoculture of crops results in reduced biodiversity and resilience.

: Direct Air Capture : Construction of storage sites may result in net gains to CO, and can negatively impact local
: : air and water quality.

Carbon Storage : Underground storage may result in changes to groundwater chemistry, potentially impacting
: : drinking water systems drawn from local wells.

: Potential leakage from geologic reservoirs poses concerns for local communities.



https://academic.oup.com/bioscience/article/65/10/1011/245863
https://pubmed.ncbi.nlm.nih.gov/33494123/
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15943?af=R
https://academic.oup.com/jof/article/114/6/638/4756812
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3357704/
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://www.nature.org/content/dam/tnc/nature/en/documents/tn-working-woodlands-brochure-june-2018.pdf
http://www.wvlegislature.gov/legisdocs/reports/agency/F03_FY_2013_2259.pdf
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=2300&context=usdaarsfacpub
https://www.fao.org/3/u5620e/u5620e05.htm
https://www.fao.org/3/u5620e/u5620e05.htm
https://www.fs.fed.us/forestmanagement/vegetation-management/reforestation/index.shtml
https://www.fs.fed.us/forestmanagement/vegetation-management/reforestation/index.shtml
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15498
https://www.iucn.org/sites/dev/files/enhancing_resilience_through_flr_-_opportunities_final.pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/fwb.13678
https://link.springer.com/book/10.1007/978-3-030-57780-3
https://www.sciencedirect.com/science/article/pii/S0959652619307772
https://muse.jhu.edu/book/17255
https://muse.jhu.edu/book/17255
https://eesa.lbl.gov/projects/potential-impacts-of-co2-leakage-on-groundwater-quality/
https://www.tandfonline.com/doi/full/10.1080/14693062.2020.1843388
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Table ES.7. West Virginia University Bridge Initiative Carbon Dioxide Removal (CDR) and West
Virginia Findings and Top Ten Recommendations (West Virginia University, 2023)

ACTION FINDINGS

TOP TEN RECOMMENDATIONS

(NOT IN PRIORITY ORDER)

A

: reate carbon
reduction
opportunities

: in West Virginia.

: Finding 1: West Virginia has the
: most scientific and technological
: carbon reduction potential for CDR

: as forests, agriculture, wetlands,

: and forest products, which can be
: implemented immediately) as well
: as bioenergy with carbon capture

: and sequestration (BECCS) (which
: can take varying amounts of time

: depending on the technology

: chosen) and direct air capture

: (DAC) (which requires additional

: time for the development of

: appropriate carbon sequestration

: pathways). Carbon mineralization

* is not an option due to the state’s

: geology. Whatever CDR options

: are chosen, care should be taken to

: verification processes.

: Recommendation 1: Work with federal agencies :
: (U.S. Department of Energy (DOE) and U.S.

: Department of Agriculture (USDA)) and leading

: options using natural methods (such :
: appropriate standards for net carbon accounting
: of stored and sequestered carbon.

nongovernmental organizations to develop

: Recommendation 2: The USDA, working with

: the DOE, should request to fund a study by the

: National Academies of Science, Engineering,

: and Medicine (NASEM) to determine the optimal

. harvest cycle for maximizing the carbon removal

: potential by forests and forest products. The

: study should also consider the ecological factors

: (e.g., the role trees play in mitigating flooding),

: social factors (e.g., landowner goals), and

: economic factors (e.g., life cycle analysis of :
: wood products and impact on the forest products :
¢ industry). :
: establish appropriate standards and :

into West : the implementation of BECCS and

Restore carbon : Finding 2: The chief challenge for

: natural resources.

Virginia’s : DAC options is developing a better
: understanding of the ability to store
: CO, in West Virginia. There are

: many possible locations, but site-

: specific analysis and demonstration
: projects are needed to assess the

: technical viability of carbon storage

: options for BECCS and DAC.

: Recommendation 3: Sustain BECCS as part of
: the U.S. Renewable Fuel Standard.

: Recommendation 4: Fund a study that

: examines both community and technical

: opportunities and challenges to identify suitable
: locations for DAC demonstration projects in West :
: Virginia. This study, perhaps funded by the new :
: DOE Office of Clean Energy Demonstrations,

: should include financial support for the creation

: and maintenance of community infrastructure

: (e.g., roadways, water, and noise prevention) :
: that might be impacted by DAC development and :
: operations. :

enefit West
: Virginia’s
: economic

: prosperity, and
: create jobs for
: West Virginians.

: Finding 3: CDR has the potential
: to generate economic prosperity

: and job creation, particularly in

: West Virginia’'s coal communities
: and other rural communities. The
: natural options are in rural areas

i and abandoned mine lands, while
: potential carbon storage sites for
: DAC are near the hardest-hit coal
: communities in southern West

: Virginia as well as oil and gas

: reservoirs throughout the state.

: Recommendation 5: Invest in economic

: incentives for CDR activities such as

: reforestation, improved forest management,
: forest products, bioenergy, DAC, and CO,

: storage in southern West Virginia and other
: disadvantaged communities in the state.

: Recommendation 6: Increase resources for

: the West Virginia Department of Commerce’s

: Division of Natural Resources (WVDNR) and

: Division of Forestry (WVDOF) as well as the

: West Virginia Department of Agriculture (WVDA)
: to provide technical assistance and advise small
: forest, farmland, rangeland, and wetland owners
: on the economic potential and participation

: details of carbon credit or offset programs and

: markets.
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TOP TEN RECOMMENDATIONS
(NOT IN PRIORITY ORDER)

: Recommendation 7: Increase resources for

: West Virginia University (WVU) Extension and :
: West Virginia State University (WVSU) Extension :
: and outreach representatives from colleges :
: and universities throughout the state to advise

: small forest, farmland, and wetland owners on

: the economic potential of carbon credit and

: details of participation. In addition, the West

: Virginia Department of Environmental Protection
: (WVDEP) should prioritize and accelerate its

: Wetland Rapid Assessment to identify wetlands

: to preserve and restore.

pen CDR
: opportunities
: while

: protecting West

: Virginia’s ecology,
: conservation,

: economy, and

: environment.

: Finding 4: Some CDR methods

: may have side effects that

: impact the state’s ecology (living
: organisms), conservation (natural
: resources), economy (jobs), and :
: environment (air, water, soil). Taking :
¢ into account both the opportunities
: and challenges of each CDR option, :
: the West Virginia University team
: believes that the potential societal

: benefits outweigh the societal costs
: based on what we know today.

: This assessment is based on a

: presumption that care is taken to

: protect local communities.

: Recommendation 8: Take steps to protect the
: economic health, human health, and ecology of :
: local communities near CDR facilities and related :
: CO, storage operations by :

® monitoring potential concerns;

: ® improving the communities’ environmental

and ecological quality (e.g., drinking water,
reforestation, and wildlife habitats);

: ® maximizing economic co-benefits; and .
® responding to unanticipated issues that arise

including, but not limited to, economic harm
and environmental degradation.

urture West
: Virginia’s :
: disadvantaged :

: communities.

: CDR activities. However, care

: must be taken to ensure that past

: mistakes are not repeated by

: ensuring that local communities are
: involved in decision-making from

: the earliest stages and that they

: benefit economically from CDR

: investments.

Finding 5: Socio-economically
disadvantaged communities in
West Virginia can benefit from

: Recommendation 9: Facilitate access to

: federal, state, and non-profit CDR-related

: assistance programs for historically underserved
: communities to create economic opportunities

: and provide environmental, health, and safety

: protection.

: Recommendation 10: Require that CDR

: companies negotiate a community benefit

: agreement that includes the design and use of
: a community fund and addresses community

: concerns and recommendations from

: stakeholders (i.e., both landowners and non-
: landowners).
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1. INTRODUCTION

Responding to climate change through mitigation and

adaptation is now recognized as being essential to the
global plan to reduce the impact of climate change on

society. These approaches are defined as follows by

the United Nations Intergovernmental Panel on Climate
Change (IPCC):

Mitigation is “a human intervention to reduce the
sources or enhance the sinks of greenhouse gases
(GHGs).”

Adaptation is “the process of adjustment to actual
or expected climate and its effects. In human
systems, adaptation seeks to moderate or avoid
harm or exploit beneficial opportunities. In some

BOX 1.1

natural systems, human intervention may facilitate
adjustment to expected climate and its effects.”

In our previous policymaker guide, The Waters of West
Virginia: A Science and Technology Policy Perspective,
we discussed ways in which West Virginia could adapt
to the impact of climate change, particularly extreme
precipitation events that could lead to flooding. In this
guide, we are focusing exclusively on the removal of
carbon dioxide (CO,) from the atmosphere—that is, on
human interventions that can “enhance the sinks” for
CO,—and on policies to support such interventions in
West Virginia. As noted by the IPCC, such actions will
likely be needed to respond to climate change (see Box
1.1).

THE INTERGOVERNMENTAL PANEL ON CLIMATE CHANGE (IPCC) ON
“THE ROLE OF CARBON DIOXIDE REMOVAL (CDR)”

All analysed pathways limiting warming to 1.5°C
with no or limited overshoot use CDR to some
extent to neutralize emissions from sources for
which no mitigation measures have been identified
and, in most cases, also to achieve net negative
emissions to return global warming to 1.5°C
following a peak (high confidence). The longer the
delay in reducing CO, emissions towards zero,
the larger the likelihood of exceeding 1.5°C, and
the heavier the implied reliance on net negative
emissions after mid-century to return warming to
1.5°C (high confidence). The faster reduction of net
CO, emissions in 1.5°C compared to 2°C pathways
is predominantly achieved by measures that result in
less CO, being produced and emitted, and only to a
smaller degree through additional CDR. Limitations
on the speed, scale and societal acceptability of
CDR deployment also limit the conceivable extent of
temperature overshoot. Limits to our understanding
of how the carbon cycle responds to net negative
emissions increase the uncertainty about the

effectiveness of CDR to decline temperatures after a
peak.

CDR deployed at scale is unproven, and reliance
on such technology is a major risk in the ability
to limit warming to 1.5°C. CDR is needed less in
pathways with particularly strong emphasis on
energy efficiency and low demand. The scale and
type of CDR deployment varies widely across
1.5°C pathways, with different consequences for
achieving sustainable development objectives
(high confidence). Some pathways rely more on
bioenergy with carbon capture and storage (BECCS),
while others rely more on afforestation, which are the
two CDR methods most often included in integrated
pathways. Trade-offs with other sustainability objectives
occur predominantly through increased land, energy,
water and investment demand. Bioenergy use is
substantial in 1.5°C pathways with or without BECCS
due to its multiple roles in decarbonizing energy use.

Source: Intergovernmental Panel On Climate Change (IPCC), The Role Of Carbon Dioxide Removal (CDR)


https://www.energy.gov/articles/secretary-granholm-launches-carbon-negative-earthshots-remove-gigatons-carbon-pollution
https://www.ipcc.ch/report/ar6/wg1/downloads/report/IPCC_AR6_WGI_SPM.pdf
https://www.ipcc.ch/site/assets/uploads/2019/01/SYRAR5-Glossary_en.pdf
https://www.ipcc.ch/site/assets/uploads/2019/01/SYRAR5-Glossary_en.pdf
https://scitechpolicy.wvu.edu/wvwaters
https://scitechpolicy.wvu.edu/wvwaters
https://www.energy.gov/sites/default/files/2021-11/Carbon-Dioxide-Removal-FAQs.pdf
https://www.energy.gov/sites/default/files/2021-11/Carbon-Dioxide-Removal-FAQs.pdf
https://www.ipcc.ch/site/assets/uploads/sites/2/2019/02/SR15_Chapter2_Low_Res.pdf
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Figure 1.1. Carbon Dioxide Removal Possibilities in West Virginia (West Virginia University, 2023; adapted

from Energy Futures Initiative, 2019)

The National Academies of Sciences, Engineering and
Medicine (NASEM) recommends atmospheric carbon
dioxide removal (CDR) options using natural processes
to increase CO, storage in forests, agricultural lands,
and wetlands, as well as storage of CO, captured

from biomass, direct air capture, and enhanced rock
weathering. West Virginia’s natural resources and
skilled workforce provide a unique opportunity to
contribute to CDR while enhancing West Virginia’s
economic prosperity as these new markets emerge.

The purpose of this study is to provide information for
policymakers that will help them understand both the
opportunities and challenges of CDR activities in West
Virginia. The West Virginia University (WVU) faculty
and staff who developed this guide focused their efforts
on answering the following questions:

1. What are potential scientific and technological
opportunities and challenges to the removal and
storage of CO, from the atmosphere in West
Virginia?

2.

How could the effective and efficient removal and
storage of CO, from the atmosphere enhance
economic prosperity and job creation in West
Virginia?

. What are potential new ecological, conservation,
and environmental opportunities and challenges
to the removal and storage of CO, from the
atmosphere in West Virginia?

. What are the associated opportunities, challenges,
risks, and empowerment potential for traditionally
socio-economically disadvantaged communities,
including communities of color and those located in
former coalfields?

. What actions, if any, should national, state,
and local West Virginia policymakers take to
enhance the removal and storage of CO, from the
atmosphere to reduce climate variation, increase
economic opportunities, and create jobs for West
Virginians?


https://www.nap.edu/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
https://www.nap.edu/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
https://www.dropbox.com/s/x0880okedchb18p/EFI%20Clearing%20the%20Air%20Full%20Report.pdf?dl=0
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WHAT IS CARBON DIOXIDE
REMOVAL?

Much of the response to climate change focuses on
mitigation of greenhouse gas emissions, primarily
CO,, from point sources such as power plants,
transportation, and industrial facilities. CDR takes

a different approach by removing legacy CO, from
ambient air and storing it. This does not mean that
mitigation actions are unnecessary. Although the
fastest climate change mitigation pathways focus
predominantly on lessening the production and
emission of CO, (Box 1.1), the IPCC notes that CDR_
can supplement mitigation actions, particularly in cases
where greenhouse gases are especially difficult to
mitigate with today’s technologies, as in aviation, steel
production, and agriculture.

In West Virginia, there are three ways CO, can be
captured from the ambient air: by natural processes,
by technologically enhanced natural processes, and by
technological processes (see Figure 1.1).
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Natural Processes

Natural CDR involves managing ecosystems such as
forests, agriculture, and inland wetlands to encourage
maximum CO, sequestration in each natural system.
Such management strategies take advantage of

the natural carbon cycle in which plants remove
(sequester) CO, from the atmosphere and store it both
above ground (in trees, crops, and wetland vegetation)
and below ground (in soils, roots, and wetland peat
and sediments). This process is described in Figures
1.1 and 1.2. In addition, some of the carbon in trees
harvested from forests may be used to produce
long-lasting wood products (e.g., hardwood flooring,
furniture, residential construction). Stand-management
practices in forests, such as thinning, can also alleviate
competition in overly dense stands, which may help
create forests that are more resilient to changes in
climate and disturbances. An advantage of optimizing
these natural processes and products is that the
“infrastructure” for carbon storage (i.e., the plants, soils,
and wood products supply chain) is already in place,

Figure 1.2. Definitions of Carbon Sequestration and Storage in Natural Ecosystems Such as
Forests, Croplands, and Wetlands (left) and Conceptual Diagram of the Major Carbon Pools in a

Forest (right) (University of Amherst, 2019)


https://papers.ssrn.com/sol3/papers.cfm?abstract_id=2856393
https://www.american.edu/sis/centers/carbon-removal/what-it-is.cfm
https://www.american.edu/sis/centers/carbon-removal/what-it-is.cfm
https://www.tandfonline.com/doi/full/10.1080/09669581003653542?casa_token=tm_E1e-mjgwAAAAA%3A0IKWttHJm603jGAuNPDs4bLRasWKAY6MXgSI0sUBu9aA6EDzRhZcUS6YMSa4ppF_19V-HOvKJarQtA
https://www.sciencedirect.com/science/article/pii/S0959652607000649?casa_token=S9YLsx1pucUAAAAA:SgcFqXJo_OewXF93nqC_z9YIltgsadVgq9TmuOziXEhRKHuO--xnI7vOjeQIny-5AQeetEFnI-Y
https://www.sciencedirect.com/science/article/pii/S0959652607000649?casa_token=S9YLsx1pucUAAAAA:SgcFqXJo_OewXF93nqC_z9YIltgsadVgq9TmuOziXEhRKHuO--xnI7vOjeQIny-5AQeetEFnI-Y
https://link.springer.com/article/10.1007/s11027-017-9743-2
http://koreascience.or.kr/article/JAKO201828458535021.page
https://masswoods.org/sites/masswoods.org/files/Forest-Carbon-web_1.pdf
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while other CDR processes require new infrastructure
for the disposal and long-term storage of sequestered
carbon. Long-term storage of carbon in plants, soils,
and wood products requires ongoing management, and
protection from disturbances (e.g., climatic stressors,
insect pests, fungal pathogens, fire) is required to

Figure 1.4. West Virginia Forestland, by Owner (U.S.

Department of Agriculture, 2016)
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Figure 1.3. Closed Loop
of Forest Carbon in the
Atmosphere: Carbon

Cycle (U.S. Department.

of Agriculture, 2021) Three
pathways of forest carbon
returning to the atmosphere are
depicted: via wood products
(light green arrow), biomass
energy (tan arrow), and the
natural forest carbon cycle
(dark green arrow). This carbon
may then be sequestered back
into the forest as trees grow
(brown arrow). By contrast, the
fossil fuel system only releases
carbon into the atmosphere
(gray arrow) and does not draw
carbon out of the atmosphere.

conserve the additional carbon stored in plants and
soils.

For forests, this approach to CDR involves managing
the forest carbon cycle (Figure 1.3) to optimize how
much carbon is sequestered and stored long-term.
Approximately 78% of West Virginia’s land area (12
million acres) is forested, offering a major natural
resource asset for the state. While the wood
products industry brings more than $3 billion

to West Virginia each year, about half of the
forested land in West Virginia (6.3 million acres)
is owned by small family forest owners (Figure
1.4) who are more interested in preserving

their forest than harvesting timber on their land
but may not have management plans. As a
result, forest management for CDR on private
family forestlands offers an additional revenue
opportunity to the state and to West Virginia land
owners. Some businesses and nonprofits, such
as the West Virginia Nature Conservancy and
the American Forest Foundation, are working to
help West Virginians take advantage of these
economic opportunities by assisting small forest
owners with forest management plans and
subsequent opportunities to participate in carbon
credit programs, as well as advising large forest
owners on sustainable forest product production.
Box 1.2 describes how forest carbon offset
programs work.



https://www.fs.usda.gov/managing-land/sc/carbon
https://www.fs.usda.gov/managing-land/sc/carbon
https://www.fs.usda.gov/nrs/pubs/ru/ru_fs123.pdf
https://www.fs.usda.gov/nrs/pubs/ru/ru_fs123.pdf
https://www.nrcs.usda.gov/sites/default/files/2022-10/West_Virginia_State_Specific_Training_Module_FINAL_04242015.pdf
https://www.fs.fed.us/nrs/pubs/rn/rn_nrs307.pdf
https://www.fs.fed.us/nrs/pubs/rn/rn_nrs307.pdf
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://www.forestfoundation.org/?gclid=Cj0KCQjw5-WRBhCKARIsAAId9Flcm1CmX8PZIga-7-EfKR5TAX6j-EA3eMmr7dEe8fIbALskAEITHnYaAtZBEALw_wcB
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BOX 1.2
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WHAT ARE FOREST CARBON OFFSET PROGRAMS AND HOW DO

THEY WORK?

The management of the entire forest resource

IS important when it comes to diversifying and
strengthening the state’s forest-based industries.
Ecological services that are not always included in
forest-based industries portfolio must be incorporated
in future development if the wood products industry

is to remain vibrant. Many of these services are not
well known by traditional industry executives or private
landowners; however, their importance to the public
cannot be understated.

One of the most visible of these services is the carbon
sequestration capacity of hardwood forests. Carbon
sequestration is the process through which carbon
dioxide (CO,) from the atmosphere is absorbed by
trees through photosynthesis and stored as carbon

in woody biomass (tree roots, trunks, branches, and
foliage). Sequestration of carbon by forest ecosystems
enhances the quality of soil, water, and air. This has
become increasingly important due to the impacts

of global warming on the world’s environment.
Sequestration of carbon by forested ecosystems can
offset the amount of greenhouse gases released into
the atmosphere, thus potentially reducing the global
climate change.

The monetary relevance of sequestration to the forest-
based industry is through carbon offsets or credits.
Market mechanisms have been implemented that give
forest landowners the opportunity to “sell” the CO, that
their trees sequester to those that produce excessive
amounts of CO, who need or want to “offset” their
emissions. There are several forestry project types that
qualify under offset programs. These include forestation
(afforestation and reforestation), forest management,
and avoided deforestation (preservation). Each of these
project types has a number of criteria that must

Source: West Virginia’s 2020 Statewide Forestry Plan, 2020

be met in order to qualify for the program. For instance,
in forest management project, landowners must:

Have a current forest inventory
Use approved forest management practices

Commit to positive sequestration of carbon and
maintaining sustainability certification

Maintain the integrity of inventory over time
through re-inventory and reporting of removals and
additions

Be willing to open land for verification process

All types of forest carbon credit transactions require
certification through a third-party system such as

the Forest Stewardship Council (FSC), Sustainable
Forestry Initiative (SFI), and the American Tree Farm
Program. Carbon credits are traded primarily on two
exchanges: the Chicago Climate Exchange and the
California Climate Registry. Credits are traded over
the counter; this includes unmonitored transactions
between two parties. Currently the market is highly
variable and transactions among the different exchange
types have ranged from $1.80 to $300 per ton CO,
equivalent, with a 2018 article suggesting that an
annual credit price of $12 per acre per year is typical

(Bullinger, 2018).

The use of carbon credits to provide annual returns

to the landowner from their forestland investment
should be explored and promoted within the state

with particular emphasis on gaining access to this
opportunity to landowners who own less than 500
acres to enroll in the program. Landowners might be
more willing to participate in a carbon credit program

if they were given the chance to participate with other
landowners in the area in some type of cooperative
effort that would promote more of an economy of scale
than is typically available for an individual landowner
with less than 500 to 1000 acres of forestland available
for enrollment.

Return to Contents


https://www.outsideonline.com/outdoor-adventure/environment/native-foresters-getting-paid-keep-trees-standing/
https://wvforestry.com/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
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Agricultural management that increases the amount
of carbon stored in the soil is another natural CDR
method with potential in West Virginia. West Virginia
has 3.5 million acres of farmland spanning 22,800
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global study of wetlands found that inland wetlands can
potentially store ten times more carbon per acre than
coastal wetlands. West Virginia is in the process of
updating its wetlands map, which has not been updated

farms, 98% of which are family-owned farms.

Figure 1.5 depicts how CDR by agriculture involves
practices that increase the carbon sequestered by
plants and stored in soil. These practices may take
place on traditional crop production systems for
human consumption, bioenergy crop production, or
pastureland and grazing land systems. Specifically,
agricultural management practices that increase
plant productivity, improve plant resilience, promote
plant diversity and deep-rooted crops, and increase
perennial crop rotations can increase carbon removal
from the atmosphere and carbon transfer to the soil
by plants. Additionally, agricultural practices aimed at
reversing and preventing erosion, limiting disturbances
such as tillage, and growing plants on marginal lands
(e.g., abandoned mine lands in the case of West
Virginia) can promote soil carbon storage.

A third option for natural carbon removal in West
Virginia is restoration of inland wetlands. Figure 1.6
illustrates how wetlands can sequester carbon. A

since the 1980s (Figure 1.7).

Technologically Enhanced Natural Processes

A hybrid approach brings together natural processes
and technology. For example, two technologies
currently in the development phase—advanced crop
cultivars and carbon mineralization—enhance natural
processes of plant growth and rock weathering so more
carbon can be absorbed. While these technologies are
still being developed, actions can be taken to promote
their development and prepare to employ them once
they become available. A third technology, bioenergy
with carbon capture and storage technology (BECCS),
uses specific crops or biological waste (e.g., plant
residues, wood) as fuel to produce energy. In BECCS,
the carbon emissions from combusting the plant matter
are captured and stored (see Section 5 and later
discussions of forest products) before they enter the
atmosphere.
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Figure 1.5. Biological and Terrestrial CDR Pathways (Energy Futures Initiative, 2020)



https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/6011a6f0e5315209523218f2/1611769596475/From+the+Ground+Up.pdf
https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=WEST%20VIRGINIA
https://www.nass.usda.gov/Quick_Stats/Ag_Overview/stateOverview.php?state=WEST%20VIRGINIA
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/County_Profiles/West_Virginia/cp99054.pdf
https://www.cabdirect.org/cabdirect/abstract/20163189113
https://www.sciencedirect.com/science/article/abs/pii/S0308521X96000157
https://www.sciencedirect.com/science/article/abs/pii/S2352550916300197
https://link.springer.com/article/10.1007/s10980-012-9758-8
https://dep.wv.gov/WWE/watershed/wetland/Documents/WV_Wetland_Program_Plan_2021-2025.pdf
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/6011a6f0e5315209523218f2/1611769596475/From+the+Ground+Up.pdf
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/6011a6f0e5315209523218f2/1611769596475/From+the+Ground+Up.pdf
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/6011a6b8633ac2604c92a022/1611769538335/Rock+Solid.pdf.pdf
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Figure 1.6. Wetland Carbon Sequestration (Minnesota Board of Water and Soil Resources, 2021)

Figure 1.7. West Virginia Wetlands (West Virginia Departments of Natural Resources and Environmental Protection,
2021)


https://bwsr.state.mn.us/carbon-sequestration-wetlands
https://dep.wv.gov/WWE/watershed/wetland/Documents/WV_Wetland_Program_Plan_2021-2025.pdf
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Advanced crop cultivars with deeper roots are being
developed through conventional breeding and using
biotechnology techniques to achieve greater soil
carbon sequestration. Plants draw CO, out of the
atmosphere through photosynthesis and use the
carbon to build plant tissues and feed soil microbes.
The carbon sent below ground by plants through
roots and other soil inputs can become stabilized

in the soil and increase the soil carbon sink. Other
possible applications of biotechnology for the purpose
of enhanced carbon sequestration include converting
annual plants to perennial plant systems, modifying
plants to be able to grow on marginal lands, and
modifying trees to increase the resilience and carbon

In a natural process called weathering, minerals
absorb carbon dioxide from the atmosphere.
However, natural weathering happens too
slowly to balance our current carbon dioxide
emissions. With enhanced mineralization, new
techniques are accelerating this natural process.
This is accomplished by taking large amounts of
crushed-up minerals, such as olivine and basalt,
and spreading them onto soil or the ocean
where they absorb carbon dioxide. While many
minerals needed for enhanced mineralization
are naturally occurring, harvesting them can be
energy-intensive and costly.
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sequestration of forests. However, these applications
are unlikely to be developed in the next 5-10 years.
Additional concerns include the ethical, legal, and
social implications of biotechnology used for this
purpose and the use of genetically modified organisms,
which are regulated in some countries.

Carbon mineralization is the natural process of
weathering igneous or metamorphic rock, where CO,
reacts with certain types of rocks to become a solid
material, such as carbonate (Figure 1.8). Recent
research has focused on accelerating the process of
rock weathering and, thus, CDR. Though still being
developed, certain methods such as increasing

Figure 1.8. How Enhanced Mineralization Works (adapted from Chan Zuckerberg Initiative, 2022)

Figure 1.9. Carbon Flows from BECCS (Energy Futures Initiative, 2022)


https://energyfuturesinitiative.medium.com/how-storing-carbon-from-bioenergy-can-move-us-towards-a-net-zero-future-23a6874414b2
https://static1.squarespace.com/static/58ec123cb3db2bd94e057628/t/6011a6f0e5315209523218f2/1611769596475/From+the+Ground+Up.pdf
https://www.usgs.gov/news/featured-story/making-minerals-how-growing-rocks-can-help-reduce-carbon-emissions#:~:text=Carbon%20mineralization%20is%20the%20process,escape%20back%20to%20the%20atmosphere
https://nap.nationalacademies.org/read/25259/chapter/8#250
https://nap.nationalacademies.org/read/25259/chapter/8#250
https://chanzuckerberg.com/blog/interactive-carbon-dioxide-removal/?&utm_source=email&utm_medium=partnership&utm_campaign=sej
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Figure 1.10. Direct Air Capture of Carbon Dioxide (Global CCS Institute, 2018)

the concentration of CO, that is exposed to rocks,
increasing the surface area of rocks that react with CO,
(by crushing the rocks), and controlling some of the
environmental conditions (pH and temperature) have
been shown to increase the rate of CDR by carbon
mineralization. This process can occur either in-situ
(without removing the rocks from their original location)
or ex-situ (relocating rocks to a new location).

A third technologically enhanced approach to CDR is
bioenergy with carbon capture and storage (BECCS),
where specific crops grown exclusively for bioenergy
(e.g., corn, miscanthus, switchgrass, poplar) or
biological waste products (e.g., crop residue, wood,
manure) are combusted to generate electricity
(Figure 1.9). The CO, generated as a result is then
captured and stored underground. With appropriate
soil amendments, some bioenergy crops, such as
switchgrass and poplar, can be grown on abandoned
mine lands. Deep-rooted perennials like switchgrass
can sequester a lot of carbon belowground, building
up the soil on marginal lands while producing biofuel.
Switchgrass grown on reclaimed mine land in West
Virginia produces 3-6 tons per acre annually, which
can be used in electricity production or livestock
feed. Additionally, West Virginia’s economic activity in
agriculture and forestry results in biological waste that
can be used in BECCS, such as wood pulp from the
wood products industry. BECCS can replace some of
the declining demand for wood byproducts from other
industries (such as the paper industry).

Technological Processes

Technological processes involve in situ carbon
mineralization and direct air capture (DAC). As shown
in Figure 1.10, DAC captures the CO, from ambient air
that enters an air contactor, which is then either stored
underground, utilized to create products (e.g., cement,
chemicals), or used for enhanced oil recovery.

The primary challenge regarding DAC from a CO,
removal perspective is that the energy used to power
the air contactor (Figure 1.11) and the ultimate use of
the CO, need to be such that overall carbon dioxide
emissions are reduced. The power, therefore, needs
to come from non-carbon polluting sources such as

Figure 1.11. Direct Air Capture Contactor
(National Energy Technology Laboratory, 2022)


https://netl.doe.gov/node/11208
https://extension.wvu.edu/files/d/29cb9f26-0be4-49f4-b642-c4953c6066eb/switchgrass-sk-wvu-dep-brochure-0715-1.pdf
http://bdss.tennessee.edu/Home/GetFact?cropType=Poplar
https://extension.wvu.edu/files/d/29cb9f26-0be4-49f4-b642-c4953c6066eb/switchgrass-sk-wvu-dep-brochure-0715-1.pdf
https://extension.wvu.edu/files/d/455da7ba-8bd1-4e22-bfe7-8d5a9fa887dd/minesoil-reclamation-with-switchgrass-for-biofuel-production.pdf
https://www.stateforesters.org/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
https://pubs.acs.org/doi/abs/10.1021/ie2000192?casa_token=pppd6HbDUV4AAAAA%3Ayy9VE1dACqGniYRozE5GTOuTGUp3KTLUqqe2DSMqoPHixuPauJA2hjDLRhzbNXad2Q02zAWidITZ4iQ-&
https://www.nature.com/articles/s41467-020-17203-7
https://www.globalccsinstitute.com/wp-content/uploads/2020/06/JF_ICEF_DAC_Roadmap-20181207-1.pdf
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BOX 1.3

Introduction | 33

CARBON OFFSETTING VS. INSETTING

The following information, from the World Economic Forum, explains the difference between carbon offsetting and

carbon insetting:

CARBON OFFSETTING

Private sector companies are increasingly relying on
voluntary offsetting by means of carbon credits to get
to carbon-neutral status. For example — company A
could offset its unavoidable emissions by purchasing
carbon credits from company B that is in the business
of, or uses, renewable energy. Company B in
exchange would set up a new solar plant or a new wind
farm. In this case, B benefits from clean energy and A
from its reduced carbon footprint.

Alternatively, company A could pay company C for
carrying out reforestation initiatives. In this case,
company A has once again offset its emissions in the
environment, and in exchange, company C has helped
protect biodiversity and create jobs for the indigenous
communities that will look after the forests.

However, despite the simple nature of this exchange,
some crucial factors such as double-counting

and additionality have the potential to reverse the
impact of carbon markets from positive to negative.
Example: company A pays company B for the offset
project (renewable power) and both entities count the
emissions reduced in their respective books — this

is known as double counting. Similarly, company A
pays company C for reforestation initiatives that were
slated to happen anyway — this would be considered
additionality.

There is, therefore, an urgent need for companies and
countries alike to identify high integrity projects that
adhere to robust climate methodologies.”

CARBON INSETTING: “DOING MORE
GOOD RATHER THAN DOING LESS
BAD”

While the world grapples with the impending
challenge of getting to net-zero by 2050, companies
and countries will inevitably incorporate the use of
carbon offsets. The battle with soaring temperatures
will, however, not be won until organizations start
decarbonising their own value chains to include more
nature-positive solutions and operations. Put in simple
words, carbon ‘insetting’ focuses on doing more good
rather than doing less bad within one’s value chain.

As explained by the International Platform for Insetting,
with the aim of slashing GHG emissions from one’s

own supply chain, insetting is the implementation

of nature-based solutions such as reforestation,
agroforestry, renewable energy and regenerative
agriculture. Some insetting activities also improve the
livelihoods of indigenous communities as a result.

Source: Explainer: Carbon Insetting vs. Offsetting, \World Economic Forum, May 18, 2022
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renewable energy. The amount of wind or solar energy
needed to power DAC is quite high, and therefore
sufficient surface area is needed near the DAC facility,
which limits location options. Geothermal energy is
another potential power source, but there are limited
areas where it is available. Natural gas is yet another
possibility, but as a fossil fuel, it generates CO,; the
question in this case is whether more CO, is captured
than emitted from its use.

Another challenge with DAC is determining how the
captured CO, is to be managed. If the CO, is stored
underground, the DAC facility will need to be located
near feasible areas for storage where it will not escape
and where the storage will not run out. If the CO, is
turned into a product, like cement, then there needs
to be a way to fully utilize it. If it is used for chemical
production, it needs to be located near a production
facility, or a new facility needs to be built near the
DAC location to avoid the public opposition and
environmental and safety concerns related to building
pipelines to transport CO..

Several DAC facilities are beginning to emerge globally,
and we will learn more about their operation over

the next few years. The National Energy Technology
Laboratory (NETL), located in West Virginia, held a_
meeting in February 2021 to kick off its DAC research
and development activities.

WHAT ECONOMIC OPPORTUNITIES
AND CHALLENGES SHOULD BE
CONSIDERED WHEN ASSESSING CDR
ACTIVITIES?

Today, economic opportunities for CDR activities fall
into three categories:

® Economic incentives from federal
organizations. Federal policies provide economic
incentives for CDR-related actions. For example,
the U.S. Department of Agriculture (USDA) has
incentive programs to encourage farmers to leave
crop residue undisturbed (called “no till”) between
plantings, which reduces CO, emissions. In
addition, tax code section 45Q provides tax credits
for some (but not all) CO, removal activities.

® Economic incentives from other organizations.
Some companies, universities, and other
organizations may provide economic incentives
for CDR activities, including carbon “offsets” and
“‘insets” (Box 1.3).
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» Carbon offsets allow corporations or individuals
to account for some of their direct emissions by
purchasing carbon credits from others who are
sequestering carbon. They do not result in net
emissions reductions but simply “offset” some of
their emissions.

» Insets are absolute emissions reductions that
do not allow emissions to increase elsewhere.
Insets must be achieved within a corporation’s
supply chain (i.e., they cannot come from
another sector) rather than be attributable to
their direct GHG emissions. Typical nature-
based insetting interventions include natural
systems agriculture and climate adaptation,
regenerative agriculture practices, and
protecting and restoring forests and wetlands.

® Infrastructure investments, including those
for green infrastructure. In CDR, this can
include man-made engineered infrastructure like
a DAC facility or a bioenergy plant, as well as
green infrastructure that promotes reforestation
and wetlands restoration. In this case, the
federal government, companies, or both invest in
demonstration facilities as an initial step and ideally
make long-term investments in full-scale facilities.
In both cases, new business and family-supporting
employment opportunities may result.

All of these possibilities could provide revenue options
for blue-collar, white-collar, and entrepreneurial
West Virginians who participate in CDR activities.
This potential may be important in a state that faces
economic challenges. One estimate for DAC, for
example, identifies 3,500 well-paying jobs per DAC
facility, including jobs in construction, engineering,
equipment manufacturing, cement, steel, chemical,
and natural gas throughout the supply chain, as well
as long-term operation and maintenance jobs in the
communities where facilities are located.

WHAT EQUITY ISSUES SHOULD BE
CONSIDERED WHEN ASSESSING CDR
ACTIVITIES?

When analyzing potential policies, one criterion is
equity. Box 1.4 offers definitions of “equity” as well as
“‘underserved communities” from President Biden’s
Executive Order 13985. Note that the term “equity”
includes not only persons of color (less than 10% of
West Virginians) but also “persons who live in rural
areas” (most West Virginians; definitions differ) and



https://pubs.rsc.org/en/content/articlehtml/2019/ee/c9ee02709b?casa_token=YNoquldqZqQAAAAA:8tPWXZoz9z7wdqUHb9vPplYOrHbOERONQ0JCoHGErkGf9d_CuZrhQACyjnaZIbfNm1WmORHvjnON5-U
https://pubs.acs.org/doi/abs/10.1021/acs.est.0c00476?casa_token=cNaXOjTqmOoAAAAA:AumXfmm4h9pQsciDYa0T9J_9wIPSEciIESO7WG9VaRBAtyx8o2XdzydXWaftCHybe54qYsPfco11Kgfh
https://pubs.rsc.org/en/content/articlehtml/2019/ee/c9ee02709b?casa_token=nAjAbpothWgAAAAA:MvedcICOVHBoWiuK3ivoUfOT8l6pBcnKNNM5rjPU4jcC_en_0XLOqHymjULOXe7WQ1W9m7MamfhAKyc
https://link.springer.com/article/10.1007/s10584-013-0714-7
https://link.springer.com/article/10.1007/s10584-013-0714-7
https://www.nature.com/articles/526628a
https://carbon180.org/dac-mapp
https://netl.doe.gov/21DAC-proceedings
https://netl.doe.gov/21DAC-proceedings
https://www.nrcs.usda.gov/sites/default/files/2022-10/Is%20CSP%20right%20for%20me.pdf
https://crsreports.congress.gov/product/pdf/IF/IF11639#:~:text=In%20tax%20year%202020%2C%20Section,in%20other%20qualified%20industrial%20processes.
https://www.insettingplatform.com/insetting-explained/
https://www.insettingplatform.com/insetting-explained/
https://www.sciencedirect.com/science/article/pii/S0301421509007459?casa_token=iNg4oPYjHp8AAAAA:YTkkOglznODAYot9lYiGl2iJPpJloqZgXECNFuWBBMmmK1nkOjicgW7Dvg3C_OElfh5Zuvmxn7M
https://www.dcnr.pa.gov/GoodNatured/Pages/Article.aspx?post=183
https://rhg.com/research/capturing-new-jobs-and-new-business/
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-advancing-racial-equity-and-support-for-underserved-communities-through-the-federal-government/

Figure 1.12. West Virginia
Population Profile (adapted from
the U.S. Census Bureau)

BOX 1.4

FEDERAL GOVERNMENT DEFINITIONS OF EQUITY AND
UNDERSERVED COMMUNITIES

The term “equity” means the consistent and systematic The term “underserved communities” refers to

fair, just, and impartial treatment of all individuals, populations sharing a particular characteristic, as
including individuals who belong to underserved well as geographic communities, that have been
communities that have been denied such treatment, systematically denied a full opportunity to participate
such as Black, Latino, and Indigenous and Native in aspects of economic, social, and civic life, as
American persons, Asian Americans and Pacific exemplified by the list in the preceding definition of
Islanders and other persons of color; members of “‘equity.”

religious minorities; lesbian, gay, bisexual, transgender,

and queer (LGBTQ+) persons; persons with disabilities;

persons who live in rural areas; and persons otherwise

adversely affected by persistent poverty or inequality.

Source: White House, 2021



https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/20/executive-order-advancing-racial-equity-and-support-for-underserved-communities-through-the-federal-government/
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“persons otherwise adversely affected by persistent
poverty” (about 17% of West Virginians). (See Figure
1.12 for more specific information.) Understanding
equity issues provides a means of designing a policy
so that it is fair and does not overly burden a given
stakeholder group. West Virginia’s unique population,
therefore, needs to be taken into consideration when
developing CDR policies, particularly given its coal
heritage.

Does West Virginia Need the Potential
Revenue from CDR Investments?

In some ways, the West Virginia economy is doing
well. As of September 2022, the unemployment rate
is 4.0 percent (31,500 state residents); the national
unemployment rate is 3.5 percent. Note, however,
that unemployment rates do not include those who
are underemployed or who have decided to no longer
pursue work. This may be a factor in West Virginia’s
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16.8% poverty rate as of 2021, which is one of the
highest rates in the nation.

West Virginia’s population is unique in a number of
ways, as reflected in Figure 1.12. Its population is
older than the national average, with only 21% of

its population having a bachelor’s degree or higher
(11% lower than the national average). Household
incomes are more than $15,000 below the national
average, and the labor participation rate is almost 10%
below the national average. As illustrated in Figure
1.13, most of West Virginia is considered to be a
disadvantaged community by the White House Council
on Environmental Quality (CEQ).

Although many might think that most jobs in West
Virginia are in goods production (e.g., manufacturing,
natural resources, and mining), the reality is that most
private-sector jobs in West Virginia are in the service
sector (Figure 1.14).

Figure 1.13. Geographic Location of West Virginia Disadvantaged Communities (West Virginia

University, 2023; based on data from White House Council on Environmental Qualit

CEQ) Climate and Economic Justice

Screening Tool. version 1.0, 2022) The CEQ states that “Communities identified as disadvantaged by the tool are those that
are marginalized, underserved, and overburdened by pollution. These communities are at or above the combined thresholds
in one or more of eight categories of criteria.” Note that this tool does not include race in its definition. Geographic boundaries

within West Virginia represent census tracts.


http://lmi.workforcewv.org/DataRelease/StateDataRelease.pdf
https://www.census.gov/quickfacts/WV
https://data.ers.usda.gov/reports.aspx?ID=17826
https://data.ers.usda.gov/reports.aspx?ID=17826
https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
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Figure 1.14. Private West Virginia Employment, by Sector, 2021 (Fourth Quarter) (West Virginia University,

2023; data source: WorkForce WV)

Yet, there are challenges as well:

® West Virginia has the second-lowest labor
participation rate in the nation (around 46%).
Unlike the official unemployment rate, this rate
accounts for those who are not in or who have
left the labor force. It is also important to note that
unemployment rates do not include those who are
underemployed.

® Unemployment rates throughout the state are
unevenly distributed (Figure 1.15), with rates
typically higher in former coal communities and
southern counties.

® The “outmigration rate”—that is, the number of
working-age West Virginians leaving for other
states—has been the highest in the nation over
the past decade. In fact, this rate was sufficiently
high in the 2020 census that West Virginia lost a
congressional seat.

Box 1.5 provides an overview of the challenges West
Virginia faces for its future economic growth. Should
West Virginia’s population or economic development
increase (through investments in DAC, for example),
however, then the related development could impact
the amount of natural carbon removal options available
that utilize forests, agriculture, and wetlands.

Policy Activities Focused on Disadvantaged
Communities

In response to the challenges faced by disadvantaged
communities, particularly coal communities and
communities of color nationwide, President Biden
signed Executive Order 14008 in January 2021,
establishing an Interagency Working Group on

Coal and Power Plant Communities and Economic
Revitalization, chaired by National Energy Technology
Laboratory Director and former WVU faculty member
Dr. Brian Anderson. Disadvantaged communities are
located throughout West Virginia (see Figure 1.13).

Coal communities may or may not be disadvantaged
communities. The working group established by
Executive Order 14008 has identified coal communities
that are particularly challenged, and the administration
has developed a number of programs to help those
communities. Overall, five of the top 25 regions of the
U.S. with high concentrations of direct coal sector jobs
are in West Virginia. Almost all West Virginia counties
have ties to coal, but the counties with the highest
concentrations of coal sector jobs are in southern West
Virginia, as shown in Table 1.1.



https://www.herald-dispatch.com/business/west-virginias-labor-participation-rate-is-a-nagging-problem-despite-historic-low-unemployment-rate/article_9dec4d11-3772-5918-8e8b-00a7919fdce6.html
https://www.herald-dispatch.com/business/west-virginias-labor-participation-rate-is-a-nagging-problem-despite-historic-low-unemployment-rate/article_9dec4d11-3772-5918-8e8b-00a7919fdce6.html
https://data.bls.gov/lausmap/showMap.jsp;jsessionid=4B1342A6E961540005BE0AC6D94BF2A5._t3_06v
https://abcnews4.com/news/nation-world/leaving-home-west-virginia-population-drop-is-largest-in-us-05-22-2021
https://www.whitehouse.gov/briefing-room/presidential-actions/2021/01/27/executive-order-on-tackling-the-climate-crisis-at-home-and-abroad/
https://netl.doe.gov/sites/default/files/2021-04/Initial%20Report%20on%20Energy%20Communities_Apr2021.pdf
http://lmi.workforcewv.org/Employment_N_Wages/EnW.html
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Figure 1.15.
Unemployment Rates,
by County, West Virginia,
November 2021 (U.S.
Bureau of Labor Statistics, 2022)

Table 1.1. West Virginia Counties with High Concentrations of Direct Coal Sector Jobs (Interagency
Working Group on Coal and Power Plant Communities and Economic Revitalization, 2021)

i1 : Southern West Virginia non- : Greenbrier Nicholas Monroe
: : metropolitan area :
: : Logan Pocahontas Webster
: McDowell Mingo Wyoming
: : Mercer Summers
i3 : Wheeling, West Virginia-Ohio : Belmont Marshall Ohio
11 : Northern West Virginia non- : Barbour Jackson Ritchie
: : metropolitan area :
: : Braxton Lewis Roane
Calhoun Marion Taylor
Doddridge Mason Tucker
Gilmer Morgan Tyler
Grant Pendleton Upshur
Hardy Pleasants Wetzel
: : ! Harrison Randolph
123 : Beckley, West Virginia : Fayette Raleigh
124 : Charleston, West Virginia : Boone Clay Kanawha
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BOX 1.5
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CHALLENGES TO WEST VIRGINIA’S ECONOMIC GROWTH

The Mountain State’s underlying demographics remain

a major limiting factor to growth moving forward.
Consider the following:

® West Virginia’s population has declined by nearly
65,000 since 2012. We project a slower rate of
population losses over the next couple of years
that will pick back up over the longer term as the
state’s economy lags broader regional averages.

® A positive shock to encourage in-migration
is essential to lessen the severity of natural
population? decline.

® The state has one of the nation’s oldest
populations and will see its age distribution
continue to skew toward older age groups in
coming years.

® Economic development strategies should focus
on ways to improve health outcomes, lower drug
abuse, and advance educational and vocational
training opportunities in the state to make West
Virginia’s workforce more attractive to potential
businesses.

Economic performance is expected to remain
extremely variable across West Virginia’s counties.
Consider the following:

® Nearly a dozen counties are expected to either
lose jobs or record growth that is less than one-half
that of the statewide average. The highest rates
of job growth tend to be in the northern half of the
state.

® While the state overall is expected to lose
population in coming years, around a dozen
counties are expected to add residents during the
outlook period. Population gains will be heavily
concentrated in North-Central West Virginia and
the Eastern Panhandle.

® Policymakers should be keenly aware of significant
economic differences across West Virginia and
ensure that economic development strategies
consider each region’s specific strengths and
WEELQEREEES

aNatural population decline refers to the fact that deaths outnumber
births in our state (and this has been the case for several years now).
There are two components of population change: natural change
(births minus deaths) and net migration. The point being made here
is that we have natural population decline and there is really nothing
we can do about that in the short run. So we need a positive shock to
encourage in-migration and reduce out-migration so that we can turn
our population numbers in the positive direction.

Source: West Virginia Economic Outlook 2021-2025, West Virginia University, Bureau of Business and Economic

Research
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Although communities of
color do not represent a
large percentage of the
West Virginia population
compared to the national
average (Figure 1.16),
those communities have
been uniquely vulnerable
to environmental

challenges in the past.

To the extent possible, it
is important to locate and
develop CDR activities
so they can economically
benefit disadvantaged
communities. In
considering CDR options,
this analysis will look at
opportunities that support
this goal.

For example, DAC
activities can be located
anywhere there is
sufficient land and where
carbon storage options
are available. Ideally,
however, they would be
located in southern West Virginia to help revitalize

the workforce in these communities by supporting
existing workers as well as bringing new workers to
the region. As discussed in greater detail below, such
actions should be considered in partnership with
these communities. If a community agrees to move
forward, they should do so through community-benefit
agreements.

Tool, version 1.0, 2022)

Still, DAC poses a geographical challenge, as the
captured CO, needs to be stored or converted into
products. For instance, the location of West Virginia’s
chemical industry in the northern part of the state poses
an economic challenge if the captured CO,is in the
southern part of the state and needs to be transported.

General Equity Guidelines and Principles for
CDR Activities

On February 15, 2022, the White House Council on
Environmental Quality (CEQ) issued Carbon Capture,
Utilization, and Sequestration (CCUS) guidelines,
which address “technologies that remove carbon
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Figure 1.16. Geographic Location of West Virginia Communities of
Color (West Virginia University, 2023; based on data from the based on data from White
House Council on Environmental

uality (CEQ) Climate and Economic Justice Screenin

pollution from the ambient air or from point sources like
smokestacks, and permanently store the carbon.” The

guidelines state that actions taken by federal agencies

should include

® evaluating the impacts of proposed CCUS actions
on potential host communities early in the planning
process

® providing information about the effects, costs, and
benefits of CCUS in advance of Tribal consultation
and stakeholder engagement

® consulting Tribal Nations on potential CCUS
projects in a manner that strengthens Nation-to-
Nation relationships

® avoiding the imposition of additional burdens on
overburdened and underserved communities,
including by evaluating direct, indirect,
and cumulative effects and identifying and
implementing appropriate mitigation and avoidance
measures

® providing transparency and accountability to
communities with respect to applicable mitigation
measures designed to reduce environmental
effects


https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=7727&context=etd
https://researchrepository.wvu.edu/cgi/viewcontent.cgi?article=7727&context=etd
https://www.whitehouse.gov/ceq/news-updates/2022/02/15/ceq-issues-new-guidance-to-responsibly-develop-carbon-capture-utilization-and-sequestration/
https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
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Additional proposed key principles are that

® stakeholders, specifically frontline community
members, participate in the decision-making
process, not just policymakers and experts

® benefits be allocated fairly, with benefits being
automatic for some community members and
earned for others

® harms minimally impact community members
previously disadvantaged, and preferably not at all

® transformations help the most disadvantaged
in ways identified by the frontline community
members

Equity Challenges and Principles Specific to
West Virginia

In the case of West Virginia, key equity challenges
include

® the social and economic disadvantage of certain
demographic groups, including those residing in
rural and coal communities as well as people of
color

® wealth generated in West Virginia from natural
resources historically leaving the state because
companies and land utilizing those resources are
disproportionately owned by non-West Virginians or
those who have already benefited from the land via
inheritance or through wealth

® owners of surface rights (e.g., homeowners)
being, in most circumstances, unable to benefit
from economic activities below the land they own
because they do not own the subsurface rights

When these concepts are applied to CDR in West
Virginia, the following equity principles arise:

® Economic opportunities related to CDR should
benefit the entire community—ensuring
employment and wealth-generating opportunities
for all community members, not just those who own
land.

® The communities themselves, not just
policymakers, should determine whether CDR
activities will occur in or near their hometown based
on their assessment of economic opportunities and
potential harm.

» In particular, these conversations should
incorporate the concerns of marginalized
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people who are typically not included in these
conversations, providing them with opportunities
to participate directly in the discussions.

» Furthermore, engagement of local civic and
community-based organizations is critical to
engaging enough voices and perspectives that
there are broader, more genuine conversations
than are likely to occur if only local government
entities are involved.

® Should the CDR activity take place, the community
members should also help determine how the
related economic benefits will be distributed and
the best way to monitor activities to ensure that
any harm that occurs is minimal. One mechanism
for taking these actions is Community Benefit

Agreements (Box 1.6).

® In determining the geographic location of CDR
activities, policymakers and funding organizations
should take into consideration the need for
economic development in West Virginia's most
disadvantaged communities while at the same
time ensuring that any harm that comes to these
communities is minimal.

WHAT ECOLOGICAL, CONSERVATION,
AND ENVIRONMENTAL
OPPORTUNITIES AND CHALLENGES
SHOULD BE CONSIDERED WHEN
ASSESSING CDR ACTIVITIES?

Although CDR activities can be beneficial to the
environment, they can pose challenges as well. We
have found, for example, that reforestation efforts need
to be conducted very carefully so they do not impact
the overall ecology of the region, and West Virginia’s
Department of Natural Resources has a useful tool to
help identify native plants, which can in turn support
local species. Even more important than planting new
forests is protecting existing forests, particularly those
on public lands, and increasing their survival rate.

In this policymaker guide, we focus on three ecosystem
aspects in our assessment of CDR activities in West
Virginia:

® Ecological: living organisms and their surroundings

® Conservation: planned management of a natural
resource to prevent exploitation, destruction, or
neglect

® Environment: air, water, and waste pollution


https://www.c2g2.net/the-opportunity-to-root-carbon-removal-in-equity-and-justice/
https://aoa.vermont.gov/sites/aoa/files/Boards/VCC/Frontline%20%20Impacted%20Communities%205.4.21.pdf
https://aoa.vermont.gov/sites/aoa/files/Boards/VCC/Frontline%20%20Impacted%20Communities%205.4.21.pdf
https://www.arc.gov/rural-appalachia/
https://www.energy.gov/diversity/community-benefit-agreement-cba-toolkit
https://www.energy.gov/diversity/community-benefit-agreement-cba-toolkit
https://wvdnr.gov/restoration-planting-community-prediction-tool/
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BOX 1.6
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WHAT IS A COMMUNITY BENEFIT AGREEMENT?

A Community Benefit Agreement (CBA) is “an agreement signed by community benefit groups and a developer,
identifying the community benefits a developer agrees to deliver, in return for community support of the project.
Community benefit groups are coalitions comprised of neighborhood associations, faith-based organizations,
unions, environmental groups and other stakeholders. They represent the interests of residents who will be
impacted by proposed developments. CBAs can ensure that measurable, local benefits will be given to a
community. They are enforceable, legally-binding contracts for all parties that stipulate community benefits and

are the direct result of substantial community input.”

The Department of Energy offers the following strategies:

Developers

® Identify stakeholders and build public trust.
Stakeholders should represent a diverse group of
community-based organizations and individuals.

® Engage community representatives, as well as
coalitions, and communicate project benefits with
open dialogue/transparency.

® Ensure stakeholder representatives are part of
the project development team early in the process
and align project goals and schedules with their
understanding.

® |nitiate project briefings with key state and local
government officials.

® Train company project representatives about
community outreach and CBAs.

® Educate stakeholders about the technical aspects
of the development.

Communities

® Research development proposals in your region
and identify any that have the potential to bring
important benefits or significant impacts to the
neighborhood(s) where they will be located.

Organize a broad-based coalition of community
interests and recruit stakeholder organizations.

In order to maximize turnout, hold public meetings
with assistance from identified leaders. Utilize
multiple communication mechanisms to reach
affected populations.

Actively engage the developer(s) with sustainable
community objectives, via open dialogue and
transparency.

State and Local Governments

Inform community coalitions of proposed
developments.

Encourage developers to enter good-faith
negotiations with responsible coalitions.

Inform developers of the benefits they can achieve
through CBAs.

Respect the negotiating process and honor
community coalition agreements.

Fold CBAs into public-private partnership (PPP)
agreements—when and where appropriate—for
added enforcement.

Source: Guide to Advancing Opportunities for Community Benefits through Energy Project Development, Department

of Energy, 2017
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Table 1.2. Potential Environmental Challenges in Implementing CDR

CDR Option

Potential Environmental Challenges

: Forestry

: Lack of consideration for local conditions in reforestation management practices can result in :
poor outcomes and decreased biodiversity, especially on previously mined lands. :

! Afforestation may require fertilizers that could make their way into local water systems.

Managing forests primarily for carbon removal can compete with other conservation efforts,
: resulting in fewer old growth forests or reduced habitat for native plants and wildlife.

Agriculture

: Additions of fertilizer materials, including manure, can contaminate local water systems.

: Conversion of land to agriculture typically reduces local biodiversity and wildlife habitat.
: negatively impacts stream quality. and can lead to increased invasive species.

Wetlands

¢ If not properly restored or created, wetland restoration failures can lead to more erosion :
: invasive species colonization, over-abundance of predators, and other ecological challenges. :

Depending on its hydrology (movement of water), a restored wetland could release methane
: (CHi), which is a potent greenhouse gas. :

Bioenergy with Carbon

: Without sustainable water management practices, there is a potential for limiting freshwater

: Storage : and decreased groundwater availability.
: Monoculture of crops results in reduced biodiversity and resilience.
: Direct Air Capture : Construction of storage sites may result in net gains to CO,, and can negatively impact local

: air and water quality.

Carbon Storage

: Underground storage may result in changes to groundwater chemistry, potentially impacting
: drinking water systems drawn from local wells.

: Potential leakage from geologic reservoirs poses concerns for local communities.

POLICYMAKER GUIDE ORGANIZATION

In the following sections, we will analyze each of the
CDR options that are possible in West Virginia in
response to the committee’s charge. In Section 2,

we discuss natural carbon sequestration including
forests, agriculture, and inland wetlands. In Section
3, we discuss technologically enhanced natural
methods focusing on bioenergy with carbon capture
and sequestration (BECCS). In Section 4, we discuss
technological options with a focus on direct air
capture (DAC). In Section 5, we analyze the carbon
sequestration, storage, and utilization needed for
BECCS and DAC activities in West Virginia. Finally, in
Section 6, we bring together our findings and develop
policy options and recommendations.


https://academic.oup.com/bioscience/article/65/10/1011/245863
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https://www.sciencedirect.com/science/article/pii/S0378112710000058?casa_token=49K7Fb1u4BwAAAAA:6TvrQr9uGjQLn8y_YlOI0cIAlNVc0jRnv2xcvg5N_rBTXwpX1cGp3wH6ZM5vkNb3Y27QrUAIxGs#bib14
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https://www.nawm.org/pdf_lib/20_restoration_6_26_06.pdf
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https://www.frontiersin.org/articles/10.3389/fenvs.2020.593942/full#B6
https://www.nature.com/articles/s41467-021-21640-3
http://dx.doi.org/10.1080/14735903.2011.610206
https://www.nature.com/articles/s41467-020-20437-0#Sec9
https://www.sciencedirect.com/science/article/pii/S0959652619307772
https://www.epa.gov/report-environment/land-use
https://www.epa.gov/report-environment/land-use
https://eesa.lbl.gov/projects/potential-impacts-of-co2-leakage-on-groundwater-quality/
https://reader.elsevier.com/reader/sd/pii/S1040619021000932?token=ADF11A0CB416251BEEEA64490D7526FA61A1989BCAFF613CA539A461FEB1D88BFFFCF38979B386E08DA0E9C48E5E8F0B&originRegion=us-east-1&originCreation=20211115221439
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2. NATURAL CDR PROCESSES: FORESTS,
AGRICULTURAL LANDS, WETLANDS

Natural processes have the potential to capture CO,
in West Virginia, particularly through forest and land
management practices. These opportunities have

the advantage that they can be enacted immediately
because the “infrastructure” required up front (forests,
agricultural lands, and wetlands) is already in place.
Much of the land in West Virginia, including forests,
pastures, grassland, and cropland, is in suboptimal
condition and is not at full productivity. In addition,
wetlands are in decline due to development activities.
To maximize natural CDR at the state level, the
protection of existing forests, wetlands, grasslands,
and pastures is as (if not more) important as the
management and cultural practices that expand the
carbon capture potential of these areas.

The permanence of any increased carbon pool in
forests, agricultural lands, or wetlands resulting from
improved management depends on many factors,
however. Examples include the need for long-term
management practices (100+ years) and recognition
that the occurrence of natural disasters may lead to
the reversal of carbon sequestration. Therefore, the

effectiveness of natural CDR practices for mitigating
climate change is still under debate (here are some of
the pros and cons) and depends on the specific long-
term practices used to manage the lands in question.
Nonetheless, management practices intended to
increase carbon sequestration have many other
co-benefits, such as enhanced resilience to extreme
events.

The current analysis excludes timberland owned by
corporations. Along with timbering, these companies
already participate in some carbon sequestration
activities as part of their business model. We believe
that they are in the best position to make decisions
regarding the use of their land. (This section does,
however, discuss the topic of timber utilization.)

Instead, this analysis focuses on family forestlands
and public lands owned by the federal and state
governments. As shown in Figure 2.1, forest
management from these two sectors has the greatest
potential for carbon sequestration (1.05-5.87 MMT
CO,elyear), followed by agricultural management (0-

Figure 2.1. West Virginia’s Natural Carbon Sequestration Potential (West Virginia University, 2023)


https://crsreports.congress.gov/product/pdf/R/R46956
https://www.nature.org/en-us/what-we-do/our-insights/perspectives/carbon-offsetting-moral-imperative/
https://www.caryinstitute.org/news-insights/feature/rethinking-forest-carbon-offsets
https://www.nature.org/en-us/newsroom/carbon-market-review-findings/
https://www.nature.org/en-us/newsroom/carbon-market-review-findings/
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Table 2.1. Annual Economic Impact of Natural Carbon Sequestration Efforts in West Virginia

(West Virginia University, 2023)

Direct Impact

Indirect & Induced Total Economic

: : Impact Impact
: Output (§, millions) £12.2-54.6 16.0-26.7 :18.2-81.3
Employment (jobs) : 126 - 561 74 -331 : 200 - 892

Labor Income ($, millions) :7.8-34.8 12.7-120 :10.5-46.9
Total Taxes ($, millions) :07-3.2 :0.3-1.1 :1.0-43

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

2.6), abandoned mine land restoration (0.03-0.28), and
wetland restoration (0.03- 0.06). Detailed information
on how these estimates were developed can be found
in Appendix D.

Table 2.1 provides an overview of the potential
economic impact if West Virginia policymakers were
to encourage these efforts. The annual total economic
impact is estimated to be $18.2-81.3 million in
economic output and 200-892 jobs per year. Detailed

information on this analysis can be found in Appendix J.

FOREST MANAGEMENT PRACTICES

West Virginia has the second highest above-ground
live forest per acre in the lower 48 of the United States.
Improved forest management (Figure 2.2) can increase
the amount of CO, that is stored in these forests. A
large majority of West Virginia timberland is harvested
using diameter-limited cutting to maximize economic
gains but not carbon sequestration. This method may
increase revenue in the first harvest, but over time

can lead to a loss of carbon stored, lower-value timber
stocking, and altered wildlife habitat. Thus, improved
forest management can allow landowners to both earn

Figure 2.2. Improved Forest Management (IFM) (Griscom and Cortez, 2013) IFM includes better harvesting in
areas where logging occurs, the protection or setting aside of some areas from logging, and silvicultural practices to improve

growth.


https://www.fs.usda.gov/ne/newtown_square/publications/technical_reports/pdfs/2006/342papers/fajvan342.pdf
https://journals.sagepub.com/doi/pdf/10.1177/194008291300600307
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revenue for carbon sequestration and improve the
overall wood products value of their land. To promote
forest management for carbon storage, the Inflation
Reduction Act of 2022 includes a $5 billion investment
in forest management, planning, and reforestation on
federal and non-federal lands.

Any additional carbon removed from the atmosphere
and stored in forests due to active forest management
can potentially be sold in the carbon market as carbon
offsets/credits. Most of the current forest carbon offset
programs consider reforestation, improved forest
management, and avoided conversion as acceptable
management activities that increase forest carbon
stocks and produce carbon credits. In the California
Cap-and-Trade program, for example, improved forest
management is the most commonly used protocol to
generate carbon offsets. While standards vary from
program to program, carbon offsets are required to

be additional (see Box 1.2), permanent (e.g., 100
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years), and without leakage. Leakage refers to carbon
emissions reductions from one place shifting to another
place. For example, if a forest harvest is delayed to
qualify for carbon offsets, but another forest nearby

or faraway is cut instead, this would be considered
leakage and not a true offsetting of carbon emissions.

While improved forest management typically includes
some form of wood harvesting, some stakeholders
have expressed concerns about how managing forests
for optimal carbon sequestration might impact the
forest products industry or other environmental or
societal goals (e.g., flood mitigation, invasive species
control). Under some circumstances, managing forests
for carbon sequestration requires reduced timber
harvests or longer harvest cycles, so incentivizing
forest carbon offsets may indirectly impact the forest
products industry or drive up lumber costs by reducing
the supply of timber. Under other circumstances,

net CDR may be maintained or increased if timber

Figure 2.3. Change in Carbon (C) Storage in Forest Soil and Trees (Living Biomass) Following
Disturbance and Through Old-Growth Forest Age (Birdsey et al., 2006; adapted from Pregitzer and
Euskerchen, 2004) Temperate forest trends are highlighted in yellow, representative of most West Virginia forests, and

continue to increase carbon storage through old-growth status.


https://academic.oup.com/jof/article/105/5/266/4598783
https://www.sciencedirect.com/science/article/pii/S0378112716304340?casa_token=u0CNfxDP7NQAAAAA:ageGxwwdmIxREw1PF8PzM0g4xgOtJwhOU8MWqSiVUJa440Zfld3wJ4HjlTYh7APgkWNYv5TB3QA
https://www.sciencedirect.com/science/article/pii/S0378112716304340?casa_token=u0CNfxDP7NQAAAAA:ageGxwwdmIxREw1PF8PzM0g4xgOtJwhOU8MWqSiVUJa440Zfld3wJ4HjlTYh7APgkWNYv5TB3QA
https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://crsreports.congress.gov/product/pdf/IN/IN11978
https://ww2.arb.ca.gov/our-work/programs/compliance-offset-program
https://ww2.arb.ca.gov/our-work/programs/compliance-offset-program
https://ww2.arb.ca.gov/sites/default/files/cap-and-trade/protocols/usforest/forestprotocol2015.pdf
https://nicholasinstitute.duke.edu/climate/policydesign/offsetseries4
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcbb.12981
https://onlinelibrary.wiley.com/doi/pdf/10.1111/gcbb.12981
https://acsess.onlinelibrary.wiley.com/doi/pdfdirect/10.2134/jeq2005.0162?casa_token=2a-TkzpN8hEAAAAA:oXj8Tp6q1OveUA0JNpmZBHO7MF2VqoMfVuyGDGci9zhJvqaiK-m2cP-goiWtZ1JS-JQec_yqsGjSi7l1
https://acsess.onlinelibrary.wiley.com/doi/pdfdirect/10.2134/jeq2005.0162?casa_token=2a-TkzpN8hEAAAAA:oXj8Tp6q1OveUA0JNpmZBHO7MF2VqoMfVuyGDGci9zhJvqaiK-m2cP-goiWtZ1JS-JQec_yqsGjSi7l1
https://acsess.onlinelibrary.wiley.com/doi/pdfdirect/10.2134/jeq2005.0162?casa_token=2a-TkzpN8hEAAAAA:oXj8Tp6q1OveUA0JNpmZBHO7MF2VqoMfVuyGDGci9zhJvqaiK-m2cP-goiWtZ1JS-JQec_yqsGjSi7l1
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harvests are performed in a
way that allows young forest
regeneration or maintains
uneven age class, efficiently
stores the carbon from
harvested trees in long-lived
wood products, or prevents
other disturbances to the
landscape (e.g., by insects
or wildfire). Some forest
carbon offset programs, like
the California Cap-and-Trade
program, do consider carbon
stored in wood products as
part of the carbon accounting
for carbon offsets.

There is a debate around
whether young forests
sequester carbon more
rapidly than old forests, and
the solution likely lies in the
time-scale, spatial area,

and specific management
practices under question. In
temperate forests like those in
West Virginia, recently harvested (young) forests are
likely a source of carbon emissions—even though the
trees are growing fast—because of the decomposition
of wood residue and soil carbon following harvest.
However, given enough time and proper management,
harvested forests may return to their previous carbon
stocks and continue to sequester carbon in wood and
soil even as mature and old-growth forests (Figure 2.3).

Agriculture, 2016)

Overall, the specific details and criteria of when to
harvest and when to allow the trees to continue to grow
for optimal carbon storage are complex, depending on
many different environmental, economic, and social
factors (e.g., site characteristics of the landscape

and environment, wood product prices and demand,
landowner goals). No scientific consensus currently
exists on how best to optimize net carbon storage
through forest management that considers the life cycle
of carbon in harvested products.

When discussing these CDR efforts in West Virginia,
it's important to consider who owns the land (Figure
2.4). To date, about 5% of West Virginia’s land
(approximately 700,000 acres) is already involved

in active CDR activities, the average size of West
Virginia’s carbon projects is 59,000 acres, and there
are no projects below 5,000 acres. Most of these larger
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Figure 2.4. West Virginia Forestland, by Owner (U.S. Department of

tracts are corporate-owned lands, which account for

all of the 28 million credits issued from 2015-2020
through the California Cap-and-Trade market. Although
land holdings of any size can make a contribution to
CO, emission removal, few family-owned forestlands
(which, though smaller on average, make up about half
of West Virginia’s total forestland) are currently involved
in CDR activities.

Family Forestlands

In this policymaker guide, we focus primarily on family
forestlands where the owners of the land are not
interested in participating in the forest product industry
(Figure 2.5). That is because the forest product industry
is already active in carbon sequestration efforts and
has sufficient land holdings that qualify for existing
carbon credit programs. The same is not always true
for family forestlands.

Participation in carbon market programs, however, can
help the 10% of West Virginians who own forestland by
procuring the funding needed for families to maintain
this land, as well as the surrounding rural areas if those
landowners decide to participate. Another benefit of
these programs is that they bring dollars from outside
the state into West Virginia.



https://www.sciencedirect.com/science/article/pii/S0301479717312641?casa_token=WZO4RIkJw_8AAAAA:dw4zFADOHiuUbaVlopQaOZEaku9kop_LME8Ptj-KaJ1xqEUH0Mko98Ntm_tUHsWt_9KqtfIHs0M
https://www.sciencedirect.com/science/article/pii/S0301479717312641?casa_token=WZO4RIkJw_8AAAAA:dw4zFADOHiuUbaVlopQaOZEaku9kop_LME8Ptj-KaJ1xqEUH0Mko98Ntm_tUHsWt_9KqtfIHs0M
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https://www.sciencedirect.com/science/article/pii/S0378112709008780?casa_token=fEpPm71lyzMAAAAA:U7yn39ETCGj23v6LGIFT5HFAwMXexJ53zHvu8b63oOV3O1X96facJ6yesVzYfqpkWxyb1yBfKRE
https://acsess.onlinelibrary.wiley.com/doi/pdfdirect/10.2134/jeq2005.0162?casa_token=2a-TkzpN8hEAAAAA:oXj8Tp6q1OveUA0JNpmZBHO7MF2VqoMfVuyGDGci9zhJvqaiK-m2cP-goiWtZ1JS-JQec_yqsGjSi7l1
https://acsess.onlinelibrary.wiley.com/doi/pdfdirect/10.2134/jeq2005.0162?casa_token=2a-TkzpN8hEAAAAA:oXj8Tp6q1OveUA0JNpmZBHO7MF2VqoMfVuyGDGci9zhJvqaiK-m2cP-goiWtZ1JS-JQec_yqsGjSi7l1
https://academic.oup.com/jof/article/105/5/266/4598783
https://www.fs.fed.us/nrs/pubs/rn/rn_nrs307.pdf
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https://www.researchgate.net/publication/222024734_Determinants_of_private_forest_decisions_A_study_on_West_Virginia_NIPF_landowners
https://www.wvgazettemail.com/opinion/op_ed_commentaries/eric-carlson-time-to-put-wvs-forests-to-work-for-us-opinion/article_6f4a8f20-e9ef-5c47-bbb3-62272666976c.html
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Figure 2.5. Family Forest Owner Preferences (West Virginia University, 2023; based on data from the
U.S. Department of Agriculture, 2018)



https://ffrc.shinyapps.io/NWOSdashboard/
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BOX 2.1
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EXAMPLE OF FOREST CARBON PROGRAM PARTICIPATION IN THE

REGION

Forest carbon programs allow forest landowners to

receive payment for taking certain management actions

on their land that increase the rate of carbon stored by
their forest. Here we provide one of three examples
from Penn State Extension of a forest-owning family
in Pennsylvania who considered two very different
forest carbon programs that are also available to
West Virginia forest landowners: the Natural Capital

Exchange (NCX) and the Family Forest Carbon
Program (FFCP).

A Pennsylvania family, the Wilsons, owns 130 acres
of forest, 30 of which were previously harvested to
conserve warbler habitat. For the remaining 100 acres,
they looked at both the FFCP and NCX programs:

“[Tlhe FFCP payments for the Wilsons would have
an average annual net present value of $4.00/
acre (3% discount rate). Through NCX, they
expected to make $8 an acre on the 100 acres of
mature forest for a total of $800 in a year. All NCX
contracts are for 1 year at a time and payment
levels are renegotiated each year. Assuming they
would continue to get $8 per acre for the next 20
years the authors of this paper estimate the NCX
payments have an average annual net present
value of $2.60/acre (3% discount rate). One key
difference between the programs was that the
FFCP allowed them to create small gaps in mature
forest areas, which the NCX program did not allow
that practice. In the end, the Wilsons elected to
participate in the FFCP program.”

For the three case studies examined by Penn State,

“[t]he largest obstacles these landowners faced
was finding a qualified forester. This is due to both
a lack of foresters in Pennsylvania and that few
of them are certified to work with forest carbon
programs, largely because carbon markets are
a new industry...The owners interviewed all
recognized that forest carbon does not generate
a huge sum of money, but...supplemented their
income in ways that helped them meet their own
objectives and help contribute to climate change
solutions.”

“After this article was published, FFCP has updated
their policy to allow foresters on their staff to

write plans for landowners. This may reduce the
barriers of entry to landowners and speed time to
enrollment.”

Experiences like the Wilsons’ and the others portrayed
by Penn State may differ from what a West Virginia
landowner might experience, but they do identify some
key questions landowners should ask and emphasize
the importance of comparing programs.
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Several challenges, however, lead to the need for
possible policy interventions:

® Participation in private carbon programs is
challenging for family forest landowners due to
resource constraints.

® Carbon credits must represent additional and
permanent carbon sequestration beyond the current
rate of carbon sequestration (i.e., if no actions were
taken), and this depends on the initial conditions of
the forest, requires a skilled forester, and must be
monitored long term.

® Federal carbon tax credit programs, as detailed in
Internal Revenue Code Section 45Q, do not support
natural methods such as forest sequestration.

® Some forest carbon offset agreements require long-
term commitment (over 100 years) and restrict land
use (Table 2.2).

The first challenge is being addressed through state,
private industry, and non-profit programs that provide
funding and other resources to landowners to create
and start a management plan. Additionally, carbon
offset agreements are made more economically
advantageous to small landowners in West Virginia’s
2020 Statewide Forestry Plan:

“The use of carbon credits to provide annual returns
to the landowner from their forestland investment
should be explored and promoted within the state
with particular emphasis on gaining access to this
opportunity to landowners who own less than 500
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acres to enroll in the program. Landowners might
be more willing to participate in a carbon credit
program if they were given the chance to participate
with other landowners in the area in some type of
cooperative effort that would promote more of an
economy of scale than is typically available for an
individual landowner with less than 500 to 1000
acres of forestland available for enroliment.”

The second challenge is that forest carbon offsets are
produced from additional carbon stored by a forest
beyond what the forest is already sequestering under
its current management (or lack of management).
Thus, actions must be taken to increase the rate of
carbon stored in the forest over the term of an offset
agreement, which may be minimal or challenging on
lands that already have a high carbon stock. Some
current standards for sustainable forest management,
such as those managed by the Sustainable Forestry
Initiative and the Forest Stewardship Council, may

be especially challenging to further increase carbon
sequestration. Thus, forest managers who are already
practicing good management methods may not be
eligible to be rewarded for their efforts on the carbon
market because they are already benefiting from other
programs.

The third challenge is that current federal policies and
practices do not provide appropriate compensation

to these family forestlands nor to forest product
companies. For example, Section 45Q provides tax
credits for carbon sequestration activities but does not
include natural processes or storage in wood products

Table 2.2. Current Forest Carbon Storage Economic Opportunities for Private Owners of
West Virginia Forestland (West Virginia University, 2023; based on data from Forest Carbon Works', The Nature
Conservancy?, and American Forest Foundation; NCX3; Penn State Extension*)

. - Term Agreement Harvest
: Name : Acres Required : Pricing Duration allowed?
 California Air : 40+  Variable, depends on market : 100 years : Yes
: Resources Board :
: (CARB) regulatory : $20 per acre per year to $100+ per :
: market : : acre per year1 :
: Family Forest : 30-2,400 i Payments depend on property size, : 10-20 years : Yes
: Carbon Program2  : : forest conditions, management :
: i plan; $50-280/acre2
: Working : 2,000+ : Variable, depends on carbon : Variable, long- : Yes
: Woodlands : : credits market : term conservation
: Program2 : : easements (e.g., 40
: : : years)
: NCX3 : None : Variable, based on landowner i 1year : No

: : bids3
: (National capital :
: exchange)

: ~$8/acre (e.g., 2020 PA bid4)



https://www.forestcarbonworks.org
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://forestcarbonworks.org/how-projects-work/?gclid=Cj0KCQiAr5iQBhCsARIsAPcwRONzDDZm6No7FCg58AqeUNlbnUIU1b8G7CkSsIiOSBU46N88_OYKM04aAia7EALw_wcB
https://ncx.com/
https://extension.psu.edu/what-is-selling-forest-carbon-like-three-landowners-experiences
https://crsreports.congress.gov/product/pdf/IF/IF11639#:~:text=In%20tax%20year%202020%2C%20Section,in%20other%20qualified%20industrial%20processes.
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://wvforestry.com/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
https://wvforestry.com/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
https://forests.org/
https://forests.org/
https://fsc.org/en
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when determining eligibility. In addition, the private
options currently available provide low compensation
to landowners and often require long commitments for
participating in the carbon credit process (Table 2.2).

The Forest-Climate Working Group—a forest sector
coalition that focuses on the use of forests and forest
products to combat climate change—recommends the
implementation of a landowner tax credit for private
forest carbon actions:

“A transferable tax credit could incentivize

carbon sequestration in privately-owned forests,
with credits provided for increased carbon
sequestration. With transferable tax credits, if the
value of the tax credit is higher than the taxpayer’s
tax liability, he/she can sell or transfer the excess
credits to any other taxpayer. Making the tax credit
transferable creates many more opportunities for
financial gain for the landowner, as they are not
limited by their own tax liability. While the Federal
Tax Code section 45Q incentivizes carbon capture
and storage in the energy sector through a tax
credit, it does not provide a similar incentive for the
forest sector.”

They also distinguish between practices that work best
for smaller landowners and those more suited to large
forest landowners. A practice-based option tends to
work better for small landowners, and a performance-
based option typically works better for large landowners
and encourages innovation:

® “Practice-based: the tax credit is determined by
approved practices that the landowner implements
(selected from approved USDA list). We
recommend practices be determined on a regional
basis.

® Performance-based: the tax credit is determined
by measurable carbon sequestration performance
above a baseline.”

The fourth challenge highlights the importance

of access to information by landowners who are
considering whether forest carbon offset agreements
are right for them. Table 2.2 provides an overview

of different forest carbon offset programs that are
currently available to West Virginia private landowners
and vary in their requirements. For example, several
of the programs require acreage beyond that of a
family forest, and in some cases landowners may
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build cooperatives to bring together enough acreage
to qualify for these programs. However, similar
efforts in the past have sometimes been challenging
to implement, as an error by one landowner may
adversely impact the others who are part of the
cooperative agreement.

Another factor is the duration of the agreement. Some
programs require a shorter time commitment (10-

20 years) while others require a longer commitment
(100 years). The longer-term agreements restrict land
use activities and require specific land management
protocols to be followed for the duration of the term.
While landowners can choose to withdraw, early
termination results in repayment of credits and a

fine. Most still allow harvesting, though others do

not (see the NCX program). These programs are
expanding, and conditions are changing as well, so
fully understanding the conditions of these programs is
important.

In addition to the carbon offset programs available

to West Virginia landowners, pre-established forest
conservation programs also provide financial incentives
through cost-sharing, tax incentives, and/or direct
payments to landowners who choose to participate.
While these programs were not created for the purpose
of carbon sequestration in these lands, many of the
encouraged management activities produce the co-
benefit of enhanced carbon sequestration.

The Forest Climate Working Group has suggested a
number of policy options to improve the current system
(Box 2.2).

State Forestlands

West Virginia’s 2020 Statewide Forestry Plan also
recognizes the importance of managing state-owned
forestlands to sequester carbon. One of the mandates
for the management of State Forests is to demonstrate
sound, scientific, multiple-use management. To that
end, managing state forests for maximum carbon
sequestration as a forest resource is important. Yet,
meeting the additionality criteria for carbon credit
programs can be challenging because these forests
may already be sequestering carbon at a high rate, and
additionality only occurs when the rate of sequestration
increases.



https://forestclimateworkinggroup.org/
https://forestclimateworkinggroup.org/guide/fcwf-policy-platform/
https://forestclimateworkinggroup.org/guide/fcwf-policy-platform/
https://www.forestsforthebay.org/conservation_programs.cfm?sid=WV
https://www.forestsforthebay.org/conservation_programs.cfm?sid=WV
https://www.usda.gov/media/press-releases/2021/04/02/usda-recognizes-5-million-acres-enrolled-conservation-easements
https://www.usda.gov/media/press-releases/2021/04/02/usda-recognizes-5-million-acres-enrolled-conservation-easements
https://forestclimateworkinggroup.org/wp-content/uploads/2020/11/FCWG-Policy-Platform-V10.pdf
https://wvforestry.com/wp-content/uploads/2021/02/WV-2020-SFAP-Final.pdf
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BOX 2.2

FOREST CLIMATE WORKING GROUP PROPOSED POLICY OPTIONS

“A transferable tax credit could incentivize carbon performance-based approach works better for large
sequestration in privately-owned forests, with credits forest owners, offers opportunities at scale, invites
provided for increased carbon sequestration. With innovation, and is USDA’s aspiration. If crafted well, a
transferable tax credits, if the value of the tax credit is landowner tax incentive for forest carbon sequestration
higher than the taxpayer’s tax liability, he/she can sell could increase the return on investment to private

or transfer the excess credits to any other taxpayer. forest owners for carbon sequestration and catalyze
Making the tax credit transferable creates many more further efforts by private forest owners in being a
opportunities for financial gain for the landowner, as solution at scale on climate.”

they are not limited by their own tax liability. . .

The practice-based approach can appeal to smaller
landowners and is USDA's comfort zone. The

Source: Landowner Tax Credit for Private Forest Carbon Actions, Forest-Climate Working Group, 2020

The Statewide Forestry Plan plan notes
! that carbon offset projects will be developed
N over the next 5 years. One question not
A addressed in the plan is the potential for
Pese— economic benefits for participation in carbon
[ [ / credit programs that could fund these projects
Sy beyond what state funds might allow.

0 i Monongahela National Forest

JEER S Forest, established in 1920, is one of the
AT ‘ A / most ecologically diverse areas in the United
< ‘ States (Figure 2.6). It is also a working forest
Rowoos A L providing timber, water, grazing, minerals, and
S AN - Vs recreational opportunities. In the past, some
NG 7 { areas of the national forest were mined, and
/ A that land and related wetlands (particularly the
s V4 Lambert Run Watershed) are in the process of
- o g et e being restored. The Monongahela and other
/ e national forests could play an important role in
: the nation’s response to climate change, but
such contributions would require some financial
support. The good news is that these funds are
Figure 2.6. Map of Monongahela National Forest (U.S.  available through recent federal funding in the
Forest Service, 2020)

\//ﬂ @ West Virginia’s Monongahela National
N\

White Sulphur Springs
office



https://www.fs.usda.gov/mnf
https://www.fs.usda.gov/mnf
https://forestadaptation.org/adapt/demonstration-projects/monongahela-national-forest-lambert-restoration-project
https://www.climatehubs.usda.gov/index.php/hubs/northeast/project/monongahela-forest-restoration
https://www.climatehubs.usda.gov/index.php/hubs/northeast/project/monongahela-forest-restoration
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/fseprd860620.pdf
https://forestclimateworkinggroup.org/wp-content/uploads/2020/11/FCWG-Policy-Platform-V10.pdf
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Inflation Reduction Act and Infrastructure Investment

and Jobs Act.

In 1980, Congress established the Reforestation
Trust Fund (RTF), which is supported by national
forest timber sales. According to the Forest Climate
Working Group, this funding is on the order of $100
million annually and can be as high as $178 million.
Yet, the working group says, the legislation limits the
USFS to only $30 million. The proposal to lift this cap
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announced an executive order to protect old-growth
forests, which may have unknown impacts on the
management of the Monongahela National Forest.

Abandoned Mine Lands

West Virginia has approximately 200,000 acres of
unreclaimed or under-reclaimed abandoned mine
lands (AML). As shown in Figure 2.7, West Virginia

was approved as part of the Infrastructure Investment
and Jobs Act, signed into law in November 2021.
Additionally, $2.15 billion was invested in managing
U.S. National Forests in the Inflation Reduction Act

of 2022. Implementation of these laws is still being
discussed, but potentially significant federal funding,

as well as matching funds, may be available for
reforestation efforts and improved forest management
for carbon sequestration in the Monongahela and other
national forests. In addition, the Biden administration

has more outstanding mine land reclamation than any
other state. One study found that each forested acre
of AML could store 6.2 tons/acre annually (5.6 metric
tons/year; 13.9 Mg/ha) of CO,. The federal Abandoned
Mine Reclamation Fund provides financial resources
that could be used for these reforestation efforts,
which was recently prioritized with an additional $11.3
billion emergency appropriation for AML reclamation,
nationally, in the Infrastructure Investment and Jobs
Act. In West Virginia, these resources are administered

Figure 2.7. Outstanding Mine Reclamation in Appalachia (Appalachian Voices. Coalfield Development
Corporation, Rural Action, and Downstream Strategies, 2020)



https://www.congress.gov/bill/117th-congress/house-bill/5376/text
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3794956.pdf
https://www.fs.usda.gov/Internet/FSE_DOCUMENTS/stelprd3794956.pdf
https://forestclimateworkinggroup.org/guide/fcwf-policy-platform/
https://forestclimateworkinggroup.org/guide/fcwf-policy-platform/
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://crsreports.congress.gov/product/pdf/IN/IN11978
https://crsreports.congress.gov/product/pdf/IN/IN11978
https://www.whitehouse.gov/briefing-room/statements-releases/2022/04/22/fact-sheet-president-biden-signs-executive-order-to-strengthen-americas-forests-boost-wildfire-resilience-and-combat-global-deforestation/
https://appvoices.org/resources/AML-RAC/AML_RAC_report-2020-b-low-res.pdf
https://www.mdpi.com/1996-1073/13/23/6340
https://crsreports.congress.gov/product/pdf/IF/IF11352
https://crsreports.congress.gov/product/pdf/IF/IF11352
https://www.doi.gov/pressreleases/interior-department-extends-abandoned-mine-land-program-through-2034#:~:text=The%20Bipartisan%20Infrastructure%20Law%20contains,cleanup%20activities%20throughout%20the%20country.
https://www.doi.gov/pressreleases/interior-department-extends-abandoned-mine-land-program-through-2034#:~:text=The%20Bipartisan%20Infrastructure%20Law%20contains,cleanup%20activities%20throughout%20the%20country.
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://appvoices.org/resources/AML-RAC/AML_RAC_report-2020-b-low-res.pdf
https://appvoices.org/resources/AML-RAC/AML_RAC_report-2020-b-low-res.pdf
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BOX 2.3

WHAT IS “MASS TIMBER”?
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Figure 2.8. Location
of Abandoned Mine
Lands in West Virginia
and Unemployment

Patterns (Downstream

Strateqies, Reclaiming
Appalachia Coalition, 2021)

The Forest Climate Working Group, a coalition of private landowners, forest products companies, state foresters
and other government agencies, forestry, conservation and wildlife non-profits, carbon finance, and academic

researchers, identifies the following policy options:

Mass timber is large structural panel products such as
cross-laminated timber (CLT), nail-laminated timber
(NLT), and dowel-laminated timber (DLT). They are
constructed with many pieces of lumber, which is why
they offer both forest health and end-use construction
benefits. Mass timber can utilize small-diameter logs
and even underutilized species, creating high-value
end-use markets for what has traditionally been low-
value material in U.S. forests. Growing the mass timber
market establishes an economic incentive for forest
thinning and other landscape restoration efforts that
keep forests healthy and reduce the risk of wildfire.

Source: Woodworks - the Wood Products Council, 2021

Mass timber panels are typically between 4 and 12 feet
wide, 16 and 60 feet long, and 4 to 12.5 inches thick.
They are revolutionary because their strength and other
performance capabilities allow them to be used as the
main structural material in taller buildings, offsetting
more fossil fuel intensive options. Building codes have
evolved to recognize these capabilities, and the 2021
International Building Code (IBC) allows mass buildings
up to 18 stories.

Return to Contents


https://www.downstreamstrategies.com/wp-content/uploads/2021/07/Memo-3-Abandoned-mine-reclamation-over-the-coming-years.pdf
https://www.downstreamstrategies.com/wp-content/uploads/2021/07/Memo-3-Abandoned-mine-reclamation-over-the-coming-years.pdf
https://www.downstreamstrategies.com/wp-content/uploads/2021/07/Memo-3-Abandoned-mine-reclamation-over-the-coming-years.pdf
https://forestclimateworkinggroup.org/wp-content/uploads/2020/11/FCWG-Policy-Platform-V10.pdf
https://www.energy.senate.gov/hearings/2021/5/full-committee-hearing-on-forest-management-forest-products-and-carbon
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by the WV Department of Environmental Protection
(WVDEP) to enhance economic development. This
program has administered $130 million since 2016.
Abandoned mine land reforestation has potential co-
benefits given the societal goal to restore these lands
and to provide economic development opportunities
for former coal mine communities. Many abandoned
mine sites in West Virginia have unemployment rates
greater than 5% (Figure 2.8). One estimate indicates
that the recent federal investment in AML could result in
approximately 1,730 jobs and $4.3 billion in economic
output over 15 years.

Abandoned mine lands, compared to the rest of
the state (which is heavily forested), offer the most
significant potential benefits for reforestation efforts.

Figure 2.9. Carbon Stocks within Different
Wood Products in the United States (U.S.

Department of Agriculture, 2022)
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Analysis of Forest Management Practices

Table 2.3 provides an overview of the opportunities and
challenges of potential actions with regard to science
and technology, economic prosperity, environment and
conservation impact, and disadvantaged communities
impact.

FOREST PRODUCTS

Another option for carbon storage is to store carbon in
forest-derived products such as buildings and furniture.
In 2017, the forest products industry contributed about
$3.4 billion in total output and about 19,000 jobs in
West Virginia, so support of this industry is important
to the state’s economy. As illustrated in Figure 2.9,
carbon is already stored in many products constructed
with wood and is also stored in landfills. Figure 2.10
illustrates how much carbon is stored (the blue area
below the “0”) by use of forest products as opposed

Figure 2.10. Average Carbon Emissions and
Storage Capacity of 1 ton (t) of Cement, Steel,

and Timber Materials (Churkina et al., 2020)


https://www.fs.usda.gov/ccrc/topics/carbon-benefits-wood-based-products-and-energy
https://www.fs.usda.gov/ccrc/topics/carbon-benefits-wood-based-products-and-energy
https://dep.wv.gov/dlr/aml/Pages/AML-Pilot-Program.aspx
https://dep.wv.gov/dlr/aml/Pages/AML-Pilot-Program.aspx
https://dep.wv.gov/dlr/aml/Pages/default.aspx
https://www.whitehouse.gov/briefing-room/statements-releases/2021/09/27/readout-of-the-interagency-working-group-on-coal-and-power-plan-communities-meeting-for-economic-growth-that-benefits-everybody/
https://www.whitehouse.gov/briefing-room/statements-releases/2021/09/27/readout-of-the-interagency-working-group-on-coal-and-power-plan-communities-meeting-for-economic-growth-that-benefits-everybody/
https://www.downstreamstrategies.com/wp-content/uploads/2021/07/Memo-3-Abandoned-mine-reclamation-over-the-coming-years.pdf
https://www.manchin.senate.gov/newsroom/press-releases/manchin-joins-president-biden-bipartisan-senators-to-sign-infrastructure-bill-into-law
https://meridian.allenpress.com/fpj/article/70/2/200/438765/Economic-Contributions-of-West-Virginia-s-Forest
https://www.nature.com/articles/s41893-019-0462-4
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Table 2.3. Opportunities and Challenges of Forestry to Reduce Carbon Dioxide in West Virginia
(West Virginia University, 2023)

Opportunities

Challenges

: Science and technology

: The “infrastructure” (i.e., forests) for CO,

: capture is already in place, and the process
. is well established (which is not the case for
: technical options).

: Some analysts indicate that forest-based CDR

: estimates are systematically over-credited in

: terms of how much CO, is reduced quickly and :
: permanently. :

There is a need to develop methodologies for

: net carbon accounting of sequestered carbon  :
: among nonprofit, federal, and state agencies to :
: maximize eligibility of forest carbon to be sold

: as offsets.

In developing carbon accounting standards,
: carbon retained in manufactured wood

: products for the entire life cycle should be
:included.

Economic prosperity

: Small family forest owners’ primary concern

* is preserving lands for family, as opposed to

: gaining economic benefits from timbering the
: land. CDR activities provide an alternative

: method of making income from their land

: while at the same time maintaining it for future
: generations.

: Sustainable harvesting and management can
: improve the overall wood products value of tree

¢ stock, provide access to premium wood product :
: markets, and provide significant tax incentives.

Programs that allow harvesting support the
: wood products industry and jobs.

The cost of improved forest management and
: verification of carbon storage may exclude
: family forests from some markets.

: Restrictions on land use from carbon offset :
: agreements can create potential loss of liquidity :
: of assets or other development opportunities.

: There is some degree of financial risk in
: entering into long-term agreements because

future prices of carbon are unpredictable.

: AML may offer greater economic benefits
: through solar installation or other development
: rather than through reforestation.

: Some past cooperative forest carbon

: agreements that aggregate land holdings

have failed due to the error of one landowner,

: thereby disqualifying all other landowners in the :
: cooperative. :

: Environmental and
: conservation impact

: Sustainable forest management, reforestation,
and afforestation can improve soil quality,

: reduce erosion, maintain valuable tree

: species, and increase native species diversity,
: ecosystem resilience, and headwater stream

: quality on marginal lands.

: Improper reforestation can aggravate land :
: degradation and decrease biodiversity if it does :
: not take local conditions into consideration.

: If there is insufficient diversity in forest age
classes during reforestation, there can be a
: decrease in landscape diversity, resulting in
: fewer game species.

Afforestation on abandoned mine lands may
: require fertilizer that could run off into rivers
- and lakes.

: Disadvantaged
: communities

: Forests are an important part of the cultural
: identity of West Virginia, with widespread
acceptance of their benefits for recreation,

: hunting, tourism, and wild forested products :
' (e.g., ginseng). In a 2021 survey, approximately :
: 64% of West Virginians, including those in “coal
country,” indicated their support for natural

: solutions.

The income from forestry carbon activities can
: reduce poverty by providing additional income
: for small landowners.

: Benefits may accrue to wealthy absentee :
: landowners rather than people who live on/use :
: the land locally. :

Community members who do not own land may :

not benefit economically from reforestation and :
: afforestation activities. :

Without access to information, landowners
may enter into suboptimal carbon offset
: agreements.



https://pubmed.ncbi.nlm.nih.gov/33494123/
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15943?af=R
https://academic.oup.com/jof/article/114/6/638/4756812
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3357704/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3357704/
https://www.nature.org/en-us/about-us/where-we-work/united-states/west-virginia/stories-in-west-virginia/working-woodlands-fsc-forests/
https://www.nature.org/content/dam/tnc/nature/en/documents/tn-working-woodlands-brochure-june-2018.pdf
https://www.nature.org/content/dam/tnc/nature/en/documents/tn-working-woodlands-brochure-june-2018.pdf
http://www.wvlegislature.gov/legisdocs/reports/agency/F03_FY_2013_2259.pdf
https://digitalcommons.unl.edu/cgi/viewcontent.cgi?referer=&httpsredir=1&article=2300&context=usdaarsfacpub
https://www.fao.org/3/u5620e/u5620e05.htm
https://www.fs.fed.us/forestmanagement/vegetation-management/reforestation/index.shtml
https://www.fs.fed.us/forestmanagement/vegetation-management/reforestation/index.shtml
https://onlinelibrary.wiley.com/doi/10.1111/gcb.15498
https://www.iucn.org/sites/dev/files/enhancing_resilience_through_flr_-_opportunities_final.pdf
https://onlinelibrary.wiley.com/doi/full/10.1111/fwb.13678
https://onlinelibrary.wiley.com/doi/full/10.1111/fwb.13678
https://link.springer.com/book/10.1007/978-3-030-57780-3
https://www.usda.gov/sites/default/files/documents/reforestation-strategy.pdf
https://muse.jhu.edu/book/17255
https://muse.jhu.edu/book/17255
https://wvmetronews.com/wp-content/uploads/2021/08/WV-Energy-Economy-Issues-Polling-Memo-UPDATED-FINAL8-1.pdf
https://www.tandfonline.com/doi/full/10.1080/14693062.2020.1843388
https://link.springer.com/article/10.1023/B:CLIM.0000018503.10080.89
https://link.springer.com/article/10.1023/B:CLIM.0000018503.10080.89
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to the carbon generated during
steel and cement production.
One option is to use engineered
wood products such as cross-
laminated timber (CLT),

which can replace steel and
cement in building construction
(Figure 2.11). In France, new
policies require that any new
construction uses at least 50%
wood products as one step to
meet sustainability goals.

West Virginia’s Franklin
Elementary School is the first
school in the country to be
entirely built using CLT, a “mass
timber.” According to Woodworks
Wood Products Council, this

one building “resulted in a

total potential carbon impact equivalent to taking 600
cars off the road for an entire year” relative to similar
buildings constructed of traditional materials. Of this
reduction, one-third is due to the carbon sequestered
and stored and two-thirds to carbon avoided during
manufacturing.

Association, 2022)

The council estimates that 17,000 buildings each year
could use CLT in their construction as opposed to just
over 1,000 today. They contend that “it costs about
the same to build with wood, yet the environmental
benefits are significant and the only key hurdle is
awareness and understanding.” By other estimates,
constructing with wood products can cost 7-20% more
than other materials but can reduce carbon emissions
substantially. The academic literature on the use of CLT
and other mass timber is mixed. While some believe

it can become a key player in reducing CO,, others
question the assumptions that lead to this conclusion.
Another study concludes that the potential for this
method of carbon storage will vary depending on the
country and its evolving market conditions.

CLT, sometimes called “embodied carbon,” is
lightweight, strong, easy-to-install, large-scale
prefabricated wood that is an alternative to concrete,
masonry, and steel and can be used for multi-family
and commercial construction. Although not currently
manufactured in West Virginia, there are a number of
manufacturing facilities throughout the United States.
West Virginia University’s Appalachian Hardwood
Center (AHC), established in 1987 by the West Virginia
Legislature, has studied CLT for a number of years.
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Figure 2.11. Cross-Laminated Timber (APA - The Engineered Wood

The AHC is studying which Appalachian region

tree species have the most potential for CLT panel
production. The focus of their analysis is on yellow-
poplar and maple trees. Among the challenges they
have identified are that hardwood is not currently
designed for structural characteristics and that
hardwood costs more than softwood panels. An
important recent milestone was the approval of
softwood cross-laminated timber by the American
National Standards Association (ANSI/APA PRG 320-
2019) and its inclusion in the International Building
Code.

In addition to engineered lumber, there are a number of
other bio-based products that can be used in building
construction. The carbon emissions/sequestration
potential for each is provided in Figure 2.12.

There are additional decisions and practices of the
wood products industry that can further affect carbon
removal and emissions. The end products in which

the wood carbon is ultimately stored influences the
amount of time before the carbon is released back
into the atmosphere (Figure 2.9). Additionally, low-
impact harvesting and forest residue management
and utilization can decrease carbon emissions. After
disturbance or harvesting, forest residue decomposes,
releasing carbon back into the atmosphere. Minimizing
forest residue and utilizing any forest residue produced
(for thermal energy, biochar, or pulp products)

can increase its carbon storage time or displace
nonrenewable fossil fuel use.


https://archinect.com/news/article/150183480/france-requires-new-public-buildings-to-contain-at-least-50-wood
https://archinect.com/news/article/150183480/france-requires-new-public-buildings-to-contain-at-least-50-wood
https://archinect.com/news/article/150183480/france-requires-new-public-buildings-to-contain-at-least-50-wood
https://www.energy.senate.gov/2021/5/manchin-reforestation-and-new-innovative-forest-products-bring-incredible-opportunity-to-rural-communities
https://www.energy.senate.gov/2021/5/manchin-reforestation-and-new-innovative-forest-products-bring-incredible-opportunity-to-rural-communities
https://www.energy.senate.gov/hearings/2021/5/full-committee-hearing-on-forest-management-forest-products-and-carbon
https://www.energy.senate.gov/hearings/2021/5/full-committee-hearing-on-forest-management-forest-products-and-carbon
https://www.energy.senate.gov/hearings/2021/5/full-committee-hearing-on-forest-management-forest-products-and-carbon
https://www.sciencedirect.com/science/article/abs/pii/S2352710220334896
https://www.connexionfrance.com/article/Practical/Property/Wood-the-growing-building-material-of-the-future
https://www.nature.com/articles/s41893-019-0462-4
https://cbmjournal.biomedcentral.com/articles/10.1186/s13021-021-00171-w
https://www.pnas.org/content/116/29/14526
https://www.apawood.org/cross-laminated-timber
https://cfpb.vt.edu/outreach/clt-vt/
https://ahc.wvu.edu/
https://ahc.wvu.edu/
https://appalachianhardwood.org/wp-content/uploads/2018/08/AHMI2018_CLT-Devallance.pdf
https://www.apawood.org/ansi-apa-prg-320
https://www.apawood.org/ansi-apa-prg-320
https://www.apawood.org/cross-laminated-timber
https://www.apawood.org/cross-laminated-timber
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Figure 2.12. Net Carbon-Storage Potential of Building Materials (Pompomi et al., 2020)

AGRICULTURE AND SOIL
MANAGEMENT PRACTICES

Agriculture and soil management can play a major role
in reducing CO, emissions. Although agriculture is a
major contributor to greenhouse gas emissions, the
adoption of certain management practices can reduce
its emissions and those of other sectors and industries.
Box 2.4 provides an example of how agriculture can
play a role in carbon offsets and insets.

In West Virginia, agricultural commodities (not including
timber) contribute $800 million annually to the state’s

economy. Ninety-eight percent of farms in West
Virginia are small and family-owned, and over two-
thirds of farms produce livestock or livestock-related
products. With 3.5 million acres in agricultural land

in West Virginia, the average farm size in 2020 was
154 acres, and in 2012, though the average economic
output for West Virginia farms was $38.000 (the lowest

of all 50 states). three in four farms made less than
$10.000 in sales. So, West Virginia differs from much
of the Midwest (which has primarily large, corporate
agriculture) in how farms are managed and the
products they produce.



https://www.sciencedirect.com/science/article/pii/S2590332220303626
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/County_Profiles/West_Virginia/cp99054.pdf
http://www.wvagadvisory.org/wp-content/uploads/2020/10/WVAg-Full-Report-Version-03.2020.pdf
http://www.wvagadvisory.org/wp-content/uploads/2020/10/WVAg-Full-Report-Version-03.2020.pdf
https://www.nass.usda.gov/Statistics_by_State/West_Virginia/Publications/WVfarmersproductionprofile.pdf
http://www.wvagadvisory.org/wp-content/uploads/2020/10/WVAg-Full-Report-Version-03.2020.pdf
http://www.wvagadvisory.org/wp-content/uploads/2020/10/WVAg-Full-Report-Version-03.2020.pdf
http://www.wvagadvisory.org/wp-content/uploads/2020/10/WVAg-Full-Report-Version-03.2020.pdf
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TEN GOLDEN RULES FOR REFORESTATION TO OPTIMIZE CARBON
SEQUESTRATION, BIODIVERSITY RECOVERY AND LIVELIHOOD

BENEFITS

Urgent solutions to global climate change are needed.
Ambitious tree-planting initiatives, many already
underway, aim to sequester enormous quantities of
carbon to partly compensate for anthropogenic CO,
emissions, which are a major cause of rising global
temperatures. However, tree planting that is poorly
planned and executed could actually increase CO,
emissions and have long-term, deleterious impacts
on biodiversity, landscapes and livelihoods. Here, we
highlight the main environmental risks of large-scale
tree planting and propose 10 golden rules, based

on some of the most recent ecological research, to
implement forest ecosystem restoration that maximizes
rates of both carbon sequestration and biodiversity
recovery while improving livelihoods. These are as
follows:

(1) Protect existing forest first;
(2) Work together (involving all stakeholders);

(3) Aim to maximize biodiversity recovery to meet
multiple goals;

(4) Select appropriate areas for restoration;
(5) Use natural regeneration wherever possible;
(6) Select species to maximize biodiversity;

(7) Use resilient plant material (with appropriate
genetic variability and provenance);

Source: Di Sacco et al., 2021

(8) Plan ahead for infrastructure, capacity and seed
supply;

(9) Learn by doing (using an adaptive management
approach); and

(10) Make it pay (ensuring the economic
sustainability of the project).

We focus on the design of long-term strategies to
tackle the climate and biodiversity crises and support
livelihood needs. We emphasize the role of local
communities as sources of indigenous knowledge,
and the benefits they could derive from successful
reforestation that restores ecosystem functioning
and delivers a diverse range of forest products and
services. While there is no simple and universal
recipe for forest restoration, it is crucial to build upon
the currently growing public and private interest in
this topic, to ensure interventions provide effective,
long-term carbon sinks and maximize benefits for
biodiversity and people.

Return to Contents
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An analysis by the Farmland Information Center found
that total farmland in West Virginia is decreasing due
to development pressures; the analysis also found that
the threat of farmland loss is higher than the state’s
policy response (Figure 2.13). Increased awareness
of agricultural carbon offset programs and other
conservation programs may slow this loss by providing
additional sources of revenue to family farmers.
Abandoned mine lands may be an additional option for
conservation. Regenerative farm techniques (such as
the use of cover crops, no-till farming, and mixed-use
agriculture) on AML may increase the amount of land
available for agriculture in West Virginia. Only about
25% of AML, however, may be suitable for agricultural
activities, according to a WVU analysis.

Pasture Management

Pastures are central to the agricultural land use

and economy of Appalachia. Almost half (46%) of
unwooded farmland in West Virginia is pastureland
for livestock or hay production, comprising the state’s
second largest agricultural commodity. Despite the
clear importance of pasturelands in West Virginia,
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however, many pastures are not managed effectively,
leading to low productivity such that the potential

to support animal productivity is not optimal. Well-
managed pastures assess soil yield potential and soil
fertility to establish forage crops.

For example, when grasslands are overgrazed

by cattle, they become degraded, store less soil
organic carbon, and can become a source of ongoing
carbon losses. As with other crops, adding organic
amendments, especially compost, can help increase
soil carbon storage on pasturelands. Also, farmers
can use an alternative method, rotational grazing,

to increase soil organic carbon while at the same
time reducing their need for alternative feed sources,
resulting in increased profitability.

Few farmers in West Virginia, however, use rotational
grazing. A 2014 survey found that the top perceived
barriers to implementing rotational grazing by farmers
were livestock access to water, cost of fencing, and
increased time and labor. Since most farmers are part-
time, they often lack the funding, time, and motivation
to implement practices that enhance soil carbon
sequestration.

Figure 2.13. Threat to Agricultural Land and Policy Response, by State (American Farmland Trust, 2020)


https://farmlandinfo.org/wp-content/uploads/sites/2/2020/09/AFT_FUT_StateoftheStates_rev.pdf
https://farmlandinfo.org/statistics/west-virginia-statistics/#FUT
https://farmlandinfo.org/wp-content/uploads/sites/2/2020/09/AFT_FUT_StateoftheStates_rev.pdf
https://farmlandinfo.org/wp-content/uploads/sites/2/2020/09/AFT_FUT_StateoftheStates_rev.pdf
https://scholarworks.umass.edu/intljssw/vol3/iss2/13/
https://www.alleghenyfront.org/w-va-national-guard-invests-more-than-5-million-to-grow-apple-trees-on-a-mine-site/
https://www.nass.usda.gov/Publications/AgCensus/2017/Online_Resources/County_Profiles/West_Virginia/cp99054.pdf
https://extension.wvu.edu/agriculture/pasture-hay-forage/pasture-management
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0236638#:~:text=These%20findings%20indicate%20that%2C%20globally,increased%20SOC%20and%20NH4%2B.
https://www.mdpi.com/2073-4395/11/5/882/pdf
https://www.mdpi.com/2073-4395/11/5/882/pdf
https://pubmed.ncbi.nlm.nih.gov/30025044/
https://bsssjournals.onlinelibrary.wiley.com/doi/full/10.1111/ejss.12952
https://researchrepository.wvu.edu/etd/6189/
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CARBON OFFSETS VS. INSETS IN AGRICULTURE

Carbon credits are designed to be purchased by
carbon emitters to offset their emissions while
maintaining overall emission below certain thresholds,
or to reduce their overall carbon footprint. Some
programs also offer farmers the possibility of selling
carbon insets to downstream companies that use
agricultural commodities in their supply chains. For
example, food and beverage companies interested

in lowering their supply chain overall emissions could
purchase carbon insets from agricultural producers.

Carbon insets are not designed to offset emissions

in other parts of the supply chain, but rather reduce

its overall GHG emission footprint. A major difference
between practices that generate carbon offsets and
those that generate carbon insets is their permanence:

while the former need to be maintained for long
periods of time, the latter might be only temporarily
implemented. Another major difference is that while

an agriculture carbon credit can only offset one ton of
carbon emitted somewhere else, a temporary carbon
inset can be claimed by multiple actors within the
supply chain and across supply chains. For example,
carbon insets in soybean production can be claimed
within the same value chain by the crushing plant, the
food processing plant that uses soybean oil, the retailer
that sells the processed food and the oil; as well as
across value chains by hog producers, biodiesel plants
and gas stations, and cosmetic products using soy
derivatives.

Source: How to Grow and Sell Carbon Credits in US Agriculture, lowa State University Extension and

Outreach, November 2021

Current Federal and State Programs

Today, there are a number of federal programs
supplemented by programs in some states that provide
economic incentives for specific agricultural practices,
many of which increase soil carbon sequestration
(Table 2.4). Farm policy is currently subject to the Farm
Bill and to USDA programs through the Farm Service
Agency, Natural Resource Conservation Service

and Risk Management Agency. These U.S. federal
agricultural programs are administered through state

agencies such as West Virginia’s State Office.

The USDA provides payments to landowners for
implementing agricultural practices, which often

has the co-benefit of increasing CO, sequestration

on farmlands. For example, the USDA is currently
reviewing a proposal to fund pilot projects for the new

Partnerships for Climate-Smart Commodities:

“Through this new program, USDA will finance
partnerships to support the production and
marketing of climate-smart commodities via a set
of pilot projects lasting one to five years. Pilots
will provide technical and financial assistance

to producers who implement climate-smart
practices on a voluntary basis on working lands;
pilot innovative and cost-effective methods for
quantification, monitoring, reporting and verification
of greenhouse gas benefits; and market the
resulting climate-smart commodities.”

The USDA already supports many well-established
programs that promote the co-benefit of CDR, such

as the Conservation Reserve Program, which pays
farmers to take cropland out of production and plant
grass or trees instead. It was originally implemented

to influence crop prices and to decrease soil erosion,
but it also increases soil organic carbon storage, which
has become more of a focus over the last 15 to 20



https://www.extension.iastate.edu/agdm/crops/pdf/a1-76.pdf
https://www.fsa.usda.gov/index
https://www.fsa.usda.gov/index
https://www.nrcs.usda.gov/wps/portal/nrcs/site/national/home/
https://www.rma.usda.gov/
https://www.fsa.usda.gov/state-offices/West-Virginia/index
https://www.usda.gov/climate-solutions/climate-smart-commodities
https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program
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Table 2.4. Federal and State Economic Incentives to Encourage Specific Agriculture Practices
(West Virginia University, 2023)

Economic Incentive
Mechanism

State - Country -
Application Agency

Cost of Incentive

Economic Prosperity
Implications

Federal Programs

: Conservation Reserve
: Program (CRP)

: United States - Farm Service
: Agency (FSA)

: Diversified “rental rate”

: dependent on where land is
: located; rates are available
: for all 55 WV counties

: Job creation not studied; :
: economic prosperity variable :
: by contract length and :
: valuation of land

: Environmental Quality
¢ Incentives Program (EQIP)

: United States - USDA

: Total obligation in WV for

: FY2020 is $15.66 million:

: total U.S. obligation is $1.83
: billion

: Financial assistance for

: addressing natural resource
: concerns regarding air and

: water quality, including

: agricultural and soil qualities

: Farm and Ranch Lands
: Protection Program (FRPP)

: United States - USDA

: No obligation in WV for
: FY2020; total U.S. obligation
i is $11.2 million

: Purchasing of developmental :
: rights to farmland :

Agriculture Management
: Assistance (AMA)

: United States - USDA

: Determined by total number
: of participation in a given
: fiscal year

: Covers up to 75% of the cost :
: of installing conservation :
: practices, up to $50,000 per
: participant in a given fiscal
:year

Regional Conservation :
: Partnership Program (RCPP) :

: United States - USDA

: $300 million standalone
: funding created through the

2018 Farm Bill; $225 million
: allocated for projects in 2022

 Eligible organizations
 apply for grant funding
that promotes solutions to
: conservation challenges in  :
: agriculture and non-industrial :
: private forest land :

State Programs

 Healthy Soils Initiative

: California - United States
: - CA Dept. of Food and

: Agriculture

: Funded through the state’s

: cap-and-trade program on

: carbon, receiving $40.5

: million in funding from 2016-
:19

: Valuations determined by

: methodology as established
: by the CA Air Resource

: Board and USDA-NRCS,

: resulting in varied economic
: impact

Carbon Farming Tax Credit

: New York - United States

: Tax credit model to maximize
: sequestration through
agricultural measures,

: proposal notes various cost

: outputs

: Did not pass through NY
* Assembly (2017), but did
: receive a $50,000 study :
: incentive in the state budget; :
: no further information :
: available

: Conservation Excellence
: Grant Program

: Pennsylvania - United States

: HB 1517 Fiscal Note

: cites “no adverse impact
: on Commonwealth

: funds,”adding that all funding

: would come through tax
: crediting and funding through

: the PA General Fund

: “Financial assistance”

: program to help the

: agriculture community with
: issues including “cover

: crop” management; no :
: determination on job creation :



https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/
https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/
https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/
https://www.fsa.usda.gov/programs-and-services/conservation-programs/conservation-reserve-program/
https://www.nrcs.usda.gov/Internet/NRCS_RCA/reports/fb08_cp_eqip.html
https://www.nrcs.usda.gov/Internet/NRCS_RCA/reports/fb08_cp_eqip.html
https://www.nrcs.usda.gov/Internet/NRCS_RCA/reports/fb08_cp_eqip.html
https://www.nrcs.usda.gov/Internet/NRCS_RCA/reports/fb08_cp_eqip.html
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/rcpp/
https://www.nrcs.usda.gov/wps/portal/nrcs/detail/national/newsroom/releases/?cid=nrcseprd1870452
https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.cdfa.ca.gov/oefi/healthysoils/
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
https://www.legis.state.pa.us/WU01/LI/BI/FN/2019/0/HB1517P2125.pdf
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Economic Incentive
Mechanism

State - Country -
Application Agency

Economic Prosperity

Cost of Incentive Implications

Sustainable Farms and
: Fields Grant Program

: Washington - United States

: FY2019-21 Fiscal Note

: cites $168.739 in “operating
: expenditures” and $0 for

: budget expenditures: total

‘ increases to $262,698 in

: 2023-25

: Direct grant program to the

: agricultural sector for certain :
: actions, as defined, including :
: “carbon farming” :

: Carbon Sequestration
: Certification Program

: Oklahoma - United
: States - OK Conservation
: Commission (OKCC)

: Carbon program is “fee-
: funded,” with attributions

available on OKCC website

No job valuation; economic
: impact through carbon offset :
: programming :

Resource Enhancement And
: Protection (REAP) Grant
: Program

: Pennsylvania - United States

: Y2019 total cost

! measurement was ~$37.7

: million, as defined by annual
: state report

: Income tax credits to offset
: implementation costs of

: conservation practices

: directly to landowners

Agricultural BMP (VACS)
: Program

: Virginia - United States - VA
: Dept. of Conservation and
: Recreation

: Administration and :
: operations cost valuations for : to landowners of certain
FY2022 are $6.521,091

: Direct cost-share payments

: sectors for management

¢ of land in line with

: recommended conservation
: standards

years. The Environmental Quality Incentives Program,

Conservation Stewardship Program and Regional

carbon footprints. For example, Kroger is introducing

Conservation Partnership Program provide funding for

implementing CDR-enhanced farming.

Whether or not a farmer could participate in both a
conservation easement program and carbon offset
market would depend on how land and resource

rights are defined in each agreement. Also, if their

land is already sequestering carbon at a high rate
because of their conservation efforts, additional carbon
sequestered for selling carbon credits may be limited.
Federal conservation programs, instead of selling
carbon, pay farmers for adopting new management
strategies that enhance the resilience of their land and
protect environmental resources.

The Food and Agriculture Climate Alliance
recommends a performance-based 45Q tax credit
and a USDA-managed Commodity Credit Corporation
carbon bank. This is discussed in Box 2.6.

Agriculture Industry Programs

In the food and beverage industry, 90% or more of
greenhouse gas emissions can come from indirect
emissions within the agricultural supply chain. Some
companies are voluntarily taking action to reduce their

carbon-neutral eggs, and Anheuser-Busch is partnering
with a non-profit, Carbon Neutral, to purchase carbon
offsets and invest in renewable energies o meet
carbon-neutrality for one of their beers.

Technical and Economic Challenges to Farmer
Participation

Participating in the agricultural carbon offset market is
technically complicated, however, and the economic
incentives are not always sufficient to encourage
farmers to participate—even if they are aware of

and interested in such programs. For farmers to

sell credits for the carbon stored in their soil, this
carbon has to be measured and verified, which can

be prohibitively costly and time-intensive. Technical
challenges (including the requirements to measure
and verify soil carbon sequestration) and financial
challenges (including the current low market value of
agricultural carbon—approximately $10-15 per ton of
CO, captured) prevent more farmers from considering
selling carbon credits in their agricultural plans. These
barriers may make federal conservation programs more
enticing, as the upfront costs of management would be
shared by the federal government, and farmers would
not need to rely on selling credits to private entities in a
volatile carbon market.



https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/eqip/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/csp/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/rcpp/
https://www.nrcs.usda.gov/wps/portal/nrcs/main/national/programs/financial/rcpp/
https://wecprotects.org/wp-content/uploads/2020/11/Carbon-Offsets-in-Conservation-Easements.pdf
https://wecprotects.org/wp-content/uploads/2020/11/Carbon-Offsets-in-Conservation-Easements.pdf
https://www.grocerydive.com/news/kroger-is-adding-carbon-neutral-eggs-under-its-simple-truth-line/610801/
https://www.grocerydive.com/news/kroger-is-adding-carbon-neutral-eggs-under-its-simple-truth-line/610801/
https://www.climateneutral.org/
https://www.environmentalleader.com/2022/04/bud-light-next-offsets-emissions-implements-reduction-plans/
https://www.environmentalleader.com/2022/04/bud-light-next-offsets-emissions-implements-reduction-plans/
https://www.politico.com/news/2021/06/29/biden-climate-farmers-carbon-496843
https://www.politico.com/news/2021/06/29/biden-climate-farmers-carbon-496843
https://onlinelibrary.wiley.com/doi/full/10.1111/gcb.14815
https://www.edf.org/sites/default/files/content/agricultural-soil-carbon-credits-protocol-synthesis.pdf
https://www.edf.org/sites/default/files/content/agricultural-soil-carbon-credits-protocol-synthesis.pdf
https://www.edf.org/sites/default/files/content/agricultural-soil-carbon-credits-protocol-synthesis.pdf
https://www.edf.org/sites/default/files/content/agricultural-soil-carbon-credits-protocol-synthesis.pdf
https://www.edf.org/sites/default/files/content/agricultural-soil-carbon-credits-protocol-synthesis.pdf
https://fnspublic.ofm.wa.gov/FNSPublicSearch/GetPDF?packageID=60831
https://fnspublic.ofm.wa.gov/FNSPublicSearch/GetPDF?packageID=60831
https://fnspublic.ofm.wa.gov/FNSPublicSearch/GetPDF?packageID=60831
https://fnspublic.ofm.wa.gov/FNSPublicSearch/GetPDF?packageID=60831
https://fnspublic.ofm.wa.gov/FNSPublicSearch/GetPDF?packageID=60831
https://fnspublic.ofm.wa.gov/FNSPublicSearch/GetPDF?packageID=60831
https://conservation.ok.gov/wq-carbon-program-fees/
https://conservation.ok.gov/wq-carbon-program-fees/
https://conservation.ok.gov/wq-carbon-program-fees/
https://www.agriculture.pa.gov/Documents/2019%20REAP%20Annual%20Report.pdf
https://www.agriculture.pa.gov/Documents/2019%20REAP%20Annual%20Report.pdf
https://www.agriculture.pa.gov/Documents/2019%20REAP%20Annual%20Report.pdf
https://www.agriculture.pa.gov/Documents/2019%20REAP%20Annual%20Report.pdf
http://consapps.dcr.virginia.gov/htdocs/agbmpman/csmanual.pdf
http://consapps.dcr.virginia.gov/htdocs/agbmpman/csmanual.pdf
http://consapps.dcr.virginia.gov/htdocs/agbmpman/csmanual.pdf
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WHAT IS A CONSERVATION EASEMENT, AND HOW DOES THE
USDA’S AGRICULTURAL CONSERVATION EASEMENT PROGRAM

(ACEP) WORK?

What is ACEP?

ACEP helps landowners, land trusts, and other entities
protect, restore, and enhance wetlands or protect
working farms and ranches through conservation
easements. Under the Agricultural Land Easements
component, NRCS helps American Indian tribes,

state and local governments, and nongovernmental
organizations protect working agricultural lands and
limit nonagricultural uses of the land. Under the
Wetland Reserve Easements component, NRCS helps
to restore, protect, and enhance enrolled wetlands.

What are the benefits of ACEP?

Keeps agricultural land in family hands.

Provides a means to remove marginal cropland
from production.

Provides income.

Protects our nation’s best agricultural soils or
grasslands.

Preserves wildlife habitat and protects biodiversity,
including for threatened and endangered species.

Protects and restores wetlands and improves water
quality.

Sequesters carbon and helps reduce greenhouse
gases.

How does ACEP work?

Landowners who enroll in ACEP retain private
ownership of their land but must follow certain land use
requirements. They must agree to maintain a specific
use of their lands.

Examples include:

Agreeing to limit non-agricultural use of land in an
agricultural land easement.

Agreeing to cease agricultural activity on a wetland
easement to protect the conservation value of the
wetlands.

Easement holders may lease the rights to undeveloped
recreational uses like hiking, bird watching, hunting,
and fishing.

NRCS [Natural Resources Conservation Service] may
provide landowners enrolled in easements with both
financial assistance and one-on-one technical support
to fit their specific land use goals. Easements are
also annually monitored to ensure compliance with
allowable land uses.

Easements do not:
‘Take over’ land in private ownership — all
enroliments are voluntary.

Cause landowners to lose access to their land.

Allow public access-unless specifically agreed to
by the landowner.

Shift the tax burden of the enrolled land to the
public.

Source: Agricultural Conservation Easement Program (ACEP): Is ACEP Right for Me?, U.S. Department of

Agriculture, September 2021
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Table 2.5. Opportunities and Challenges of Agriculture to Reduce Carbon Dioxide in West
Virginia (West Virginia University, 2023)

Opportunities

Challenges

: Science and technology

: Many agricultural practices (e.g., conservation
: tillage, deep-rooted cultivars, cover cropping,

: perennial systems) can improve overall carbon :
: sequestration capacity and soil health, and limit :
: emissions released by agricultural machines.

: The likelihood of re-releasing carbon stored

: in sails is high compared to other methods. :
: Conservation tillage can increase nitrous oxide :

emissions, potentially reducing the greenhouse :

: gas benefits.

: Measuring soil carbon stocks and sequestration
: is challenging, and there is inconsistency in the :
: protocols used. :

: Economic prosperity

- Enhanced soil carbon improves soil health,
: leading to higher yield and economic
: production from farmlands.

: Farmers can sell carbon credits for the carbon
: sequestered in soil. Federal programs share

: the costs of improved management, as

: opposed to selling carbon in a volatile carbon
: market.

: The high costs of measuring and verifying soil
: carbon credits have prevented some farmers
: from participating in the voluntary carbon

: trading market.

Environmental &
: conservation impact

: Increases in soil carbon can also increase

: soil health, crop yield, and soil water filtration
and retention, reduce soil erosion, increase

: biodiversity, and decrease the amount of

: fertilizers needed.

: Some methods for increasing soil carbon

: storage can have negative effects, such as the
: addition of compost and manure that impact

: streams and downstream water.

Disadvantaged
: communities

Agricultural yields can increase due to soil
: carbon enrichment, thus improving the living
: conditions of farmers.

Potential payments for carbon sequestered in
: their soil can support family farms.

Demanding institutional and technical :
: requirements and long-delays in carbon market :

: payments may discourage economically-

: disadvantaged community participation and
: put small-scale agriculture at a competitive :
: disadvantage in carbon markets compared with :
: large-scale industrial agriculture. :

To help reduce entry barriers into voluntary
environmental credit markets for farmers, ranchers, and
private forest landowners, there is bipartisan support
for improving these programs through legislation such
as the Growing Solutions Act (S. 1251, H.R. 2820),
which would establish a voluntary Greenhouse Gas
Technical Assistance Provider, and the Third-Party
Verifier Self-Certification Program. Both West Virginia
senators supported this leqgislation when it passed the
Senate.

Equity Barriers to Farmer Participation

Notwithstanding the federal and state programs,
certain equity barriers exist in making USDA and other
agricultural programs equally available to all small
farmers. These inequities affect the ability of farmers
of color to profit from carbon credit offset programs (as
discussed in Section 6, below). The USDA admitted
its “checkered” racially discriminatory past in a 2010
litigation settlement.

In an attempt to overcome this historical discrimination,
the USDA released a plan to address inequality and
discrimination: the Equity Action Plan. There are
agricultural and forestry programs designed to assist
disadvantaged farmers; these include the Qutreach
and Assistance for Socially Disadvantaged Farmers
and Ranchers program, Farm Service Agency loan
down payment grants, and other loan programs

for underserved communities. Yet, concerns about
discrimination issues persist today. The Biden
Administration’s American Rescue Plan provided for
up to $4 billion in minority farmer loan forgiveness.
However, a federal judge issued a temporary injunction
against implementing this program in a lawsuit filed by
white farmers claiming reverse discrimination.
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INLAND WETLANDS MANAGEMENT
PRACTICES

Wetland restoration is complicated, as each wetland
needs to be reviewed independently. The WV

Department of Environmental Protection (WVDEP) is

already beginning this process. They’ve found that
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“The single most important threat to wetlands in
West Virginia is land conversion from natural to
developed land uses as part of general economic
development. Construction, extractive industries,
and floodplain development all contribute to
wetland loss in the state. Pollution, artificial
drainage, and invasive species degrade existing
wetlands. Climate change, which is bringing an

FOOD AND AGRICULTURE CLIMATE ALLIANCE PROPOSED POLICY

OPTIONS

The Food and Agriculture Climate Alliance recommends
a performance-based 45Q tax credit and a USDA-

managed Commodity Credit Corporation carbon bank.

Specifically,

® A performance-based tax credit for carbon
sequestration modeled after 45Q

» The Department of the Treasury, in consultation with

USDA, should develop a tax credit modeled after
Internal Revenue Code Section 45Q. 45Q provides

a tax credit on a per-ton basis for qualified captured

carbon dioxide.

» The tax credit should be transferable, allowing
maximum flexibility for participants.

» Relevant USDA agencies should play a significant
consultative role in developing a policy guidance

document covering measurement and verification that

could be used for public incentives and by private
markets.

® A USDA-led Commodity Credit Corporation (CCC)

carbon bank

» The carbon bank would establish a price floor

for carbon sequestration and GHG reductions.

This would be contingent upon a significant
increase in the CCC borrowing authority

to ensure that the establishment of such a
bank would not impede critically important

ongoing operations of the CCC, including farm
programs, crop insurance and mandatory
conservation programs.

» When developing the program, USDA should
mitigate potential market impacts and ensure
that the program is not overly complicated or
burdensome.

Provide a one-time payment for early adopters

> Eligibility for a one-time bonus payment would
be contingent upon participation in a new,
USDA-approved incentive program or an
existing conservation program.

» When determining the definition of “early
adopter,” NRCS should utilize a sliding scale
based on the length of time, number and type of
practices adopted by a producer.

» Funding should come from a one-time
appropriation to remain available until
expended.

» Participants would self-certify using
documentation based upon, but not limited to:

Satellite imagery.
Soil testing.

Previous participation in NRCS, state or
third-party certification or conservation
programs.

Source: Food and Agriculture Climate Alliance, Joint Policy Recommendations, 2020
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increased frequency of both drought and extreme
storm events, threatens wetlands while at the same
time underscoring their importance in helping to
stabilize the hydrologic cycle.”

Wetlands in West Virginia have the potential to
sequester and store carbon over the long term.
Additionally, wetlands provide many other ecosystem
services that are particularly important to the state,
such as flood control and water purification (Figure
2.14). There is potential for both minor and major
wetland restoration activities, including the possibility of
creating duck-hunting and tourist areas that may bring
revenue to rural communities. Some wetlands in West
Virginia already serve as economic engines, bringing in
tourism and recreation revenue (see Box 2.8).

Figure 2.14. How People Benefit from the
Ecosystem Services Provided by Wetlands
(Ontario Ministry of Natural Resources and Forestry, 2017)

Table 2.6. Opportunities and Challenges of Wetlands to Reduce Carbon Dioxide in West Virginia
(West Virginia University, 2023)

Opportunities Challenges

: Science and technology : Wetlands of the Eastern Mountains and Upper : Wetlands both sequester carbon and emit
: : Midwest store the most carbon, accounting for : methane (another greenhouse gas), leading
: nearly half of the wetland carbon in the United : to questions about their overall impact on
: States. : climate change. One study, however, found
: : that the creation and restoration of wetlands
: can sequester carbon and provide other
: ecosystem services without concern about the
: consequences of climate change impacts.

: Economic prosperity : Boardwalks and other constructed development : Once wetlands are in place, the opportunities  :
: : in the wetland/peatland areas provide : for other economic development activities_ may  :
: economic opportunity (tourism) and educational : be limited, as the areas are then protected by
: opportunities without disturbing the wetlands; : the Clean Water Act; exceptions can include
: see Box 2.2 for a detailed West Virginia * agriculture and forestry activities, though these :
: example. Conservation activities promote : activities require a permit from the Army Corps
: volunteerism, science-based educational : of Engineers.

: opportunities, and jobs for environmental and
: conservation professionals.

: Environmental & : Preservation and restoration of wetlands : If not properly restored or created, wetland

conservation impact : provides clean water, flood protection, wildlife : restoration failures can lead to more erosion
: : habitat, carbon storage, and recreation : invasive species colonization, over-abundance

: opportunities to West Virginians. : of predators, and other ecological challenges.
: : Depending on the hydrology (movement of

: water) in restored wetlands, they could release
: methane (CH4), which is a potent greenhouse

: . gas.

: Disadvantaged : The improved environment resulting from : It may be costly to restore wetlands in

: communities : wetland restoration will increase wildlife : impoverished areas, which often have other :

: : populations and clean the air and water in : environmental stressors such as environmental :
: surrounding communities. : pollution or inadequate sewage and stormwater :

: : management systems.
: Wetlands can be peaceful and inspirational
: places for humans to visit and recreate.
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CANAAN VALLEY NATIONAL WILDLIFE REFUGE

The best example in West Virginia of potential
economic gains from tourism is the Canaan National
Wildlife Refuge, the nation’s 500th refuge. The refuge
was established in 1994 with 86 acres but came into
its own with the purchase of an additional 12,000 acres
in 2002. Today, it is 17,000 acres, 8,500 of which are
wetlands. As described and pictured by the U.S. Fish
and Wildlife Service (USFWS),

“A patchwork of 23 wetland types, including bogs,
shrub swamps and wet meadows carpet the valley
floor. At about 8,500 acres, this is the largest
wetland complex in the state of West Virginia, and
is a regionally significant wetland complex within
the southern Appalachians.

“The ecological functions of wetlands provide
valuable services to people. Wetlands absorb water
like a sponge, slowing it down during heavy storms,

thereby reducing downstream flooding. During
times of drought wetlands slowly release water.
They filter sediment, trash and pollutants. Without
wetlands we would need more water treatment
plants, flood control and bank stabilization projects,
and relief from natural disasters. Canaan Valley’s
wetlands provide great habitat for a diversity of
dragonflies and damselflies.”

Of the 73,500 annual visits in 2017, about 40% of
visitors come from 50 or more miles away. These
visitors participated in a wide variety of activities, as
illustrated by the figure below. Such activity resulted in
economic benefits including 33 jobs and $2.7 million
in revenue, most from out-of-town visitors. Details are
provided below.

Return to Contents
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Table 1. Canaan Valley NWR: 2017 Recreation Visits

Activity

Residents

Non-Residents

Non-Consumptive:

: Pedestrian i 11,325 : 16,987 : 28,312
: Auto Tour - - -
 Boat Trail/Launch : 64 : 96 : 160

: Bicycle 4,789 : 2,053 : 6,842

: Photography : 17,500 : 7,500 : 25,000
: Interpretation : 511 : 341 : 852

: Other Recreation 11,679 11,679 : 3,358

: Visitor Center 15,675 1631 : 6,306

: Hunting:

: Big Game : 740 :1,110 1,850

: Small Game 47 11 1158

: Migratory Birds 90 184 1274

: Fishing: 273 S 117 : 390

: Total Visitation: : 42,693 : 30,808 : 73,501

Table 2. Canaan Valley NWR: Visitor Recreation Expenditures (2017 $,000)

Activity Residents Non-Residents
: Non-Consumptive © $479.30 © $1,899.80 © $2,379.10
: Hunting :$21.20 : $81.80 :$103.00
{ Fishing £ $8.70 £ $8.70 £ $17.40
' Total Expenditures : $509.10 : $1,990.40 | $2,499.50

Table g Canaan Valley NWR: Local Economic Contributions Associated with Recreation Visits
(2017 $,000)

Economic Contribution Residents Non-Residents
: Economic Output : $569.70 : $2,087.60 : $2,657.30
: Jobs '8 : 26 : 34
Job Income : $153.60 : $550.80 : $704.40
! State and Local Tax Revenue : $52.60 : $197.90 : $250.50

Sources: U.S. Fish and Wildlife Service, Canaan Valley National Wildlife Refuge website, 2022; Banking on Nature: The
Economic Contributions of National Wildlife Refuge Recreational Visitation to Local Communities. 2017, 2019; The
Economic Contributions of Recreational Visitation at Canaan Valley National Wildlife Refuge, 2019
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3. BIOENERGY WITH CARBON CAPTURE AND

STORAGE (BEGCS)

Bioenergy with carbon capture and storage (BECCS,
with the “s” sometimes referring to “sequestration”)
focuses on taking waste biomass, including agricultural
waste and municipal waste, and converting it into
valuable products such as bioenergy (Figure 3.1) or
biochar (Figure 3.2). In this policymaker guide, we

use the broader view of BECCS as described by the
National Academies of Sciences, Engineering, and
Medicine, which includes

Plants, which capture carbon dioxide as they grow, can be used

“(1) biomass combustion to thermal and electrical
power with carbon capture and sequestration
(traditional BECCS)

(2) biomass thermochemical conversion to fuel with
biochar soil amendment, and

(3) biomass fermentation to fuel with carbon
capture and sequestration.”

as a fuel source in a process called bioenergy with carbon dioxide
capture and storage. It starts with the burning of biomass, such as
corn stalks left over from ethanol manufacturing, to make energy.
The carbon dioxide released during the burning process is captured
and stored deep underground or used in long-lasting products. This
approach provides long-term storage but can compete with other
uses for land and needs to be implemented responsibly to avoide

potential negative impacts to biodiversity.

Figure 3.1. How Bioenergy with Carbon Dioxide Capture and Storage Works (adapted from Chan

Zuckerberg Initiative, 2022)

Biochar is a charcoal-like substance that stores carbon. It's

produced by burning plant waste from agriculture or forestry in a
low-oxygen environment—a process called pyrolysis. Biochar is
buried in the soil to keep carbon out of the atmosphere for long
periods and improve soil quality. Similar to biochar, pyrolysis can
also be used to create bio-oil, a stable, carbon-rich liquid that is
pumped deep underground and stored durably. Scaling biochar, like
scaling all carbon removal methods, requires improved ways to track
and verify how much carbon is removed and strored and for how

long.

Figure 3.2. What is Biochar? (adapted from Chan Zuckerberg Initiative, 2022)



https://nap.nationalacademies.org/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
https://nap.nationalacademies.org/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
https://chanzuckerberg.com/blog/interactive-carbon-dioxide-removal/?&utm_source=email&utm_medium=partnership&utm_campaign=sej
https://chanzuckerberg.com/blog/interactive-carbon-dioxide-removal/?&utm_source=email&utm_medium=partnership&utm_campaign=sej
https://chanzuckerberg.com/blog/interactive-carbon-dioxide-removal/?&utm_source=email&utm_medium=partnership&utm_campaign=sej
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Unlike natural CDR processes, BECCS requires

a method for storing the CO, that is captured.

One advantage, however, is that BECCS can take
advantage of waste generated by current economic
activities, such as the forest product and agricultural
industries, which are active in West Virginia.

WHAT IS THE POTENTIAL OF BECCS
IN WEST VIRGINIA?

In West Virginia, the biomass available for use in
bioenergy systems includes three potential categories
of feedstocks:
® forestry (whole-tree biomass and logging residues)
® agriculture (energy crops and crop residues)

® other wastes (municipal solid waste, secondary
crop residues, and manure)
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Figures 3.3 and 3.4 provide the annual and cumulative
carbon sequestration potential if the bioenergy is
converted into electricity, and Figures 3.5 and 3.6 show
the results if converted to a liquid fuel. According to this
data, forestry is comparable to agriculture in terms of
its potential contribution to CO, sequestration for both
bioenergy converted to electricity and to fuels. Detailed
information on how these estimates were developed
can be found in Appendix D.

As shown in Table 3.1, the annual total economic
impact is estimated to be $446-1,770 million in
economic output and 746-2,960 total jobs per year for
biomass to electricity. If instead, that same biomass is
converted into fuels, the annual total economic impact
is estimated to be $135-697 million and 295-1525 jobs
(Table 3.2). Detailed information on this analysis can be
found in Appendix J.

Figure 3.3. West Virginia’s Technologically Enhanced Natural Annual Carbon Sequestration
Potential: Bioenergy to Electricity with Carbon Capture & Storage (BECCS), by 2050 (west Virginia

University, 2023)
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Figure 3.4. West Virginia’s Technologically Enhanced Natural Cumulative Carbon Sequestration
Potential: Bioenergy to Electricity with Carbon Capture & Storage (BECCS), 2022-2050 (West
Virginia University, 2023)

Figure 3.5. West Virginia’s Technologically Enhanced Natural Annual Carbon Sequestration
Potential: Bioenergy to Liquid Fuels, by 2050 (West Virginia University, 2023)
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Figure 3.6. West Virginia’s Technologically Enhanced Natural Cumulative Carbon Sequestration
Potential: Bioenergy to Liquid Fuels, 2022-2050 (West Virginia University, 2023)

Table 3.1. Annual Economic Impact of Biomass to Electricity Spending in West Virginia (West
Virginia University, 2023)

Direct Impact : Indirect and Induced :  Total Economic

i : Impact g Impact
: Output ($, millions) 1 276-1,094 : 170-675 : 446-1,770

: Employment (jobs) :183-724 ' 564—2,236 : 746-2,960

: Labor Income ($, millions) :30-120 : 39-156 : 70-277

: Total Taxes ($, millions) :5-19 1417 :9-36

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

Table 3.2. Annual Economic Impact of Biomass to Fuels Spending in West Virginia (West Virginia
University, 2023)

| : Direct Impact Indiref;‘galgtduced Totallgggggmic
: Output ($, millions) $99-512 :36-185 : 135-697

: Employment (jobs) : 68-354 :227-1,171 : 295-1,525

: Labor Income ($, millions) : 10-50 : 10-52 :20-102

Total Taxes ($, millions) :1-5 :1-5 :2-10

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.
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Figure 3.7. Diagram Linking Biomass Type to Conversion Technology (Lawrence Livermore National
Laboratory, 2020)

Figure 3.8. How Biofuels Recycle Carbon Dioxide (National Renewable Energy Laboratory, 1999)


https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf
https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf
https://www.nrel.gov/docs/fy99osti/24052.pdf
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BIOMASS ENERGY PLANTS

Biomass energy plants vary a great deal in their
operation. Many sources of biomass can be converted
through different types of technology to a variety of
energy products, including hydrogen, grid electricity,
liquid fuels, biochar, and renewable natural gas (Figure
3.7).

Biomass to Electricity

Unlike a traditional power plant, the power generated
via BECCS does not need to provide energy for many
businesses or consumers via an electrical grid. BECCS
can instead focus on very local needs—perhaps that
of just one business or neighborhood, for example.
This would reduce costs and emissions related to the
transportation of the biomass, which might otherwise
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add to greenhouse gas emissions. So, the use of
BECCS is not a “one size fits all” approach.

Biomass to Fuel

Large-scale biological biomass-to-fuel and biochar
technology is commercially available today. In addition,
the ethanol and biodiesel produced from bioenergy
plants is used in vehicles. The chief challenge is that
today few bioenergy plants have carbon capture
technologies that collect the CO, generated in the
process. Biofuel used in cars, trucks, and planes,
however, do displace traditional petroleum products,
and when biofuels grow they absorb CO,, resulting in
overall decreased carbon emissions (Figure 3.8). There
are, however, a number of challenges related to the
production and use of biofuels (Figure 3.9).

Figure 3.9. Biofuel
Production Opportunities
and Challenges
(Massachusetts Institute of

Technology, 2020)



https://nap.nationalacademies.org/catalog/25259/negative-emissions-technologies-and-reliable-sequestration-a-research-agenda
https://www.energy.gov/eere/bioenergy/biofuel-basics
https://climate.mit.edu/explainers/biofuel#:~:text=Biofuels%20can%20be%20used%20as,is%20recycled%20through%20the%20atmosphere.
https://climate.mit.edu/explainers/biofuel#:~:text=Biofuels%20can%20be%20used%20as,is%20recycled%20through%20the%20atmosphere
https://climate.mit.edu/explainers/biofuel#:~:text=Biofuels%20can%20be%20used%20as,is%20recycled%20through%20the%20atmosphere
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Figure 3.10. Wood and Biomass Waste Energy Consumption, West Virginia, 2011-2020 (Energy
Information Administration, 2022)

Figure 3.11. Wood and Waste Consumption Estimates by Sector, Annual, West Virginia, 2011-
2020 (Energy Information Administration, 2022)



https://www.eia.gov/beta/states/states/wv/data/dashboard/renewables
https://www.eia.gov/beta/states/states/wv/data/dashboard/renewables
https://www.eia.gov/beta/states/states/wv/data/dashboard/renewables
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The use of biofuels is encouraged through the federal
Renewable Fuel Standard (RFS), which “requires
transportation fuel sold in the United States to contain
a minimum volume of renewable fuels.” The U.S.
Environmental Protection Agency (EPA) administers
the program by issuing renewable identification number
(RIN) credits. A study of RFS in California found that it
was effective in reducing greenhouse gas emissions.
Congress, however, has regularly debated the RFS
policy for a variety of reasons. The EPA is currently in
the process of proposing changes to RES policies.

Figure 3.10 provides information on wood and biomass
energy consumption in relation to other sources of
renewable energy in West Virginia. As can be seen, this
consumption has varied over time. The drop in wood
and biomass waste consumption in 2015 may have
resulted when West Virginia dropped its renewable
energy portfolio standard (RPS) that year—a standard
that had been in place since 2009. That standard had
“required investor-owned electric utilities and retail
suppliers with more than 30,000 customers to obtain
25% of their electricity from eligible alternative and
renewable energy resources by 2025.” About 45% of
West Virginia’s end-use sector energy is for industrial
needs.

Figure 3.11 illustrates that most current bioenergy
consumption is in the industrial sector. Note that the
carbon emitted during the combustion of biomass is
likely not captured.

In addition to forestry waste and agricultural waste,
other sources of biomass in West Virginia are organic
waste feedstocks such as municipal sewage sludge
(human waste), animal manure, agri-food process
residue, and organic municipal solid waste (e.g., food
waste). One possible source of waste in West Virginia
is the poultry industry, particularly in Hardy County.
WVU is currently conducting a study to quantify
biomass energy feedstocks, including poultry litter and
municipal sewage sludge in this county.

CONCERNS ABOUT LAND USE
CONFLICTS

The primary challenge with BECCS is its interactions
and tradeoffs with existing food, water, energy,

biodiversity, and social systems (FWEBS). For Figure 3.12. Opportunities and Trade-

offs among BECCS and the Food, Water,

example, land used today to produce feed crops Energy, Biodiversity, and Social Systems
and animal products could instead be used to grow Nexus at Regional Scales (Stoy et al., 2018)

crops for bioenergy, as illustrated in the “business as
usual” scenario of Figure 3.12. An aggressive strategy


https://afdc.energy.gov/laws/RFS#:~:text=The%20Renewable%20Fuel%20Standard%20(RFS,Act%20of%202007%20(EISA).
https://pubs.acs.org/doi/full/10.1021/acs.est.1c02894
https://crsreports.congress.gov/product/pdf/R/R43325
https://www.epa.gov/renewable-fuel-standard-program/proposed-renewable-fuel-standards-2023-2024-and-2025
https://www.eia.gov/beta/states/states/wv/analysis
https://www.eia.gov/beta/states/states/wv/analysis
https://www.eia.gov/beta/states/states/wv/analysis
https://kevinorner.faculty.wvu.edu/
https://doi.org/10.1093/biosci/bix145
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for BECCS would divert that land for sequestration
purposes instead. The key for a successful strategy is
illustrated by the conservation scenario that provides
balanced use of the land so that all societal needs can
be met.

This is the approach favored by the Mid-Atlantic
Sustainable Biomass Consortium (MASBIo), a regional
network of universities, businesses, and governmental
organizations led by West Virginia University. This
group is dedicated to delivering a sustainable and
economically feasible “biomass for value-added
products” system in the Mid-Atlantic region of the
United States. The project focuses on the over 10
million acres of mined and marginal agricultural lands
that could be reclaimed to produce biomass crops
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seasonally. Utilizing this option would avoid the issue
of competition with food crops on existing cultivated
areas. The project is also focused on the use of more
than 8 million dry tons of forest residues produced
annually in the region.

The goal is for these forest residues to become the
foundation of a new multi-feedstock biomass supply
chain of blended residues and biomass crops that is
available throughout the year. The project focuses

on feedstock production, harvest and logistics,
optimization, sustainability, system scale-up, education,
and outreach. Table 3.3 provides an overview of the
opportunities and challenges of BECCS.

Table 3.3. Opportunities and Challenges of Bioenergy with Carbon Capture and Sequestration
(BECCS) to Reduce Carbon Dioxide in West Virginia (West Virginia University, 2023)

Opportunities

Challenges

: Science and technology

! Gasification and pyrolysis are biomass
: conversion technologies that can produce CO,

: for sequestration.

: Biomass sources such as forestry are abundant : The available amount of biomass is limited, and :
: and largely available for use in carbon removal. : the location of biomass is static. :

: Costly treatment infrastructure needs to be
installed, operated, and maintained.

: Policies can increase the amount of biomass

: available for carbon removal.

: Economic prosperity

: coal 12,261).

: Woody biomass fuel supported 246 jobs in
: West Virginia in 2021. (As a comparison, oil
* provided 3,576 jobs, natural gas 4,141, and

: Economic and political incentives may be

: required to increase the speed with which

: BECCS is implemented if it is to be part of the
: CDR portfolio.

: Environmental &
: conservation impact

: on current water systems.

: Planting woody biomass sources on degraded
: lands can help restore soils and utilize
: sustainable watering methods to avoid stress

: Biomass production could limit fresh water
: and decrease water availability if sustainable
: watering methods are not used.

: Monoculture of biomass crops reduces

: diversity and threatens ecosystem resilience
: to disturbance, natural disasters, pests. and
: disease.

: Disadvantaged
: communities

: Biomass production and harvesting could
: provide additional income for smallholder
: farmers and new job opportunities in biomass

: Economic incentives to encourage biomass
: production for BECCS could lead farmers to
: use land previously used for agriculture and

: production and harvesting, depending on policy : lead to rising food prices in disadvantaged

: design.

: communities. In addition, care is needed to
: ensure that these economic incentives flow
: to West Virginians rather than absentee

: landowners.



https://doi.org/10.1093/biosci/bix145
https://doi.org/10.1093/biosci/bix145
https://masbio.wvu.edu/about/overview1
https://masbio.wvu.edu/about/overview1
https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
https://www.energy.gov/sites/default/files/2022-06/USEER%202022%20State%20Report_0.pdf
https://www.frontiersin.org/articles/10.3389/fenrg.2020.553400/full
https://iopscience.iop.org/article/10.1088/1748-9326/aabf9f/meta
https://www.nature.com/articles/s41467-021-21640-3
https://www.nature.com/articles/s41467-021-21640-3
http://dx.doi.org/10.1080/14735903.2011.610206
https://link.springer.com/content/pdf/10.1007%2Fb137862.pdf
https://link.springer.com/content/pdf/10.1007%2Fb137862.pdf
https://www.nature.com/articles/s41467-021-23282-x
https://www.extension.purdue.edu/extmedia/id/id-346-w.pdf
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4. DIRECT AIR CAPTURE

Direct air capture involves large fans moving air over materials
that absorb carbon dioxide. The materials are heated to release
and concentrate carbon dioxide. This captured carbon dioxide is
stored permanently and safely deep underground or made into
long-lasting commercial materials such as cement. It may also be
used in products, such as jet fuel, that reduce emissions in hard-
to-decarbonize sectors like long-haul aviation. This process, which

requires large amounts of energy, is currently expensive.

Figure 4.1. How Direct Air Capture Works (adapted from Chan Zuckerberg Initiative, 2022)

Direct air capture (DAC) is a technological approach

to capturing CO, directly from the atmosphere using
purpose-built machines. This CO, can then be used to
produce higher-value products (such as synthetic fuels)
or permanently stored in deep geological formations,
thus achieving carbon dioxide removal.

HOW DOES DAC WORK?

Direct air capture technologies use chemical reactions
to capture CO, from the atmosphere by moving air over
a solvent or sorbent array to selectively react with and
remove CO,, while allowing the other components of
air (i.e., nitrogen and oxygen) to pass through. Once
the CO, is removed, energy is required to release the
CO, from the solvent or sorbent in a concentrated
state. This CO, is then compressed and is ready for
transport, utilization, or storage. Through this process,
the solvent/sorbent is regenerated for another cycle of
capture.

There are two primary DAC technologies with different
types of energy requirements. Liquid solvent systems
require 900C temperatures for solvent regeneration.
Current demonstrations of this technology utilize
natural gas with carbon capture to produce these high
temperatures for regeneration. Solid sorbent systems
have lower heat requirements—80 to 120C—which

means that solid sorbent systems can utilize the
waste heat of other processes. These energy needs
will have an impact on the choice of location for a
facility. Depending on the source, the energy used to
capture the CO, may offset volumes captured and be
a significant determinant of the cost per ton of CO,
captured.

TECHNICAL BENEFITS OF
IMPLEMENTING DAC IN WEST
VIRGINIA

One significant benefit of DAC compared to other
CDR options in West Virginia is its relatively low land
footprint. For example, the National Academies made
the following estimate:

“If you consider a temperate deciduous forest
with a net primary production of 390 km? per Mt/y
CO, and an average tree density of 200 per acre,
a single tree acts to remove (net), on average,
50 kg CO,ly; in this sense, a 1 Mt CO, direct air
capture system does the work of 20 million tree
equivalents, or a forest spanning 100,000 acres.”

A second significant benefit is that a facility can be
located close to suitable storage, eliminating the need
for long-distance CO, transport.


https://doi.org/10.17226/25259
https://chanzuckerberg.com/blog/interactive-carbon-dioxide-removal/?&utm_source=email&utm_medium=partnership&utm_campaign=sej
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TECHNICAL CHALLENGES OF
IMPLEMENTING DAC IN WEST
VIRGINIA

The primary challenges of DAC technologies are the
energy and scale of equipment needed to capture CO,
from a dilute stream.

Energy Requirements

Figure 4.2 illustrates the increasing minimum energy
requirement for capture as CO, streams become
increasingly dilute. Since CO, in air is highly dilute
(~300x more dilute than in the flue gas from a coal-fired
power plant, for example), DAC carries higher energy
needs and is costlier on a per-kg captured basis than
other CO, capture technologies and applications.
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Costs and energy needs are highly variable, depending
on the type of technology used and whether the
captured CO,is going to be geologically stored or

used immediately at low pressure for other products

or processes. For geologic storage, CO, needs to be
highly compressed before it can be injected into deep
geological formations. This step increases plant capital
costs due to the requirement for additional equipment
(such as compressors) and operating expenses to run
that equipment.

Land Requirements

Similar to energy requirements, the land area needed
for large-scale DAC deployment depends on the type
of system, the scale of the facility, and the source of
energy required. In general, liquid solvent systems
are larger than solid sorbent plants because of cost
advantages specific to building liquid solvent plants.

Figure 4.2. Work Requirements for Carbon Capture Based on Concentration, Capture, and Purity

(Bui et al, 2018)



https://pubs.rsc.org/en/content/articlelanding/2018/EE/C7EE02342A
https://pubs.rsc.org/en/content/articlelanding/2018/ee/c7ee02342a
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Principally, liquid solvent systems integrate multiple
units that scale readily, as opposed to solid sorbent
technologies, which benefit from the repetitive use of
a single contactor geometry. Generally, solid sorbent
plants are smaller and capture less carbon per year.

More significant for land use implications is the

impact of CO, depletion between DAC capture units,
which is highly dependent on technology and local
atmospheric conditions, as well as the impact of CO,
depletion on local land, particularly if arable land is
close to the capture facility. The National Academies
of Sciences, Engineering, and Medicine (NASEM)
finds that this particular risk is not well understood but
has significant repercussions on the overall sizing/
land use of a capture facility. In the literature, ranges
for 1 million ton per year facilities are 0.4km? to 1.7km?
(100-400acre) (Table 4.1). For example, the Oxy
Petroleum/1PointFive/Carbon Engineering joint venture
in the Permian Basin, Texas, is expected to sequester
500,000T/y on a facility of approximately 100 acres.

Water Requirements

Similarly, the water usage associated with DAC
depends on the system type as well as the ambient
temperature and humidity.

For a liquid solvent DAC system, capturing 1T of CO,
can require between 1,000 and 7,000 liters of water.
Water losses come mainly through evaporation, so the
relative humidity and temperature of the plant location
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are the main factors of water loss, with higher losses in
hot and dry environments.

Solid sorbent DAC systems in development and
production today vary widely in terms of water usage,
depending on the sorbent regeneration method. A
system that uses steam condensation to regenerate the
sorbent may result in water losses to the environment.
A typical plant employing this method is estimated to
use 1,600 liters of water per ton of CO, captured.

Other systems regenerate the sorbent using indirect
heating, which allows for minimal water losses.
These indirect heating systems are actually net water
producers, producing 800-2,000 liters of water per
ton of CO, captured. In general, DAC systems use
water in hot, dry climates but can produce water in
cool and humid conditions, such as those commonly
encountered in West Virginia.

Cost Requirements

Table 4.2 shows the ranges of capture cost per ton of
CO, as estimated by the National Academies. Figure
4.4 provides DAC cost estimates in California from the
Lawrence Livermore National Laboratory (LLNL) in its
2020 report, Getting to Neutral: Options for Negative
Carbon Emissions in California. This policymaker
guide uses the LLNL cost estimate in its analysis (see
Appendix G).

Figure 4.3. Approximating Water Usage in Liquid Solvent DAC Systems Dependent on

Meteorological Factors (World Resources Institute, 2021)


https://www.aps.org/policy/reports/assessments/upload/dac2011.pdf
https://www.chemicalprocessing.com/environmental-protection/air-environment/article/11298283/direct-air-capture-technologies-ramp-up-capacity-chemical-processing
https://www.chemicalprocessing.com/environmental-protection/air-environment/article/11298283/direct-air-capture-technologies-ramp-up-capacity-chemical-processing
https://livermorelabfoundation.org/2019/12/19/getting-to-neutral/
https://livermorelabfoundation.org/2019/12/19/getting-to-neutral/
https://www.wri.org/insights/direct-air-capture-resource-considerations-and-costs-carbon-removal
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Table 4.1. Total Land Areas for Different Combinations of DAC System Type and Energy (World
Resources Institute, 2022)

DAC System and Energy DAC Plant Area Energy Source Area Total Area for a

; Source (KM?2) (KM2) : 1 MTCO,/yr Plant (KM?)
: Solvent: NG with CCS 0.4 : 0.4 :
: Solvent: NC with CCS + solar PV 0.4 g 71 : 7.5

: Solvent: NG with CCS + geothermal : 0.4 1.5 : 1.9

: Solvent: NG with CCS + wind 0.4 : 13.6° 14.0

: Sorbent: NG with CCS 0.5 0.5

: Sorbent: solar PV 0.5 : 34.2 34.7

: Sorbent: geothermal 0.5 7.0 75

: Sorbent: wind 0.5 65.6° 66.0

Notes: NC = Natural gas; CCS = Carbon capture and storage; PV = Photovoltaic; km? = square kilometers; MtCO,/yr = Million tonnes of
carbon dioxide per year; GtCO,/yr = Billion tonnes of carbon dioxide per year.

@ Based on Carbon Engineering’s plant in development, which uses 100 acres (0.4km?) for the DAC plant and energy infrastructure.

b Assumes colocation of natural gas infrastructure with DAC plant.

¢ Within the total land area for a wind farm, only about 1% is directly taken up by turbine bases and access roads; so it can be used of other

activities, like grazing.

Table 4.2. Estimated Requirements and Costs Associated with Liquid Solvent and Solid Sorbent
Direct Air Capture (National Academies of Sciences, Engineering, and Medicine, 2019)

= o Energy Required CO, Generated : NetCO, : Capture Cost

; %;epitu »:\;r . Energy Source (Gt CO,) (Mtly CO,) : Avoided ' ($/t CO,)
System Electric :Thermal :Electric : Thermal :Electric : Thermal : (Mtly CO,): Captured : Pe?\:ove g
: ‘NG ‘NG 07417 177107 :0.11-0.23 :0.47-0.66 :0.11-0.42 :147-264 :199-357
~ coal :NG :0.74-1.7 :7.7-10.7 :0.18-0.38 :0.47-0.66 :0-0.35 1 147-264  :233-419
: = : : : : : : : : :

: g : wind NG :0.74-1.7 177107 :0.004-  :0.47-0.66 :0.34-0.53 :141-265 : 156-293
: 3 : : : : :0.009 : : : :
2 solar NG :0.74-1.7 7.7-10.7 :0.01-0.03 :0.47-0.66 :0.31-0.52 : 145-265 : 165-294
; -g . . . . . . . . .

: - ‘nuclear :NG ©0.74-1.7 :7.7-10.7 :0.01-0.02 :0.47-0.66 :0.32-0.52 :154-279 :173-310
:  solar P H2v ©11.6-19.8 :7.7-10.7 :0.01-0.03 : 0 £0.99 ©317-501 : 320-506
: : solar  solar 0.55-1.1 :3.4-48 :0.0004- :0.008- :0.892-  :88-228 :89-256

: : : : : :0.008 1 0.01 :0.992 : :

: ‘nuclear :nuclear :0.55-1.1 :34-48 :0.002- :0.004-  :0.91- :88-228  :89-250

: % : : : : 1 0.004 1 0.005 :0.994 : :

: 8 isolar ‘NG 0.55-1.1 :3.4-48 :0.0004- :0.22-0.30 :0.70-0.78 :88-228 :113-326
: 3 : : : : :0.008 : : : :

: 2 iwind NG 05511 :34-48 10.002- :0.22-0.30 :0.70-0.78 :88-228 :113-326
: 3 : : : 0.004 : : :

NG :NG :0.55-1.1 :3.4-4.38 :0.07-0.14 :0.22-0.30 :0.56-0.71 :88-228 :124-407
: : coal : coal :055-1.1 :34-48 01503 :0.32-044 :0.26-0.53 :88-228 :166-877

@ Assuming the use of an oxy-fired kiln to provide heat from natural gas in the calcination process, leading to greater CO, production and
hence lower cost of net CO, removal, using a basis of 1.3 Mt CO, for NG/NG, 1.2 Mt CO, for coal/NG. (NG = natural gas).

> Assuming all hydrogen is produced via electrolysis using near zero-carbon power.

¢ Scenarios range from 2-low to 4-high.


https://www.wri.org/insights/direct-air-capture-resource-considerations-and-costs-carbon-removal
https://www.wri.org/insights/direct-air-capture-resource-considerations-and-costs-carbon-removal
https://doi.org/10.17226/25259
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Figure 4.4. Average Costs and Cumulative Quantities for the Lowest-cost Set of Negative
Emissions Pathways for California (Lawrence Livermore National Laboratory, 2020)

Figure 4.5. West Virginia’s Direct Air Capture Sequestration Potential in Southern West Virginia
(West Virginia University, 2023)


https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf

CARBON DIOXIDE REMOVAL AND WEST VIRGINIA

CASE STUDY: DIRECT AIR
CAPTURE DEPLOYMENT IN
WEST VIRGINIA

Although technically DAC can be
located anywhere in West Virginia,
realistically, it is best located near
potential CO, storage locations.

This avoids the financial and social
challenges associated with transporting
the CO, to industrial locations where it
can be utilized. In addition, placement
of DAC near former coal sites in West
Virginia can potentially provide a source
of employment for residents of these
disadvantaged communities, where
unemployment rates are high. Figure
4.6 provides unemployment rates in
West Virginia. Some of the counties
with the highest rates and with locations
near possible CO, storage sites are in
southern West Virginia. They are the
West Virginia counties used in the Direct
Air Capture/Carbon Sequestration case
study below: Boone, Logan, Mingo,
Raleigh, and Wyoming. In this case
study, we evaluate the potential for
DAC deployment and potential storage
volumes from deployment in these
areas. (Details are provided in Appendix
G.)

Overall, we identified 66 potential
DAC/carbon capture sites with >100A
footprints in these five counties,
overlying potential storage reservoirs
of 30MT. While further analysis would
be required, these details highlight the
strong potential for the deployment of
DAC facilities in the southern coalfields.

Table 4.3. Mine Sites Overlying 30MT
Storage (West Virginia University, 2023)
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Figure 4.6. Unemployment Rates, by County, West Virginia,
November 2021 (West Virginia University, 2023; adapted from U.S.
Bureau of Labor Statistics, 2022)

Figure 4.7. Map of Potential Direct Air Capture Sites
in Southern West Virginia Based on Potential for
CO, Storage (West Virginia University, 2023)

Number of Mine

Table 4.3 identifies the number of mine sites by acres
available.

Figure 4.7 provides information on the maximum amount of

DAC that can occur in southern West Virginia near potential

storage sites. This estimate is based on our understanding

AT Sites

100+ : 66

400+ : 15

800+ : 5

1,200+ : 2
Average Acres/Site 426.69

of the potential to store carbon as of today, which is
approximately 248 million metric tons over 30 years (until



https://data.bls.gov/lausmap/showMap.jsp;jsessionid=4B1342A6E961540005BE0AC6D94BF2A5._t3_06v
https://data.bls.gov/lausmap/showMap.jsp;jsessionid=4B1342A6E961540005BE0AC6D94BF2A5._t3_06v
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2050), or about 8 million metric tons per year. While we
have some confidence in these estimates, they may
certainly change (for better or worse) as we learn more.

Figure 4.8 overlays the location of the 66 sites relative
to the disadvantaged communities and the people

of color in these targeted counties. Of course, while
there are potential employment opportunities, there
are also potential risks associated with DAC/carbon
sequestration. Care must be taken to ensure that
these communities benefit from DAC investments
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and that they are not adversely affected. Chapter

6 provides policy options and recommendations to
avoid challenges that may arise as deployment of this
technology advances globally.

Table 4.4 estimates the potential annual total economic
impact in the region: $0-2,663 million in economic
output and 0-6,402 total jobs per year for DAC (see
Appendix J), while Table 4.5 identifies both the
potential opportunities and challenges associated with
deployment in the region.

Figure 4.8. Map of Potential Direct Air Capture Sites in Southern West Virginia Based on
Potential for CO, Storage with Proximity to Disadvantaged Communities (Tan) and People of
Color (Purple) (West Virginia University, 2023; data on disadvantaged communities and people of colors based on data
from White House Council on Environmental Quality (CEQ) Climate and Economic Justice Screening Tool, version 1.0, 2022)

Table 4.4. Annual Economic Impact of Direct Air Capture in West Virginia (West Virginia University,

2023)
. Indirect & Induced :  Total Economic
; : L T Impact : Impact
: Output ($, millions) : 01,608 : 0-1,055 © 0-2,663
: Employment (jobs) 1 0-1,740 1 04,662 1 0-6,402
: Labor Income ($, millions) 1 0-254 : 0-269 : 0-523
! Total Taxes ($, millions) L 0-27 £ 0-29 £ 0-56



https://screeningtool.geoplatform.gov/en/#3/33.47/-97.5
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Table 4.5. Opportunities and Challenges of Direct Air Capture (DAC) to Reduce Carbon Dioxide
in West Virginia (West Virginia University, 2023)

Opportunities Challenges
: Science and technology : DAC has been considered one of the most : Energy requirements for DAC technology
: : effective carbon capture technologies, with : have been widely cited as one of the toughest

: rapid deployment being technically feasible. : challenges to the rapid deployment of DAC

: : across the states. Energy costs and overall :
: CO, benefit are uncertain, depending on which :
: energy source is being used. :

: Storage capacity is key for DAC technology to

: be effective in a given region, with low storage :
: capacity being detrimental to the CDR potential :
: (Marcucci et al. 2017). :

* Economic prosperity : If DAC reaches full scale, workers in key trades : New federal policy is required to drive
: : will also see a surge in demand. A typical : initial deployment of DAC and the related
: 1-megaton capacity DAC plant can generate  : employment opportunities because early-
: roughly 3,500 jobs across the sectors in the : stage costs are higher than existing revenue
: : DAC supply chain. : opportunities.
Environmental & : Alife cycle assessment conducted on two : The primary environmental concerns are
: conservation impact : existing Climeworks DAC facilities with : based on effective storage site construction :
: : low-carbon energy sources found that they : methods that will not negatively impact the local :
: achieved carbon capture efficiencies of 85.4% : environment. :

‘and 93.1%. :
: : There are outstanding questions about the

: overall net removal of CO» using DAC when

: considering powering DAC facilities (with low-
: carbon/renewable energy sources).

Disadvantaged : One incentive to implement DAC technology : Public acceptance of new technologies like

i communities tin especially viable locations, where geologic ! DAC is uncertain. Some may be concerned

: : storage can be achieved without much : that their community is expected to accept the
: transportation and pipeline issues, is the : risk of a relatively new technology while the :
: potential for monetary gains and rebates for : benefits accrue to those who own property and :
: people living in the communities surrounding : live elsewhere. :

: these facilities.

SUMMARY

The characteristics of current DAC systems make
them attractive options for West Virginia. While
renewable energy generation is relatively limited in
the state, abundant natural gas, as well as potentials
for geothermal energy, provide options for thermal
energy to power DAC systems. The flexibility in siting
allows for the targeting of deployment to areas that
have storage available while minimizing infrastructure
and CO, transport costs. These same locations in
West Virginia are former coal communities and face
the greatest economic challenges in the state, so
deployment in these regions can potentially lead to
job creation and other economic opportunities. Care
must be taken, however, as this technology develops,
to avoid environmental and safety concerns that we
cannot foresee at this time. This issue is discussed in
Section 6.


https://www.nature.com/articles/s41467-019-10842-5?stream=top#Sec10
https://www.nature.com/articles/s41467-019-10842-5?stream=top#Sec10
https://deliverypdf.ssrn.com/delivery.php?ID=676067083085098094125029071113067078034050019023060074029023106088102029030125089099032060018032059046053102105083016019126011126023030041068070026117104031068015004063087010025075083106123076025078003073101029125007073022087086025105002004064123065087&EXT=pdf&INDEX=TRUE
https://www.nature.com/articles/s41467-019-10842-5?stream=top#Sec10
https://link.springer.com/article/10.1007/s10584-017-2051-8#Sec9
https://rhg.com/research/capturing-new-jobs-and-new-business/
https://rhg.com/research/capturing-new-jobs-and-new-business/
https://www.nature.com/articles/s41560-020-00771-9
https://www.nature.com/articles/s41467-020-20437-0#Sec9
https://www.nature.com/articles/s41467-020-20437-0#Sec9
https://www.sciencedirect.com/science/article/pii/S0959652619307772
https://www.sciencedirect.com/science/article/pii/S0959652619307772
https://www.nature.com/articles/s41467-021-22347-1
https://www.nature.com/articles/nenergy20152
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5. CARBON SEQUESTRATION, STORAGE, AND

UTILIZATION

Some CDR options, including DAC and BECCS,
require that the CO, be utilized or stored in order to
mitigate climate change. After capture, the CO, is
compressed and deeply chilled so that it becomes

a fluid. This fluid can then be transported through
pipelines, ships, trains, and trucks so it can be
turned into products or stored in deep geological
formations thousands of feet below the surface.
Potential long-term CO, geological storage options
include unmineable coal seams, depleted oil and gas
reservoirs, saline formations, and other options (Figure
5.1).

While in some geographic locations the CO, would
need to be transported long distances, in West Virginia,

there are a number of options available for permanent
geological storage, such as depleted oil and gas
reservoirs and unmineable coal seams. The potential
availability of these storage options may offer West
Virginia an advantage over other regions. It should

be noted, however, that CO, storage locations are
valuable for other important services as well (e.g.,
hydrogen storage), so utilization of them will be
competitive.

Further, ensuring that a specific site will work for
permanent CO, storage is challenging and requires
technical assessments, data collection, and permitting.
The basic requirements that a geologic formation must
meet for successful subsurface CO, storage are to (1)

Figure 5.1. Geological Options for Storing CO, (International Panel on Climate Change, 2018)


https://www.ipcc.ch/site/assets/uploads/2018/03/srccs_wholereport-1.pdf
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have a high storage capacity; (2) be sealed so that the
injected CO, cannot escape; and (3) be more than 800
m (critical point of CO,) in depth. From this high-level
theoretical assessment, a number of sites are identified
for the second level assessment, which includes
publicly available well data. Sites that pass this test
may then require further assessment, as determined by
the EPA, for permitting. This step may require drilling a
new well at the proposed location.

CARBON SEQUESTRATION AND
STORAGE

Table 5.1 provides estimates from the National Energy
Technology Laboratory (NETL) atlas of how much CO,
storage is available in West Virginia. These estimates,
however, are high-level, preliminary estimates that may
be optimistic. A more rigorous assessment has been
conducted by the U.S. Geological Survey (USGS), but
these are not state specific. As noted by the USGS,
“The goal of this project was to conduct an initial
assessment of storage capacity on a regional basis,
and results are not intended for use in the evaluation of
specific sites for potential CO, storage.”

The WVU team believes there is a tremendous need
for further analysis and targeted location assessments.
The DOE’s CarbonSAFE Initiative is attempting to

fill that knowledge gap by funding and developing
“projects focused on ensuring carbon storage
complexes will be ready for integrated Carbon Capture,
Utilization, and Storage (CCUS) system deployment in
the 2025-2030 timeframe.” Currently, however, there
are no projects in West Virginia.

Identifying the feasibility of these storage options in
West Virginia is not an easy task. Not every location
that might be used for BECCS or DAC has an injection
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well that can be used to inject and store carbon. In
particular, the EPA does not allow injection if the
underground water is not salty enough—that is, it must
have more than 10,000 mg/L of total dissolved solids.
As noted by the NETL, sites must have the following
characteristics as well as meet EPA permitting
requirements:

® Storage Resource — A storage site needs to have
sufficient storage resource (space) to contain large
amounts (millions of metric tons) of compressed
CO,. The storage resource is a fraction of the pore
volume of porous and permeable sedimentary
formations available for storage (Box 5.1).

® Injectivity — This refers to the rate at which CO,
can be injected into the subsurface. Injectivity of
the CO, is directly related to the permeability of
the formation. The permeability of a formation is a
measure of the resistance to fluid flow through it. If
fluid can easily pass through the formation, it has
“high permeability.”

® Integrity — This refers to the ability to confine CO,
safely within a predetermined volume without
a breach from the storage complex. A storage
complex must have one or more confining zones
that seal above the injected formation that are
intact and do not have leakage pathways.

® Depth — The CO, storage zone needs to be located
at a sufficient depth and pressure so that CO, can
be injected as a supercritical fluid. Supercritical
CO, is dense and behaves more like a liquid than
a gas, allowing for storage of higher concentrations
of CO, by volume.

Table 5.1. Storage Capacity of Different Geological Formations in West Virginia Based on

Estimates (NETL Carbon Storage Atlas V Edition)

Storage Capacity in Billion Metric Tons

:  Low : Medium ! High
: Oil and Natural Gas Reservoirs :5.93 :9.84 :18.05
: Unmineable Coal Seams :0.37 :0.37 :0.37
: Saline Formations S11.9 S11.9 S11.9
: Total Storage Resource 117.49 :21.40 :29.61



https://pubs.usgs.gov/fs/2013/3020/
https://www.netl.doe.gov/sites/default/files/2022-05/IG-CarbonSAFE_20220512.pdf
https://www.epa.gov/uic/general-information-about-injection-wells
https://www.netl.doe.gov/node/5841
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BOX 5.1
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WHAT IS GEOLOGICAL STORAGE, AND WHO OWNS RIGHTS TO PORE SPACE?

As described by the Global CCS Institute, an
“‘international think tank whose mission is to accelerate
the deployment of carbon capture and storage (CCS)”:

“Geological storage involves injecting captured
CO, into rock formations (not caverns)—called a
storage formation—typically underground at depths
of more than 1 km, thereby permanently removing
it from the atmosphere. Storage formations

are typically associated with the following
characteristics:

® Pores - millimeter-sized voids that provide the
capacity to store the CO,

® Permeability - a geologic feature wherein the
pores in a rock are sufficiently connected.
Permeability enables the injection of CO, at
the required rate, allowing the CO, to move
throughout the formation.

® Permanence - a storage formation must
include an extensive cap rock, or barrier,
around the formation which helps ensure the
CO, is contained permanently.”

In March 2022, West Virginia’s Governor signed
legislation into law to “establish requirements for
carbon dioxide sequestration.” As summarized by the
Charleston Gazette-Mail, the act would:

® require a permit to operate a CO, storage site to
drill injection wells and sequester carbon dioxide at
specified site;

® require a permit application fee, determined by
the West Virginia Department of Environmental
Protections (WVDEP), that would be deposited into
a CO, storage facility administrative fund;

® require WVDEP to issue a permit only if those
owning or leasing minerals would not be adversely
effected or addressed in a written agreement
between mineral owners, lessees, and the storage
operator;

require the storage operator to

> make a “good faith effort” to get the consent of
storage reservoir pore space owners;

» obtain written consent of people who own at
least 75% of the storage reservoir’s pore space;

> identify remaining pore space owners through
West Virginia’s Oil and Gas Conservation
Commission;

» assess migration of injected CO,;

» compensate nonconsenting pore space owners;
and

» be liable for any damage CO, might cause until
the WVDEP issues a certificate of completion.

require the WVDEP to

» rule on permit applications within one year;

> wait at least 10 years to issue completion
certificate;

» transfer pore space ownership back to pore
space owners after completion certificate is
issued; and

» be liable for stored CO, after completion
certificate is issued, defend pore space and
source owners against claims using funds from
the CO, facility trust fund.

Return to Contents


https://www.globalccsinstitute.com/wp-content/uploads/2022/07/Factsheet_CCS-Explained_Storage.pdf
https://www.wvlegislature.gov/Bill_Status/bills_history.cfm?INPUT=4491&year=2022&sessiontype=RS
https://www.wvlegislature.gov/Bill_Status/bills_history.cfm?INPUT=4491&year=2022&sessiontype=RS
https://www.wvgazettemail.com/news/legislative_session/wv-senate-sends-bill-setting-up-state-regulations-for-underground-carbon-dioxide-storage-to-governor/article_2420480d-7326-5786-ba1d-63a3ca248509.html
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Using Oil and Gas Depleted Fields for CO,
Sequestration

Depleted oil and gas fields can be ideal targets for CO,
sequestration because typically

1. the reservoirs are well characterized in terms of
depth, size, and resource storage capacity,

2. reservoirs have well-defined seals that will
prevent CO, leakage from the reservoir into
which it is injected, and

3. the process can produce value-added residual oil
and gas that will be carbon negative.

The down side of these fields is that they may have
numerous known or unknown artificial penetrations
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and wells of inadequate completion quality, and these
may act as conduits for CO, leakage. This can be a
manageable issue depending on the field. Conversely,
deep saline formations may be relatively more free

of such penetrations, but—exactly due to this lack of
exploration—less data is typically available about their
rock properties and their suitability for storage.

West Virginia has a long history of oil and gas
development going back to the 19th century. During
the last decade, rapid shale gas development in the
northern part of the state has also opened up the
possibility of utilizing these hydraulically fractured
shale reservoirs as potential target reservoirs for CO,
sequestration. The location, extent, and approximate
sequestration potential of all the oil and gas fields in the
state, along with the power plant locations symbolized
by their 2013 CO, emissions,
are depicted in Figure 5.2.

Identifying Possible
Carbon Storage Locations
in West Virginia

To develop CO, sequestration
projects and business
opportunities in West Virginia,
it is necessary to identify a
demonstration site based on a
rating criterion that includes

Figure 5.2. Major Oil and
Gas Fields in West Virginia,
with Approximate CO,
Storage Potential (West Virginia
University, 2023) This map shows
the spatial extent of all the major

oil and gas fields in the state along
with their approximate CO, storage
(sequestration) potential. It also
shows the location of major power
plants in relation to these oil and gas
fields. The size of each power plant is
proportional to its total CO, emission
in 2013.
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® proximity to power plants (if we are targeting CDR
from point source emissions);

® availability of deep oil and gas reservoirs (for
permanent CO, storage) or abandoned mine lands/
gas storage fields (for temporary CO, storage and
utilization);

® proximity to the available infrastructure of transport,
roads, pipes, and wells; and

® socioeconomic impact on the fossil fuel based rural
communities.

After the site has been selected, the remaining
challenges that will need to be addressed are

1. conducting a comprehensive geological,
geochemical, and geomechanical characterization
of formations in which CO, will be injected;

2. obtaining required permits;
3. maintaining the supply of CO,;

4. assessing the economic viability of sequestration
operation; and

5. securing public confidence in this new technology.

Additional information on this topic is available in
Appendix F.

CARBON UTILIZATION

As a result, CO, might need to be transported to
another location so it can be stored or turned into a
product. The latter process is called CO, utilization
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and is a very active field of research and development.
Some of the most promising technologies, based on
market research, are

® building materials (concrete, carbonate
aggregates);

® chemical Intermediates (methanol, formic acid,
syngas);
® fuels (liquid fuels, methane); and

® polymers (polyols and polycarbonates).

The full range of options is shown in Figure 5.3.

Figure 5.4 provides information on the market value of
each. When considering how CO, might meet needs
throughout West Virginia, the most significant potential
is likely the mineralization of CO, to produce concrete,
cement, and building materials. The advantages of this
option are presented in Figure 5.5.

The opportunities and challenges of carbon
sequestration, storage, and utilization are discussed in
Table 5.2

Figure 5.3. Simple Classification of Pathways for CO, Use (International Energy Agency, 2019)


https://www.iea.org/reports/putting-co2-to-use
https://deepblue.lib.umich.edu/bitstream/handle/2027.42/150624/CO2U_Roadmap_FINAL_2016_12_07%28GCI%29.pdf?sequence=1&isAllowed=y

CARBON DIOXIDE REMOVAL AND WEST VIRGINIA Carbon Sequestration, Storage, and Utilization | 92

Figure 5.4. Market Value of Various Carbon-Based Goods and Services (White House Council
on Environmental Quality, 2021)

Figure 5.5. Mineralization of CO, into Inorganic Materials (National Energy Technology Laboratory,
2022)


https://www.whitehouse.gov/wp-content/uploads/2021/06/CEQ-CCUS-Permitting-Report.pdf
https://www.whitehouse.gov/wp-content/uploads/2021/06/CEQ-CCUS-Permitting-Report.pdf
https://netl.doe.gov/coal/carbon-utilization/infographics
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Table 5.2. Potential Opportunities and Challenges of Carbon Sequestration, Storage, and
Utilization to Reduce Carbon Dioxide in West Virginia (West Virginia University, 2023)

Opportunities

Challenges

: Science and technology

: Carbon Storage

: Carbon storage is a proven technology that
can accommodate large volumes and requires
: minimal land use/surface footprint.

: The use of depleted/declined Marcellus wells
: could provide a ready pathway for early

: deployment, reducing the project cost through
: use of existing wells (Bielicki et al., 2018).

The combination of DAC with storage would
: allow for the decoupling of CO, production
: (and thus transport) and storage, allowing for

 targeting of storage reservoirs and deployment :

¢ in more desirable locations (based on
: economic or other characteristics).

: As is the case with other carbon storage

: options, such as deep saline, additional

: research is needed to determine if shale

: infrastructure (such as Marcellus wells) is

: an option for carbon storage. In addition,

: permission would be needed from the EPA to
: allow these wells to receive its Class VI well

: designation, which allows the storage of CO..

................................................................. RN

: Carbon Utilization

: There is enormous interest in carbon-to-

: products, ranging from biologic type processes
: (including forests, algae, and conversion of

: those feeds to fuels and other products) to

: direct chemical conversion to fuels, chemicals,
 plastics, and solid carbons. Recent estimates

: project 13% annual growth rates in CO,

: product markets (Zhang et al.. 2020).

: While the value of these products and markets
t is significant, the volumes of CO, utilized

: are relatively low compared to global CO,

: emissions. Long-term potential is estimated

at 1-2GT/y, compared to current emissions in

: excess of 30GT/y (Zhang et al., 2020).

: Economic prosperity

: Injecting CO, into unmineable coal seams can

: enhance coalbed methane recovery, potentially
: offsetting the costs of the CCS operation.

: Some benefits of using depleted oil and

: gas reservoirs for CO, storage are that the

: formations are already extensively studied

: and well characterized; both the surface and

: underground infrastructure is already in place;

i and the process can result in enhanced oil and :

: gas recovery—all of which can offset the costs
: of CCS operations.

: The rates of chemical reactions between

: CO, and fluids and minerals that could

: potentially affect reservoir integrity are not well :
: constrained, leaving room for some uncertainty
: regarding long-term storage in oil and gas :
: reservoirs.

: Environmental &
: conservation impact

: In March 2022, West Virginia put into place
a law that requires carbon capture operators
: to obtain permits from the WVDEP and

: establishes criteria for issuing those permits.
Facility operators are also required to obtain
: permission from 75% of the pore space

L owners.

Since the locations and storage capacity of
: some potential geologic reservoirs are already

: known, DAC or other capture technologies can

be co-located at the sites, eliminating the need
: to build infrastructure to transport the CO, to

: the storage locations, thus minimizing impacts

: to land and environment.

: CCS could potentially affect

: chemistry and drinking water sourced from :
local groundwater wells, which may require risk :
: assessment and management. :

Disadvantaged
: communities

: Possible locations for CO, storage are often
:in locations of past oil, gas, or coal activities,
: where communities have lost jobs due to

: the transition to alternative energy sources.

: Jobs and community benefits may result from
: investments in CO, storage in these regions.

: Past CDR activities in the global south have led

: to “inadequate payments, loss of local control

over natural resources, loss of ability to use
: their land for other livelihood purposes.”



https://netl.doe.gov/carbon-management/carbon-storage/faqs/carbon-storage-faqs#:~:text=Geologic%20storage%20is%20defined%20as,Oil%20and%20natural%20gas%20reservoirs
https://www.sciencedirect.com/science/article/abs/pii/S175058361730525X
https://www.ukri.org/news-and-events/responding-to-climate-change/moving-towards-net-zero/studying-shale-structure-for-carbon-dioxide-storage/
https://www.ukri.org/news-and-events/responding-to-climate-change/moving-towards-net-zero/studying-shale-structure-for-carbon-dioxide-storage/
https://www.epa.gov/uic/class-vi-wells-used-geologic-sequestration-carbon-dioxide
https://www.sciencedirect.com/science/article/pii/S0306261920311302?casa_token=KMhhZ6kD43cAAAAA:Dgoi_rc0khQ0yYaSGZaffaQBnELokLHoc7SeApMm8rAF8FnjhMlYCLAOmHVuROH5hfyDwv7XyuQ
https://www.sciencedirect.com/science/article/pii/S0306261920311302?casa_token=KMhhZ6kD43cAAAAA:Dgoi_rc0khQ0yYaSGZaffaQBnELokLHoc7SeApMm8rAF8FnjhMlYCLAOmHVuROH5hfyDwv7XyuQ
https://www.sciencedirect.com/science/article/pii/S0896844608002945?casa_token=RLNOO8Zha0EAAAAA:Xb_TgtSKtMHqww8H2VFOdbj9kLNDPMb7VuGjhMd2eDXKFdZACESQGHC-2KOFemEiYOzNroS3XSc
https://pubs.rsc.org/en/content/articlepdf/2021/em/d1em00109d?casa_token=Tpcu2UDHyRgAAAAA:nsbi1uAReVGmnfwV3iAFeYQQDdwmeA6-CAfbC8zXF_U_36sJRmoxNF8I91QOvTGhg6YmUT-MjiO1cpU
https://pubs.rsc.org/en/content/articlepdf/2021/em/d1em00109d?casa_token=Tpcu2UDHyRgAAAAA:nsbi1uAReVGmnfwV3iAFeYQQDdwmeA6-CAfbC8zXF_U_36sJRmoxNF8I91QOvTGhg6YmUT-MjiO1cpU
https://code.wvlegislature.gov/22-11A-3/
https://www.wvnews.com/news/wvnews/west-virginia-legislature-completes-action-on-carbon-sequestration-bill/article_ec9ca09c-9984-11ec-a877-d3878af021dd.html#:~:text=Members%20of%20the%20Senate%20voted,absent%2C%20now%20goes%20to%20Gov.
https://www.wvnews.com/news/wvnews/west-virginia-legislature-completes-action-on-carbon-sequestration-bill/article_ec9ca09c-9984-11ec-a877-d3878af021dd.html#:~:text=Members%20of%20the%20Senate%20voted,absent%2C%20now%20goes%20to%20Gov.
https://reader.elsevier.com/reader/sd/pii/S1040619021000932?token=ADF11A0CB416251BEEEA64490D7526FA61A1989BCAFF613CA539A461FEB1D88BFFFCF38979B386E08DA0E9C48E5E8F0B&originRegion=us-east-1&originCreation=20211115221439
https://reader.elsevier.com/reader/sd/pii/S1040619021000932?token=ADF11A0CB416251BEEEA64490D7526FA61A1989BCAFF613CA539A461FEB1D88BFFFCF38979B386E08DA0E9C48E5E8F0B&originRegion=us-east-1&originCreation=20211115221439
https://eesa.lbl.gov/projects/potential-impacts-of-co2-leakage-on-groundwater-quality/
https://www.mdpi.com/2076-3263/8/11/397/pdf
https://www.mdpi.com/2076-3263/8/11/397/pdf
https://www.greenbiz.com/article/your-team-embedding-equity-considerations-its-carbon-removal-projects
https://www.greenbiz.com/article/your-team-embedding-equity-considerations-its-carbon-removal-projects
https://www.greenbiz.com/article/your-team-embedding-equity-considerations-its-carbon-removal-projects
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6. FINDINGS, POLICY OPTIONS, AND

RECOMMENDATIONS

Throughout this policymaker guide, we have addressed the following questions:

® What are potential scientific and technological opportunities and challenges to the removal and storage of

CO, from the atmosphere in West Virginia?

® How could the effective and efficient removal and storage of CO, from the atmosphere enhance economic

prosperity and job creation in West Virginia?

® What are potential new ecological, conservation, and environmental opportunities and challenges to the
removal and storage of CO, from the atmosphere in West Virginia?

® What are the associated opportunities, challenges, risks, and empowerment potential for traditionally socio-
economically disadvantaged communities, including communities of color and those located in former

coalfields?

® What actions, if any, should national, state, and local West Virginia policymakers take to enhance the removal
and storage of CO, from the atmosphere to reduce climate variation, increase economic opportunities, and

create jobs for West Virginians?

In this section, we summarize the findings, policy options, and recommendations that respond to these questions.

They address the following goals:

® Create carbon reduction opportunities in West Virginia

® Restore carbon into West Virginia’s natural resources

® Benefit West Virginia’s economic prosperity and create jobs for West Virginians

® Open CDR opportunities while protecting West Virginia’s ecology, conservation, and environment

® Nurture West Virginia’s disadvantaged communities

CREATE CARBON REDUCTION
OPPORTUNITIES IN WEST VIRGINIA

Finding 1: West Virginia has the most scientific
and technological carbon reduction potential for
CDR options using natural methods (such as
forests, agriculture, wetlands, and forest products,
which can be implemented immediately) as well as
bioenergy with carbon capture and sequestration
(BECCS) (which can take varying amounts of

time depending on the technology chosen) and
direct air capture (DAC) (which requires additional
time for the development of appropriate carbon
sequestration pathways). Carbon mineralization is
not an option due to the state’s geology. Whatever
CDR options are chosen, care should be taken to

establish appropriate standards and verification
processes.

On a near-term basis, the CDR options with the most
potential in West Virginia are natural methods including
forest, crops, soil, and freshwater inland wetland
management. The primary focus should be on family
forest owners, as they may need financial and other
support to manage their land. Examples of active non-
profit organizations working on these issues are The
Nature Conservancy and American Forest Foundation,
who are managing the Family Forest Carbon Program.

Similarly, West Virginia should explore the potential for
using engineered wood products to store carbon as
part of the building construction process. This could
be a boon for the forest products industry if wood


https://familyforestcarbon.org/
https://docs.google.com/document/d/1laXpOjTmFr5VdbjIOmeEbetNqhGwSapoYUWUVbMLfCs/edit#heading=h.35apmus4zkdi
https://docs.google.com/document/d/1laXpOjTmFr5VdbjIOmeEbetNqhGwSapoYUWUVbMLfCs/edit#heading=h.35apmus4zkdi
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products were used instead of alternatives that do not
store carbon. If forests are managed appropriately,
incentivizing carbon storage in wood products can
offset the higher cost of building with wood, ultimately
reducing atmospheric carbon dioxide levels and
supporting the forest product industry that is important
to West Virginia.

On a medium-term basis, BECCS has the most
potential. Currently, there are no BECCS facilities in
West Virginia, though there are bioenergy facilities and
efforts to increase that energy source, including the
MASBIo project. As a result, revenue opportunities are
lost that could otherwise benefit local communities.
Policy actions could be taken today to encourage the
construction of these facilities in appropriate regions of
West Virginia.

On a long-term basis, DAC has the most CO, removal
potential. The technology, however, needs further
research and development before full implementation.
In this case, a demonstration project to understand its
potential in different regions of West Virginia would be
most useful.

Carbon mineralization (ex-situ and in-situ) is not an
option in West Virginia. This is because the geology in
West Virginia is not suitable to support this method.

Although West Virginia’s potential for participation in
carbon markets is high given its natural resources,
West Virginians cannot benefit without additional
organization due to the large number of small
landowners. In addition, neutral state agencies should
provide landowners with a complete picture of the
economic potential and possible future land use
restrictions involved with engaging in the carbon credit
market. Active engagement supported by policymakers
is necessary to facilitate cooperative efforts; this would
involve engaging small landowners, providing them
with plans to make participation easier, and providing
information on the wetlands on their lands.

This finding leads to the following policy options:

Policy Option 1-1: Work with federal agencies

(U.S. Department of Energy (DOE) and U.S.
Department of Agriculture (USDA)) and leading
nongovernmental organizations to develop
appropriate standards for net carbon accounting
of stored and sequestered carbon to maximize the
eligibility to sell West Virginia nature-based carbon
as offsets.
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Policy Option 1-2: The USDA, working with the
DOE, should request to fund a study by the
National Academies of Science, Engineering, and
Medicine (NASEM) to determine the optimal harvest
cycle for maximizing the carbon removal potential
by forests and forest products. The study should
also consider ecological factors (e.g., the role trees
play in mitigating flooding), social factors (e.g.,
landowner goals), and economic factors (e.g., life
cycle analysis of wood products and impact on the
forest products industry).

RESTORE CARBON INTO WEST
VIRGINIA’S NATURAL RESOURCES

Finding 2: The chief challenge for the
implementation of BECCS and DAC options is
developing a better understanding of the ability
to store CO, in West Virginia. There are many
possible locations, but site-specific analysis and
demonstration projects are needed to assess the
technical viability of carbon storage options for
BECCS and DAC.

Site-specific analysis and demonstration projects

are needed to assess the technical viability of these
options. Both BECCS and DAC need locations where
the captured carbon can be stored. West Virginia has
options to store CO, in oil and natural gas reservoirs,
unmineable coal seams, and saline formations.
Alternatively, captured CO, can be utilized to
manufacture concrete or chemicals requiring industry
cooperation. For BECCS, storage options include
gasification, combustion, fast pyrolysis, hydrothermal
liquefaction, and biogas utilization. Other options
include utilizing the carbon in the production of fuels or
chemicals, using it for enhanced oil recovery, and other
possibilities, some of which are still being researched.

The WVU team has identified a number of potential
locations for DAC and carbon sequestration based

on the data available (see Appendix G). Each site is
different, however, and non-geological factors such as
local infrastructure will also play a role in determining
ideal locations. Technical studies and demonstration
projects are thus needed before widespread
implementation can begin.

This finding leads to the following policy options:

Policy Option 2-1: Sustain BECCS as part of the
U.S. Renewable Fuel Standard.


https://bioenergy.wvu.edu/
https://masbio.wvu.edu/
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Table 6.1. Carbon Dioxide Removal (CDR) Potential in West Virginia

Potential CO,

i 1
Removal Cost Estimate

Annual Investment

CDR Method Jpp— . : 2025-2045 Estimate?
: (Million metric tons CO.e/ : -

. : year by 2050) : ($/tonCO.e) : (million dollars/year)
: Natural (forestland, crops, soil, $1.1-8.8 S11-11 : $12-97
: and freshwater inland wetland : : :
! management) : : :
: Bioenergy with Carbon Capture 12.7-13.2 : 120-96 : $324-1267
: (BECCS; new build) : : :
 Direct Air Capture (DAC) :0-8 : 243-201 : $0-1608
Notes:

' Cost estimates are from the Lawrence Livermore National Laboratory Report (LLNL) Getting to Neutral: Options for Negative Carbon
Emissions in California (2020). The first number is the projected cost in 2025, and the second number is the projected cost in 2045. Cost

is expected to decrease over time due to technological learning for BECCS and DAC, while there is sufficient knowledge about natural
methods based on the long-term implementation of this method. The DAC option assumes that natural gas supplies the power as opposed to
renewable energy options such as wind or solar. Note, however, that the WVU team believes there is considerable uncertainty and variability

in both the CO, removal and cost estimates.

2 The annual investment estimate is determined by multiplying the lower-bound estimates for both CO, removal and cost. Similarly, the upper-
bound estimate is determined by multiplying the upper-bound CO, removal by the upper-bound cost estimate. Note that in the case of both
BECCS and DAC, some revenue might be generated from selling the products that result from these processes. In addition, the 45Q carbon
oxide sequestration tax credit is already in place and was updated in 2022.

Policy Option 2-2: Fund a study that examines
both community and technical opportunities and
challenges to identify suitable locations for DAC
demonstration projects in West Virginia. This
study, perhaps funded by the new DOE Office of
Clean Energy Demonstrations, should include
financial support for the creation and maintenance
of community infrastructure (e.g., roadways, water,
noise prevention) that might be impacted by DAC
development and operations.

BENEFIT WEST VIRGINIA’S ECONOMIC
PROSPERITY AND CREATE JOBS FOR
WEST VIRGINIANS

Finding 3: CDR has the potential to generate
economic prosperity and job creation, particularly
in West Virginia’s coal communities and other rural
communities. The natural options are in rural areas
and abandoned mine lands, while potential carbon
storage sites for DAC are near the hardest-hit coal
communities in southern West Virginia as well as
oil and gas reservoirs throughout the state.

Much of West Virginia is rural and has the potential to
participate in CDR activities—involving reforestation,
improved forest management, forest products, and
bioenergy—that can provide economic benefits and job
creation for the region.

Southern West Virginia is the most economically
challenged area of the state, but it also has some

of the greatest potential for CDR activities. If CDR
activities are implemented, they could provide
potential economic benefits in this region of the state.
Two examples of this potential are growing trees on
abandoned mine lands (approximately 200,000 acres)
and locating DAC facilities near CO, storage (66
possible sites; see Appendix D) in deep oil and gas
reservoirs (for permanent CO, storage) or abandoned
mine lands/gas storage fields (for temporary CO,
storage and utilization).

There are federal funds available from the Abandoned
Mine Reclamation Fund as well as an additional
$11.3 billion emergency appropriation for AML in the
Infrastructure Investment and Jobs Act that West
Virginia could use to fund reforestation activities on
AML. For DAC, the 45Q tax credit provides financial
incentives for DAC facilities (as well as point source
carbon capture), which were increased in the 2022
Inflation Reduction Act.

Table 6.1 provides an overview of the CO, removal
potential and the related financial investment. Tables
6.2-6.4 describe the potential job creation based on
those financial investments. Details of all the analyses
reported in these tables is provided in the appendices.
There is considerable uncertainty and variability in both
the CO, removal and cost estimates.


https://appvoices.org/resources/AML-RAC/AML_RAC_report-2020-b-low-res.pdf
https://crsreports.congress.gov/product/pdf/IF/IF11352
https://crsreports.congress.gov/product/pdf/IF/IF11352
https://www.doi.gov/pressreleases/interior-department-extends-abandoned-mine-land-program-through-2034#:~:text=The%20Bipartisan%20Infrastructure%20Law%20contains,cleanup%20activities%20throughout%20the%20country.
https://www.congress.gov/bill/117th-congress/house-bill/3684
https://www.catf.us/2022/08/the-inflation-reduction-act-creates-a-whole-new-market-for-carbon-capture/
https://livermorelabfoundation.org/2019/12/19/getting-to-neutral/
https://livermorelabfoundation.org/2019/12/19/getting-to-neutral/
https://crsreports.congress.gov/product/pdf/IF/IF11455
https://crsreports.congress.gov/product/pdf/IF/IF11455
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Table 6.2. Annual Economic Impact of Natural Carbon Sequestration Efforts in West Virginia

(West Virginia University, 2023)

Direct Impact

Indirect & Induced

Total Economic

] : Impact Impact
: Output ($, millions) 122-54.6 16.0—26.7 1182-81.3

: Employment (jobs) : 126 - 561 174 - 331 : 200 — 892

: Labor Income ($, millions) 17.8-34.8 :2.7-12.0 :10.5-46.9

' Total Taxes ($, millions) :0.7-3.2 :0.3-1.1 11.0-4.3

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

Table 6.3. Annual Economic Impact of Biomass to Electricity Spending in West Virginia (West

Virginia University, 2023)

Direct Impact

Indirect & Induced

Total Economic

; : Impact Impact
: Output ($, millions) © 324 — 859 181 — 481 © 505 — 1,339

: Employment (jobs) © 205 — 543 601 — 1,592 : 806 — 2,135

: Labor Income ($, millions) :30-80 142 - 111 172 -191

: Total Taxes ($, millions) :5-13 i5-12 110 - 26

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

Table 6.4. Annual Economic Impact of Biomass to Fuels Spending in West Virginia (West Virginia

University, 2023)

Direct Impact

Indirect & Induced

Total Economic

; : Impact Impact
: Output ($, millions) :99-512 : 36-185 : 135-697

: Employment (jobs) : 68-354 :227-1,171 : 295-1,525

: Labor Income ($, millions) $10-50 $10-52 :20-102

: Total Taxes ($, millions) :1-5 :1-5 :2-10

Table 6.5. Annual Economic Impact of Direct Air Capture Spending in West Virginia (West Virginia

University, 2023)

Direct Impact

Indirect & Induced

Total Economic

] : Impact Impact
: Output ($, millions) :0-1,608 : 0-1,055 1 0-2,663

: Employment (jobs) 1 0-1,740 : 0-4,662 : 0-6,402

: Labor Income ($, millions) : 0-254 : 0-269 1 0-523

Total Taxes ($, millions) 0-27 0-29 0-56
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This finding leads to the following policy options:

Policy Option 3-1: Invest in economic incentives
for CDR activities such as reforestation,
improved forest management, forest products,
bioenergy, direct air capture, and CO, storage in
southern West Virginia and other disadvantaged
communities in the state.

Policy Option 3-2: Increase resources for the
West Virginia Department of Commerce’s Division
of Natural Resources (WVDNR) and Division of
Forestry (WVDOF) as well as the West Virginia
Department of Agriculture (WVDA) to provide
technical assistance and advise small forest,
farmland, rangeland, and wetland owners on the
economic potential participation details of carbon
credit or offset programs and markets.

Policy Option 3-3: Increase resources for West
Virginia University (WVU) Extension and West
Virginia State University (WVSU) Extension and
outreach representatives from colleges and
universities throughout the state to advise small
forest, farmland, and wetland owners on the
economic potential of carbon credit and details
of participation. In addition, the WVDEP should
prioritize and accelerate its Wetland Rapid
Assessment to identify wetlands to preserve and
restore.

Policy Option 3-4: Develop a federal and state tax
credit for nature-based CDR investments (including
forest products) similar to the existing federal
carbon oxide sequestration tax credit (Internal
Revenue Code Section 45Q) that focuses on
technological options (e.g., direct air capture).

Policy Option 2-3: Include carbon sequestration
technologies in West Virginia’s agricultural
equipment credit (Code 11-13K-1), and increase the
credit so it is more in line with neighboring states.

OPEN CDR OPPORTUNITIES WHILE
PROTECTING WEST VIRGINIA’S
ECOLOGY, CONSERVATION, AND
ENVIRONMENT

Finding 4: Some CDR methods may have side
effects that impact the state’s ecology (living
organisms), conservation (natural resources), and
environment (air, water, soil). Taking into account
both the opportunities and challenges of each CDR

Findings, Policy Options, and Recommendations | 98

option, the West Virginia University team believes
that the potential societal benefits outweigh the
societal costs based on what we know today. This
assessment is based on a presumption that care is
taken to protect local communities.

The team looked at the potential opportunities and
challenges of each CDR method and judged that
the societal benefits outweighed the societal costs if
properly managed, as illustrated in tables throughout
this guide.

This finding leads to the following policy option:

Policy Option 4-3: Take steps to protect the
economic health, human health, and ecology of
local communities near CDR facilities and related
CO, storage operations by

® monitoring potential concerns;

® improving the communities’ environmental
and ecological quality (e.g., drinking water,
reforestation, and wildlife habitats);

® maximizing economic co-benefits; and

® responding to unanticipated issues that arise
including, but not limited to, economic harm
and environmental degradation.

NURTURE WEST VIRGINIA’'S
DISADVANTAGED COMMUNITIES

Finding 5: Socio-economically disadvantaged
communities in West Virginia can benefit from CDR
activities. However, care must be taken to ensure
that past mistakes are not repeated by ensuring
that local communities are involved in decision-
making from the earliest stages and that they
benefit economically from CDR investments.

In the past, West Virginians have not always received
the economic benefit of their natural resources.

Often, these benefits have gone only to the more
economically-advantaged—those who owned land—or
those who lived entirely out of the state.

The shortfalls of the past need to be avoided in future
investments to ensure that communities are involved at
the beginning of the process and that they benefit from
the job creation that will result from CDR investments.
Not all members of a community are appropriate for the
jobs that will be available, however, so actions need to


https://www.federalregister.gov/documents/2021/01/15/2021-00302/credit-for-carbon-oxide-sequestration
https://sgp.fas.org/crs/misc/IF11455.pdf
https://tax.wv.gov/Documents/TSD/tsd110.pdf
https://www.tax.virginia.gov/agriculture-and-farming-credits
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be taken to ensure that everyone can benefit from their
local natural resources.

Therefore, each community will need to make its own
decisions, with technical and financial assistance
(including proper compensation for participating
attendees) to ensure that they are comfortable with the
CDR activities in their community. This is particularly
the case for DAC and carbon storage. That being said,
as noted earlier, CDR can potentially bring jobs and
economic prosperity to the poorest regions of West
Virginia.

This finding leads to the following policy options:

Policy Option 5-1: Facilitate access to federal,
state, and non-profit CDR-related assistance
programs for historically underserved communities
to create economic opportunities and provide
environmental, health, and safety protection.

Policy Option 5-2: Require that CDR companies
negotiate a community benefit agreement that
includes the design and use of a community
fund and addresses community concerns and
recommendations from stakeholders (i.e., both
landowners and non-landowners).

Policy Option 5-3: Require companies to build safe
carbon capture facilities that provide economic
benefits to local communities, including but not
limited to local job creation and development
projects, and prioritize the use of environmentally
degraded sites (e.g., brownfields, abandoned mine
lands).

Policy Option 5-4: Establish a state fund
developed from fees on carbon capture activities,
and redistribute it to benefit local communities
throughout West Virginia and to address
unforeseen circumstances.
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RECOMMENDATIONS

Today, some CDR activities, like the natural methods,
have been long studied and are ready to go. Others,
like DAC and CO, storage, are still in the demonstration
stages. Yet others, like the carbon credit markets, are
still experimenting to find the right economic model.

To take advantage of being “first to market,” West
Virginia should proactively enact policies to enable its
participation in CDR activities. Decisions to undertake
these activities, however, will require community
involvement and access to assistance programs so
these investments are made appropriately and wisely,
avoiding the adverse consequences that occurred in
West Virginia’s past.

During August and September 2022, the team
developing this policy guide held three stakeholder
roundtables to gather feedback on the guide, with a
focus on the policy options provided in this chapter.
Roundtable participants were also asked, following

the event, to prioritize the policy options relevant

to their topic based on the “4 Es” of policy analysis
(effectiveness, efficiency, equitability, ease of political
acceptability). More details of this process are provided
in Appendix C.

Based on that input, the stakeholders identified

the “top 10” policy options which we offer here

as recommendations. The team developing the
policymaker guide agreed with the stakeholder “top 10”
policy options. These recommendations are listed
below in order of their presentation in the guide,
not in priority order.
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Table 6.6. West Virginia University Bridge Initiative Carbon Dioxide Removal (CDR) and West
Virginia Findings and Top Ten Recommendations (West Virginia University, 2023)

ACTION FINDINGS

TOP TEN RECOMMENDATIONS

(NOT IN PRIORITY ORDER)

A

: reate carbon
reduction
opportunities

: in West Virginia.

: Finding 1: West Virginia has the
: most scientific and technological
: carbon reduction potential for CDR

: as forests, agriculture, wetlands,

: and forest products, which can be
: implemented immediately) as well
: as bioenergy with carbon capture

: and sequestration (BECCS) (which
: can take varying amounts of time

: depending on the technology

: chosen) and direct air capture

: (DAC) (which requires additional

: time for the development of

: appropriate carbon sequestration

: pathways). Carbon mineralization

* is not an option due to the state’s

: geology. Whatever CDR options

: are chosen, care should be taken to

: verification processes.

: Recommendation 1: Work with federal agencies :
: (U.S. Department of Energy (DOE) and U.S.

: Department of Agriculture (USDA)) and leading

: options using natural methods (such :
: appropriate standards for net carbon accounting
: of stored and sequestered carbon.

nongovernmental organizations to develop

: Recommendation 2: The USDA, working with

: the DOE, should request to fund a study by the

: National Academies of Science, Engineering,

: and Medicine (NASEM) to determine the optimal

. harvest cycle for maximizing the carbon removal

: potential by forests and forest products. The

: study should also consider the ecological factors

: (e.g., the role trees play in mitigating flooding),

: social factors (e.g., landowner goals), and

: economic factors (e.g., life cycle analysis of :
: wood products and impact on the forest products :
¢ industry). :
: establish appropriate standards and :

into West : the implementation of BECCS and

Restore carbon : Finding 2: The chief challenge for

: natural resources.

Virginia’s : DAC options is developing a better
: understanding of the ability to store
: CO, in West Virginia. There are

: many possible locations, but site-

: specific analysis and demonstration
: projects are needed to assess the

: technical viability of carbon storage

: options for BECCS and DAC.

: Recommendation 3: Sustain BECCS as part of
: the U.S. Renewable Fuel Standard.

: Recommendation 4: Fund a study that

: examines both community and technical

: opportunities and challenges to identify suitable
: locations for DAC demonstration projects in West :
: Virginia. This study, perhaps funded by the new :
: DOE Office of Clean Energy Demonstrations,

: should include financial support for the creation

: and maintenance of community infrastructure

: (e.g., roadways, water, and noise prevention) :
: that might be impacted by DAC development and :
: operations. :

enefit West
: Virginia’s
: economic

: prosperity, and
: create jobs for
: West Virginians.

: Finding 3: CDR has the potential
: to generate economic prosperity

: and job creation, particularly in

: West Virginia’'s coal communities
: and other rural communities. The
: natural options are in rural areas

i and abandoned mine lands, while
: potential carbon storage sites for
: DAC are near the hardest-hit coal
: communities in southern West

: Virginia as well as oil and gas

: reservoirs throughout the state.

: Recommendation 5: Invest in economic

: incentives for CDR activities such as

: reforestation, improved forest management,
: forest products, bioenergy, DAC, and CO,

: storage in southern West Virginia and other
: disadvantaged communities in the state.

: Recommendation 6: Increase resources for

: the West Virginia Department of Commerce’s

: Division of Natural Resources (WVDNR) and

: Division of Forestry (WVDOF) as well as the

: West Virginia Department of Agriculture (WVDA)
: to provide technical assistance and advise small
: forest, farmland, rangeland, and wetland owners
: on the economic potential and participation

: details of carbon credit or offset programs and

: markets.
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TOP TEN RECOMMENDATIONS
(NOT IN PRIORITY ORDER)

: Recommendation 7: Increase resources for

: West Virginia University (WVU) Extension and :
: West Virginia State University (WVSU) Extension :
: and outreach representatives from colleges :
: and universities throughout the state to advise

: small forest, farmland, and wetland owners on

: the economic potential of carbon credit and

: details of participation. In addition, the West

: Virginia Department of Environmental Protection

: (WVDEP) should prioritize and accelerate its

: Wetland Rapid Assessment to identify wetlands

: to preserve and restore.

pen CDR
: opportunities
: while

: protecting West

: Virginia’s ecology,
: conservation,

: economy, and

: environment.

: Finding 4: Some CDR methods

: may have side effects that

: impact the state’s ecology (living
: organisms), conservation (natural
: resources), economy (jobs), and :
: environment (air, water, soil). Taking :
¢ into account both the opportunities
: and challenges of each CDR option, :
: the West Virginia University team
: believes that the potential societal

: benefits outweigh the societal costs
: based on what we know today.

: This assessment is based on a

: presumption that care is taken to

: protect local communities.

: Recommendation 8: Take steps to protect the

: economic health, human health, and ecology of :
: local communities near CDR facilities and related :
: CO, storage operations by :

® monitoring potential concerns;

: ® improving the communities’ environmental

and ecological quality (e.g., drinking water,
reforestation, and wildlife habitats);

: ® maximizing economic co-benefits; and .
® responding to unanticipated issues that arise :

including, but not limited to, economic harm
and environmental degradation.

urture West
: Virginia’s :
: disadvantaged :

: communities.

: CDR activities. However, care

: must be taken to ensure that past

: mistakes are not repeated by

: ensuring that local communities are
: involved in decision-making from

: the earliest stages and that they

: benefit economically from CDR

: investments.

Finding 5: Socio-economically
disadvantaged communities in
West Virginia can benefit from

: Recommendation 9: Facilitate access to

: federal, state, and non-profit CDR-related

: assistance programs for historically underserved
: communities to create economic opportunities

: and provide environmental, health, and safety

: protection.

: Recommendation 10: Require that CDR

: companies negotiate a community benefit

: agreement that includes the design and use of
: a community fund and addresses community

: concerns and recommendations from

: stakeholders (i.e., both landowners and non-
: landowners).
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PARTICIPATING WEST VIRGINIA UNIVERSITY
FAGCULTY, STAFF, AND STUDENTS

This policymaker guide was developed by the WVU faculty, staff, and students listed below under the Bridge
Initiative for Science and Technology Policy, Leadership, and Communications, directed by Joan Centrella. Eddie
Brzostek, Shikha Sharma, John Deskins, Dave McGill, and Jamie Shinn led the working groups that developed
the content for this guide. Deborah Stine was the study director as a consultant to WVU, and Brooke Eastman
was the Bridge Postdoctoral Science Policy Fellow, who was a major contributor to the policymaker guide.

CARBON DIOXIDE REMOVAL AND WEST
VIRGINIA COMMITTEE MEMBERS

Graham Andrews - Research Associate Professor,
Geology

Jorge Atiles - Dean, Extension and Engagement;
Director, WVU Extension Service

Brandy Brabham - Extension Agent, Agriculture and
Natural Resources

Eddie Brzostek - Associate Professor, Biology

Steve Chhin - Associate Professor, Quantitative Forest
Management

John Deskins - Director, Bureau of Business and
Economic Research (BBER); Assistant Dean for
Outreach and Engagement, John Chambers College
of Business and Economics; Associate Professor,
Economics

Michael Dougherty - Professor and Extension
Specialist, WVU Extension and Davis College

Kathryn Gazal - Associate Professor, Forest Resources
Management

Stefanie P Hines - Teaching Assistant Professor,
Forestry and Natural Resources

John Hu - Statler Chair Professor, Department of
Chemical & Biomedical Engineering; Director, Center
for Innovation in Gas Utilization & Research (CIGRU)

Charlene Kelly - Teaching Associate Professor, Forest
Resources Management

Hailin Li - Professor, Department of Mechanical and
Aerospace Engineering

Xingbo Liu - Associate Dean for Research; Statler
Chair of Engineering, Statler College; Professor,
Department of Mechanical & Aerospace Engineering

Dave McGill - Professor & Extension Specialist, Forest
Resources Management

Brenden McNeil - Professor, Geography

Ember Morrissey - Assistant Professor, Environmental
Microbiology

Kevin Orner - Assistant Professor, Department of Civil
& Environmental Engineering

William Peterjohn - Professor, Biology

Jamie Schuler - Associate Professor, Silviculture;
Program Coordinator, WVU Forests

Shikha Sharma - Professor, Geology; Director,
IsoBioGeM Laboratory

Jamie Shinn - Assistant Professor, Geography

Jeff Skousen - Professor, Soil Science; Extension
Specialist, Land Reclamation

Mark Sperow - Associate Professor, Resource
Economics & Management


https://experts.wvu.edu/experts/graham-andrews
https://extension.wvu.edu/contact-us/directory/jorge-atiles
https://extension.wvu.edu/contact-us/directory/brandy-brabham
https://biology.wvu.edu/faculty-and-staff/faculty/edward-brzostek
https://www.davis.wvu.edu/faculty-staff/directory/steve-chhin
https://business.wvu.edu/faculty-and-staff/directory/profile?pid=203
https://www.davis.wvu.edu/faculty-staff/directory/michael-dougherty
https://www.davis.wvu.edu/faculty-staff/directory/kathryn-arano-gazal
https://www.davis.wvu.edu/faculty-staff/directory/stefanie-hines
https://jianlihu.faculty.wvu.edu/home
https://cigru.wvu.edu/faculty-and-staff/john-hu
https://www.davis.wvu.edu/faculty-staff/directory/charlene-kelly
https://directory.statler.wvu.edu/faculty-staff-directory/hailin-li
https://advancedenergyresearch.faculty.wvu.edu/current-members/xingbo-liu
https://www.davis.wvu.edu/faculty-staff/directory/dave-mcgill
https://www.geo.wvu.edu/faculty-and-staff/faculty/brenden-mcneil
https://www.davis.wvu.edu/faculty-staff/directory/ember-morrissey
https://directory.statler.wvu.edu/faculty-staff-directory/kevin-orner
https://biology.wvu.edu/faculty-and-staff/faculty/william-peterjohn
https://www.davis.wvu.edu/faculty-staff/directory/jamie-schuler
https://www.geo.wvu.edu/faculty-and-staff/faculty/shikha-sharma
https://www.geo.wvu.edu/faculty-and-staff/faculty/jamie-shinn
https://www.davis.wvu.edu/faculty-staff/directory/jeffrey-skousen
https://www.davis.wvu.edu/faculty-staff/directory/mark-sperow
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Samuel Taylor - Assistant Director, Strategic POLICY ANALYSIS ASSISTANTS

Partnerships & Technologies, WVU Energy Institute
Post-Doctoral Researcher: Chris Walter

Jingxin Wang - Director, Center for Sustainable o ) )
Biomaterials & Bioenergy Center; Associate Director West Virginia Scler?ce & Technology Policy
for Research; Davis Michael Professor of Forestry and ~ Graduate Fellow: Timothy Hoheneder

Natural Resources Ph.D. Students:

Amy Welsh - Associate Professor, Wildlife & Fisheries

Rachel Hostetler
Resources

Payton Seats
Rachel Yesenchak
STUDY STAFF

Master’s Students:
Joan Centrella - Director, Bridge Initiative for

Science and Technology Policy, Leadership, and Scott Lopez
Communications Eric Sjostedt

Deborah Stine - Study Director, Consultant to WVU,
Science & Technology Policy Academy

Brooke Eastman - Bridge Postdoctoral Science Policy
Fellow

Michael Jones - Bridge Graduate Research Assistant;
PhD Candidate

Griffin Bradley - Bridge Graduate Research Assistant;
MA Student

Christian Shockey - Bridge Graduate Research
Assistant; MA Student

Moriah Taft - Project Manager

April McGinnis - Copy Editor; PhD Candidate, English


https://energy.wvu.edu/contact/samuel-taylor
https://www.davis.wvu.edu/faculty-staff/directory/jingxin-wang
https://www.davis.wvu.edu/faculty-staff/directory/amy-welsh
https://research.wvu.edu/about/leadership/joan-centrella
https://scitechpolicyacademy.com/about/
https://www.linkedin.com/in/brooke-eastman-a5a0145a/
https://www.linkedin.com/in/michael-jones-6a213b93/
http://www.linkedin.com/in/griffin-bradley-550700229
https://www.linkedin.com/in/christian-shockey-b5568b241/
https://orpm.research.wvu.edu/staff/moriah-taft
http://www.linkedin.com/in/april-mcginnis
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APPENDIX B:
STUDY PROCESS

The purpose of this appendix is to provide an overview of the process we used to produce this policy guide at
WVU'’s Bridge Initiative for Science and Technology Policy. Leadership. and Communications.

This policymaker guide provides the views of WVU faculty and staff who are experts in the topics discussed in
the guide. The Bridge staff support the effort by writing the policymaker guide based on the faculty’s and research
staff’s views, providing research support, managing the logistics of bringing the faculty and stakeholders together,
moderating the peer review process, summarizing meetings, and developing consensus on the policy options and
recommendations.

The timeline of activities is provided below.

Step Timeframe
1. Concept Development : Spring-Summer 2021
a. ldentify a science and technology (S&T) policy area of interest to West
Virginians based on discussion with WVU leadership and faculty/staff,
stakeholders, and other experts
b. Gather information and data on current policy and science and
engineering research in this area (the “status quo”)
c. ldentify relevant WVU faculty/staff and stakeholders
d. Develop draft statement of work (SOW)
e. Consult with WVU faculty/staff, West Virginia state agency staff, and
non-governmental organizations on SOW
f. Revise SOW based on feedback
g. Recruit working group chairs :
2. Kick-off Meeting : September 2021
a. President and Vice President of Research explain importance of
initiative
b. Attendees engage in breakout sessions to develop working groups
and discuss draft SOW
c. Finalize SOW (see details below)



https://scitechpolicy.wvu.edu
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Step Timeframe

3. Working Groups : September 2021 - March
: 2022
a. Working groups meet to develop findings and policy options to :
respond to those findings

b. Outline policymaker guide by working group

c. Develop draft policymaker guide text, by working group; this is
achieved through an iterative process on a roughly weekly basis
where Bridge staff develop text based on faculty/staff discussions,
which are then reviewed by the faculty/staff

4. Full Policymaker Guide Text : March-April 2022

a. Synthesize sections based on individual working groups to develop full
draft of policymaker guide '

b. All working groups meet to review and finalize full policymaker guide
draft (version 1)

5. External Review : May-July 2022

a. Send policymaker guide (version 1) to non-WVU experts for peer
review and to the staff of several West Virginia agencies to gather their :
thoughts and questions :

b. Incorporate review comments into text (version 2) :
6. Stakeholder Roundtables : August 2022

a. Expand stakeholder identification based on draft policymaker guide
contents

b. Send policymaker guide (version 2) to stakeholders for comment and
post to website for public comment

c. Three stakeholder “listening” roundtables review policy options and
develop and prioritize recommendations to policymakers (see details
below)

7. Policymaker Guide Text Finalized : September 2022

a. Working groups meet individually and then in a plenary session to
discuss stakeholder input

b. Working groups meet in plenary session to finalize and prioritize
policymaker guide recommendations

8. Policymaker Guide Formalized and Released Fall 2022 — Winter 2023

a. Edit, format, and prepare policymaker guide for dissemination

b. Release policymaker guide and disseminate it to policymakers,
stakeholders, and the public




CARBON DIOXIDE REMOVAL AND WEST VIRGINIA

STATEMENT OF WORK (SOW)
The study began with the following statement of work:

® What actions, if any, should national, state,
and local West Virginia policymakers take to
enhance the removal and storage of CO, from the
atmosphere to reduce climate variation, increase
economic opportunities, and create jobs for West
Virginians?

Four working groups were asked to focus on the
following questions:

® Working Group 1 (Sci/Tech): What are potential
scientific and technological opportunities and
challenges to the removal and storage of CO, from
the atmosphere in West Virginia?

®  Working Group 2 (Economic): How could the
effective and efficient removal and storage of CO,
from the atmosphere enhance economic prosperity
and job creation in West Virginia?

® Working Group 3 (Eco/Enviro/Conservation): What
are potential new ecological, conservation, and
environmental opportunities and challenges to the
removal and storage of CO, from the atmosphere
in West Virginia?

® Working Group 4 (Disadvantaged Communities):
What are the associated opportunities, challenges,
risks, and empowerment potential for traditionally
socio-economically disadvantaged communities,
including those located in former coalfields and
communities of color?

All meetings were held via Zoom. The assessment
and prioritization of these policies was initially done
according to their effectiveness, economic efficiency,
equity, and ease of political acceptability. Additionally,
stakeholder input was incorporated to finalize policy
recommendations.

KICK-OFF MEETING

The agenda for the kick-off meeting, held via Zoom, is
provided below:

Opportunities for Carbon Removal and Storage

in WV to Reduce Climate Variation, Increase
Economic Opportunities, and Create New Jobs for
West Virginians (September 24, 2021)
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Meeting Agenda:
11:30 am — Introductory Remarks

Dr. Joan Centrella, Director, Bridge Initiative in
Science and Technology Policy, Leadership, and
Communications, WVU

11:35 am — Welcome
E. Gordon Gee, President, West Virginia University

11:40 am — Keynote: Overview of Carbon Dioxide
Removal (CDR) Opportunities and Challenges

Joseph Hezir, Principal, Energy Futures Initiative
12:10 pm — Research Office Perspective

Dr. Fred King, Vice President for Research and
Professor, WVU

12:15 pm — Kickoff Meeting Goals

Dr. Deborah Stine, Study Director, Consultant to
Wvu

12:25 pm — Breakout sessions for Working Groups

Working Group 1 (Sci/Tech): What are potential
new scientific and technological opportunities and
challenges to the removal and storage of carbon
dioxide from the atmosphere in West Virginia?

Working Group 2 (Economic): What are potential
new economic opportunities and challenges to the
removal and storage of carbon dioxide from the
atmosphere in West Virginia?

Working Group 3 (Eco/Enviro/Conservation): What
are potential new ecological, conservation, and
environmental opportunities and challenges to the
removal and storage of carbon dioxide from the
atmosphere in West Virginia?

Working Group 4 (Disadvantaged Communities):
What are the potential opportunities that could

be particularly relevant for former coal-field,
economically-disadvantaged communities and for
West Virginians of color—particularly those that
might take advantage of former coal mines and
reclamation projects where West Virginia’'s geology
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might provide unique opportunities for natural
removal and storage of carbon dioxide?

12:55 pm - Final thoughts

1:00 pm — Adjourn

ROUNDTABLES

The Bridge Initiative hosted three topical roundtables,
held via Zoom, to gather feedback on the policy
options developed by the working groups. Roundtable
participants included key stakeholders interested

in CO, removal in West Virginia from business

and industry, government, non-governmental
organizations, faith-based community leaders, and
private landowners. Appendix C provides a list of those
who participated. The roundtables were broken down
into the following topics based on the content of the
policymaker guide:

® Roundtable 1: Agriculture, Forest Products, and
Bioenergy
(Tuesday, August 16, 2022, 12:00pm-1:30pm)

® Roundtable 2: Family Forests, Wetlands
(Friday, August 19, 2022, 9:00am-10:30am)

® Roundtable 3: Direct Air Capture and Carbon
Capture; Community Benefit
(Monday, August 22, 2022, 12:30pm-2pm)

During each roundtable, stakeholders were asked to
review the policy options then prioritize them based
on the criteria of effectiveness (likelihood of meeting
the societal goal), efficiency (“best bang for the buck”),
equity (winners and losers), and ease of political
acceptability (the degree to which key policymakers
and stakeholders would oppose or support the
policy). WVU faculty/staff and the Bridge team were in
“listening mode,” intentionally focused on hearing the
views of the stakeholders, as well as asking clarifying
questions, rather than presenting their own views
during the conversation.

The roundtables, each held over 2 hours, had the
following overall agenda:
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Welcome

Dr. Joan Centrella, Director, Bridge Initiative in
Science and Technology Policy, Leadership, and
Communications

Roundtable Goals

Dr. Deborah Stine, Study Director, Consultant to
WVU

WVU Faculty and Staff Introductions

Roundtable Participant Introductions, with
Overview Thoughts on the Policymaker Guide

Discussion and Prioritization of Policy Options
® How would you rank the options in terms of

effectiveness (most likely to reach a societal goal)?

® How would you rank the options in terms of
efficiency (biggest bang for the buck)?

® How would you rank the options in terms of equity
(fairness)?

® How would you rank the options in terms of ease
of political acceptability (support/opposition of
policymakers and key stakeholders based on their
priorities)?

What is your overall assessment in terms of
ranking the options?

Final thoughts

Conclusion
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ROUNDTABLE PARTICGIPANTS

West Virginia University’s Bridge Initiative for Science and Technology Policy, Leadership, and Communications
acknowledges the helpful comments from the following roundtable participants who attended one or more of the

Roundtable Discussions, held in August 2022:

Kyle Aldinger Resource Conservationist, USDA NRCS

Chelsea Barnes Legislative Director, Appalachian
Voices

Jeffrey Barr State Resource Conservationist, USDA-
NRCS

Shelley Birdsong-Maddex Sr. Director CFR, West
Virginia University Foundation

Kelly Bragg Energy Development Specialist/
Coordinator, WV Office of Energy/ WV Clean Cities

Eriks Brolis Director, Nature & Economy, The Nature
Conservancy

Eric Carlson Executive Director, WV Forestry
Association

Cory Chase Program Director, WV Highlands
Conservancy

Sarah Conley-Ballew Director, Sustainable Energy
Solutions Program, Rural Action, Inc.

Jenna Dodson Staff Scientist, WV Rivers Coalition

Diana Dombrowski Economic Diversification Assistant,
Appalachian Voices

Robert Eckenrode Lead Forest Carbon Analyst, Green
Assets

Jessica Ferson Program Coordinator, American Forest
Foundation

Crystal Good Publisher at BlackbyGod

Sarah Hall-Bagdonas Senior Forestry Manager,
American Forest Foundation

Jacob Hannah Director of Conservation, Coalfield
Development Corporation

Mitchell Hescox President, The Evangelical
Environmental Network

Jeremy Jeffers Council Representative, Carpenters
Local 439/Eastern Atlantic States Carpenters

Allen Johnson Coordinator, Christians for the
Mountains

Andrew Jones Carbon Dioxide Removal Technology
Manager, DOE/NETL

Michael Jones Public Lands Campaign Coordinator,
WYV Rivers Coalition

Morgan King Climate Campaign Coordinator, WV
Rivers Coalition

Ryan Kirkpatrick Intern, Our Future West Virginia

James Kotcon Associate Professor, West Virginia
University

Rick Landenberger Service Associate Professor, West
Virginia University

James McKitrick Senior Policy Manager, American
Forest Foundation

Joe McNeel Director, Appalachian Hardware Center
West Virginia University

Andrea Miller Sustainable Forestry Program Manager,
Rural Action

Todd Miller Director of Conservation Programs, Nature
Conservancy


https://www.researchgate.net/profile/Kyle-Aldinger
https://www.linkedin.com/in/chelseabarnes/
https://nrcs.rancher.usda.gov/
https://www.linkedin.com/in/shelleymaddex/
https://www.linkedin.com/in/kelly-bragg-a6236b143/
https://www.linkedin.com/in/eriks-brolis-2015b53/
https://www.linkedin.com/in/eric-carlson-4a543725/
https://www.linkedin.com/in/chaseforwv/
https://www.linkedin.com/in/sarahconleyballew/
https://wvrivers.org/
https://www.linkedin.com/in/ddombrow/
https://www.linkedin.com/in/robert-eckenrode-iv-2b617399/
https://www.linkedin.com/in/jessica-ferson/
https://www.linkedin.com/in/crystalgood2018/
https://www.linkedin.com/in/sarah-hall-bagdonas-55031b211/
https://www.linkedin.com/in/jacob-hannah-9b608642/
https://www.linkedin.com/in/mitch-hescox-221a5515/
https://www.linkedin.com/in/jeremy-jeffers-83ba2a49
https://www.linkedin.com/in/allen-johnson-a029b715/
https://www.linkedin.com/in/andrew-jones-5389765b/
https://www.linkedin.com/in/michael-jones-6a213b93/
https://www.linkedin.com/in/morganking513/
https://www.ourfuturewv.org/
https://www.linkedin.com/in/jim-kotcon-7b018213/
https://www.researchgate.net/profile/Rick-Landenberger
https://www.linkedin.com/in/james-w-mckitrick-a63b8553/
https://www.linkedin.com/in/joe-mcneel-25a8a3173/
https://ruralaction.org/people/bio/andrea-miller/
https://www.nature.org/en-us/
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Anthony Pappas Owner/Lead Consultant, Heritage
Habitat and Forestry

Qishi Sanyal Assistant Professor, West Virginia
University

Julia Sullivan Watershed Restoration Project Manager,
Rural Action

Trina Wafle Assistant Director, West Virginia University
Energy Institute

Adam Wells Regional Director, Appalachian Voices

Bill Woodrum Senior Program Officer, Claude
Worthington Benedum Foundation


https://www.heritagehabitatco.com/about
https://www.linkedin.com/in/oishisanyal/
https://www.linkedin.com/in/julia-sullivan-90206a47/
https://www.linkedin.com/in/trina-wafle-94841a9/
https://www.linkedin.com/in/adam-wells-b56b61210/
https://www.linkedin.com/in/bill-woodrum-a922558a/
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APPENDIX D:
WEST VIRGINIA’S NATURAL CARBON
SEQUESTRATION POTENTIAL

Edward Brzostek, Ph.D.
Associate Professor, Department of Biology, West Virginia University, Morgantown, West Virginia 26506, USA -
erbrzostek@mail.wvu.edu

SUMMARY

® West Virginia can increase its natural carbon sequestration capacity through the adoption of management and
restoration practices.

® We estimated the sequestration potential of West Virginia’s lands by selecting land-use' categories and
applying management practices to them in a simulation that spanned from 2022 to 2050. The land-use
categories used were forest, agriculture, abandoned mine lands, and wetlands. Estimates of the land area
for each land-use category and carbon sequestration values of management practices were obtained from
previously published surveys and studies.

We simulated the adoption rate of management practices as a three-percent annual increase in management
for each land-use category—i.e., an additional three percent of the total land area in each category became
managed each year.

® The results of the simulation showed that forested land has the greatest potential for carbon sequestration,
with an additional average of 3.5 MMTCO,e? sequestered annually by 2050. Agricultural land management
had the second greatest sequestration potential, removing an additional average of 0.76 MMTCO,e annually
from the atmosphere by 2050. Restoration of abandoned mine land to forests led to an average 0.16
MMTCO,e annual increase in sequestration by 2050, and wetland restoration had the potential to additionally
sequester an average of 0.048 MMTCO,e per year.

1 We have named the land categories “land use”, however in many cases they may represent land cover. The distinction between the two
can be muddled, particularly when spanning multiple categories. For example, agriculture can be both an overarching land use and land cover
category, but forest land cover can include multiple land uses. For the ease of reading, we use the term “land use” throughout this description.

2 One MMTCOye is one million metric tons of CO, equivalent. CO, equivalent is a measure used to compare the warming potential of
various greenhouse gasses (e.g., methane, nitrous oxide) on a common scale by converting their climate warming potential to equivalent units
of CO,. One metric ton is equal to 1.102 U.S. tons.
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LAND-USE CLASSIFICATION AND AREA
ESTIMATION

To simulate management practices and their outcome
on carbon sequestration, we began by categorizing
West Virginia into five land-use categories:

® Agricultural — cropland
® Agricultural — pasture
® Forest

® Wetlands

® Abandoned Mine Lands

These designations and their land area estimates were
gathered from five sources between federal, state, and
non-profit groups (Table D.1). Each group has their
own estimation protocol, with some overlap occurring
between land-use designations. The sum of all land
area, minus abandoned mine land, and including
estimates of both developed land area and the area

of water (U.S. Department of Agriculture, 2017) total
15,454,567 acres. This estimate is 0.46% larger than
the actual total area of the state—15,384,320 acres.
This error represents the disparate methods of land-
use area estimation and classification among the
information sources. Abandoned mine land has been
left out of the total acreage calculation to estimate error
because it overlaps with agricultural, forest, wetland,
water, and developed land-use area estimates.
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GENERAL SIMULATION APPROACH

We simulated the natural carbon sequestration
potential from 2022 to 2050 by converting a percentage
of total land to managed land in each land-use
category each year, following the approach from
Cameron et al. (2017). We simulated a scenario in
which an additional three percent of the total land in
each land-use category was converted to management
each year. In each year, the estimated fractional
increase in carbon sequestration for each management
practice was applied to the managed land. Fractional
increases for management practices were obtained
from models, surveys, and research studies (Table
D.2). The mean and standard deviations of all fractional
increases taken from the models, surveys, and studies
were used to create a normal distribution—except

in the case of agricultural land use, where fractional
increases were implemented in a triangular distribution
(see Agricultural carbon sequestration potential
estimation for details). In each year, each land-use
specific distribution was sampled 50,000 times and
multiplied by the managed area of its corresponding
land-use. The resulting product was a distribution of
the estimated sequestration potential of each land-

use category. Annual sequestration potential for each
land-use category in 2050 was estimated as the mean
of the distribution product in 2050, and cumulative
sequestration potential was the sum of the mean
distribution product for each land-use category for the
years 2022-2050. Ninety percent confidence intervals
were calculated for both annual and cumulative
sequestration increase in 2050 for each land-use
category.

Table D.1. Total Acreage of Five Land-Use Categories in West Virginia

Land-Use Category Area (acres)

Source

Agricultural - cropland : 947,710 : USDA National Agricultural Statistics Survey 2017 Table 8 0 “Total

: : : cropland” (USDA National Agricultural Statistics Service, 2017)

Agricultural - pasture 1,016,457 USDA National Agricultural Statistics Survey 2017 Table 8 -

: : : “Permanent pasture and rangeland, other than cropland and woodland
: : pastured” (USDA National Agricultural Statistics Service, 2017)

Forest : 12,046,000 : USDA Forest Service Forests of West Virginia 2016 Report (Morin et

: : : al., 2016)

Wetlands : 100,000 : West Virginia Department of Environmental Protection Wetland

: : : Program Plan 2016-2020 (WVDEP, 2015)

Abandoned mine 200,000 : Appalachian Voices Repairing the Damage 2021 Report (Savage,

: lands 1 2021)
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Table D.2. Management Parameters Used in the Simulation

, Mode : Minimum : Maximum : Baseline Mean . Standard :
BETrRe. mgmt : mgmt : mgmt : carbon g : deviation :
] T increase : increase : increase : sequestration : incr%ase : mgmt Sources

gory : (MmTCo, : (MTCO, : (MTCO, (MTCO, per : |¢20E™ | increase :
: : peracre) : peracre) : peracre) acre) 5 : (fraction) :
: Agricultural : 0.718  :0.000  : 1.791 : Swan et al. (2020)
: - cropland : : :
: Agricultural : 0.055  :0.000  :0.244 : Swan et al. (2020)
: - pasture : : :
 Forest : 0.689 :1.313  :0.205  : Schuler (2004); :
: : : : : Schuler et al. (2017) :
. Wetlands £0.212 11783 10205  : Yavitt(1994); Bernal :
: : : : : & Mitsch (2011); :

: Nahlik & Fennesy

: : : : : : (2016) :
Abandoned : : 0.096 :10.358 i 7.406 : Parton et al. (1987);
: mine lands : : : : Sperow (2006); :

: Bouquot & Sperow !
: (2006); Sharma and
i Wang (2011); Fox et :
 al. (2020). :

AGRICULTURAL CARBON SEQUESTRATION
POTENTIAL ESTIMATION

In each of the 55 counties in West Virginia, estimates of
the sequestration potential for agricultural management
were obtained from USDA COMET-Planner (Swan

et al. 2020). Specifically, we estimated the carbon
dioxide equivalent sequestration value for four cropland
practices’:

® Conservation Crop Rotation (CPS 328) - Decrease
Fallow Frequency or Add Perennial Crops to
Rotations

® Cover Crop (CPS 340) - Add Non-Legume
Seasonal Cover Crop (with 25% Nitrogen Fertilizer
Reduction) to Non-Irrigated Cropland

® Residue and Tillage Management - Reduced Till
(CPS 345) - Intensive Till to Reduced Till on Non-
Irrigated Cropland

® Nutrient Management (CPS 590) - Replace
Synthetic Nitrogen Fertilizer with Compost

(Carbon:Nitrogen Ratio of 20) on Non-Irrigated
Croplands

All practices can be applied simultaneously and
represent management steps that allow for continued
cropping. These practices were similar to those applied
to estimate the cropland carbon sequestration potential
in California (Baker et al. 2020). The one major
difference in the practices selected for West Virginia
was they were specific for non-irrigated cropland, as
less than 0.5% of cropland in West Virginia is irrigated
(USDA National Agricultural Statistics Service 2017).

For pastureland, a conservative grazing management
practice was applied to the pasture acreage in each
county to estimate the potential carbon sequestration
potential:

® Prescribed Grazing (CPS 528) - Grazing
Management to Improve Rangeland or Non-
irrigated Pasture Condition

1 Detailed descriptions of the cropland and grazing practices used in COMET-Planner are available in Swan et al. (2020).


https://docs.google.com/document/d/1zocv-8wL1DpaiJgI9i2LynoZKx3yqXbSyXfKi4EOIaE/edit
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COMET-Planner estimates the potential carbon
sequestration for each of these agricultural
management practices at the county level and reports
the result in carbon dioxide equivalent units. These
units represent the net change of greenhouse gasses
(including methane and nitrous oxide) in equivalent
units of carbon dioxide. COMET-Planner reports a
middle, minimum, and maximum value of carbon
dioxide equivalent emission reductions per acre.

To estimate the state-level greenhouse gas emission
reduction from agricultural management practices, we
averaged the county-level reduction estimates to create
a statewide per-acre rate of carbon dioxide equivalent
reduction. The average was used as the mode in

a triangular distribution (because the mean and
standard deviation were unknown), with the minimum
and maximum values representing the ends of the
triangle. Negative minimum values were truncated to
zero, which assumed that management practices that
led to negative sequestration would not be applied.
The triangular distribution was sampled 50,000 times
annually and multiplied by the annual acreage in
management. The median and standard deviations of
the product distribution were estimated to determine
the annual values of carbon dioxide equivalent offset
due to management. The simulation was run from
2022 to 2050 to estimate the total carbon sequestration
potential through time of conservation agricultural
practices?.

The agricultural land use simulation is distinct from
that of the other land uses because it does not include
a baseline sequestration rate. In all other land-

use categories, a management fractional increase
value is multiplied by a baseline sequestration rate

to calculate the annual increase in sequestration

due to management. Instead, the COMET-Planner
model estimates the increase in sequestration due to
management, irrespective of a baseline value.
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FOREST CARBON SEQUESTRATION
POTENTIAL ESTIMATION

To estimate the carbon sequestration potential of
forestry management practices, we used estimates of
forest management practices from long-term studies at
the Fernow Experimental Forest in Parsons, WV (Table
D.2). The total forest acreage under management in
the simulation was increased by three percent each
year. Forests not under management practices stayed
at a constant sequestration rate. The mean and
standard deviations of the increased sequestration
fraction from the management practices were used

to create a normal distribution. In each year, the
distribution was sampled 50,000 times and each

time multiplied by the managed area of forests. We
simulated from 2022 to 2050. The annual sequestration
increase in 2050 of managed land was the average
annual sequestration rate enhancement for 2050. And
the cumulative increase in sequestration from 2022 to
2050 was calculated as the sum of annual values®.

WETLAND CARBON SEQUESTRATION
POTENTIAL ESTIMATION

Wetlands currently store large amounts of carbon,

but if those wetlands are flooded, drained, disturbed
or warmed, this storehouse of carbon (which began
10,000 years ago in West Virginia) along with

other greenhouse gases will be released into the
atmosphere. Thus, it is important to avoid disturbing or
developing wetland areas. Restoring forested wetlands
and providing shade around their margins (forested
buffers) can make a significant contribution toward
reducing climate change and subsequent carbon
release.

The total acreage of wetlands in West Virginia is not
known. Approximately 66,400 acres of wetlands have
been mapped, but the Department of Environmental
Protection estimates that there are likely 100,000

2 COMET-Planner truncates the per-acre estimate of carbon dioxide reduction to two decimal places. This creates a 1% error interval

for each estimate, for each practice, in each county. Across 55 counties with 5 practices each, the error created by this truncation is
noteworthy. Additionally, the conservative pasture practice selected for this analysis was quite conservative compared to the other available
approaches—e.g., adding shrub and woody vegetation to pastures. All the cropland practices chosen in the Getting to Neutral report seemed
to represent the most conservative approach, as they would continue to allow landowners to have working and productive lands. In that spirit,
both conservative pastureland and cropland practices were chosen in this analysis. Finally, the minimum error was truncated in the triangle
distribution, and the resulting minimum confidence level of the 90% confidence interval was also truncated to zero. The use of a triangle
distribution represents a “best guess” for the true distribution of the management effects from COMET-Planner.

3 The forest simulation relies on estimates from four long-term studies at Fernow Experimental Forest in West Virginia. They are among

the longest-running timber management studies in the world, and they are located in central Appalachia. However, as with many timber
management studies, the results of the productivity increase from management are reported for merchantable timber only. In stands managed
for timber, this value likely represents the total amount of wood biomass in a stand. However, in the control stands, there may be snags,
damaged trees, or undesirable species that were unaccounted for in estimating biomass.


http://bwsr.state.mn.us/carbon-sequestration-wetlands

CARBON DIOXIDE REMOVAL AND WEST VIRGINIA

acres of wetlands in the state (WVDEP, 2015), and
potentially as many as 200,000 acres. Additionally, the
land-area accounting of wetlands likely overlaps the
estimates of agricultural land, forests, developed land,
and abandoned mine lands. To estimate the carbon
sequestration potential of wetland management and
restoration, we estimated that 400,000 additional acres
of wetlands could be restored (Watershed Resources
Registry, 2021). Using estimates from Nahlik &
Fennessy (2016), we projected restoring degraded
wetlands would increase carbon storage capacity

by 178.3% (Table D.2). We used an implementation
scenario of adding 10,000 acres of restored wetlands
annually*, recognizing that this goal will require a
substantial financial investment.

There is a high degree of uncertainty in estimating the
baseline carbon sequestration rate of wetlands. Yauvitt
(1994) estimates that West Virginia’s wetlands are net
carbon sources. However, Yavitt (1994) argued that
more rigorous study of wetlands was required to have
confidence in that conclusion. A more recent study of
wetlands in Ohio argues that wetland sequestration
rates are often underestimated by non-rigorous
methods (Bernal & Mitsch 2011). Bernal and Mitsch
(2011) are critical of previous estimation approaches,
arguing that carbon budgets made using modern
techniques are more accurate. Finally, Weider et

al. (1990) hypothesized that decomposition in West
Virginia wetlands was driven strongly by sulfate
deposition. In 1990, the sulfate deposition rate was
39 kg per ha, and in 2020, the deposition rate was 4
kg per ha (National Atmospheric Deposition Program
2020). Sulfate deposition has decreased by 90%
since the work claiming West Virginia’s wetlands as
net carbon sources was done. For all these reasons,
we were skeptical of an overarching claim that West
Virginia’s wetlands are net carbon sources.

Without the capacity to conduct modern estimates of
West Virginia wetland carbon sequestration, we used
a baseline sequestration rate of 0.212 metric tons CO,
(0.233 tons) annually per acre. This value represents
half of the estimated sequestration rate using modern
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techniques in a reed-bulrush marsh in Ohio (Bernal

& Mitsch 2011); it splits the difference between a
mid-productivity Ohio wetland estimated with modern
techniques and the average estimated sequestration of
a West Virginia marsh estimated with low-technology
peatland carbon pool techniques®.

ABANDONED MINE LAND CARBON
SEQUESTRATION POTENTIAL ESTIMATION

There are 200,000 acres of abandoned mine lands in
West Virginia (Savage, 2021). Their reclamation status
and quality are difficult to map and track because of
the loopholes in both state and federal regulation.
However, the vast majority of “restored” abandoned
mine lands were graded and seeded with grass.

The greatest potential for these lands to store carbon
naturally is by conversion to forest. Reforestation may
be challenging, however, due to soil compaction and
soil conditions. In addition, disturbance of this surface
can release acid that has been “capped.”

To estimate the sequestration potential of forest
conversion of abandoned mine lands we relied

on values from research projects that converted
abandoned mine lands to forest (Table D.2). These
estimates were applied to abandoned mine lands in
the same adoption scenario as other land uses: three
percent of abandoned mine lands (6,000 acres) would
be reforested each year from 2022-2050. This rate of
reforestation may be an optimistic goal; however, we
lack information to do a more specific analysis.

The mean and standard errors of the sequestration
increase estimates from previous research were used
to create a normal distribution. That distribution was
sampled 50,000 times annually, each time multiplying
the sampled value by the number of acres managed.
The mean of the distribution product in 2050 was the
annual increase in carbon sequestration, and the sum
of the annual means was the cumulative increase in by
20506,

4 This method assumes that the increased carbon sequestration of wetland management practices will persist through 2050. As with the
forest analysis, there are few studies that have tracked management and restoration effects for this long. Finally, the estimate of carbon

storage increase from restoration is aggregated at the national level.

5 The estimation of carbon sequestration rates and potential ignores the flux of other greenhouse gasses, especially methane, which has 28

times the greenhouse warming potential of CO, over 100 years.

6 The estimates of carbon sequestration from reforestation of abandoned mine lands vary widely. All the variation is considered in this
process, which explains the large level of uncertainty around this practice. Additionally, the amount of carbon a new forest sequesters as it
matures certainly decreases, although this information is rarely included in abandoned mine land reforestation research. Since our simulation
spans 29 years, the decline in new forest productivity with age may not have a large effect.
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COMPARISON TO PREVIOUS RESEARCH

Sharma and Wang (2011) estimate that the natural
sequestration potential of West Virginia could be
increased by 52.7%. Their approach differs from this
one in multiple ways. They assume immediate 100%
adoption of management practices in each land-use
category. Additionally, their calculation includes the
conversion of 40% of agricultural land to forest. Finally,
in contrast to our approach, Sharma and Wang (2011)
include an increase in sequestration due to increased
lifetime of carbon in wood products. Overall, our
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Some geological options for offsetting West Virginia’s
carbon emissions focus on mineralizing CO, as
carbonate through combination with rocks or industrial
wastes. Mineral carbonation is a set of natural
processes that can be geo-engineered to operate faster
and in desired locations. It can be applied in direct air
capture and point-source capture scenarios. Mineral
carbonation’s principal advantages over geological
carbon storage are the permanence of carbonates over
millions of years (which reduces monitoring costs) and
the potential to use large volumes of waste or low-value
materials as sorbents (produced brines and fly ash, for
example). Disadvantages include the embodied carbon
of excavating and moving sorbents, the low carbon-to-
sorbent ratios achievable, and environmental problems
like the generation of rock dust and the release of toxic
metals. The different mineral carbonation approaches
available in West Virginia are compared qualitatively in
Figure E.1.

ROCK AND MINERAL SORBENTS

West Virginia does not host significant resources
suitable for mineral carbonation, but some neighboring
states do. Calcium and magnesium-rich mafic

rocks exist at the surface in a belt through central
Pennsylvania, Maryland, and central Virginia, where
they are quarried extensively for construction material.
Industrial sources for very magnesium-rich ultramafic
rocks, the optimal material, are limited to North Carolina
and California. Both states have potential for ex situ
mineral carbonation, where the rocks are quarried,
crushed, and then either applied to large areas of land
for direct air capture or concentrated in reaction cells at
point sources. Of these two applications, concentration
in reaction cells allows for higher temperatures and
CO, pressures to enhance mineralization, though at
the cost of increased energy use. However, compared

to the industrial waste alternatives already available,
neither approach is likely to be viable in West Virginia
due to the costs of importing materials.

INDUSTRIAL WASTE SORBENTS

Solid and liquid waste generated due to mining and
large-scale industrial operations such as coal-fired
power plants, cement plants, steelworks, and the

oil shale industry are increasing annually and are
harmful to the environment. Many of these materials
are strongly alkaline, making them useful chemical
reactants with CO, to produce carbonate minerals, for
example steel slag. Moreover, acid mine drainage and
fly ash have potential as secondary sources for Critical
Minerals (CM) and Rare Earth Elements (REE). Carbon
mineralization accompanied by the recovery of CMs
and REEs from these wastes is an attractive venture;
however, the technology to implement such a strategy
is still underdeveloped. The key limitation is that the
‘net’ carbon storage potential and CM/REE extraction
potential from these waste products is unknown.
Therefore, there is a critical need to 1) develop
strategies to evaluate and enhance the carbon storage
potential of solid mining wastes and waste streams; 2)
improve the release and recovery of CM/REEs from
these waste materials; and 3) develop technologies to
implement carbonate and CM recovery from lab to field
scale.
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Figure E.1 Mineral Carbonation Approaches in West Virginia (West Virginia University, 2023)
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METHODS

Feedstocks

The mass of biomass feedstocks in West Virginia was
quantified using an interactive online tool developed
by the Department of Energy as part of their 2016
Billion Ton Report (DOE, 2016). The online tool
considered the production of three categories of
biomass feedstocks: forestry (whole-tree biomass and
logging residues), agriculture (energy crops and crop
residues), and other wastes (municipal solid waste,
secondary crop residues, and manure). Two scenarios
were modeled for each feedstock—a “low” scenario
and a “high” scenario (Table F.1). Only timberland
was considered in the forestry model (forestland was
excluded) (DOE, 2016). The model calculated the mass
of biomass feedstocks for 2017, 2022, 2025, 2030,
2035, and 2040. A linear regression model was then
used to estimate the mass for 2050. The cumulative
mass between 2022 and 2050 of each of the three
feedstocks was calculated by multiplying the 2022
value by 1.5, the 2025 value by 4, the 2030 value by
5, the 2035 value by 5, the 2040 value by 7.5, and the
2050 value by 5.

By assuming that 49% of the biomass was carbon and
accounting for the molecular weights of carbon (12)
and carbon dioxide (44), in accordance with Getting to
Neutral methods, the mass of biomass was converted
to carbon dioxide equivalents (LLNL, 2020).

Biomass Treatment Processes

The effectiveness of biomass treatment processes to
capture carbon in West Virginia was quantified using
methods similar to those in Chapter 4 of the Getting to
Neutral report produced by the Lawrence Livermore
National Laboratory (LLNL, 2020). Biomass conversion
technologies include pyrolysis, gasification, anaerobic
digestion, torrefaction, and hydrothermal liquefaction.
Feedstocks may be better suited to some technologies
over others due to their moisture and cellulose content
(LLNL, 2020). For example, pyrolysis is not used to
treat municipal solid waste. The technologies also
capture carbon at different efficiencies. For example,
the LLNL reports that 83 million out of 100 million tons
of CO, could be captured per year using gasification to
hydrogen, whereas 42 million tons could be captured
via fast pyrolysis to liquid fuels (LLNL, 2020). However,
the cost of gasification could be almost twice that of

pyrolysis.

Table F.1. Model Input Conditions for Low and High scenarios for Forestry, Agriculture, and

Other Wastes

i : Low : High

: Forestry : $40/dt, moderate housing, high energy demand  : $80/dt, moderate housing, low energy demand
: Agriculture : $40/dt, 1% vyield increase : $80/dt, 3% yield increase

{ Other Wastes : $40/dt : $80/dt



https://bioenergykdf.net/executive-summaryoverview?chapterNumber=1&tabNumber=3
https://www.energy.gov/sites/prod/files/2016/12/f34/2016_billion_ton_report_12.2.16_0.pdf
https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf
https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf
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Figure F.1. Diagram Linking Biomass Type to Conversion Technology (Lawrence Livermore National

Laboratory, 2020)

RESULTS AND DISCUSSION

Feedstocks

The projected mass of the biomass feedstocks in
West Virginia and the United States is shown in Table
F.2. The total feedstocks are projected to more than
double in West Virginia between 2017 and 2050. The
largest gains were from agriculture due to projected
yield increase, due in turn to future biomass crop
breeding and enhanced management practices (DOE,
2009). Those in the “other wastes” category remained
relatively steady for both West Virginia and the United
States.

The projected carbon dioxide removal in West Virginia
from the three feedstocks was 1.5-5.3 million tons in
2022 and 3.3-15.9 million tons in 2050 (Table F.3).
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61%, 58%, and 49%, respectively (Getting to Neutral).

and L.M. Eaton (Leads), ORNL/TM-2016/160. Oak
Ridge National Laboratory, Oak Ridge, TN. 449p.
doi: 10.2172/1271651. http://energy.gov/eere/
bioenergy/2016-billion-ton-report.


https://bioenergy.inl.gov/SitePages/High-Yield%20Scenario%20Workshop.aspx
https://bioenergy.inl.gov/SitePages/High-Yield%20Scenario%20Workshop.aspx
https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf
https://gs.llnl.gov/sites/gs/files/2021-08/getting_to_neutral.pdf

CARBON DIOXIDE REMOVAL AND WEST VIRGINIA Appendix F: West Virginia’s Bioenergy with Carbon Capture and | 121
Storage Sequestration Potential

Figure F.2. West Virginia’s Technologically Enhanced Natural Annual Carbon Sequestration
Potential: Bioenergy to Electricity with Carbon Capture and Storage (BECCS), by 2050 (west
Virginia University, 2023)

Figure F.3. West Virginia’s Technologically Enhanced Natural Cumulative Carbon Sequestration
Potential: Bioenergy to Electricity with Carbon Capture and Storage (BECCS), 2022-2050 (West
Virginia University, 2023)
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Figure F.4. West Virginia’s Technologically Enhanced Natural Annual Carbon Sequestration
Potential: Bioenergy to Liquid Fuels, by 2050 (West Virginia University, 2023)

Figure F.5. West Virginia’s Technologically Enhanced Natural Cumulative Carbon Sequestration
Potential: Bioenergy to Liquid Fuels, 2022-2050 (West Virginia University, 2023)
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DIRECT AIR CARBON CAPTURE (DAC)
POTENTIALS IN SOUTHERN WEST VIRGINIA
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Virginia 26505, USA - Samuel. Taylor@mail.wvu.edu

Timothy Hoheneder
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Growing interest in the deployment of carbon dioxide removal (CDR) technologies is driving interest in direct

air capture (DAC) of carbon dioxide. To better guide policymakers and to help provide some context for this
discussion, an evaluation of DAC potentials, focused on reuse of former minelands in southern West Virginia, was
performed. Overall, 66 sites, each with a footprint larger than 100 acres, were identified in 5 southern counties
(Boone, Logan, Mingo, Raleigh, and Wyoming), overlying potential storage reservoirs of 30 metric tons. While
further research and development is needed, this analysis highlights strong potential for the deployment of DAC
facilities in these southern coalfields. Note that this analysis does not consider whether or not DAC is a better
option relative to responding to climate change than alternatives such as renewable energy or commercial or
residential uses in regions where there are few options for flat land that is not in a floodplain.

A more detailed description of our workflow, the results of our analysis, and further discussion are included below.

DIRECT AIR CAPTURE

Direct air capture (DAC) technologies are discussed
in greater detail earlier in this document. The primary
strength of DAC relative to this analysis is location
flexibility. Provided that sufficient area is available for
the surface DAC facility, the facility can be located
where there is adequate CO, storage. This enables
DAC to be sited independently of considerations for
CO, pipeline construction or proximity to other large
point-source emissions sources (such as coal fired
power plants). While location selection is flexible, land
area is a significant consideration. For the purposes
of this analysis, a minimum site size of 100 acres

(~0.4km2) was used as a screening criterion, based
on general sizing requirements found in the literature
(Breyer et al, 2020; Fasihi et al, 2019; Socolow et

al., 2011; Johnston et al, 2003). In addition to the
minimum size, these facilities can be considered
analogous to chemical processing facilities and cannot
be constructed on steep terrain. This limitation was
also used as a screening criterion in this analysis.

No specific performance analysis relative to DAC
technology type (i.e., solid sorbent vs. liquid solvent)
was performed, but general performance estimates
from the literature for a 1Mt/y capture project were used
to estimate land requirements.


mailto:jmoore@wvgs.wvnet.edu
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REGIONAL FOCUS

The target region of study was identified using the
conceptual model illustrated in Figure G.1. The
procedure used for this project was performed using
the ESRI ArcMap 10.5.1 GIS software suite. All input
data to the GIS platform was classified as vectorized
data and required no additional plugin packages,
pre-analysis editing, or other external software. The
projection used for all GIS-related processing was
the NAD1983 global projection. For a local projection,
NAD83 UTM 17N is highly recommended for the spatial
extent of West Virginia.

All data from this project were selected using

attribute table properties and SQL code statements.

A combination of clip, intersection, and buffer
geoprocessing procedures were performed from

SQL selections to create overlay map layouts. This
procedure retains all geospatial data from the attribute
table per vector polygon, so no attribute data was lost
through layer iterations. To ensure the validity of spatial
extent (acreage), for all mine site layers, a separate,
projection-based measure of total acreage per mine
site polygon was included. This additional attribute
table column may be encountered within the spatial
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data and was not produced by the original geospatial
authors of the data but was calculated independently.

Storage Feasibility

Oil and gas field geospatial data were provided
through data from Jessica Moore of the West Virginia
Geological Survey. Fields provided were those residing
at a depth of greater than 2,500ft and included at least
1 million metric tons of minimum storage for the field
unit (Lewis et al. 2019). This initial query returned

a total of 280 fields meeting the two criteria. Figure
G.2 shows the location of fields deeper than 2,500ft
with storage capacities greater than 1Mt. These

fields typically occur as “stacked” reservoirs, with
different target reservoirs occurring at different depths
(Figure G.3). This stacking leads to higher cumulative
storage potentials at a single surface location through
the utilization of multiple target formations in the
subsurface.

Former Mine Sites

Revitalization of former mine sites is essential because
they are often in or adjacent to persistent poverty
communities, as reflected in the Interagency Working

Figure G.1. Conceptual Model for Identification of Potential DAC Facility Locations (West Virginia

University, 2023)
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Figure G.2. Map of Potential CO, Storage Fields in West Virginia, 1Mt Capacity or Greater (West
Virginia University, 2023)

Figure G.3. Stacked Storage in the Appalachian Basin (West Virginia Geological & Economic Survey,
Personal Communication, 2022)
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Group report on coal-impacted communities. There
are thousands of acres of former mine lands in West
Virginia, and the state has the highest number of
surface mines in Appalachia. As a screening tool,

this assessment sought to find surface acreage of

at least 100 acres (0.4km?). The first iteration of

data processing included placing all surface mining
permitted sites in the state of West Virginia into the
GIS server. All mine site data were retrieved from the
West Virginia Department of Environmental Protection
GIS server. Secondly, mine sites were clipped at the
statewide extent to only those listed as having a total
area greater than 100 acres per the attribute table field
“acres_curr.” This query returned 1,030 sites across the
state meeting the 100-acre or greater threshold. Figure
G.4 shows the location of surface mine sites with
extents greater than 100 acres in West Virginia.

DETAILED ANALYSIS

In the next stage of the analysis, the intersection

of 100-acre sites and >1Mt storage formations was
examined. Figure G.5 depicts this intersection. This
figure highlights a key finding of this analysis: while
surface mine sites exist across West Virginia and
suitable storage targets also exist in a relatively
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broad area of West Virginia, the intersection of these
attributes is much more highly concentrated in the
southern West Virginia coalfields region. Additionally,
while northern West Virginia also has potential storage
resources, there is likely to be increased competition
for these resources as CO, storage requirements
increase. For example, deployment of “blue”
hydrogen systems would necessitate CO, storage

in the production of hydrogen. Recent DOE studies
have identified northern West Virginia/southwestern
Pennsylvania as a likely target for hydrogen
deployment, which will drive demand for CO, storage
options in these areas.

Concentrating on the southern coalfields region, a
subset of target counties was identified based on a
high concentration of surface mine sites and suitable
storage. Six counties were selected for further
evaluation: Boone, Logan, McDowell, Mingo, Raleigh,
and Wyoming.

In this reduced set, analysis returned 60 oil and gas
fields with storage greater than 1Mt and 459 mine sites
>100 acres within the southern target counties. Figure
G.6 illustrates the intersection of these two data sets,
and illustrates that while there are ample opportunities
for a potential DAC project, there are large mine

Figure G.4. Surface Mine Sites >100 Acres (West Virginia University, 2023)
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Figure G.5. Overlap of 1Mt Storage Formations and Surface Mine Sites >100 Acres (West Virginia

University, 2023)

complexes that are either outside of feasible storage
targets or are on the border of these targets, which
raises the technical risk relative to the confinement and
boundaries of the target formation.

These results suggest that a more aggressive
screening criteria could be used in further narrowing
potential sites for future evaluation. Given the larger
number of potential surface sites, CO, storage volume
was chosen as the more effective method for this down
selection. Additionally, capital cost estimates for DAC
systems vary, but estimates by McQueen et al (2021)
are in the $400 per ton per annum range, depending
on energy source cost and technology used. Assuming
a $500,000,000 overall capital cost for installation, the
lifetime of the facility should be significant, allowing
time to recoup the cost of construction. Assuming 1Mtly
capture and a 30-year life, we target storage locations
capable of 30Mt of CO, storage based on current
estimates.

Five large fields contain minimum storage of over
30Mt in this target region. Table G.1 provides some
description of these target formations.

Finally, mine sites were restricted to those only
intersecting the surficial footprint of these large storage
fields. This produced a final product of 66 mine sites.

Table G.2 provides a breakdown of those sites.
More interestingly, a significant number of sites are
in excess of 400 acres, which would provide further
feasibility if on-site energy production for solvent/
sorbent regeneration was desired or if other design
considerations for DAC equipment spacing were
required. Recent National Academies studies (2018)
find that land use requirements increase when
accounting for these other demands (e.g., power
generation, sufficient spacing between units).

CONCLUSIONS

Opportunities for DAC appear to exist in the southern
coalfields. Using screening criteria of at least 100 acres
(0.4km?) and 30Mt of storage, 66 potential surface
sites were identified in Boone, Logan, Mingo, and
Raleigh Counties. No intersection of 30Mt storage

and 100-acre sites were found in McDowell County.
Further characterization is required to better define any
potential project, including definition of landowner and
identification of any potential bonding or liability issues
associated with those sites; identification of potential
energy sources for solid sorbent or liquid solvent
regeneration (i.e., thermal or electrical energy); and
more detailed site planning for the optimal layout and
deployment of a DAC facility.
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Figure G.6. lllustration of 100-acre Mine Sites Overlying 1Mt Storage Facilities, Focused on
Counties for Further Evaluation (West Virginia University, 2023)

Figure G.7. Map of 66 Potential Sites for Carbon Dioxide Storage in Southern West Virginia (West
Virginia University, 2023)



CARBON DIOXIDE REMOVAL AND WEST VIRGINIA

Appendix G: Direct Air Carbon Capture (DAC) Potentials In Southern West Virginia | 130

Table G.1. Target CO, Storage Formations (West Virginia University, 2023)

. Field Name Depth (ft) Thickness (ft) Minimum Storage (MM)
: Mann-Oceana : 2994 137 61,751,007.00 :
: Hopkins Fk-Jarrolds : 3075 ‘67 : 58,156,399.00
: Magnolia 12709 137 ©50,113,010.00
: Hopkins Fk-Jarrolds 2732 ‘51 : 39,436,547.00
: McGraw : 2932 .35 : 38,726,080.00

Table G.2. Mine Sites Overlying 30Mt Storage (West Virginia University, 2023)

i Acres : Number of Mine Sites
100+ : 66

: 400+ 115

: 800+ :5

£ 1,200+ A

: Average Acres/Site : 426.69
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Some CDR options, including DAC and BECCS,
require that the CO, be utilized or stored if they are to
impact climate change. In West Virginia, the CO, can
be stored in deep subsurface geological formations for
permanent geological storage.

DEEP SUBSURFACE PERMANENT STORAGE
OPTIONS

The basic requirements that a geologic formation

must have for successful subsurface CO, storage are
(1) a high storage capacity; (2) to be sealed so that

the injected CO, cannot escape; and (3) a depth of
more than 800 m (critical point of CO,). Based on the
observations from engineered and natural analogs, it is
estimated that the CO, fraction retained in appropriately
selected and managed geological reservoirs is likely

to exceed 99% over 1,000 years (Intergovernmental
Panel on Climate Change, 2005).

The National Energy Technology Laboratory (2016)
estimates the total subsurface carbon dioxide storage
potential in different geological formations in West
Virginia to be between 17.49 and 29.61 billion metric
tons. The DOE Carbon Atlas provides low, medium,
and high estimates of the carbon storage capacities of
different geological formations (Table H.1).

However, these are potential resource estimates
that need to be proven by further detailed site
characterization studies. There is also a need to
identify storage targets that are well characterized
from a safety and leakage perspective, proximity to
significant point sources of CO, emissions, available

pipeline and well infrastructure, socioeconomic impact,
etc.

West Virginia has a long history of oil and gas
development going back to the 19th century. The
depleted oil and gas fields are ideal targets for CO,
sequestration because 1) the reservoirs are well
characterized in terms of depth, size, and resource
storage capacity; 2) the reservoirs have well-defined
seals that will prevent CO, leakage from the reservoir
after it is injected; and 3) the sequestration process
can produce value-added residual oil and gas that

will be carbon negative. During the last decade, rapid
shale gas development in the northern part of the
state has also opened up the possibility of utilizing
these hydraulically fractured shale reservoirs as target
reservoirs for CO, sequestration. The location, extent,
and approximate sequestration potential of all the oil
and gas fields in the state, along with the power plant
locations symbolized by their 2013 CO, emissions, are
depicted in Figure H.1.

Unmineable coal seams are defined as coal seams
that are too deep or too thin to be economically mined.
Coals can also provide an excellent storage target

for CO, because CO, can potentially displace the
methane adsorbed on the coal (2-13 molecules of CO,
are adsorbed for each molecule of methane released).
However, issues related to the swelling of coal can limit
the use of coal seams for sequestration.

The other available geological targets for CO,
sequestration are saline formations which are units of
porous rock saturated with highly saline water or brine.
The saline formations have enormous potential for
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Table H.1. Storage Capacity of Different Geological Formations in West Virginia (adapted from
National Energy Technology Laboratory, 2016)

Storage Capacity in Billion Metric Tons

] : Low 2 Medium 2 High
: Oil and Natural Gas Reservoirs :5.93 :9.84 :18.05

: Unmineable Coal Seams 10.37 10.37 10.37

: Saline Formations :11.9 $11.9 $11.9

: Total Storage Resource 117.49 :21.40 :29.61

sequestration because they are
much more extensive than oil/
gas formations and coal seams.
However, the major limitations
of utilizing saline formations

are that 1) they are not well
characterized in terms of their
size, capacity, and leakage
potential and 2) various physical
mechanisms, reaction pathways,
and time scales of reactions
involved in CO, trapping are not
well modeled. Nevertheless, the
CO, storage capacity of saline
formations in West Virginia

is estimated to be very high.
However, these formations will
need to be fully characterized

in terms of their temperature,
pressure, depth, capacity,
chemical reactions, and flow
paths.

SHALLOW SUBSURFACE
TEMPORARY STORAGE
OPTIONS

In addition to deep subsurface
permanent CO, storage options,
West Virginia also has abandoned
mine lands that can be targeted
for the temporary storage of

CO, produced as a by-product

of various carbon capture Figure H.1. Major Oil and Gas Fields, with CO, Storage

technologies such as direct air Potential, in West Virginia (West Virginia University, 2023) This map shows
capture and Green H, production. the spatial extent of all the major oil and gas fields in the state along with their
These lands include thousands approximate CO, storage (sequestration) potential. It also shows the location of

of unreclaimed surface mines major power plants in relation to these oil and gas fields. The size of the power

abandoned prior to the Surface plant is proportional to its total CO, emission in 2013.
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Mining Control and Reclamation Act of 1977 (Figure
H.2) and underground natural gas storage fields
(Figure H.3). The 31 gas storage field sites represent
6% of the nation’s total natural gas storage capacity,
which amounts to about 531 billion cubic feet of natural
gas (U.S. Energy Information Administration, 2022).

To develop the CO, sequestration projects and
business opportunities in West Virginia, there is a need
to identify a demonstration site based on rating criteria
that include

® proximity to power plants (if we are targeting CDR
from point source emissions)

® availability of deep oil and gas reservoir (for
permanent CO, storage ) or abandoned mine
lands/gas storage fields (for temporary CO, storage
and utilization)
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® proximity to the available infrastructure of transport,
roads, pipes, and wells

® socioeconomic impact on the fossil fuel based rural
communities

After the site has been selected, the remaining
challenges that will need to be addressed are

1) comprehensive geological, geochemical, and
geomechanical characterization of formations in which
CO, will be injected; 2) obtaining required permits;

3) maintaining the supply of CO,; 4) assessing the
economic viability of the sequestration operation; and
5) gaining public confidence in this new technology.

Figure H.2. Abandoned
Mine Lands, Relative

to Major Power Plant
Proximity, in West Virginia
(West Virginia University, 2023)
This map shows the spatial extent
of abandoned mine lands in the
state in relation to the location of
major power plants. The size of
the power plant is proportional to
its total CO, emission in 2013.
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CARBON SEQUESTRATION OPTIONS

INVESTMENT

To develop the potential job creation from the different
options for carbon sequestration, the policymaker
guide authors needed to estimate how much capital
investment was needed for each option. To determine
the investment required, we used the cost estimates
from the Lawrence Livermore National Laboratory
report Getting to Neutral: Options for Negative
Emissions for California for the gasification scenarios
in 2025 and 2045. In the case of natural solutions, the
cost estimates remain the same for both years. For
both bioenergy and direct air capture, technological

learning is assumed to take place, causing the costs to
decrease.

Table 1.1 outlines the annual carbon capture potential
for natural (total in green), bioenergy (total in yellow),
and direct air capture (total in aqua) options as
developed in this guide for West Virginia. The gold
vertical bar provides a comparison between the West
Virginia and California estimates to check the feasibility
given the nature and size of each state.

Figure I.1. Total Cost Curve for Gasification Scenario, 2025, Negative Emissions Basis (Lawrence

Liverpool National Laboratory, 2019)



https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
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Table 1.1. Estimated Financial Investment for Natural, Bioenergy, and Direct Air Capture Activities in West Virginia (West Virginia
University, 2023)

: -Forest Management

¢ -Agriculture 10 126
: Management : :
: -Abandoned Mine :0.03 :0.28

: Land Restoration

: -Wetland Restoration

: - Forestry

: -Agriculture ‘16
: -Other Wastes

: - Forestry

: -Agriculture ‘1.3
: -Other Wastes
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For the WV Lower LLNL 2025 estimate, we multiplied ($1.3 billion) in 2045. Box I.1 provides a list of major
the WV Lower Bound CDR potential by the LLNL 2025  investments in West Virginia. The comparisons are
cost estimate to determine the annual million dollars challenging, as we do not have the annual investments
of investment. For the WV Upper LLNL 2045 estimate, nor forecasts to 2045, but the largest investments thus
we multiplied the WV Upper Bound CDR potential by far are $500 million for a Proctor & Gamble plant in

the LLNL 2045 cost estimate. This provided a range of 2018 and $2.7 billion for Nucor’s steel manufacturing
investment estimates. facility in 2022.

These estimates were then provided to the WVU
Bureau of Business and Economic Research to
estimate, in turn, the potential jobs that would be
created in West Virginia if these investments were
made.One question that arose during our discussions
was how this level of investment compared to past
investments in West Virginia. The total annual
investments from Table 1.1 for CDR activities range
from $12-$324 million in 2025 to $97-$1,267 million

Figure 1.2. Total Cost Curve for Gasification Scenario, 2045, Negative Emissions Basis (Lawrence
Livermore National Laboratory, 2019)


https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
https://www-gs.llnl.gov/content/assets/docs/energy/Getting_to_Neutral.pdf
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BOX I.1

PAST MAJOR ECONOMIC INFRASTRUCTURE INVESTMENTS IN WEST VIRGINIA

TOYOTA

Invested over $1 billion since 1996 in its Buffalo, WV plant. Most recent investment came in 2021 with $240
million in modifications and additions to the Buffalo plant for use in hybrid vehicle transaxle manufacturing.

BLUE RACER MIDSTREAM

Owned by Dominion (VA) and Caiman Energy (TX), Blue Racer Midstream built a processing and fractionalization
facility in Natrium (Marshall County) in 2013. The total investment for the project was ~$500 million.

MARKWEST

Over the last decade, Colorado-based MarkWest Energy has invested ~$900 million in natural gas plants in
multiple counties. The largest is the Sherwood MarkWest plant in Doddridge county. According to the link below,
the company has invested nearly $10 billion in the region.

{0) (V]

An insulation manufacturing subsidiary of Rockwool, this Denmark-based company invested $150 million in
development of its Jefferson County manufacturing plant in 2018.

PROCTOR & GAMBLE

Invested ~$500 million in infrastructure and development in Berkeley County in 2018. This is the largest P&G
production site in the world.

NUCOR CORPORATION

North Carolina-based Nucor announced a $2.7 billion infrastructure investment in WV in 2022. The facility will be
located in Mason County, and will be used as a state-of-the-art producer of sheet steel.

Return to Contents


https://pressroom.toyota.com/toyota-west-virginia-announces-210-million-new-investment-and-100-new-jobs/
https://www.beaconjournal.com/story/news/local/2013/07/04/blue-racer-midstream-s-natrium/10704601007/
https://www.wvnews.com/news/wvnews/markwest-sherwood-complex-in-doddridge-county-wv-plans-further-capacity-expansion-in-2019/article_c13d2db6-aec1-50bd-99f3-8f3c2bb0a427.html
https://www.wvgazettemail.com/business/roxul-to-build-jefferson-county-plant-expected-to-create-150-jobs/article_a4b73da8-9f71-5fb5-b2bf-16aa16d66877.html
https://warehausae.com/portfolios/pandgtablerstation/
https://governor.wv.gov/News/press-releases/2022/Pages/Gov.-Justice-announces-Nucor-to-make-largest-investment-in-West-Virginia-history.aspx
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POTENTIAL ECONOMIC IMPACT OF CARBON
REMEDIATION IN WEST VIRGINIA

Eric Bowen, Ph.D.

Research Assistant Professor, John Chambers College of Business and Economics, West Virginia University, Morgantown,

West Virginia 26505, USA - Eric.Bowen@mail.wvu.edu

INTRODUCTION

In this briefing paper, we estimate the potential
economic impact of carbon remediation efforts on the
West Virginia economy. For this study, we consider the
economic impact of the operation of carbon-reducing
measures both through natural means—such as forest
management and abandoned mine land restoration—
and through the operation of biomass power production
within the state. We estimate the economic impact in
terms of output, employment, labor income, and select
state and local tax revenue.

For this study, we assume that all expenditures from
carbon remediation would result in new, additional
spending in the state’s economy. We also assume that
workers at these operations will live in West Virginia
and spend their income similarly to the average West
Virginia resident. All data for this study were provided
to the Bureau of Business and Economic Research
(BBER) by the WVU Carbon Dioxide Removal Working
Group and were not independently audited by the
BBER.

To estimate the economic impact of carbon
remediation, we apply a detailed model of the West
Virginia economy that outlines how trade-flows among
industries interact with key economic indicators such

as employment, income, output, and tax revenue. The
annual expenditures for carbon removal measures are
referred to as the direct economic impact. However, the
total economic impact of these activities is not limited
to the direct impact, but also includes the secondary
economic impacts accrued as those initial direct
expenditures are re-spent across the state, generating
a multiplier effect throughout the rest of the state’s
economy.

NATURAL MEASURES IMPACT

Figures provided to the BBER indicate that natural
carbon remediation efforts could support between
$12.1 million and $54.6 million of additional annual
expenditures in the state of West Virginia. This wide
range of expenditures reflects uncertainty surrounding
the amount of carbon capture potential using these
methods. Using national average employment ratios
found in the IMPLAN economic model, this level of
expenditure would support between 126 and 561 direct
workers in the forest management industry.

Total economic impacts are shown in Table J.1. We
estimate that the total economic impact of expenditures
in support of natural carbon sequestration would be
between $18 million and $81 million, with between $6

Table J.1. Annual Economic Impact of Natural Carbon Sequestration Efforts

Direct Impact

Ll & iz Total Economic Impact

] : Impact

: Output ($, millions) :12.2-54.6 1 6.0-26.7 :18.2-81.3
: Employment (jobs) © 126-561 : 74-331 : 200-892
: Labor Income ($, millions) ~ :7.8-34.8 :2.7-12.0 :10.5-46.9
: Total Taxes ($, millions) :0.7-3.2 :0.3-1.1 :1.0-4.3

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.


https://docs.google.com/document/d/1AJ3cbZSQMA2iEggXTKvkHd56cI5nfc20pR7RptCVg84/edit
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Table J.2. Annual Economic Impact of Biomass Power Plant Spending

Direct Impact

Indirect & Induced : 1645 Economic Impact :

] : Impact

: Output ($, millions) : 276-1,094 :170-675 © 446-1,770
: Employment (jobs) :183-724 : 564-2,236 : 746-2,960
: Labor Income ($, millions) : 30-120 : 39-156 1 70-277

: Total Taxes ($, millions)  :5-19 1417 1 9-36

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

million and $27 million coming in secondary supplier
industries. Total employment is expected to be between
200 and 892 workers, of which between 74 and 331
are estimated to come from secondary impacts. We
estimate that the forest management spending will
generate between $8 million and nearly $35 million in
labor for workers in the industry and an additional $3
million to $12 million in secondary impacts, for a total
labor income impact of between $10 million and nearly
$47 million. Total potential tax revenue is estimated to
range between just under $1 million and $4.3 million,
depending on the scenario. Of this, between $700
thousand and $3 million would be paid directly by the
forestry industry and its workers, with an additional
approximately $300 thousand to $1 million coming from
secondary sources.

BIOMASS POWER PLANT IMPACT

Another potential avenue for West Virginia to
participate in the carbon remediation economy would
be with the operation of biomass power plants and
other associated activities. Estimates provided to

the BBER indicate that biomass power plants could
generate between $276 million and $1.1 billion in
annual operating expenditures in the state. Again,
these numbers have considerable uncertainty based
on the amount of annual carbon sequestration and
the cost of biomass power generation. Though it is
likely that biomass power would be spread across
multiple sites in the state, to simplify the analysis we
have represented these expenditures as a single large
biomass plant located in the state of West Virginia.

Based on national average employment, the above
projected biomass spending would support between
183 and 724 workers directly at the plant, with
approximately $30 to $120 million in annual labor
income (Table J.2). Including secondary industries,
the plant would employ a total of between 746 and
2,960 workers, with 564 to 2,236 jobs coming from

secondary impacts in the state. Total labor income for
these workers is expected to be between $70 million
and $277 million, including $39 million to $156 million
in secondary industries.

We estimate that a biomass plant of this size would
generate a total of between $446 million and $1.8
billion in annual economic activity in the state, of
which between $170 million and $675 would come

in secondary supplier industries. The plant would be
expected to generate between $5 million and $19
million in state and local tax revenue annually, with
another $4 million to $17 million coming in secondary
impacts, for a total tax revenue impact of between $9
million and $66 million.

BIOMASS FUELS IMPACT

In addition to operating biomass power plants, West
Virginia could also manufacture biomass fuels.
Estimates provided to the BBER indicate that biomass
fuels could generate between $99 million and $512
million in annual operating expenditures in the state. As
before, we have represented this spending as a single
biomass fuels manufacturing facility located in the state
of West Virginia. We estimate that a biomass fuels
facility of this size would generate a total of between
$135 million and $697 million in annual economic
activity in the state, of which between $36 million and
$185 would come in secondary supplier industries
(Table J.3).

Based on national average employment, the biomass
fuels plant would be expected to employ between 68
and 354 workers directly at the facility, with another
227 to 1,171 workers employed in secondary supplier
industries. Workers at the manufacturing plant would
be expected to earn approximately $10 to $50 million in
annual labor income, with an additional $10 million and
$52 million paid to workers in secondary industries.


https://docs.google.com/document/d/1mokdrao2CVJlTc7W6ZivhJgayfCcxH_7p_3U9_x4VwU/edit#
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Table J.3. Annual Economic Impact of Biomass Fuels Spending

Direct Impact

Indirect & Induced

Total Economic Impact

] : Impact

: Output ($, millions) 1 99-512 : 36-185 : 135-697

: Employment (jobs) : 68-354 12271171 : 295-1,525
: Labor Income ($, millions) : 10-50 :10-52 : 20-102

: Total Taxes (§, millions)  :1-5 ‘1-5 1 2-10

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

Table J.4. Annual Economic Impact of Direct Air Capture Spending

Direct Impact

Indirect & Induced

: Total Economic Impact :

] : Impact

: Output ($, millions) : 0-1,608 :0-1,055 © 0-2,663
: Employment (jobs) 1 0-1,740 1 0-4,662 1 0-6,402
: Labor Income ($, millions) : 0-254 : 0-269 : 0-523

: Total Taxes ($, millions)  : 0-27 10-29 :0-56

Note: Tax Revenue impact includes sales, personal income, property, and corporation net income taxes.

The plant would be expected to generate between $1
million and $5 million in state and local tax revenue
annually, with another $1 million to $5 million coming
in secondary impacts, for a total tax revenue impact of
between $2 million and $10 million.

DIRECT AIR CAPTURE IMPACT

Finally, West Virginia could sequester carbon directly
from the air using direct air capture (DAC). This
technology is in its infancy, so there is little data on
the economic potential of this industry in the state.
Because this technology is not currently in use on a
large scale, we have modeled the potential economic
impact of DAC as if it were similar to the industrial gas
manufacturing industry, which we believe would most
closely match the supply chain for DAC. Because we
are unclear as to the scope of individual manufacturing
facilities, we have represented this spending over

the entire DAC industry located in the state of West
Virginia.

Estimates provided to the BBER indicate a wide
range of potential economic impacts, from zero dollars
to more than $1.6 billion annually. Obviously, if the
industry does not locate in West Virginia, there would
be no economic impact; thus, the impacts given here

are for the maximum possible expenditure in this range.

Given these assumptions, we estimate that a DAC
industry of this size could generate a maximum of $2.7
billion in annual economic activity in the state, of which
about $1.1 billion would come in secondary supplier
industries (Table J.4). Based on national average
employment for industrial gas manufacturing, the DAC
industry could employ up to 1,740 workers directly

in the state, with another 4,662 workers employed

in secondary supplier industries, for a total potential
employment impact of more than 6,400 workers.
Workers in the industry would be expected to earn a
maximum of $254 million in annual labor income, with
another $269 million paid to workers in secondary
industries. The industry would be expected to generate
a maximum of $27 million in state and local tax revenue
annually, with another $29 million coming in secondary
impacts, for a total tax revenue impact of $56 million.



BRIDGE INITIATIVE FOR SCIENCE & TECHNOLOGY
POLICY, LEADERSHIP, AND COMMUNICATION

WestVirginia University’s Bridge Initiative for Science and Technology
Policy, Leadership, and Communications identifies challenges and
opportunities facing West Virginia and provides a bridge between
the science and technology expertise of WVU faculty and staff and
West Virginia’s national, state, and local policymakers.

In our work, we gather the views of stakeholders throughout the
state to ensure we are making recommendations that serve the
needs of West Virginians. This work supports WVU’s critical land-
grant mission to lead “transformation in West Virginia and the world
through local, state and global engagement.”

http://scitechpolicy.wvu.edu
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