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This document outlines the general requirements for projects that utilize the Cowboy Clean
Fuels (CCF) methodology for carbon dioxide removal (CDR) and emission reduction through
coal surface carbon sequestration via converting biomass-originated feedstock into
biomethane in coal bed methane reservoirs to comply with ISO 14064-2:2019, Specification
with Guidance at the Project Level for Quantification, Monitoring and Reporting of
Greenhouse Gas Emission Reductions or Removal Enhancements.

It does not prescribe criteria and procedures specific to a project. A specific project should
minimally follow the requirements contained in this document, but a registry managing CDR
and/or emission reduction credits or other governing or monitoring authority may impose
other requirements in relation to additionality, project baselines, and other metrics, in which
case, the project may also need to meet those requirements to be eligible to generate CDR
and/or emission reduction credits or other credits, certifications, or other designations.

ISO 14064-2:2019 provides a framework for quantifying, monitoring, reporting, validating,
and verifying greenhouse gas (GHG) emissions and removals. It specifies principles and
requirements and provides guidance for project-level quantification, monitoring, and
reporting of activities intended to cause GHG emission reductions or removals. It includes
requirements for planning a project, identifying and selecting GHG sources, sinks, and
reservoirs (SSRs) relevant to the project and the baseline scenario, monitoring, quantifying,
documenting, and reporting GHG project performance, and managing data quality.

While preparing this document, EcoEngineers advised CCF on how to apply the principles of
ISO 14064-2:2019 for quantification, monitoring, and reporting of GHG projects to its Carbon
Removal and Emission Reduction via Biomass Conversion into Renewable Natural Gas (RNG)
in Non-Economic Coal Bed Methane Reservoirs methodology. This document proposes
possible guidelines for establishing measurement/monitoring, reporting, and
verification/validation protocols for projects implemented by CCF.

This document refers to third-party data, assumptions, and analytical methods to evaluate the
potential for carbon removal by coal surface via biomass-originated feedstock conversion in
non-economic coal bed methane reservoirs. The data sources, assumptions, and analytical
methods, among other things, address specific issues related to the reservoir conditions,
microbial (archaea) composition, biomass decomposition, the durability of sequestered
carbon dioxide (COy), and associated emissions. These data sources were provided by

CCF.

While choosing to include a data source, assumption, or an analytical method as a basis for
setting MRV requirements, EcoEngineers employed diligence to follow the principles of
Completeness, Consistency, Accuracy, Transparency, and Conservativeness as required by
the ISO 14064-2:2019 standard. The authenticity, accuracy, and completeness of third-party
research, data, and analytics, however, cannot be guaranteed by EcoEngineers.

Methodology for BiCRS + RNG | February 2025 | 4



To EcoEngineers’ knowledge at the time of this document'’s issuance, all third-party data used
in this document were obtained from reliable sources. Should any such third-party source be
erroneous, misleading, or incomplete, in whole or in part, the same may impact any
conclusions set forth in this document. It was not within the scope of producing this
document to confirm or validate the authenticity, accuracy, and completeness of all third-
party data, assumptions, or analytical methods incorporated within it. A public review by the
scientific community of the MRV methodology is a necessary step before a carbon removal
and/or emission reduction project can register a pathway to generate CDR and/or emission
reduction credits.

Methodology for BiCRS + RNG | February 2025 | 5



The methodology was developed by EcoEngineers in collaboration with CCF's team. Key
authors and contributors to the document are listed below.

Waddington, Ryan

MBA

M.S. in Civil and Environmental Engineering
CEO of Co-Founder of Cowboy Clean Fuels

Urynowicz, Michael, P.E.

Ph.D. in Environmental Science and
Engineering.

Director of the Center for Biogenic Natural
Gas Research, University of Wyoming.

CTO and Co-Founder of Cowboy Clean
Fuels

Anderson, Preston
MBA
CFO and COO of Cowboy Clean Fuels

Yates, Noah
MBA

VP Strategy and Co-Founder of Cowboy
Clean Fuels

Farkas, Steve
MBA

Executive Vice President of Cowboy Clean
Fuels

Welch, Michael
MEM in Resource Economics and Policy
Graduate Certificate in GHG Management

Team Lead of Voluntary Carbon Markets
Services

Slivinska, Valentyna

M.S. in Environmental and Natural
Resources Economics.

Senior Carbon Consultant of

Voluntary Carbon Markets Services

Nutaitis, James, P.G.
M.S. Geology

Carbon Consultant, Carbon Capture and
Storage

Le Bihan, Segolene
BComm in International Business
PMP certification

Senior Project Manager

LaGreca, David

M.S. in Environmental Policy and
Management, Emphasizing Energy and
Sustainability

Managing Director of Voluntary Carbon
Markets Services

Methodology for BiCRS + RNG | February 2025 | 6



External Reviewers

Amishi Kumar Claros Director, Head, Industrial and CDR Research, Rubicon Carbon
Garrett Guard Product Associate Evident Global, C-Capsules VCM Registry

Senior Life Cycle Analyst, Department of Energy, National Energy

e L L Technology Laboratory

Co-Director, Institute for Responsible Carbon Removal, American
Wil Burns University. Associate Director, Environmental Policy and Culture
Program, Northwestern University

Methodology for BiCRS + RNG | February 2025 | 7



Acronyms and Definitions
Acronyms

=11 American Society for Testing and Materials
:i=eet | Bioenergy with carbon capture and storage
:1l9i&0 Biomass carbon removal and storage

=10l Bill of lading

@:) /. Coal-bed methane

@1 | Carbon capture and storage
@nlil Carbon dioxide removal
CH, Methane

CO: Carbon dioxide

@ol- Carbon dioxide equivalent

EIA Environmental impact assessment

m

S Environmental and social
=2/.0  Environmental and social impact assessment
Greenhouse gas

<10 Global warming potential

[0S Interested and affected parties
eyl Integrity Council for Voluntary Carbon Markets
Internal rate of return

ISO International Organization for Standardization
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Monitoring, reporting, and verification
Project design document

Renewable natural gas

Stable isotope analysis
Sources, sinks, and reservoirs

Metric ton

UIA Unstable isotope analysis
uiC Underground Injection Control

=20 U.S. Environmental Protection Agency

/@l | Voluntary carbon markets

\A:5 - Verification and validation body

)
@
=h
=
E'-.
S)
=
wn

Additionality is used to distinguish the degree to which the likelihood
of a project’s occurrence is reliance upon access to the voluntary
carbon market. (e.g. it would not have happened in a baseline
scenario).

. The adhesion of atoms, ions, or molecules from a gas, liquid, or
Adsorption . .
dissolved solid to a surface.
A domain of single-celled organisms that includes methanogens.
Archaea . . .

These microorganisms lack cell nuclei and are, therefore, prokaryotes.
This organization defines standard testing methodologies for scientific
ASTM research. Its standard methods are used around the world to improve

{1 aeiiten =it product quality, enhance health and safety, strengthen market access
and trade, and build consumer confidence.

Additionality
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Anaerobic A sequence of processes by which microorganisms break down
Digestion biodegradable material in the absence of oxygen.

Bioenergy with carbon capture and storage involves any energy
pathway where CO2 is captured from a biogenic source and
permanently stored.

Biogenic Natural gas (primarily C; alkane) is a byproduct of the microbial
L Eulees . decomposition of biological and organic matter.

Biomass
Carbon A "hybrid” approach to CDR that uses photosynthesis to convert
el sl el atmospheric CO; to biomass, which is then injected into coal reservoirs
Siele s in geologic basins. Within this reservoir, it is converted by archaea to
sl CO,, which is adsorbed onto the coal and permanently sequestered,
\EeieEs and CHa, which can be permanently sequestered or brought to the
Hielelliailen o surface for beneficial use as RNG.

(BiCRS+RNG)

Any process that reduces the need for fossil fuels and the associated

Carbon emissions by either improving a process or by replacing it with a lower
Avoidance net carbon equivalent. Such activities and projects are designed to
prevent additional emissions from going into the atmosphere.

Human activity capturing carbon dioxide (CO;) from the atmosphere
and durably stores it in geological, terrestrial, or ocean reservoirs, or
products. It includes enhancement of biological or geochemical CO,
sinks and direct air carbon capture and storage (DACCS) but excludes
natural CO; uptake not directly caused by human activities.'

Carbon

Dioxide

Removal
(CDR)

Carbon

Dioxide

Removal
(CDR) Credit

Credit is used to represent a net metric ton of carbon dioxide
equivalents (CO.e) captured from the atmosphere and securely stored
as a direct result of the CDR.

An isotope of hydrogen with a nucleus consisting of one proton and
one neutron.

" Smith, S. M., Geden, O., Gidden, M. J., Lamb, W. F., Nemet, G. F., Minx, J. C., Buck, H., Burke, J., Cox, E.,
Edwards, M. R, Fuss, S., Johnstone, ., Mlller-Hansen, F., Pongratz, J., Probst, B. S., Roe, S., Schenuit, F., Schulte, |.,
Vaughan, N. E. (eds.) The State of Carbon Dioxide Removal 2024 - 2nd Edition. DOI 10.17605/OSF.10/F85QJ
(2024)
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Emissions that are associated with the entire lifecycle of a system within
Embodied a defined scope. This includes Scope 1, 2, and 3 emissions for the
emissions construction of a system facility, its operation, and finally its
decommissioning.

Feedstock The raw material supplied to a machine or process.

Geologic
Carbon Process of storing CO- in underground geologic formations.
Sequestration

1F-dleie[=ite - Natural gas (C1-Cs alkanes) generated from the thermo-catalytic
\EleleE s breakdown (cracking) of long-chain hydrocarbon molecules.

Systems and associated standards that enable the generation, buying,
and selling of carbon credits on a non-obligated basis for purposes of
sustainability reporting and indirect contribution to climate-related
goals.

Voluntary
Carbon
Market (VCM)
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Chapter 1.1: Context

The Biomass Carbon Removal and Storage Plus Renewable Natural Gas production
(BiCRS+RNG) approach refers to the combined and simultaneous process of converting
biomass feedstock to RNG and CO; in coal reservoirs via metabolization performed by the
existing indigenous microorganisms (bacteria and archaea). Through this BiCRS approach,
biogas is generated in situ, permanently sequestering carbon underground. In this way, the
coal seam serves as a geo-bioreactor where anaerobic digestion takes place.?

There are four main mechanisms of injected CO, sequestration occurring in coal seams:
structural and stratigraphic trapping, residual trapping, solubility trapping, and mineral
trapping. Each of these mechanisms is useful for ensuring the long-term stability and
containment of CO; in deep geological formations. However, each mechanism is also
potentially reversible, resulting in CO, leakage. Consequently, significant long-term
monitoring and maintenance activities are required to ensure durability.

A unique characteristic of coal seams is their capacity for adsorptive sequestration. The large
internal surface area of coal makes it especially effective at adsorbing gases, particularly CO..
This preferential partitioning of CO, onto the surface of coal ensures the gas remains
immobile and securely stored. This factor greatly enhances the long-term stability of CO; in
coal seams, making them ideal for carbon sequestration.

And, because coal has a greater affinity for adsorption of CO, versus methane, the methane
can remain geologically sequestered or, alternatively, may be produced as RNG.

BiCRS+RNG utilizes existing coal-bed methane (CBM) infrastructure to access coal seams.
However, rather than intentionally seeking to maximize CBM extraction, the infrastructure is
utilized to leverage the inherent geological capacity of these formations for purposes of
carbon removal and biogenic methane production. While some residual CBM may be
produced alongside RNG for a period of time, this is a short-lived accompanying product of
the process and must be transparently accounted for. Only the RNG component, which can
be differentiated using Carbon-14 (C") isotopic analysis according to ASTM D6866-22,3 is
considered renewable under this methodology.

This methodology provides guidance for GHG accounting for BICRS+RNG type of projects. It
also details pathways for calculating carbon dioxide removal and emission reduction types of
VCM credits. Credits are generated only from the net accounting for geologically

2Z.Huang, C. Sednek et al, 2017, “Low carbon renewable natural gas production from coalbeds and implications
for carbon capture and storage”, Nature Communications (DOI: 10.1038/s41467-017-00611-7).

3 ASTM D6866-22- Standard Test Methods for Determining the Biobased Content of Solid, Liquid, and Gaseous
Samples Using Radiocarbon Analysis
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sequestered, biogenic carbon, and emission reductions that result from replacing natural gas
with RNG.

The simplified chart below illustrates the typical BICRS+RNG process.

Figure 1: Simplified Process Flow Diagram

Transformation

- - N

* Waste Process ¢ Geologic Carbon

® Residual Sequestration

* Agricultural * Injection in CBM OR
byproducts reservoir * Geologic Carbon

* Secondary product * Anaerobic conversion Sequestration +

e Dedicated carbon in situ renewable natural gas
removal crops/primary produced in coal
product reservoir (optional)

Biomass
Feedstock

- EcoEngineers

A typical project under this methodology consists of the following stages:

Project site selection.
Geologic evaluation (engineering review) of the selected coal seam.

Defining biomass feedstock (i.e., dedicated carbon removal crops/primary product,
secondary product, agricultural byproduct, residual, or waste).

Collecting and transporting feedstock to the project site.

Pre-processing of biomass (including mixing and dilution with formation water).
Injecting biomass into the coal reservoir.

Conversion of biomass by native archaea populations into CO; and CH..
Sequestering CO; on the coal surface (adsorption).

Producing RNG and injecting it into the existing natural gas pipeline for distribution to
an end-use application (optional).
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Figure 2 provides typical BICRS+RNG project boundaries, including project phases,
associated emission sources, and removals.

Figure 2: BICRS+RNG Project Process Flow and Boundaries
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The methodology sets forth the applicability criteria and boundaries that project developers
must adhere to in each step of developing a BICRS+RNG project. It was developed in
alignment with the International Organization for Standardization (ISO) 14064-2:2019,
Specification with guidance at the project level for quantification, monitoring, and reporting of
greenhouse gas emission reductions or removal enhancements.* In addition, the
methodology provides monitoring instructions and reporting requirements, and specifies
verification requirements.

41SO 14064-2:2019 - Greenhouse gases — Part 2: Specification with guidance at the project level for
quantification, monitoring, and reporting of greenhouse gas emission reductions or removal enhancements
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Chapter 1.2: Similar Methodologies

The following methodologies (Table 1) were analyzed to determine the basis for this
approach.

Table 1: Comparison with Other Methodologies

Compan

Focuses on projects that
capture, transport, and

American Carbon Carbon Capture and Storage et andirepeeEie
Registry (ACR) FLeelieEs (U1 CO, during enhanced oil
recovery.
Methodology for measuring net Focuses on BECCS
Drax/ carbon dioxide removal through projects using thermal
Stockholm Exergi bioenergy with carbon capture and combustion of solid
storage (BECCS) biomass fuels.

Focuses on natural gas
replacement by
upgraded biogas from
organic waste anaerobic
digestion, not
considering biogenically
active coal reservoirs.

ACMO0024: Natural gas substitution
by biogenic methane produced
from the anaerobic digestion of
organic waste (V 1.0)

Gold Standard

Focuses on processed
and upgraded biogas,
AMO0053: Biogenic methane that are either vented or
injection to a natural gas flared before project
distribution grid (V 2.0) implementation and are
distributed via natural
gas grid.

Focuses on net CO;
removal from the
Isometric Bio-oil Geological Storage (V 1.0.1) atmosphere via the
conversion of biomass to
bio-oil (and co-products)
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Compan

and injection of bio-oil
into natural or
engineered subsurface
features or geologic
formations.

Focuses on biomass
Subsurface Biomass Storage (V 1.0) storage in the shallow
subsurface.

Applies to Class |, I, and
VI wells, CO; (either pure
or dissolved in water) to
be injected. Enhanced
hydrocarbon recovery
(EHR) is not eligible,
currently.

Geologically Stored Carbon
Edition 2024 v. 1

Puro.earth

- EcoEngineers

Chapter 1.3: Version

The current version of the methodology (v1.0) has been developed by EcoEngineers in
collaboration with CCF. Users of this methodology should check for updates and projects must
be validated according to the latest available version.

Section 2: Applicability Conditions

A BiCRS+RNG project is applicable under this methodology if it satisfies the conditions
provided in the following subsections.

A typical project can have the following two implementation options:

1) Biomass feedstock is injected into coal reservoirs and all resultant gases are
permanently sequestered via adsorption onto the coal surface and/or geologically
precluded from release to the atmosphere

2) The first option with the additional step of extraction of the produced CH,4 from the
coal reservoir.

In addition to the requirements listed below, project proponents must ensure monitoring and
accounting for any fossil fuel emissions, and credit claims must be made based on the
biogenic carbon only, confirmed via Carbon-14 (C") isotopic analysis using ASTM Method
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D6866-22.° Detailed guidance is provided in the Project Monitoring and Documentation
section.

Chapter 2.1: Location

Due to established regulatory frameworks for underground storage, only projects located in
the United States (U.S.), Canada, and the European Union (EU) are eligible to register CDRs
and emission reduction credits under the current version of this methodology.

Chapter 2.2: Feedstock

The project proponent must be able to demonstrate that the sustainability of the biomass
feedstock aligns with the requirements provided in Annex |: Feedstock Considerations.

If the feedstock is used for carbon removals/storage and/or carbon reductions in the baseline
scenario, the project proponent must demonstrate that the carbon reduction/storage in CO.e
per unit of feedstock used in the BICRS+RNG project compared to the counterfactual
feedstock application does not reduce net carbon storage nor increase net emissions from
cultivation and use, including the production and use of RNG®. This will be confirmed via a
combination of counterfactual analysis and life cycle analysis.

The feedstock counterfactual scenario can be evaluated by the following process below or
through the use of CDM Tool 02.7

e The project proponent must enumerate possible uses for the material under
alternative scenarios that provide the same output as the proposed project activity.

e Project proponents need to provide (in the PDD) a description and evidence of
counterfactual scenarios for each feedstock.

Chapter 2.3: Injection Site

The biomass feedstock injection wells used for the BICRS+RNG project must be permitted
under one of the following:

e The primacy enforcement authority for the Underground Injection Control (UIC)
program.

> ASTM D6866-22- Standard Test Methods for Determining the Biobased Content of Solid, Liquid, and Gaseous
Samples Using Radiocarbon Analysis

¢ Net carbon reduction from RNG being greater than the emissions created.

7 https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-02-v7.0.pdf

Methodology for BiCRS + RNG | February 2025 | 17


https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-02-v7.0.pdf

e Classified under U.S. Environmental Protection Agency (USEPA) Class |, Il, V, or VI
wells.®

e Or comply with the requirements provided for a storage site in either of the Canadian
provinces of Saskatchewan or Alberta for CO; transport and storage.” '™

e Orthe Directive 2009/31/EC of the European Parliament and of the Council of 23
April 2009 on the geological storage of carbon dioxide.

Production of fossil CBM must be a limited accompanying product of project activities and
must demonstrably decline through the crediting period. The total annual fossil CBM volume
produced in any year is not to exceed 50% of the baseline CBM production that would have
been produced in that year if the Project had not been initiated, using real data and
projections based on industry standard reservoir decline curve modeling of future
production of the CBM resource based on historical production.

Chapter 2.4: Crediting Period

The crediting period is the time during which verified GHG emission reductions or removals
attributable to a mitigation activity can result in the issuance of carbon credits. The crediting
period is set as 10 years.

Crediting periods may be renewed following validation to the latest version of the
methodology. Renewals may be approved up to two times for a maximum 30-year project
duration.

Submission for renewal of the current crediting period is permitted up to six months after the
current crediting period is concluded.

Each renewal period will require a full review to be performed by an ISO-certified validation
and verification body (VVB) or accredited by an organization specified for this purpose such
as the ANSI National Accreditation Board (ANAB). The project design document (PDD) must
be updated to ensure continued compliance with all methodology requirements, including
additionality.

The project start date is defined as the day when biomass feedstock material is first injected
into a coal reservoir for carbon storage and RNG generation purposes. The start date must
be no more than 12 months before the project developer initiates validation. Initial validation
and verification must be completed within 18 months of the project start date.

8 The permit must be presented during the initial verification if it is not available during validation.

? National Inventory Report 1990-2021: Greenhouse Gas Sources and Sinks in Canada

1% Storage Project Application for COz storage (non-EOR) in Saskatchewan

" Directive 051: Injection and Disposal Wells - Well Classifications, Completions, Logging, and Testing
Requirements (Alberta Energy Regulator). Class Il fluid disposal well for CO2 sequestration.
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The project proponent is defined as the party that has the overall contractual control over
and responsibility for the project that generates CDR and emission reduction credits. The
project proponent is not required to operate all components of the value chain directly and
may choose to rely on contractual partnerships for carbon sequestration and RNG
production. All carbon credits generated will be issued directly to the project proponent.

Project Proponents must include in the PDD detailed information about:

Proponent

Project

Organizational structure

Roles and responsibilities of project partners and key stakeholders
Proof of credit and produced gas ownership

Contact information and headquarters location.

Regulatory bodies that have jurisdiction over the project’s operations

Name, purpose(s), and objective(s)

Crediting period (current and previous, if any)
Proof of start date

Monitoring period

Location, including coordinates

Description of project activities

Project-specific process flow diagram.

The project boundary covers project activities and associated upstream processes for each
feedstock type.
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Figure 3: Project Boundaries

Waste Biomass * Processed feedstock storage

- i - Processed on-site
Collection and Pre-Processing Feedstock Feedstock * Material formulation
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Dedicated Carbon Removal (il
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Feedstock Production and :
Harvesting Feedstock Processing
and Storage

Secondary

BiCRS + RNG (optional)

Product/Residues/Agricultural * Processed feedstock storage
By-Product on-site .
» Material formulation
Displacement Effects * Material injection into the
reservoir

* Permanently stored carbon

+ RNG and CBM recovery

* RNG and CBM storage

* RNG and CBM transportation

* RNG and CBM injection into
the pipeline

Including emissions from construction of purpose-built infrastructure, monitoring activities at all phases, and fugitive emissions

- EcoEngineers
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Table 2: GHGs Covered Within the Project Boundary

GHG Source Included/Excluded

CO, Included
Production and Harvesting (Dedicated CH, Included
Carbon Removal Crops/Primary
Product)
N.O Included
CO, Included
Allocated Production (Secondary
Product/Residues/Agricultural CHa Included
Byproduct)
N,O Included
CO, Included
Collection and Pre-Processing,
Preparation (Waste) it Inglucice
N,O Included
CO, Included
Transport to Processor CHa Included
N,O Included
CO, Included
Processing CHa Included
N,O Included
CO, Included
Storage CHa Included
N,O Included
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CO2 Included
Transportation to the Project Site CHa Included
N.O Included
CO2 Included
Embodied Emissions from the
Construction of Any Purpose-Built CHa Included
Infrastructure

N.O Included
CO2 Included
Operations/Monitoring Energy Use CHa4 Included
N.O Included
CO2 Included

RNG+CBM Transportation to the
Pipeline Injection Point* CHe Ielueise
N.O Included
CO:; (fossil) Included

Fugitive Emissionsfrom Project
Activities Through the Pipeline CO; (biogenic) Excluded
Injection Point*

CH, Included

* Applicable BiCRS+RNG scenario only

- EcoEngineers

If the project proponent does not produce RNG, CO,e associated with feedstock,
transportation, and sequestration will be the only focus of the project activity. Under these
circumstances, the project boundary will be limited to the feedstock and its injection and
monitoring points.
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Baseline determination for a BICRS+RNG project will consider only fugitive emissions that
occur on the project site (operational and/or non-operational well(s)) in the absence of
project activity, also known as "the business-as-usual scenario".

Although project activities result in the baseline fugitive emission avoidance, this version of
the methodology considers this as a co-benefit and conservatively does not account for
carbon credit generation.

Project proponents need to determine and provide evidence regarding the baseline use of
each feedstock type utilized under the project. For instance, any associated indirect
emissions from changes to the baseline utilization scenario of the intended feedstock shall be
accounted for (see Equation 1).

For CDR activities to have a sustained impact on lowering atmospheric CO,, and for carbon
credits to be issued, storage of captured CO, must be highly durable with known risks of
reversal demonstrably shown to be negligible or obviated through geological, chemical, or
other similarly substantive preventive measures. This section outlines requirements for all
storage facilities and sites used by a BICRS+RNG project, to ensure that COze is stored for the
required duration of 100 years or more and maintains transparent monitoring and reporting
systems.

In the BICRS+RNG process, carbon is captured from the atmosphere via photosynthesis,
converted to a biomass feedstock, processed, and injected into a subsurface coal reservoir.
Unique to this approach, CHs and CO; are generated in situ through anaerobic digestion of
the injected feedstock. Proper site selection and detailed monitoring are necessary to ensure
the permanent sequestration of carbon.

Chapter 6.1: Site Selection

Project operators must define the three-dimensional extent of the project area and perform
rigorous site selection that demonstrates the following:

e All project wells and activities are contained within the defined project area, including
an appropriate buffer to ensure that project activities do not affect any surface or
subsurface area outside the defined project area.
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The injection zone is a biologically active coal reservoir'? that can adsorb the
anticipated volume of produced CO..

The ability of the coal reservoir to receive the anticipated volume of injected fluid and
feedstock.

o Before an operation, the project operator must conduct at least one of the
following transient analysis tests to determine the hydrogeologic
characteristics of the sequestration zone: "

» A pressure fall-off test
=  Apump test
* Injectivity tests

The presence of a low permeability confining layer isolating the injection zone from
underground sources of drinking water (USDW).

The presence of an indigenous microbial community that will facilitate the desired
anaerobic digestion process.

The ability to obtain the required UIC well permit(s) (e.g., USEPA Class |, Il, V, or VI), or
another applicable permit as defined in the applicability conditions in Section 2. The
permit must be presented during the initial verification if it is unavailable during
validation.

Chapter 6.2: Reversals

Geologic storage of CO; is one of the most durable forms of long-term storage. However,
even with proper site selection, the risk of reversal is always present. Migration of CO; and
CHs or injection out of the coal reservoir or project area can occur through multiple pathways.

Natural pathways such as faulting and fracturing within the coal reservoir connecting
to other geologic formations, USDWs, or to the ground surface

Artificial pathways such as penetrations to the coal reservoir or confining intervals by
production or monitoring wells

Migration of CO,, CHg, or injectate out of the project area

Disruption to the coal reservoir’s ability to adsorb CO,, caused by human interaction
or natural events

12 A biologically active coal reservoir is a subsurface coal deposit where microbial activity actively breaks down
organic material in the coal to produce biogenic methane. This occurs under anaerobic conditions, where
methanogenic archaea metabolize coal-derived compounds, generating CH, and CO,. These reservoirs are
typically found at shallow depths, are water-saturated, and can be stimulated to enhance methane production
through nutrient injection or carbon sequestration.

13 CCS Protocol Under the Low Carbon Fuel Standard
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e Disruption to the coal reservoir’s ability to contain CO,, CHs, or injectate as a result of
human interaction or natural events

A project proponent must conduct monitoring of the parameters provided in Project
Monitoring and Documentation section to ensure the permanence of sequestered carbon.

All reversals must be documented, disclosed, and subtracted from credits issued in
subsequent issuances. If an alternative insurance or buffering mechanism is utilized, a
thorough presentation of the mechanism and its ability to conservatively maintain an
equivalent climate impact must be provided and approved by the issuing registry (if
applicable), and by the VVB.

To account for potential reversals and avoid over-crediting a conservative discount (CD) is
included in this methodology. Following the conservativeness principle, the CD accounts for
uncertainties related to storage reversal risks and is assumed to be 2.5% of the total net CDR
amount.

Reversal risk and associated liability can be mitigated by following state and federal
regulations, including all applicable well-class requirements under the USEPA UIC program.

The project must demonstrate additionality beyond the business-as-usual scenario,
demonstrating that the carbon reduction and removal benefits would not take place in the
absence of the project. Establishing additionality involves satisfying requirements for
regulatory and financial parameters, along with descriptions of any implementation barriers,
as provided below. Additionality is confirmed during validation for each crediting period.

Chapter 7.1: Regulatory Surplus

As of the date of publication of this methodology, this BICRS+RNG project activity is not, nor
are any similar activity focused on CDR and emissions reductions within CBM-producing
regions, currently considered by federal, state, or local regulation within the geographically
applicable areas. No entity is legally required to implement the project activity and, as such,
any project that currently meets the applicability requirements laid out in Section 2: satisfies
the regulatory surplus screening.

If the project activity becomes a legal requirement during the project crediting period, then
the project will no longer be eligible for credit generation 24 months after the date the law
becomes enforceable in the local jurisdiction.
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Chapter 7.2: Financial Requirements

The project activity must not be financially viable without access to the voluntary carbon
market (VCM) credit sales to generate the risk-adjusted returns necessary to attract the capital
required for project build-out.

A project proponent must demonstrate through a third-party review or via an application of
the CDM Methodological tool' that the carbon credit revenue is required for the project to
occur. The project must be financially reliant upon the sale of carbon credits for the viability
of the project based on an established and relevant metric for investment purposes pertinent
to project finance such as the internal rate of return (IRR). This assessment must include
revenues of sales from project byproducts, such as RNG and CBM.

Leakage refers to indirect or market leakage (not physical leakage covered under reversals)
that happens when project activity causes an increase in GHG emissions outside the project's
carbon accounting boundary. An action causing emissions reductions or removals in one
place may also cause increased emissions elsewhere. The associated increase in emissions is
considered in the determination of counterfactual scenarios, including in the LCA, and is
addressed through eligibility considerations and feedstock sustainability requirements of this
methodology.

If waste or residual feedstocks are used (as determined through Annex |: Feedstock
Considerations), there are no assigned project emissions from upstream production
processes other than transportation and any additional pre-processing needed before
utilization. These feedstocks may even be considered unaccounted benefits when they are
diverted from a business-as-usual process (disposal/decomposition/emissions), though no
additional credits will be issued. Waste or residual feedstocks are also assumed to have no
market-mediated effects, as well as no indirect land-use change (ILUC) emissions.™

Creating a market for biomass feedstocks may generate new revenue that alters producer
behavior in ways that result in additional GHG emissions. For example, increased profit may
lead to changes in agronomic management activity to increase biomass yield or changes to
livestock management to consolidate waste. Therefore, a project proponent needs to

14 The latest version of the CDM Methodological Tool01 or Tool02- Tool for the demonstration and assessment of
additionality, or the Combined tool for determination of baseline scenario and additionality, may be used for this
purpose.

15 Jin Wook Ro et al. 2023
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provide evidence'® of feedstock origin to justify the absence of leakage and satisfy the
sustainability criteria of feedstock.

The following two specific leakage types are considered for certain feedstock designations,
as detailed in Annex I:

¢ Land-Use Change: If the project demand for biomass feedstock causes a significant
increase in the value of the product such that previously uncultivated land is
converted to agricultural use, or if a lack of supply available to other consumers of the
biomass feedstock causes an increase in demand for substitutes such that previously
uncultivated land is converted to agricultural use, there may be a corresponding
emission of CO; into the atmosphere. That emission must be calculated and
subtracted from the total credits generated using tools such as the U.S. Environmental
Protection Agency's (USEPA) State Greenhouse Gas Inventory Tool User's Guide for
the Land Use, Land-Use Change, and Forestry Module."’

e Displacement of Other Uses: Displacement effects occur when carbon
removal/reduction projects incentivize the diversion of a feedstock away from its
existing uses and that feedstock needs to be replaced by substitutes. For example, if
biomass feedstock sourced for a project is currently used as animal feed for
ruminants, enteric methane emissions likely result. If current users switch to alternative
feeds as a result of the project demand for biomass feedstock, a different level of
enteric methane may result. The estimated difference in enteric methane emissions
must be computed following reputable agricultural emissions guidelines and netted
against the total number of credits generated from sequestration.

Current feedstock uses can be evaluated on a project-by-project basis, and the carbon
impact of displacements can be estimated via life-cycle analysis (LCA). No leakage associated
with feedstock displacement emissions needs to be considered if the biomass is free, if the
biomass supplier pays the project proponent to take it, or if biomass is currently disposed of
without further use.

EDispIace = Ecurrent - ENew

Episplace = Emissions from feedstock displacement, [t CO2e],

16 An acceptable evidence types are supplier-specific reports and statements (including the geographical area of
waste supply, and the name of the entity delivering the waste) for certain feedstock types illustrating the business-
as-usual practice of the feedstock.

7 https://www.epa.gov/sites/default/files/2017-12/documents/land-use _change and forestry users guide.pdf
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Ecurrent = Total emissions of current practice, based on LCA of the business-as-usual scenario

of feedstock use, [t COze],

Enew = Total emissions of new/displacing practice, based on LCA of certain feedstock

scenarios, [t COzel.

Equation 2: Total Leakage Emissions

ELeakage =Z EDispIace + z Eituc

Eleakage = Emissions from leakage, [t COze],
Episplace = Total emissions from each feedstock displacement, [t COze],

EjLuc = Total emissions from indirect land use changes, [t COze].

Any identified emissions associated with leakage must be netted against the total net
removed CO,e.

Section 9: Additional Risks

In compliance with the “do no harm” principle inherent to quality VCM project standards, it is
imperative for industrial-scale CDR operations to properly detect, identify, and mitigate risk
factors throughout the project boundaries, supply chains, and across relevant periods.
Economic risks are outside of the scope of this methodology.

The process and technology-associated risks and relevant mitigation measures for each
option are provided in Table 3 below.

Table 3: Project Risk and Mitigation by Project Type

Project Risk Description Mitigation Measure
Type

Monitor potential market and

Biomass feedstock impacts supply environmental leakage and

1 1 and 2 resulting in land-use change or impacts and take measures to
increased emissions outside of project  minimize their effects.
boundaries (See section 8. Leakage). Emissions due to such impacts

must be accounted for and
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Risk Description

Movement of fluids into or between

1and 2 .
any unauthorized zones.

CO; displacement from the adsorption
3 1and 2 sites on the coal surface reducing the
ability to sequester CO..

Contamination of underground

Leirels sources of drinking water.

Impact on project permanence after
Tand 2 project completion, which causes CDR
reversals such as human intervention

Mitigation Measure

deducted from the total
amount of credits

Ensure, through pre-project
investigation, that the site is
characterized following the
permit application and
approval requirements under
the UIC regulations. Injection
wells are constructed in
compliance with the USEPA
UIC permit, CO, storage
requirements of Saskatchewan
or Alberta provinces of
Canada, or the legal
framework established in the
EU.

Continued monitoring of
produced fluids and gases for
CO; and continued laboratory
research showing the CO,
impact of any new feedstocks.

Regular (quarterly) monitoring
and reporting of local water
quality according to permitted
procedures or USEPA
standards if not required to
monitor.

For U.S. projects, follow

USEPA site closure reporting
and recordkeeping.'® For EU
projects, the Directive on the

18 Geologic Sequestration of Carbon Dioxide: UIC Program Class VI Well Plugging, Post-Injection Site Care and

Site Closure Guidance - https://www.epa.gov/sites/default/files/2016-

12/documents/uic_program_class_vi_well_plugging_post-injection_site_care_and_site_closure_guidance.pdf
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1and 2

7 1and 2

Risk Description

and natural disasters (i.e.,
earthquakes).

Disruption of the microbial community
through the introduction of foreign
microorganisms, toxins, or oxygen
present in the injected biomass, which
may result in the production of
hazardous gases such as hydrogen
sulfide (H2S) or the oxidation of sulfide
minerals such as pyrite, resulting in an
acidic environment.

Loss of permeability, porosity,
injectivity, or adsorption capacity due
to accumulation of residual biomass in
the cleated structures and coal
surface.

Fugitive emissions from:

e Allwell bores and artificial
penetrations in the project
area.

Mitigation Measure

Geologic Storage of CO, and
associated guidance
documents.' For Canada, the
IEA Legal and Regulatory
Framework for CCS.?°

Continued monitoring of
feedstock quality and
produced water and gas
characteristics to ensure
feedstock does not contain
contaminants and is being
consumed as expected,
including additional
monitoring for hydrogen
sulfide (H2S) gas. Mechanical
integrity testing of the
injection/production wells as
per applicable regulations. If
not clear in local regulations,
USEPA testing requirements
shall be used.

Continued monitoring of
injection pressures and
changes in produced CO;

volumes.

continued monitoring with
appropriate sensitivity to
detect emissions from
equipment, as well as

19 https://climate.ec.europa.eu/eu-action/industrial-carbon-management/legislative-framework_en

20 https://iea.blob.core.windows.net/assets/bda8c2b2-2b9c-4010-ab56-

b941dc8d0635/LegalandRegulatoryFrameworksforCCUS-AnIEACCUSHandbook.pdf
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Risk Description Mitigation Measure

e Biomethane/RNG/CBM implementation of early
production/processing and detection procedures.
transportation.

- EcoEngineers

Section 10: GHG Removal/Reductions Quantification

This section details the methods and equations to quantify emissions and removals. GHG
quantification and further reporting follow GHG accounting and reporting principles
provided by the GHG Protocol:?'

e Relevance: Ensure that the quantification appropriately reflects the GHG emissions.

e Completeness: Account for and report on all GHG emission sources and activities
within the chosen boundary. Disclose and justify any specific exclusions.

e Consistency: Use a consistent methodology to allow for meaningful comparisons of
emissions over time. Transparently document any changes to the data, boundary,
methods, or any other relevant factors in the time series.

e Transparency: Address all relevant issues factually and coherently, based on a clear
audit trail. Disclose any relevant assumptions and make appropriate references to the
accounting and calculation methodologies and data sources used.

e Accuracy: Ensure that the quantification of GHG emissions is systematically neither
over nor under actual emissions, as far as can be judged, and that uncertainties are
reduced as far as practicable.

e Conservativeness: Use conservative assumptions, values, and procedures to ensure
that GHG emission reductions or removal enhancements are not over-estimated.

For this methodology, project proponents should use GWP100 values provided in the IPCC
6™ Assessment Report?? (or the most recent update) for CHs, and N2O.% For methane,

21 https://ghgprotocol.org/sites/default/files/standards/ghg-protocol-revised.pdf

22 https://www.ipcc.ch/assessment-report/aré/

2 An important coefficient in the conversion of non-CO2 gases into CO2e quantification is Global Warming
Potential (GWP). GWP measures the relative radiative effect of a given GHG compared to CO2, integrated over a
chosen time horizon. The industry’s commonly adopted practice is to use a 100-year time horizon (e.g., US EPA’s
GHG Reporting Program, National GHG Inventory Reporting under UNFCCC Clean Development Mechanism,
California Low-Carbon Fuel Standard, etc.).
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biogenic and non-biogenic GWP differentiation can be applied, where appropriate. The
biogenic component assessment must be performed based on carbon C' isotopic analysis.

It is understood that each project will have unique activities and associated emission profiles
and that not all emission sources will occur in a project. In cases where some activities are
absent, the PDD should include a statement to that effect and justify why emissions from
certain sources are zero.

BiCRS+RNG project GHG emissions are assessed as follows:

TPE=2 Er +Ef trans *Eproc +Eproc-ftrans+ 2 EFacility EcH4_trans TECH4_inject+ 2 EFug

Where:

Y. Er = Total emissions from all types of feedstocks used, [t CO2e],

Er_trans = Emissions from transportation of unprocessed feedstock to the processor, [t CO.e],

Eproc = Emissions from feedstock processing activities of the processor related to fuel and
electricity use, [t COze],

Eproct trans = Emissions from transportation and handling (i.e., loading, unloading, etc.) of
processed feedstock from the processor to the project site, [t CO-e],

Y. Eraciliy = Total emissions resulting from all operations at the project site, including
feedstock unloading, handling, storage, mixing pumping, and injection, as well as RNG+CBM
pumping, gathering, compression, and delivery to the pipeline [t COze],

EcHa trans = Emissions from the transportation of RNG+CBM from the facility/project site to
the pipeline injection point, [t CO2e],

EcHa_inject = Emissions from RNG+CBM injection into the pipeline, [t COz¢],

Y. Erug = Total fugitive emissions from project activities, [t COze].

Total feedstock emissions are assessed as follows:

» Er =WBcoIIect&prep + DCprod&harv + SPprod allocated
Where:

WB,slectgprep = Emissions from the collection, pre-processing, and preparation of waste
biomass feedstock type, [t COze],

2 Note: Required feedstock-related emissions are determined by feedstock type as discussed in Section 4.
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DCprodahary = Emissions from production and harvesting of dedicated carbon removal crops
feedstock type, [t COe],

SPprod allocated = Allocated emissions from the production of secondary products, agricultural
by-products, and residues feedstock types, [t COzel].

Emissions from feedstock transportation to the processor are assessed as follows:

EF_trans=2*D W= EFt
Where:

D = Distance between the feedstock supply site and the processing site (if the feedstock is to
be processed), [mile],

W = Mass of the unprocessed feedstock transported, [t],

EF, = Emission factor for specific 't' loaded type of transportation, [t COze/t-mile].
Emissions from feedstock processing are assessed as follows:

Eproc = Efuel * Eelc
Where:
Ef.el = Emissions from fuel combustion for feedstock processing and storage, [t CO2e],

Eelc = Emissions from electricity used for feedstock processing and storage, [t CO.e].

Emissions from processed feedstock transportation from the processor to the project site
(and handling location, if applicable) are assessed as follows:

EProc—f_trans =D*W*EF,
Where:

D = Distance between the feedstock processing site (if feedstock is to be processed) and the
project site (including the handling location, if applicable), [mile],

W = Mass of the processed feedstock transported, [t],

EF, = Emission factor for specific 't’ type of transportation, [t CO.e/t-mile].
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Total emissions resulting from all operations at the project site, including feedstock
unloading, handling, storage, mixing pumping, and injection, as well as RNG+CBM pumping,
gathering, compression, and delivery to the pipeline are assessed as follows:

Z EFaciIity = Efuel + Eelc + Eother + Eembodied

*On-site operations resulting in emissions may result from direct fuel consumption, electricity
use, and other activities, including project construction.

Where:
Er,. = Emissions from fuel used for on-site processes, [t CO,e],

E;C = Emissions from electricity used for on-site processes, [t COze].

*

Eother = Emissions from various other sources, such as waste disposal, consumables,
chemicals, and materials used in operations and maintenance, as well as plugging activities, if
any, [t COzel.

Eembodied = Total embodied emissions of the project resulting from the construction of on-site
facilities and infrastructure are amortized over the first crediting period,?® [t CO.e].

GHG emissions from fuel combustion in technological units for a specific type of fuel per
GHG are accounted for as follows:

Erel = ) (FA*NCV, * EFy)
k

Where:

FA, = Amount of fuel 'k’ consumed in the reporting period, [t],
NCV, = Net calorific value of fuel 'k’, [TJ/t],

EF = Emission factor of fuel 'k’, [t GHG/TJ].

GHG emissions resulting from electricity consumption are accounted for as follows:

2 For further crediting periods this component should be considered as equal to zero unless changes to the
purpose-built infrastructure occurred. A project proponent should reassess this parameter for the subsequent
crediting periods.
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Eeic = EA * EF,
Where:

EA = Amount of electricity consumed/purchased in the reporting period, [MWh],
EF4 = Local power grid emission factor, [t CO.e/MWh].

Emissions from the transportation of processed feedstock from the processor to the project
site/ facility are assessed like the feedstock transportation (Equation 7).

Total fugitive emissions from the BiCRS+RNG project are assessed as follows:

2 Erug = Fco,_fossil T FcH,_fossil * FcH,_biogenic

Where:

Fco,_fossii= Fugitive fossil CO, emissions, [t CO2e],

FcH, fossil = Fugitive fossil CH4 emissions, [t COze],
FcH,_biogenic = Fugitive biogenic CH4 emissions, [t COze].

Fugitive emissions must be calculated based on established emissions factors for CBM
production surface equipment types,?¢ including drives, pumps, piping, valves, compressors,
and other standard gas handling equipment, multiplied by actual throughput and summed
for the entire project equipment inventory. Alternatively, project proponents may calculate
actual emissions (or emission factors) using actual fugitive emission-measuring equipment
and processes, such as those that may be required under federal and state-level methane
emissions regulations that apply to natural gas producers. A biogenic component
assessment must be performed based on carbon C'* isotopic analysis.?

The gross CDR amount is accounted for by applying the mass-balance approach where the
amount of biogenic carbon material injected as a feedstock and durably stored in a coal
reservoir is reduced by the amount of biogenic CO; and CHa extracted from the injection site
through RNG production. as follows:

26 For example, the ecoinvent database, the 2006 IPCC GLs, and the 2019 Refinement to the 2006 IPCC GLs.

27 ASTM D6866-22- Standard Test Methods for Determining the Biobased Content of Solid, Liquid, and Gaseous
Samples Using Radiocarbon Analysis
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2t CDRyross = Xt (Winj_mat * CCinj_mat * 44/12) - 3 COyy - Xt (CHyy *44/16)
Where:

Winj_mat = Mass of the injected material, [t],

CCypnj_mat = Carbon content of the injected material, [t C/t material],

44/12 = Mass conversion factor from elemental carbon to a corresponding amount of CO,,
calculated as the ratio between the molar masses of CO, and carbon, [t CO»/t C],

44/16 = Mass conversion factor from methane to the corresponding amount of CO,,
calculated as the ratio between the molar masses of CO; and methane, [t CO,/t CH,],

COgy,,, = Biogenic CO; extracted from the injection site through RNG production, [t CO;],
CH,,, = Biogenic CHy4 extracted from the injection site through RNG production, [t CHa].

Net CDR amount is assessed as follows:

CDRpet = (CDRgyross - TPE - Efeakage) * (1-U/100)* (1 - CD/100)
Where:

CDRyet = The amount of net CDRs, [t CO,],

CDRgross = The amount of gross CDR, [t COz],

TPE = Total amount of project emissions, [t CO,e],

Eleakage = The amount of indirect emissions due to leakage, [t CO2e],
U = Total uncertainties associated with CDR activities, [%],

CD = Conservative discount factor, 2.5% (see Reversals).

Emissions reductions due to RNG replacing fossil natural gas are assessed as follows:

ER = (Qrng * NCViNG * EFnaturalgs, ) * (1~ Usora/100)

gas
Where:

Qgrng = The amount of RNG injected into the pipeline, [t],
NCVgrng = Net calorific value of RNG, [TJ/t],
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EF natural_gas= Emission factor of fossil natural gas of end-use combustion, [t COze/TJ],Ureral =
Total uncertainties associated with RNG activities, [%].

Chapter 10.1: Uncertainties

The emissions calculations in this methodology are designed to minimize the possibility of
over-crediting. While some uncertainties are more easily quantified than others, the sources
and relative magnitude of uncertainties shall be explicitly addressed and discussed by the
project proponent and described in the PDD as part of the GHG emissions calculation and
reporting process.

The project proponent may refer to general guidance provided in the IPCC 2006
Guidelines?® and the 2019 IPCC Refinement®’ for uncertainty quantification approaches,
including default uncertainty values, where applicable.

The accuracy and precision of measurement equipment, such as scales, meters, gas
composition analyzers, and process measurements (e.g., electricity) are readily quantified
and the uncertainties associated with each measurement are considered to be low.

The project proponent shall estimate combining uncertainties as shown below.

Uiotal = \/U% + U% +...+ U%

Where:

Uwtal = The percentage uncertainty in the product of the quantities (half the 90% confidence
interval divided by the total and expressed as a percentage),

Ui = The percentage uncertainties associated with each of the quantities.

A significant amount of data must be collected in order to calculate the mass and energy
balance of the facility and quantify and validate gross and net GHG removals and reductions.
Data collection must be carried out and managed in a targeted and verifiable manner at all
process stages.

Wherever possible, data collection should be conducted at a high frequency by digital tools
connected to secure, cloud-based, or similar servers. If automation for a given component is
not possible or practical, manual collection of data should be completed and documented in

2 https://www.ipcc-nggip.iges.or.jp/public/2006gl/pdf/1_Volume1/V1_3_Ch3_Uncertainties.pdf
27 https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/1_Volume1/19R_V1_Ch03_Uncertainties.pdf
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real-time by operational staff members trained to manage relevant unit operations and
equipment. Training of employees on data collection and management methods should be
conducted on a regular basis, included in project operations plans, and transparently
documented.

Maintenance, and calibration of specific equipment?® and testing of electronic data
collection, and archiving tools and systems must also be completed regularly.®' Site-specific
plans for operationalizing these QA/QC systems (method, frequency, and confirmation of
completion) must be included in the PDD and annual reporting documentation.

Raw and processed data collection, archiving, and security process documents and plans,
training schedules, operations plans, and other relevant information may be requested by the
VVB and should be maintained and stored safely during project operations and be available
for at least 10 years after the completion of final verification.

The project proponent shall establish and maintain an operations and monitoring plan that
includes procedures for measuring or otherwise obtaining, recording, compiling, and
analyzing data and information important for quantifying, documenting, and reporting gross
and net GHG emissions, removals, and reduction relevant to a BICRS+RNG project according
to the ISO 14064-2:2019 standard.*

The monitoring plan shall include the following, as applicable:
1. Purpose of monitoring and if the project will extract RNG or not.
2. List of parameters being measured and monitored (Annex Il).

3. Types of data and information to be reported, including units of measurement (Annex
).
4. Origin of the data.

Description of monitoring methodologies, including estimation, calculation,
modeling, and measurement, approaches, and associated uncertainty.

6. Monitoring frequency, considering the needs of intended users.

Monitoring roles and responsibilities, including procedures for accessing data, and
authorizing, approving, and documenting changes to recorded data.

30 E.g., scales, energy and flow meters, and gas analyzers.

31 Calibration frequency in each case should be considered as “manufacturer’'s recommended frequency or when
field checks and/or data irregularities indicate the need to do so before the manufacturer’'s recommended
frequency.”

321SO 14064-2:2019

Methodology for BiCRS + RNG | February 2025 | 37



8. Controls that include internal data check for input, transformation, and output, and

procedures for corrective actions.

GHG information management systems, including the location and retention of stored
data, and data management that includes a procedure for transfers of data between
different forms of systems or documentation.

A monitoring plan, in addition to the parameters used for the GHG quantification listed in
Annex Il, must include the following information:

Assurance of adherence to biomass sustainability criteria (Annex |).

A comprehensive description of the geological formation where CO, will be stored
(e.g. USEPA UIC well class).*?

A measurement plan to address fugitive emissions of CO, and CHj at locations of
potential risk.

Establishment of a baseline level of CH, fugitive emissions (optional), water chemistry,
and reservoir conditions.

Surface and subsurface monitoring to demonstrate the permanence of carbon
storage following UIC guidelines, and requirements established in Canada (e.g.,
Alberta and Saskatchewan provinces)'®"" and the EU regulation related to the
geologic storage of CO; for monitoring during and post-project activities.

Sampling and analysis of produced water and gases to monitor microbial activity.

Isotopic analysis of produced methane, if any, and CO; to establish a ratio of fossil to
project-generated methane and coincident CO,.%*

Demonstration that injected fluid, feedstock, and all derivative products remain within
the defined project area.

Monitoring and documentation of meter calibration to ensure at least 95% precision
in reported readings.

All indicated and relevant project data shall be compiled and presented at the validation
stage in the form of a PDD, in adherence to the reporting guidance under ISO 14064-2:2019.
The PDD will reflect the project proponent’s plan to adhere to this methodology, the
anticipated quantity of carbon removed, and emissions reduction while encompassing all

33 https://www.epa.gov/uic

34 Coincident CO2 production is typically 1%-2% and does not exceed 4%, “The Analysis of Carbon Dioxide in
Natural Gas”, Mike Fuller
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other requirements and disclosures herein. The monitoring report will be representative of
the in-situ application of the PDD for each facility and operation within the project boundary
and shall be updated for each annual or sub-annual monitoring/reporting period. Project
developers should provide the following information together with the reported information
described below in the table.

Table 4: Reporting Indicators
Date:
Project Title:

Project Developer:

Reporting Period:

. Reporting
Injected Material Mass t Per operation
- . tC/t . .
Injected Material Carbon Content . Per reporting period
material
RNG Amoun.t Inj.ected into the t m? S iepering [pefos
Pipeline
RNG Net Calorific Value GJ/t Per reporting period
Produced CBM Volume m? Per reporting period
Total GHG Emissions (Stratified as . .
Net CDR Amount t COse Per reporting period

- Cowboy Clean Fuels

In addition to the table information above, the project proponent should include information
on the following:

e Chronological plan or actual dates and justification for the following:

o Launch date,
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o Crediting period,
o The frequency of monitoring and reporting, and

o Project period, including relevant project activities in each step of the project
cycle,

e Conditions of biomass feedstock use before project initiation,
e Location of biomass sourcing and storage,

e Identification of key contractors, including name, scope, and frequency and duration
of services,

e Description of value chain and technologies applied in the value chain,

e Spatial, visual, and written depictions of project boundaries, process flows, and
metering,

e List of all GHG SSRs controlled, related to, and affected by the project, including
criteria for their exclusion from the quantification,

e A description of the projected aggregate GHG emissions and removals by GHG
source, sink, and reservoir for the GHG project stated in units of COze,

e Disclosure of all likely areas of uncertainty and anticipated uncertainty determination
approach,

e Timing and frequency of validation and verification activities,
e Evidence and justification of additionality,
e Project risk assessment and mitigation plan for identified risks,

e Summary of environmental impact assessment concerning the facility, storage
reservoir, feedstocks, etc.

BiCRS+RNG project reports shall also include site-specific information in addition to the
parameters provided above, including:

e Description of the reservoir(s) where biomass is injected,

e Characterization of the storage volume, including the identification of potential
fugitive emissions pathways and any remediation activities undertaken to reduce
them, and

e Monitoring strategy, including monitoring procedures, tools, frequency, and a range
of expected values for monitored parameters that indicate normal operation.

e Alltransacted volumes of RNG, including the registry link, specific attributes and
claims made, and additional verification materials, Cl scores, or further information
supporting the transfer of environmental attributes.
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Validation is required for the initiation of any new project and crediting period renewal.
Verification is required for each project and reporting period to:
1. Assess ongoing conformance to the project design,

2. Confirm that the project is properly fulfilling the requirements of the monitoring
plan, and

3. Confirm the quantum of credits generated.

Verification shall be performed by an accredited third-party VVB with specific experience in
Scope 16 by inspecting relevant evidence and verifying procedures and calculations. At a
minimum, the verification shall be conducted under the standards established by ISO 14064-
3:2019 to a reasonable level of assurance.

All VVBs must be able to demonstrate accreditation from an International Accreditation
Forum (IAF) member under ISO 14065 and the ISO 14064-2:2019 scope. All validation and
verification activities are to be conducted according to this standard, and conflict of interest
must be avoided according to ISO 14065 between project proponents, VVBs, and individuals
involved with the project and verification teams. The level of assurance for each verification
shall be within a materiality threshold of +/-5%. All credits that are retired are to be on an ex-
post basis following a positive project validation and subsequent positive verification report
being issued. Any pre-sales of credits must be based on adherence to this methodology and
must be corroborated by VVBs during the verification process.

At a minimum, a physical on-site visit will be required by VVBs:
e Within two years of the project’s start date.
e For the initial project validation or combined validation/verification.

e Once every three years during the reporting period following the first physical site
visit.

A physical site visit by VVBs is not mandatory at the time of credit-period renewal but can be
required by VVBs if deemed necessary through the risk assessment. Verification requires
confirmation of constant monitoring of the facility. Reporting frequency requirements will be
checked for conformance according to the reporting section of this methodology. Accepted
evidence includes photographic evidence, direct metering, direct measurements, modeling,
and corroborating sampling. Any reasonable evidence requested by the VVB must be made
available for each verification event.

The VVB must confirm that no double counting of benefits has occurred or been facilitated by
the project proponent and that the risk of such has been avoided between external registries
and bilateral transactions for both CDR and RNG credits generated according to the process

described by methodology.
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Validation and verification must be completed within 18 months of the project start date.
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The following different types of feedstocks could be proposed for the implementation of a
BiCRS+RNG project:

Dedicated carbon removal crops/primary product
Secondary product/agricultural byproduct
Residue

Waste

A project proponent should justify the alignment with the chosen type of feedstock according
to the different classifications®:

Dedicated Carbon Removal Crops/ Primary Product: Defined as any primary product
grown specifically to be used as a feedstock. This category requires the inclusion of
emissions from upstream production (all agricultural practice emissions), all
processing emissions, collection and transportation emissions, and any land-use
changes due to biomass production (i.e., forest or grasslands repurposed to
agricultural land). For example, sugar beets, switchgrass, miscanthus, alfalfa, and
algae.

Secondary Product/Agricultural Byproduct: These are products for which there is an
additional production step added to further process materials after the primary
product is complete. For these feedstocks, there may be emissions from the
additional processing steps, the collection, and transportation of the feedstock. Note,
however, that this does not include the upstream emissions that are embodied within
the primary product, it may include allocated emissions associated with the secondary
product/agricultural byproduct production process. For example, animal fats and
greases or used vegetable oil.

Residues: “A processing residue is a substance that is not the product(s) that a
production process directly seeks to produce. It is not a primary aim of the production
process, and the process has not been deliberately modified to produce it.”* If the
residue was previously used for another purpose, there may be displacement effects
that should be considered.

In addition, to define this type of feedstock, the elasticity of supply with demand could
be used, as well as its economic value. Inelastic supply and little or no economic value
(15% or less compared to the total value of the main product, co-products and
residues) could characterize such feedstock as residue.

3 Ro etal., 2023, Developing guidelines for waste designation of biofuel feedstocks in carbon footprints and life
cycle assessment
36 Renewable Energy Directive (European Commission, 2010)
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Similar to waste in consideration of emissions accounting, however, there may be
displacement effects.

For example, wheat, oat, barley, and rice straw, or corn stover, sorghum stubble,
molasses, desugarized solubles, wood processing residues, bagasse, and vinasse.

Waste: Defined as “substances or objects which the holder intends or is required to
dispose of.”¥ This feedstock category doesn't require the inclusion of upstream
production emissions. It includes any emissions from further processing that happen
after the waste is collected and any emissions from collecting it (but not from
collecting and processing materials for primary or secondary products). Finally, the
emissions from transporting the waste to the project site are also included in the
calculation. For example, agricultural and food waste.

In addition to the feedstock definition for BICRS+RNG project, the sustainability of biomass
feedstock must also be demonstrated by the project proponent. A project proponent can
apply similar criteria to justify sustainability for different feedstock types as provided in the EU
Renewable Energy Directive (RED II):

1.

Agricultural Biomass: Land use (Article 29.3-29.5), GHG reduction (Article 29.10),
Mass balance requirements (Article 30.1 and 30.2)

Forest Biomass: Forest management (Article 29.2), GHG reduction (Article 29.10),
Mass balance requirements (Article 30.1 and 30.2)

Agricultural Residues: Soil quality (Article 29.2), GHG reduction (Article 29.10), Mass
balance requirements (Article 30.1 and 30.2).

- A project proponent must also demonstrate that the biomass has not been
intentionally modified or contaminated such that the consignment can be
classified as waste, residual flow, or residue (non-modification requirement)
(Article 30.3).

Waste and Residues: GHG reduction (Article 29.10), Mass balance requirements
(Article 30.1 and 30.2)

- A project proponent must also demonstrate that the biomass has not been
intentionally modified or contaminated such that the consignment can be
classified as waste, residual flow, or residue (non-modification requirement)
(Article 30.3).

371SO 14040: 2006
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Annex II: Monitoring Parameters

The table below provides guidance on monitoring parameters and frequency.

Table 5: Monitoring Parameters

Feedstock
Location Fossil
Fuel Consumption
- Fuel Used for
Feedstock
Collection,
Preparation,
Loading on
Trucks, etc.

Feedstock
Location
Electricity
Consumption -
Electricity
Consumed for
Feedstock
Collection,

Preparation,
Loading on
Trucks, etc.

Feedstock
Production
Carbon Footprint -
Carbon Footprint
of Dedicated
Carbon Removal
Crops

Feedstock
Allocated Carbon
Footprint - Carbon

Footprint of

Seconda

FA

EA

DCprod&harv

SPprod allocated

t, GJ, gal

kWh

kg CO2e/kg
feedstock

kg CO2e/kg
feedstock

Monthly

Monthly

Monthly

Monthly

L Quantification . -
Description Unit Frequency Source
Parameter

Accounting

Information,

Operational
Records.

Accounting

Information,

Operational
Records.

Supplier Data

Supplier Data
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L Quantification . "
Description Unit Frequency Source
Parameter

Products,
Agricultural
Byproducts and
Residues

Distance Between
the Feedstock
Supply Site and
the Processing
Site

Distance Between
the Processing
Site and Project

Site

Mass of the Raw
Feedstock
Transported

Mass of the
Processed
Biomass
Transported

Processor Fossil
Fuel Consumption
- Fuel Used for
Feedstock
Processing

Processor
Electricity
Consumption -
Electricity
Consumed for
Feedstock
Processing

FA

EA

mile

mile

t, GJ, gal

kWh

Per feedstock
supplier and
processor

Per processor

Per Load

Per Load

Monthly

Monthly

Operational
Records

Operational
Records

BOL, Mass-Scale

Tickets.

BOL, Mass-Scale

Tickets.

Accounting

Information,

Operational
Records.

Accounting

Information,

Operational
Records.
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L Quantification . "
Description Unit Frequency Source
Parameter

Fossil Fuel Accounting
. Information,
Consumption FA t, GJ, gal Monthly Opemitans
ORSite Records.
Electricity
Consumption EA kWh Monthly Utility Bills.
Onsite

Injected Material . erational
s Winj mat t Per operation Ol
Mass Records.

Injected Material . :
Cjarbon Content e e t C/t material Per operation Tests

Volume of RNG

Operational

3

and CBM Gas Vecem+rnG m Monthly R T —
Captured

Fraction of RNG in . Isotopic Carbon
the Captured Gas Frne Fraction Hierinly; C'" Analysis

Density of RNG at
Standard , _ .
Temperature and PRNG t/m As required Lab Analysis
Pressure

Fugitive Fossil .
F ossi
CO, Emissions CO, Fossil t COse Per operation Metered

Project Fugitive
Fossil CH,4
Emissions (facility .
operations, RNG, Fcha Fossi t COe Per operation Metered
and CBM
transportation)
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Quantification

Description Parameter Unit Frequency Source
Fugitive Biogenic VisiEnse dne
9 >'09 Fcria Biogenic t CO2e Per operation Isotopic Carbon
CH,4 Emissions iy .
C™ Analysis
RNG
Transportation
Distance Between D mile Per pipeline Operational
the Project Site injection point Records
and the Pipeline
Injection Point
Mass of RNG W . Per Iogd, BOL, Metered
Transported operation
Amount of RNG
Injected into the Q=rne t Per operation Metered
Pipeline
Net Calorific Value :
of RNG NCVrna GJ/t Per operation Tests
Emission Factor of EF Nt e £ COLe/GJ A e ufieg Natural Gas

Fossil Natural Gas

Supplier Data

- EcoEngineers

*All metering equipment must be regularly maintained and calibrated according to the manufacturer’s
specifications by competent staff. All maintenance and calibration events, as well as any deviations in
final calibrations equal to or greater than 5% of as-found conditions shall be described in the annual
monitoring report. Monitoring equipment must be observed and calibrated following schedule in line
with Section 6.2 of the CAR U.S. Landfill Protocol.*®

38 The Climate Action Reserve (CAR) U.S. Landfill Protocol. Version 6.0
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