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ACF Actual cubic feet
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CNG Condensed natural gas
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1 Introduction

The Climate Action Reserve (Reserve) Landfill Protocol provides guidance to account for,
report, and verify greenhouse gas (GHG) emission reductions associated with installing a landfill
gas collection and destruction and/or landfill gas-to-energy systems at a landfill located in
eligible jurisdictions. This document outlines the project activity requirements and guidance for
all landfill projects and is complementary to the Jurisdiction Module. Please refer to the
applicable Jurisdiction Module for additional requirements.
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2 The GHG Reduction Project
2.1 Background

Public sanitation services raise serious environmental concerns. Waste generation is closely
linked to the number of inhabitants, resulting in more densely populated urban centers having
adequate traditional disposal infrastructures (i.e., MSW landfills). Roughly 65% of municipal
solid waste is deposited in landfills, while the rest of waste is managed in irregular final disposal
systems, commonly open dumps.

In landfills, bacteria decomposes the organic material. A product of‘both the bacterial
decomposition and oxidation of solid waste is landfill gas, which.is composed of methane (CH.)
and carbon dioxide (CO.) in approximately equal concentrations, as well as smaller amounts of
non-methane organic compounds (NMOC), nitrogen (N2), oxygen (Oz), and other trace gases. If
not collected and destroyed, over time, this landfill gas is‘released to the atmosphere.

2.2 Project Definition

For the purpose of this protocol, the GHG reduction project defined as the collection of methane
gas from one or more specified cells at an eligible landfill, and‘the destruction of such methane
gas with one or more eligible destruction devices. Projects.that convert landfill gas into a usable
energy source like electricity, heat, or renewable natural gas can also account for the GHG
emissions reductions from the displacement.of fossil fuels, natural gas or other GHG-intensive
sources of energy. The Jurisdiction Modules specify which activities are eligible for crediting.

The expansion of an existing Gas Collection and Control System (GCCS) to a new cell or cells
can optionally be included.within'an existing landfill project or submitted as a new project. If any
cells are to be considered as a new project, those cells must be engineered in such a way that
LFG cannot migrate between cells in the proposed new project and cells in the existing project.
Where a single landfill contains multiple cells, across multiple landfill projects, those projects
may share common destruction devices, provided the flow of methane from each project is
metered separately.

Qualifying destruction devices may include utility flares, enclosed flares, engines, turbines,
microturbines, boilers, pipelines, leachate evaporators, kilns, sludge dryers, burners, furnaces,
or fuel cells. Devices not specifically listed here may still be eligible under this protocol, provided
written approval is obtained from the Reserve. Passive flares are considered non-qualifying
destruction devices.

An eligible landfill is one that:

1. Is not subject to regulations or other legal requirements requiring the destruction of
methane gas; and

2. Is not a bioreactor, as defined by the U.S. EPA: “a MSW landfill or portion of a MSW
landfill where any liquid other than leachate (leachate includes landfill gas condensate)
is added in a controlled fashion into the waste mass (often in combination with
recirculating leachate) to reach a minimum average moisture content of at least 40
percent by weight to accelerate or enhance the anaerobic (without oxygen)
biodegradation of the waste”?; and

240 CFR 63.1990 and 40 CFR 258.28a.
240 CFR 63.1990 and 40 CFR 258.28a.
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3. Does not add any liquid other than leachate into the waste mass in a controlled manner.

Captured landfill gas could be destroyed on-site, transported for off-site use (e.g., through a gas
transmission and distribution pipeline), or used to power vehicles. Regardless of how project
developers take advantage of the captured landfill gas, for the project to be eligible to register
GHG reductions under this protocol, the ultimate fate of the methane must be destruction.

Landfill gas collection and destruction systems typically consist of wells, pipes, blowers, caps,
and other technologies that enable or enhance the collection of landfill gas and convey it to a
destruction technology. At some landfills, a flare will be the only device where landfill gas is
destroyed. For projects that utilize energy or process heat technologies to destroy landfill gas,
such as turbines, reciprocating engines, fuel cells, boilers, heaters or kilns, these devices will be
where landfill gas is destroyed. Most projects that produce energy or process heat also include
a flare to destroy gas during periods when the gas utilization project is down for repair or
maintenance.

Direct use arrangements which entail the piping of landfill gas to be destroyed by an industrial
end user at an off-site location are also an eligible approach to destruction of the landfill gas.
For instances of direct use, agreements between the project developer and the end user of the
landfill gas (i.e., an industrial client purchasing the landfill gas from the project developer), must
include a legally binding agreement to assure that the GHG reductions will not be claimed by
more than one party. Direct use project developers must also be able to identify the specific
destruction technology at the receiving end of the pipeline.

In addition to reducing methane, the installation and operation of a landfill gas collection and
destruction system could impact.anthropogenic carbon dioxide.and methane emissions
associated with the consumption of electricity and fossil fuels. Depending on the project’s
particular circumstances, this effect could either increase or decrease operational GHG
emissions. Projects.that utilize methane for energy generation may avoid GHG emissions
associated with fossil fuel combustion. Projects may receive credits for emissions reductions
resulting from the displacement.of fossil fuels, natural gas or other GHG-intensive sources of
energy, provided.that the energy is generated and-utilized through the destruction of LFG and
meets additionality requirements. Section 4, the GHG Assessment Boundary, delineates the
scope.of the accounting framework. The eligibility and applicable criteria for crediting emission
reductions from energy displacement are specified in the Jurisdiction Module.

2.3 The Project Developer

The project developer must be the entity with liability for the emissions at a landfill, unless the
rights to the emissions reductions have bene transferred to another entity (e.g. contracts). The
project developer must sign the Attestation of Title. Refer to the Reserve Program Manual for
additional information on meeting this requirement. Project developers may be landfill facility
operators, GHG project developers, or other entities such as municipalities, or waste
management companies.



Landfill Protocol Draft Version 1.0, September 2026

3 Eligibility Rules
Projects that meet the definition of a GHG reduction project in Section 2.2 must fully satisfy the
following eligibility rules in order to register with the Reserve.

Eligibility Rule I: Location — Eligible jurisdictions

Eligibility Rule II: Project Start Date —  No more than 12 months prior to project
submission

Eligibility Rule IlI: Crediting Period —  Emission reductions may only be reported
during the crediting period; the crediting
period may be renewed two times

Eligibility Rule IV:  Additionality — Meet performance standard

—  Avoid exceeding limits on credit stacking

— < Exceed legal requirements

Eligibility Rule V: Regulatory Compliance  — Compliance with all applicable laws
Eligibility Rule VI Social & Environmental — Ensure.no social and environmental adverse
Safeguards impacts

3.1 Location

Under this protocol, only projects located at landfills innapproved countries with a Jurisdiction
Module are eligible to register with the Reserve.>.

3.2 Project Start Date

The project start date shall be defined by the project developer but must be no more than 90
days after landfill gas is first destroyed in a project destruction device, regardless of whether
sufficient monitoring data are available to report reductions. The start date is defined in relation
to the commencement of methane destruction, not-other activities that may be associated with
project initiation or development.

Projects with previous destruction that have been inactive may be allowed to come back online
as long as the project developer can demonstrate that the project can still be considered
additional. The Reserve maintains the right to determine if the project is eligible. Contact the
Reserve prior to project submittal to determine the eligibility of an inactive project.

3.3 Project Crediting Period

The Reserve will issue CRTs for GHG reductions quantified and verified using this protocol for a
period of ten years following the project start date. The project crediting period begins at the
project start date regardless of whether sufficient monitoring data is available to verify GHG
reductions. If an eligible project has begun operation at a landfill that later becomes subject to a
regulation, ordinance or permitting condition that would call for the installation and operation of a
landfill gas control and/or LFG-to-energy system, the Reserve will issue CRTs for GHG
reductions achieved up until the date that the landfill gas control or LFG-to-energy system is
legally required to be operational.

3 The Reserve will conduct jurisdiction-specific protocol development processes for each eligible country.
Please refer to the selected country’s Jurisdiction Module for more information.
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Projects may be eligible to apply for a renewed crediting period, for a maximum of three, 10-
year crediting periods (i.e., for a project lifespan of 30 years), provided the project meets the
eligibility requirements of the current version of the protocol at the time of such application.*

3.4 Additionality

The Reserve strives to support only projects that yield surplus GHG reductions that are
additional to what might otherwise have occurred. That is, the reductions are above and beyond
“business as usual,” the baseline case. Project developers satisfy the “additionality” eligibility
rule by passing two tests:

1. The Performance Standard Test
2. The Legal Requirement Test

3.4.1 The Performance Standard Test

Project developers pass the Performance Standard Test by meeting a program-wide
performance threshold (i.e., a standard of performance applicable to all landfill'projects,
established on an ex-ante basis).® The performance threshold represents “better than business
as usual.” If the project meets the threshold, then it exceeds what would happen under the
“business as usual’ scenario and generates surplus/additional GHG reductions. Refer to the
Jurisdiction Module for country-country ‘specific criteria or exclusions.

For this protocol, the Reserve uses a practice-change threshold that focuses on the baseline
scenario and changes made in the project scenario. A project passes the Performance
Standard Test if it involves one of the following activities:

1. Installation of a landfill gas collection system and a new qualifying destruction device
at an eligible landfill where landfill gas has never been collected and destroyed prior
to the project start date.

2. Installation of @ new qualifying destruction device at an eligible landfill where landfill
gas is currently collected and vented but has never been destroyed in any manner
prior to the project start date.

3. Installation of a new qualifying destruction device at an eligible landfill where landfill
gas was collected and destroyed at any time prior to the project start date using:
a. A non-qualifying destruction device (e.g., passive flare); or
b. A destruction device that is not otherwise eligible under the protocol (e.g., a
destruction device installed prior to the earliest allowable project start date,
a destruction device installed with or without metering prior to the
installation of a new destruction device).

4. Installation of a new gas collection system on a physically-distinct® cell (or cells)
where neither gas collection nor destruction has previously occurred, and connection
of this new collection system to an existing landfill gas destruction system. The new
collection system must have its own metering that satisfies the requirements of this

4 Refer to the Reserve Offset Program Manual for the deadline to submit for a renewed crediting period.
5 Refer to the Annex for the performance standard test analysis for each jurisdiction.

6 The landfill cell must be engineered in such a way that landfill gas cannot migrate between that cell and
other landfill cells.
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protocol. In this scenario, more than one project may exist at a single landfill. The
start date for this project shall be no more than 90 days following the first flow of
landfill gas from the new collection system to the destruction system, regardless of
the presence of adequate metering for crediting.

Destruction devices that were installed temporarily and utilized only for pilot or testing purposes
specifically in anticipation of the GHG project shall not be considered in determining project
eligibility or quantification. Devices may only be excluded under this provision if they were
installed as a direct precursor to the project activity in order to gather information or determine
project viability. Pilot testing is limited to 9 months. The project developer should contact the
Reserve if pilot testing is expected to exceed 9 months. Verifiable evidence of this intent and
duration must be presented, such as device invoices, service agreements, or monitoring data.
Changes in landfill ownership, or in the ownership of destruction devices, are not considered in
determining prior landfill gas management practices. If landfill gas was previously collected and
destroyed (in the given cells of the project) by a party other than the project developer, it still
qualifies as “prior” collection and destruction.

Under scenarios (1), (2), and (3) above, expanding an existing well-field constitutes a system
expansion rather than initiation of a new project. Expanding a well-field is eligible as a new,
separate project only if it meets the conditions described in scenario (4). In these scenarios,
expanding a well-field initiates a new crediting period.

The practice change threshold is applied as of the project start date and is evaluated at the
project’s initial verification.

LFG-to-energy project typesyincluding LFG-to-electricity, LEFG-to-heat, and LFG-to-natural gas
projects, may need to demonstrate additionality through additional criteria. Refer to the
applicable jurisdiction.module for criteria.

All projects that pass this test are eligible to register reductions with the Reserve for the lifetime
of the project crediting period, even if the Performance Standard Test changes during mid-
period. If a project upgrades to a newer version of the protocol for a subsequent verification, it
must meet the Performance Standard Test of that version of the protocol, applied as of the
original project start date. If a project is submitted for a renewed crediting period, it is subject to
the Performance Standard Test in the most current version of the protocol at that time, applied
as of the original project start date.

3.4.2 The Legal Requirement Test

Projects pass the Legal Requirement Test when there are no laws, statutes, regulations, court
orders, environmental mitigation agreements, permitting conditions or other legally binding
mandates requiring the destruction of landfill gas methane or its use for energy production
purposes. Each time a project undergoes verification, including the initial verification, the project
developer must sign the Reserve’s Attestation of Voluntary Implementation form. Refer to the
Reserve Program Manual for additional information on meeting this requirement. Jurisdiction
Modules provide additional information related to legal considerations particular to a given
jurisdiction. In addition, the project’s Monitoring Plan (Section 6) must include procedures that
the project developer will follow to ascertain and demonstrate that the project at all times passes
the Legal Requirement Test.
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Landfills currently collecting and destroying or using landfill gas to comply with regulations or
other legal mandates — or that are currently required by regulation or legal mandate to install a
landfill gas control or LFG-to-energy system in the future — are not eligible to register new
projects with the Reserve. Landfills currently collecting and destroying or using landfill gas to
comply with regulations or other legal mandates are not eligible to register GHG reductions
associated with the early installation of gas control or LFG-to-energy systems during landfill
expansion into new cells.

The Reserve conducts a legal requirements test analysis during the expansion of eligible
jurisdictions under this protocol.” If an eligible project begins operation at a landfill that later
becomes subject to a regulation, ordinance, or permitting condition‘that calls for the installation
of a landfill gas control system, GHG reductions may be reported to the Reserve up until the
date that the installation of a landfill gas control system is legally required to be operational. If
the landfil’'s methane emissions are included under an emissions cap (e.g., under a state or
federal cap-and-trade program), emission reductions may likewise be reported to the Reserve
until the date that the emissions cap takes effect.

Refer to the Jurisdiction Module for additional country-specific regulations applicable for the
Legal Requirement Test.

3.4.3 Limits on Credit Stacking

When multiple forms of incentive credits are sought for a single activity at a single facility or on a
single piece of land, with some temporal overlap:-between the different credits or payments, it is
referred to as “credit stacking”. Under this protocol, credit stacking.is defined as receiving both
offset credits and other types of mitigation credits for the same activity on spatially overlapping
areas (i.e., in the same landfill). Mitigation credits are any instruments issued for the purpose of
offsetting the environmental impacts of another entity, such as emissions of GHGs, or the
displacement of fossilfuel emissions from transport applications, to name a few.

Project developers are strongly encouraged to reach out to the Reserve as early as possible
when considering credit stacking. Furthermore, they must disclose any such payments to the
Reserve at.the time of listing and to the verification body and the Reserve at the time of
verification. The Reserve maintains the right to determine if stacking has occurred, or is
occurring, and whether it would impact project eligibility.

Furthermore, the Project must demonstrate in each monitoring period that the outcomes of the
project activity for which issuance of CRTs is sought are not simultaneously claimed under any
other environmental market or accounting framework, with the exception of outcomes that are

unrelated to GHG emissions reductions.

If a landfill project transitions to reporting under other type of mitigation program but may wish to
receive CRTs in future reporting periods, the project must maintain continuous reporting with the
Reserve under the Landfill Protocol. To maintain continuous reporting, the project developer
must submit a Zero-Credit Reporting Period Acknowledgment and Election form and a
monitoring report no later than six months following the end of each relevant reporting period
under the other fuel standard.

7 Refer to the jurisdiction-specific legal requirements test assessment in the respective country’s
Jurisdiction Module.
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3.5 Regulatory Compliance

Guidance related to regulatory compliance specific to a jurisdiction can be found in the relevant
Jurisdiction Module. Each time a project is verified, the Project Owner must sign the Reserve’s
Attestation of Regulatory Compliance form and report all instances of non-compliance. Refer to
the Reserve Program Manual for additional information on meeting this requirement.

Where projects are co-located at a single landfill, and in particular where projects share
common equipment or infrastructure, the onus will be on the project developer(s) to
demonstrate that a regulatory violation at the site is not relevant to all projects. Project
developers should contact the Reserve to discuss potential regulatory.non-compliance issues.

3.6 Social and Environmental Safeguards

The Reserve requires project developers to demonstrate that.their GHG projects will not give

rise to environmental or social harm. Moreover, offset projects can create long-term social and
environmental benefits and have the potential to improve quality of life for nearby communities,
both in terms of increased revenues and in terms of sustaining and improving. landfill practices.

This Protocol includes specific social and environmental safeguards that must be considered in
the project design and implemented throughout the project life to help guarantee that the project
will have positive environmental and social outcomes. In addition, all projects must comply with
the Reserve’s Offset Program Manual, including the section on regulatory compliance and
programmatic environmental and social safeguards. The safeguards in the protocol are
intended to respect governmental processes, customs, and rights of landfill owners while
ensuring projects are beneficial, both socially and environmentally. The sections on monitoring,
reporting, and verification (MRV) (Sections 7 and 8) specify the criteria for verification of each of
these safeguards and consequences for failure to achieve the minimum thresholds.

The social safeguards requirements include:
1. Free, Prior, and Informed Consent (FPIC):

a. Project developers must address the following topics with the landfill operator prior to
project approval:
i..-Concepts of climate change and carbon markets.

ii. “Requirements associated with landfill projects, including ongoing MRV.

iii. Estimates of costs and benefits associated with the landfill project, differences
between GHG emissions reductions from methane destruction and emission
reductions from the displacement of fossil fuels, natural gas or other GHG-
intensive energy source, and the division of costs and distribution of benefits or
benefit sharing. The source used for carbon pricing estimates must be disclosed
to the landfill operator.

b. Afterthe topics'to comply with 1.a (see above) have been addressed, landfill
operators must approve the landfill carbon project and the project developer. A
signed letter indicating approval must be provided to the Reserve during project
listing.

2. Ongoing Notification, Participation, and Documentation:

a. The project developer must review with the landfill operator on an annual basis the
following topics:

i. Ongoing project activities, including MRV.

ii. Credits issued.

iii. Purchase agreements, project finances, and ongoing benefit sharing
arrangements.
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b. Project notification and documentation must be presented to the landfill operator in
an appropriate format and language to ensure understanding.

3. Labor and Safety: The project developer must attest that the project is in material
compliance with all applicable laws, including labor or safety laws. See Section 3.6
Regulatory Compliance for further information. Furthermore, all construction, maintenance,
and operations of project related equipment (generators, flares, pumps, meters, etc.) must
follow manufacturer guidance to avoid injury while working with methane and other volatile
landfill gases.

4. Dispute Resolution: The Reserve holds a 30-day public comment period on all listed
projects prior to registration and has an ongoing dispute resolution process. See the
Reserve Offset Program Manual and website for further information on programmatic

and project specific public consultation and dispute resolution processes. Projects that
receive material complaints will not be registered until a‘satisfactory dispute resolution

plan has been approved. The operator(s) and/or theproject developer must attest that they
have title to the entire project boundary, including.all landfill facilities directly related to the
carbon project.

The environmental safeguards requirements include:

1. Air and Water Quality: The project developer must attest that the project is in material
compliance with all applicable laws, including environmental regulations (e.g., air and
water quality). See Section 3.6‘Regulatory Compliance and Appendix A Associated
Environmental Impacts for further information.

2. Mitigation of Pollutants: Projects must be designed and implemented to mitigate
potential releases of pollutants that may cause degradation of the quality of sail, air,
surface and groundwater such as those described in Appendix A, and project developers
must acquire the appropriate local permits prior to installation to prevent violation of all
applicable laws.

10
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4 The GHG Assessment Boundary

The GHG Assessment Boundary delineates the GHG sources, sinks, and reservoirs (SSRs)
that shall be assessed by project developers in order to determine the total net change in GHG
emissions caused by a landfill project.

The GHG Assessment Boundary for the project includes all emission sources from the
operation of the landfill gas collection system to the ultimate destruction of the landfill gas. This
protocol also accounts for GHG avoided emission associated with the displacement of fossil
fuels, or other GHG-intensive sources of energy, used for energy production; or displacement of
natural gas.®

CO, emissions associated with the generation and destruction‘of landfill gas are considered
biogenic emissions® (as opposed to anthropogenic) and will'not be included in the GHG
reduction calculation. This is consistent with the Intergovernmental Panel on Climate Change’s
(IPCC) guidelines for captured landfill gas.™

Figure 4.1 below provides a general illustration of the GHG Assessment Boundary, indicating
which SSRs can be included or are excluded from the boundary. All SSRs within the dashed
line can be accounted for under this protocol.

The GHG Assessment Boundaries may vary depending on the type and configuration of the
project. In particular, the boundaries may differ between projects involving only the destruction
of landfill gas and landfill gas-to-energy projects. For the latter, the assessment may need to
account for the specific energy pathway, including €electricity generation, heat production, or the
upgrading of landfill gas to substitute natural'gas. Accordingly, the relevant emission sources
and processes included within the GHG boundary should be defined based on the project type,
technology, and intended end use of the recovered landfill gas.

Table 4.1 provides greater detail on each SSR and provides justification for the inclusion or
exclusion of SSRs and gases from the GHG Assessment Boundary.

8 The Reserve recommends that projects upgrading landfill gas for low-carbon fuels, pipeline injection, or
electricity conduct biogenic testing to ensure that the content of the biogas is sufficient for its end use;
however, it is not a requirement for the carbon project under this protocol.

9 The rationale is that carbon dioxide emitted during combustion represents the carbon dioxide that would
have been emitted during natural decomposition of the solid waste. Emissions from the landfill gas control
system do not yield a net increase in atmospheric carbon dioxide because they are theoretically
equivalent to the carbon dioxide absorbed during plant growth.

0 JPCC Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories;
p.5.10, ftnt.
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Baseline

Figure 4.1. he GHG Assessment Boundary
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SSR Source

Gas

Relevant to
Baseline (B)
or Project (P)

Included/
Excluded

Table 4.1. Summary of Identified Sources, Sinks, and Reservoirs

Justification/Explanation

Emissions GHG emissions from this source are
from Waste N/A B,P Excluded | assumed to be equal in the baseline
Generation and project scenarios
GHG emissions from this source are
CO2 Excluded | assumed to be equal in the baseline
and project.scenarios
Emissions GHG emissions from this source are
from Waste CHas B,P Excluded | assumed to be equal in the baseline
Collection and project scenarios
GHG emissions from this source are
N20 Excluded .| assumed to be equal in the baseline
and project scenarios s
GHG emissions from. this source are
CO2 Excluded | assumed to be equal in.the baseline
. and project scenarios
Emissions — -
from Waste GHG emissions from fthls source are
Placin CHa B, P Excluded | assumed to be equal in the baseline
cing and project scenarios
Activities . — -
This emission source is assumed to
N20 Excluded | be equalin the baseline and project
scenarios
o CO2 Excluded. | Biogenic.CO2 emissions are excluded
Emissions - — .
Primary source of GHG emissions in
from Waste .
. B,P baseline. Calculated based on
Breakdown in CHa Included g X .
) destruction in baseline and project
Landfill . .
destruction devices
Landfill projects result in CO2
emissions associated with the energy
Emissions O Inegged used for collection and processing of
from Gas landfill gas
) P - —— -
Collection This emission source is assumed to
CHa Excluded
System be very small
N,O Excluded This emission source is assumed to
be very small
N COs Excluded This emission source is assumed to
Emissions be very small
from Basellr_me CHa B Excluded This emission source is assumed to
Gas Collection be very small
System N,O Excluded This emission source is assumed to
be very small
Landfill projects may require use of
Emissi CO2 Included supplemental fossil fuel, resulting in
missions significant new GHG emissions
from -
P Calculated based on destruction
Supplemental CH4 Included - . X
Fuel efficiency of destruction device
This emission source is assumed to
N20 Excluded
be very small
Emissions CO, B Excluded This emission source is assumed to

from Baseline

be very small
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Source

Supplemental

Relevant to
Baseline (B)
or Project (P)

Included/
Excluded

Justification/Explanation

This emission source is assumed to

Fuel Use CH Excluded be very small
N,O Excluded This emission source is assumed to
be very small
. CO2 Excluded | Biogenic CO2 emissions are excluded
Emissions ; i
Calculated in reference to destruction
from LFG CHas Included .
7 Boiler B,P effl_C|enc_y _ .
Destruction NoO Excluded This emission source is assumed to
be veryssmall
. CO2 Excluded | Biogenic CO2 emissions are excluded
Emissions - -
Calculated in reference to destruction
from LFG CHas Included ;
8 . B, P efficiency
Electricity Thi T p——— . qt
Generation N2O Excluded is emissio urce is assumed to
be very small
o CO2 Excluded | Biogenic CO2 emissions are excluded
Emissions - -
Calculated in reference to destruction
from LFG CHa Included .
9 Flare B, P eﬁ|'0|enc_y _ .
Destruction N.O Excluded This emission source is assumed to
be very small
Landfill projects may result in GHG
CO2 Included | emissions from additional energy
Emissions used to upgrade landfill gas
10 from Upgrade CHa B, P Excluded This emission source is assumed to
of LFG be very small
NO Excluded This.emission source is assumed to
be very small
Emissions CO2 Excluded | Biogenic emissions are excluded
from LFG CH Included Calculated in reference to destruction
11 Pipeline or ¢ B, P efficiency
Sgéer NG Ena- N20 Excluded | Assumed to be very small
Use of ) . .
Landfill projects may result in
12 iy ated CO2 B,P Included/ displacement of GHG emissions from
Thermal Excluded
E use of LFG-generated thermal energy
nergy
Use of Included/ Landfill projects may result in
13 Generated CO2 B,P Excluded displacement of GHG emissions from
Electricity use of LFG-generated electricity
Use of
Thermal Landfill projects may result in
14 Energy or co B P Included/ | displacement of GHG emissions from
Power from 2 ’ Excluded | use of LFG delivered through pipeline
Pipeline or other end uses
Delivered NG
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5 Quantifying GHG Emission Reductions

GHG emission reductions from a landfill project are quantified by comparing actual project
emissions to baseline emissions at the landfill. Baseline emissions are an estimate of the GHG
emissions from sources within the GHG Assessment Boundary (see Section 4) that would have
occurred in the absence of the landfill project. Project emissions are actual GHG emissions that
occur at sources within the GHG Assessment Boundary. Project emissions must be subtracted
from the baseline emissions to quantify the project’s total net GHG emission reductions
(Equation 5.1).

GHG emissions reductions from the displacement of fossil fuels, natural gas or other GHG-
intensive sources of energy are quantified separately by accounting for the energy generated
and using the Emission Factor of the baseline source of energy replaced (Equation 5.3).

GHG emission reductions must be quantified and verified.on at least an annual basis. Project
developers may choose to quantify and verify GHG emission reductions on a more frequent
basis if they desire. The length of time over which GHG emission reductions are quantified and
verified is called the “reporting period.”

The calculations provided in this protocol are derived from internationally accepted
methodologies.! Project developers shall use the calculation methods provided in this protocol
to determine baseline and project GHG emissions in order to quantify GHG emissions
reductions.

" The Reserve’s GHG reduction calculation method is derived from the Kyoto Protocol’s Clean
Development Mechanism (ACMO0001 V.6 and AM0053 V.1), the EPA’s Climate Leaders Program (Draft
Landfill Offset Protocol, October 2006), the GE AES Greenhouse Gas Services Landfill Gas Methodology
V.1, the RGGI Model Rule (January 5, 2007) and the A6.4-SBM019-A02 - Mechanism methodology:
Flaring or use of landfill gas (version 01.0).
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Landfill Gas Flow
for Temperature
and Pressure

Dedicated Pipeline

ER
Equation 5.1. Calculating Project GHG Emission Reductions (ER)
ER = Methane destruction GHG emission reductions + Energy substitution GHG Emissions Reductions - Leakage
ERpgsr ERgs LKG
Equation 5.2 Equation 5.3 Equation 5.4
Calculating GHG Calculating GHG Calculating
Emission Emission Project Leakage
Reductions from Reductions from
CH4Destpr
! BE methane energy
Equation 5.7 Equati destruction substitution PE
Calculating quatlon. 5.6 Equation 5.12
Methane < Calculating Calculating Project
Emissions Ba.sel.me Emissions from
Destroyed Emissions b Methane Destruction
l l l l ,, | l
DESTbase Closeddicount NQdiscuunt DESTmax FFCOZ ELCOZ NGPR
Equation 5.8 Equation 5.9 Equation 5.10 Equation 5.11 Equation 5.13 Equation 5.14 Equation 5.15
Baseline Calculating Calculating Calculating Calculating Calculating Calculating
Adjustment for Baseline Baseline Baseline Project Emissions Project Emissions Project Emissions
Destruction at the Adjustment for Adjustment for Adjustment for from Fossil Fuel from Electricity from the Use of
Baseline Destruction of a Non-Qualifying Destruction for Use Use Supplemental
Scenario Qualifying Flare Devices Qualifying Natural Gas
at a Closed Devices v
Landfill
I PEleaks,transp PEleakS,pipe
Equation 5.16 Equation 5.17
v Calculating Calculating Project
LFG Project Emissions Emissions from
Equation 5.5 from Fossil Fuel leaks During the
Adjusting the Use Supply of LFG or
Biomethane to
Consumers
Through a

Figure 5.1. Organizational Chart for Equations in Section 5
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This Protocol quantifies separately two distinct sources of GHG emission reductions:
a) Emissions reductions from methane destruction; and
b) Emissions reductions from the displacement of fossil fuels, natural gas or other GHG-
intensive energy sources when recovered LFG or upgraded biomethane is used as an
energy substitute.

Equation 5.1. Calculating GHG Emission Reductions

ER = ERpgsr + ERgs — LKG

Where, Units
ER =  GHG emission reductions of project activity during the reporting period tCOze
ERpgsr =  Methane destruction GHG emissions reductions tCOz2e
ERgg =  Energy-substitution GHG emissions reductions tCOz2e
LKG =  Leakage tCOze

Emissions reductions associated with methane destruction account for baseline emissions and
for project emissions from the moment the landfill gas.is controlled.and extracted until it is
destroyed or used. Therefore, the methane destruction component includes project emissions
from the use of fossil fuels,€lectricity, or the transport of gas toiits final destination.

Equation 5.2. Calculating GHG Emission Reductions from methane destruction

ERDEST = BE - PE

Where, Units

ERbest =  GHG emission reductions of the project activity during the reporting tCO2ze
period

BE =  Methane Baseline emissions during the reporting period tCO2ze

PE = . Methane'Project emissions during the reporting period tCO2ze

Emissions reductions from energy displacement are estimated separately based on the amount
of energy generated by the project and the emission factor corresponding to the energy being
displaced by the project.

See Section 5.3 for detail on the quantification of GHG emissions reductions from energy
substitution and the displacement of GHG-intensive energy sources
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Equation 5.3. Calculating GHG Emission Reductions from Energy Substitution
ERgs = (EGg X EFg) + (EGopp X EFopr)

Where, Units
EREs =  Energy substitution GHG emission reductions tCO2e
EGg =  Total amount of energy generated by the project and used to Energy unit

displace grid electricity

= Electricity (in MWh or kWh) generated and exported to an
electricity system.

= Thermal energy (in MWhw, GJ or MJ) produced and
utilized outside the project installation.

= Volume of biomethane injected into a pipeline or used in
other uses outside of the project facility (cubic meters or
other units of volume) or equivalent quantity in MWht.

EF; = The emission factor represents.the amount of CO, emitted per unit tCO2e/Energy
of energy produced from the displaced grid electricity. Emission unit
factors must be expressed using same energy units as those used
for EG. See Section 5.3.1 for default values

EGorr =  Total amount of energy generated by the project and used to Energy unit
displace fossil fuel or other GHG intensive energy production in the
project facilities
= Electricity (in MWh or kWh) generated consumed onsite
» Thermal energy (in MWhi; GJ or MJ) produced and
utilized within the project facilities
= Volume of biomethane used within the project facilities
(cubic meters or other units of volume) or equivalent
quantity in MWhtn

EFypp = The emission factor represents the amount of CO, emitted per unit tCOze/Energy
of energy produced from the displaced fossil fuel or other GHG- unit
intensive energy source in the project facilities. Emission factors
must be expressed using same energy units as those used for EG.
Default emission factor shall be applied as per Appendix A

Leakage refers to additional GHG emissions that occur outside the project boundary as result of
the implementation of the Project, that would not occur in the absence of the Project. Typical
potential leakage sources are the transfer of baseline equipment, resource competition, or
upstream emissions tied to new infrastructure. The most relevant leakage sources are upstream
emissions associated with manufacturing new infrastructure or supplying energy or
infrastructure for the Project. However, these are negligible compared to the baseline methane
emissions. Hence, to cover all relevant leakage a 0.5% conservative default leakage discount
factor is applied, rather than account or model each category individually™2.

2 Based on A6.4-SBM019-A02 - Mechanism methodology: Flaring or use of landfill gas (version 01.0).
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Equation 5.4. Calculating Project Leakage

LKG = BE x0.005

Where, Units
LKG =  Leakage emissions in during the reporting period tCO2e
BE =  Methane Baseline emissions during the reporting period tCO2e
0.005 =  Leakage discount factor (0.5%) tCOze

If any of the landfill gas flow metering equipment does not internally correct for the temperature
and pressure of the landfill gas, separate pressure and‘temperature measurements must be
used to correct the flow measurement. Corrected values must be used in all of the equations of
this section. Apply Equation 5.5 only if the landfill.gas flow metering equipment does not
internally correct for temperature and pressure.

Equation 5.5. Adjusting the Landfill Gas Flow for Temperature and Pressure

T. P
LFGi,t = LFGunadjusted X ? X I
Where, Units
LFGit = Adjusted volume of landfill gas collected for the given time interval, m3 or scf
measured at 0°C (273.15 K) or 60°F and 1 atm
LFGunadusted = Unadjusted volume of landfill gas collected for the given time interval ~ m3or scf
T =  Measured temperature of the landfill gas for the given time period (K  Kor°R

= °C + 273.15; or °R = °F +459.67)

Te =  Conversion factor for temperature. Equal to either 520 °R or 273.15 K
P =  Measured pressure of the landfill gas in for the given time interval atm

5.1 Quantifying Baseline Emissions from Methane Destruction

Traditional baseline emission calculations are not required for this protocol for the quantification
of methane reductions. The baseline scenario assumes that all uncontrolled methane emissions
are released to the atmosphere except for the portion of methane that would be oxidized by
bacteria in the soil of uncovered landfills, absent the project.™

3 Landfill cover systems incorporating synthetic liners as part of the final cover systems should use a
default methane oxidation rate of zero. Refer to the Jurisdiction Module for guidance on selecting the
appropriate oxidation factor.
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As noted in Section 3.4.1, projects are grouped into different categories depending upon the
baseline state of the landfill and level of landfill gas management. These categories require a
slightly different methodology for calculating relevant baseline emissions.

1. Landfills where no previous destruction took place prior to project implementation must
deduct the following from baseline emissions:
a. The amount of methane that would have been oxidized by soil bacteria in the
absence of the project.

2. Landfills where previous collection and/or destruction took place with a non-qualifying
destruction device must deduct the following from baseline emissions
a. The amount of methane that would have been oxidized by soil bacteria in the
absence of the project.
b. The amount of methane destroyed from the non-qualifying destruction device
(Equation 5.7).

3. Landfills where previous collection and destruction took place with a qualifying
destruction device must deduct the following from baseline emissions:
a. The amount of methane that would have been oxidized by soil bacteria‘in the
absence of the project.
b. The amount methane that could have been destroyed if the baseline destruction
device was operating at full.capacity (Equation 5.11).

4. Closed landfills where previous collection and.destruction took place in a qualifying flare
must deduct the following from baseline emissions:
a. The amount of methane that would have‘been oxidized by soil bacteria in the
absence of the project.
b. The amountof methane collected by pre-project landfill gas wells and destroyed from
the qualifying flare (Equation 5.9).

5. Projects where an existing GCSS is connected to a new landfill cell that was previously
not affected by the GCSS must deduct the following from baseline emissions:
a.The amount of methane that would have been oxidized by soil bacteria in the
absence of the project.
b. If previous collection and destruction of methane from this cell (other than in the
project GCCS), then the appropriate amount of methane shall be deducted according
tothe guidance in items 2-4 above, depending on which is relevant.

These conditions ensure that the reductions resulting from the GHG project can be accounted
for separately from current collection and destruction. Only the landfill gas destroyed beyond
that resulting from the baseline collection and destruction system is considered additional (i.e.,
those reductions resulting from the implementation of a new GHG reduction project).

As stated above, landfill operations that meet the U.S. EPA definition of a bioreactor are not
eligible to use this protocol, as it is unclear what effects the bioreactor may have on the fugitive
methane emissions relative to baseline conditions.

This protocol accounts for the difference in electricity consumption between the baseline
scenario and the project by assuming no electricity consumption in the baseline and deducting
the annual indirect CO, emissions due to the project activity from the annual project emission
reductions.
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Equation 5.6. Calculating Baseline Emissions

BE = [(CH,Destpg) X GWP x (1 — 0X) X (1 — DF) X (1 — LRTp;s.)] — Destygse X (1 — 0X)

Where, Units
BE = Baseline emissions during the reporting period tCO2ze
CH4 Destrr = Total methane emissions destroyed by the project landfill tCH4

gas collection and destruction system — see Equation 5.4

GWP = Global Warming Potential factor of methane tocarbon tCO2e / tCH4
dioxide equivalent'

OX = Factor for the oxidation of methane by soil bacteria in the
baseline. Refer to the Jurisdiction Module for guidance on
selecting the appropriate oxidation factor.

Destoase = Adjustment to account for baseline LFG destruction device tCO2e
(see Equation 5.8). Equal to zero if no baseline LFG
destruction system is in place prior to project implementation

LRTbisc = Discount factor for regulatory requirements, if applicable.
Refer to the Jurisdiction Module Section 5

DF = Discount factor to account for uncertainties associated with
the project monitoring equipment (see Section 6.1). Equal to
zero if using.continuous methane monitor

The term CHsDestrr represents the amount of methane destroyed by the project. This term is
calculated according to Equation®.7.

Equation 5.7. Calculating Methane Emissions Destroyed

CH, Déstpy = Z(CH4Desti) X (Degax CON)
i

Where, Units
CH4Destrr = Total methane destroyed by the project landfill gas collection tCHa
and destruction system during the reporting period
CH4Desti = Net quantity of methane destroyed by destruction device i m3
during the reporting period
Dcha = Density of methane at standard conditions. Equal to either kgCH4/ m3CHa4
0.717 kgCHa/ m3CHa4 0r 0.423 Ib CH4/ scfCH4 orlb CHa/
scfCHa
CON = Conversion factor. Equal to either 0.001 tCH4 / kgCHa4 or tCH4 / kgCHa4 or
0.000454 tCHa4 / Ib CH4 tCHa4 / Ib CH4

4 Refer to Section 2.6.1 in the Reserve Offset Program Manual for the most recent GWP value.
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Equation 5.7. Continued.
CH , Dest, = Q. x DE,
Where, Units

CHa Dest; Net quantity of methane destroyed by device i during the m3 or scf

reporting period

Qi =  Total quantity of landfill methane sent to destruction device i m3 or scf
during the reporting period

DE; =  Default methane destruction efficiency for device i. 1516 See
Appendix B for default factors

And,

0, =S |LFG,, x PR, ,|
t
Where, Units

Qi =  Total quantity of landfill methane sent to destruction device i m3 / t or scf
during the reporting period

LFGit =  Total quantity of landfill gas fed to the destruction device /, in m3/ t or scf
time interval t, at standard temperature and pressure

t =  Time interval for which LFG flow and concentration
measurements are aggregated. Equal to one day for
continuously monitored methane concentration and one week for
weekly monitored methane concentration

PRcHa t = Average methane fraction of the landfill gas in time interval t as m3CH4/ m3LFG
measured or scf CHa4/ scf
LFG

15 |If available, the official source tested methane destruction efficiency shall be used in place of the
default methane destruction efficiency. Otherwise, project developers have the option to use either the
default methane destruction efficiencies provided, or the site-specific methane destruction efficiencies as
provided by a state or local agency accredited source test service provider, for each of the combustion
devices used in the project case. Site-specific methane destruction efficiency testing must occur every 12
months. See Appendix A for more information.

'8 The default destruction efficiencies for enclosed flares and electricity generation devices are based on
a preliminary set of actual source test data provided by the Bay Area Air Quality Management District.
The default destruction efficiency values are the lesser of the twenty fifth percentile of the data provided
or 0.995. These default destruction efficiencies may be updated as more source test data is made
available to the Reserve.
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For projects where methane was destroyed in the baseline, Equation 5.8 must be applied. This
equation accounts for the methane emissions calculated in Equation 5.6 which would have been
destroyed in the absence of the project activity.

Any project at a landfill where methane was collected and destroyed at any time prior to the

project start date — even if the prior collection and/or destruction system was removed or has
been dormant for an extended period of time — must apply the pre-project deduction.

Equation 5.8. Baseline Adjustment for Destruction at the Baseline Scenario

DeStbase = ((Closeddiscount + NQdiscount) X DCH4 X CON x GWP) + DeStmax

Where, Units

Adjustment to account for the baseline methane destruction tCO2e
associated with a baseline destruction.device. Equal to zero if
there is no baseline installation

Destbase

Closeddiscount = Adjustment to account for the methane that would‘have been mB3CHa or scf
combusted in the baseline flare from baseline wells at a closed CHas
landfill. Equal to zero if the project is not a flare project at a
closed facility. This value shall only be applied to projects
implemented at closed landfills where an existing qualifying flare
and its associated GCCS are demonstrated to be part of the
baseline scenario!”

NQuiscount = Adjustment.to.account for the methane that would have been m3CHa scf CH4
combusted in the baseline, non-qualifying combustion device.
Equal to zero if there is no non-qualifying combustion device

Destmax = Destruction of the un-utilized capacity of the baseline tCOze
destruction device. This.deduction is to be applied only when a
new destruction device is used.during project activity'®

Dcha =" Density of methane at standard conditions. Equal to either kgCHa4/ m3CHs
0.717 kgCH4/m3CH4 or 0.423 Ib CH4/ scfCH4 orlb CHa4/

scfCH4

CON = Conversion factor. Equal to either 0.001 tCH4 / kgCH4 or tCH4 / kgCHa4 0r
0.000454 tCHa4 / Ib CH4 tCHa4 / Ib CH4

GWP =. Global Warming Potential factor of methane to carbon dioxide tCO2ze / tCH4
equivalent

7 The Protocol assumes that methane already collected and combusted by a qualifying flare at a closed
landfill would continue to be destroyed in the absence of the project activity. Accordingly, these baseline
methane destruction quantities shall not be credited. Therefore, the Closedaiscount shall deduct the
corresponding baseline emission reductions from the total credited reductions. This adjustment shall be
based on the quantity of methane combusted under baseline conditions.

'8 The Protocol considers that any unused destruction capacity of an existing qualifying device could have
been used to destroy additional methane before installation of new destruction equipment. The Destmax
adjustment deducts the portion of emission reductions attributable to the unused baseline destruction
capacity. This adjustment is based on the available destruction capacity of the existing equipment.
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Closedgiscount and Destmax are not mutually exclusive. However, they must never be applied to the
same quantity of methane so that the same baseline methane is not deducted twice.

For these two parameters the corresponding baseline methane quantities shall be determined
using historical operating records, equipment design specifications, gas collection system
performance data, and other site-specific information necessary to substantiate baseline
operation and available destruction capacity.

Closedgiscount can be practically estimated from measured baseline landfill gas flow and methane
concentration. While Destmax can be estimated from the difference between the documented
maximum capacity and measured actual flow of the baseline destruction device, multiplied by
the measured methane concentration.

Where such information is unavailable or incomplete, conservative assumptions shall be applied
supported by the best available site-specific evidence, with appropriate documentation and
justification. Assumptions shall be selected using a reproducible, and scientifically defensible
approach that minimizes the risk of overstating baseline methane destruction. Where baseline
methane destruction cannot be demonstrated with sufficient evidentiary support, the
corresponding emission reductions shall not be credited.

Equation 5.9. Calculating Baseline Adjustment for Destruction of a Qualifying Flare at a Closed Landfill

Closeddiscount = LFGBl + BCH4,closed

Where, Units

Closeddiscount = Adjustment to account for the methane that would have been m3CHa or scf
combusted in the baseline flare from baseline wells at a closed CHas
landfill. Equal to zero if the project is not a flare project at a
closed facility

LFGe1 = Landfill gas from the baseline gas wells that would have been m3CHa or scf
destroyed by the qualifying destruction system during the CHa
reporting period
BcH4,closed = Methane fraction of landfill gas destroyed by the collection m3CHa4/ m3LFG
system during the reporting period orscf CH4/ or
scf LFG

NQuiscount may be determined using either of the following options:

1. NQuiscount Shall be equal to the measured quantity of methane recovered through an
active gas collection system installed into the corresponding cell or waste mass of the
landfill in which the baseline devices operated. The landfill gas flow from these active
wells shall be determined using Equation 5.7 above for a minimum of one month.™

2. NQuiscount shall be monitored and calculated per Equation 5.10.

'8 For the purpose of using Equation 5.4 to determine NQuiscount, the quantity of landfill gas would be only
that which is being metered from the corresponding cell or waste mass in which the baseline devices had
operated, and not necessarily all the landfill gas being destroyed by the destruction system.
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Equation 5.10. Calculating Baseline Adjustment for Non-Qualifying Devices

NQaiscount = LFGgz + Bey, ng

Where, Units
NQuiscount = Adjustment to account for the methane that would have been m3CHjs or scf
combusted in the baseline, non-qualifying combustion device. CH4

Equal to zero if there is no non-qualifying combustion device

LFGs2 = Landfill gas from the baseline gas wells that would have been m3CHa or scf
destroyed by the non-qualifying destruction system during the CH4
reporting period

Bchana = Methane fraction of landfill gas destroyed by<non-qualifying m3CH4/ m3LFG
devices in the baseline. Equal to average.methane orscf CH4/ or
concentration over the reporting period-if maximum capacity is scf LFG
used for LFGgz

Equation 5.11. Calculating Baseline Adjustment for Qualifying Devices

Dest gy = Z[(LFGB max,e — LFGg ) X PRegge] X 0.717 x 0.001 X GWP
t

Where, Units
Destmax = Deduction of the un-utilized capacity of the baseline destruction tCO2ze
device. This deduction is to be applied only when a new
destruction device is used during project activity. See Box 5.1
below for an example of the application of the Destmax adjustment
LFGemaxt = Maximum landfill gas flow.capacity of the baseline methane m3/ t
destruction device (standardized at sea level according to the
manufacturer specifications) in time interval t
LFGst = Actual landfill gas flow of the baseline methane destruction device m3/t
in time interval t
PRcHa t = Average methane fraction of the landfill gas in time interval t as m3CH4/ m3LFG
measured
t = “Time interval for which LFG flow and concentration measurements
are aggregated. Equal to one day for continuously monitored
methane concentration and one week for weekly monitored
methane concentration
0.717 = Density of methane at standard conditions, 0°C, 1 atm kgCHa/ m3CHa
0.001 = Conversion factor tCH4 / kgCHa4
GWP = Global Warming Potential factor of methane to carbon dioxide tCO2ze / tCH4

equivalent
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Box 5.1. Applying the Destmax Adjustment

This adjustment was designed to help differentiate system upgrades from truly new and additional
projects, while encouraging project developers to use their landfill gas beneficially. In short, this
methodology assumes that any gas which could have been destroyed in the baseline qualifying device
is not additional; diversion of that gas to a new destruction device represents an upgrade. Therefore,
this term deducts from calculated project reductions that portion of gas which, in the absence of the
new destruction device still could have been destroyed.

Example:

An active flare with a capacity of 30 m3/min was installed at a landfill in 2007. Therefore, because this
flare was operational before August 15, 2008, the landfill gas control system is ineligible as a project
under this protocol. However, in 2009, an electric generator with a 60 m3/min capacity was installed,
and all landfill gas was diverted to this device. The addition of the electric generator meets the
eligibility requirements of this protocol, and therefore qualifies as a new project. Because the baseline
flare is a qualifying destruction device under this protocol and is not eligible as a project due to other
eligibility criteria (i.e., operational date), it must be accounted for using the Destmax adjustment.

In 2009, 25 m3/min sent to generator, and 0 m3/min was sent to the flare. In the year 2010, due to
landfill expansion and installation of additional wells, the generator destroyed 40 m3/min while the flare
was non-operational. In 2011, further well expansion allowed the generator to operate at full capacity
and the flare was used to destroy an additional 10 m3/min of landfill gas.

Calculations:

Generator Flare Flare Project
Destruction | Capacity Destruction | Deduction Reductions
Year (m3/min) (m3/min) (m3min) (m3/min) (m3/min)
2009 25 30 0 30 -5 (0)
2010 40 30 0 30 10
2011 60 30 10 20 40

Note: This example and the calculations are significantly simplified for illustrative purposes. The
example values are calculated on a cubic meter per minute of landfill gas basis. Reporters are actually
required to report the cumulative value of methane gas sent to the destruction device for each time
interval t.

5.2_Quantifying Project Emissions from Methane Destruction

Certain GHG emissions may occur or increase as a result of the project activity, and therefore
must be deducted from the overall project reductions. These added emissions are typically a
result of the increased use of fossil-derived energy used to power project blowers, monitoring
equipment, support vehicles, or gas treatment. As such, the following categories of emissions
must be accounted for under this protocol:

= Total annual indirect carbon dioxide emissions resulting from consumption of electricity
from the grid

= Total annual carbon dioxide emissions from the on-site destruction of fossil fuel

= Total annual carbon dioxide emissions from the combustion of supplemental natural gas

= Total annual methane emissions from the incomplete combustion of supplemental
natural gas

However, unlike the emissions from incomplete destruction of supplemental natural gas, those
resulting from incomplete destruction of landfill gas or the fugitive release of landfill gas do not
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need to be accounted for. It is assumed that these would have been released to the atmosphere
in the baseline scenario as well.

Project emissions shall be calculated using Equation 5.12.

Equation 5.12. Calculating Project Emissions from Methane Destruction

PE = FFCOZ + ELC02 + NGpg + PEleaks,transp + PEleaks,pipe
Where, Units
PE = Project emissions during the reporting period tCOze
FFcoz = Total carbon dioxide emissions from the destruction of fossil fuel tCO2
during the reporting period
ELcoz = Total indirect carbon dioxide emissions from the consumption of tCO2
electricity from the grid during the reporting period
NGer = Total quantity of emissions from supplemental natural gas, including tCO2ze
both uncombusted methane and carbon dioxide emissions during the
reporting period
PEoqks transp Emissions from leaks during transportation.of LFG or biomethane tCO2ze
PEcqks pipe Emissions from leaks during the supply.of LFG or biomethane to tCO2e
' consumers.through a dedicated pipeline
Equation 5.13. Calculating Project Emissions from Fossil Fuel Use
Z(FFPR,]' x EFFF,j)
FF, /
o 1000
Where, Units
FFcoz = Total carbon dioxide emissions from the destruction of fossil fuel tCO2
during the reporting period
FFerj = Total fossil fuel consumed by the project landfill gas collection and volume of
destruction system during the reporting period, by fuel type j fossil fuel
EFre, = Fuel specific emission factor. See Appendix B kg CO2/
volume fossil
fuel
1000 = Conversion factor kgCO2/tCOz2
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Equation 5.14. Calculating Project Emissions from Electricity Use

ELPR X EFEL
ELCOZ = CON
Where, Units
ELcoz = Total indirect carbon dioxide emissions from the consumption of tCO:2
electricity from the grid during the reporting period
ELprr = Total electricity consumed by the project landfill gas collection.and MWh
destruction system during the reporting period
EFeL = CO:2 emission factor for electricity used kgCO2/ MWh
orlb CO2/
MWh
CON = Conversion factor. Equal to 1000 kgCO2/1CO2zor 2204.62 Ib CO2/ kgCO2/tCO:2
tCO2 orlb CO2/
tCO:2

In case electricity consumed comes from the grid or a known electricity system the emission factor for
electricity consumption (EFeL) is a default value determined by the share of renewable and nuclear
generation (excluding solar & wind) in the electricity system. The applicable default emission factors2°
are:

e 1.30tCO,/MWh when the grid has = 33% renewable and nuclear generation (excluding solar &
wind), or when the share is unknown

e 0.871tCO,/ MWh when.the grid has > 33% and< 67% renewable and nuclear generation
(excluding solar & wind)

e 0.44tCO,/ MWh when the grid has > 67% renewable and nuclear generation (excluding solar &
wind)
For project-owned (captive) electricity/generation, a fixed factor of 1.30 t CO, / MWh must be applied.

Equation 5.15. Calculating Project Emissions from the Use of Supplemental Natural Gas

12 44
NGpg'= Z [NGl- X NGeiry % Depy X CON X [((1 — DE;) X GWP) + (DEL- X —— X )”
i

16~ 12
Where, Units
NGrr = Total emissions from supplemental natural gas during the reporting tCO:ze
period, including both uncombusted methane and carbon dioxide
emissions
NGi = Total quantity of supplemental natural gas delivered to the m3

destruction device i during the reporting period

DE;i = Methane destruction efficiency of destruction device i. See
Appendix B

20 Conservative default emission factors based in A6.4-AMT-007 Methodological tool - Emissions from
electricity generation and Consumption https://unfccc.int/sites/default/files/resource/A6.4-AMT-007-

v01.0.pdf
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NGchs = Average methane fraction of the supplemental natural gas as m3CHa4/ m3FFG
provided for by fuel vendor

Dcra = Density of methane. Equal to 0.017 kgCH4/ m3CHa40r 0.423 Ib CHs  kgCH4/ m3CHa
/ scf CH4 or b CH4/ scf

CHa

CON = Conversion factor. Equal to 1000 kgCOz2/ tCO20r 2204.62 Ib CO2/  kgCO2/tCOzor
tCO:2 Ib CO2/tCO:2

GWP = Global Warming Potential factor of methane to carbon dioxide tCO2e / tCH4
equivalent

12/16 = Carbon ratio of methane C/CHas

44/12 = Carbon ratio of carbon dioxide COz2/C

Equation 5.16. Calculating Project Emissions from Leaks of Methane Transported to Consumers

PEleaks,transp = GWP x (Msent - Mdelivered)

Where, Units

PE;.qks transp Emissions from leaks during transportation of LFG or biomethane tCO2ze

GWP =  Global Warming Potential factor of methane to carbon dioxide tCOze /
equivalent tCHa4

Mgent = Amount of methane in the LFG or biomethane which is sent to trucks  tCH4

M getivered = " Amount of methane in LFG or biomethane which is delivered to tCH4
consumers<using trucks

Equation 5.17. Calculating Project Emissions from leaks During the Supply of LFG or Biomethane to
Consumers Through a Dedicated Pipeline

PEcqkspipe = 0.0504 X 2.2 XM

sent,pipe
Where, Units
PE;oaks pipe - Emissions from leaks during the supply of LFG or biomethane to tCO2e
' consumers through a dedicated pipeline
0.0504 =  Conversion factor TJ/
tCHa

2.2 =  Default emission factor for the supply of LFG to consumers due to tCOze /

physical leakage through the dedicated pipeline?' TJa
Mgent pipe = Amount of methane in the LFG or biomethane which is sent to the tCH4

consumer through a dedicated pipeline

21 Based on A6.4-SBM019-A02 - Mechanism methodology: Flaring or use of landfill gas (version 01.0).
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5.3 Quantifying GHG Emissions Reduction from the Displacement of
GHG-Intensive Energy Sources

The displacement of fossil fuels, natural gas or other GHG-intensive sources of energy use and
associated GHG emissions reductions can be quantified using a direct standardized approach
as described above in Equation 5.3.

Emissions Reduction from the Displacement of GHG-Intensive Energy Sources shall be
determined based on the project type and the intended use of the recovered landfill gas. The
applicable emission sources and quantification methods shall be defined in accordance with the
specific project configuration and end use. Refer to the jurisdiction Module to determine the
project’s LFG to energy eligibility and establish the applicability of this section.

5.3.1 Emissions reductions associated with electricity generation

The project must quantify the amount of electricity,typically measured in megawatt-hours
(MWh) or kilowatt-hours (KWh), supplied to the grid or consumed in the project facility and
replacing other sources of energy during the reporting period. Electricity supplied to the grid
shall be quantified in a verifiable manner using supporting evidence of electricity sales, while
electricity consumed on site shall be directly measured using electricity meters installed at the
relevant consumption points.

The determination of the emission factor for electricity generation depends on the electricity
generation scenario and the electricity displacement??:

= |f electricity generated is sent to the grid, the emission factor refers to the amount of
CO2e emitted for each unit of electricity displaced from the grid in tCO2e/MWh in the
year of the reporting period. Apply one of the following default values for EFg:

o 0.2 tCO2/MWh for electricity supplied to the electric grid where the proportion of
renewable energy (including solar and wind) and nuclear energy in the annual
electricity generation in the electric grid is 33% or less for the latest year which
data is available

e 0.1 tCO2/MWhn for electricity supplied to the electric grid where the proportion of
renewable energy (including solar and wind) and nuclear energy in the annual
electricity generation in the electric grid exceeds 33% but is less than 67% for the
latest year which data is available

¢ 0.03 CO2/MWh for electricity supplied to the electric grid where the proportion of
renewable energy (including solar and wind) and nuclear energy in the annual
electricity generation in the electric grid exceeds 67% for the latest year which
data is available, or where its proportion is uncertain

= |f electricity generated is used in the project facilities in an off-grid energy system (e.g.:
diesel, petrol or gas engine) that was previously using fossil fuels or natural gas, the
emission factor shall reflect the fuel that was consumed in the baseline scenario
adjusted for used system efficiency.

» Default emission factor shall be applied as per Appendix AjError! No se
encuentra el origen de la referencia..

22 Based on A6.4-SBM019-A02 - Mechanism methodology: Flaring or use of landfill gas (version 01.0).
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= |f there is a combination of previous two options, both types of energy displacement shall
be differentiated and accounted separately to sum up the total GHG emissions
reductions from electricity displacement.

5.3.2 GHG emissions reductions associated with heat generation

The project developer must quantify the amount of thermal energy produced and used by the
project in gigajoules (GJ) or megajoules (MJ) replacing other sources of energy during the
reporting period. The amount of thermal energy must be quantified in'a verifiable manner
through calorimeters on the heat system or commercial meters.

The emission factor for heat generation refers to the most updated CO. emission factor of the
fossil fuel type used for heat generation by the project equipment in the baseline (t CO2/MJ; t
CO,/GJ or equivalent in t CO2/MWhy).

= Default emission factor shall be applied as{per Appendix A.

5.3.3 Avoided emissions associated with natural gas use

The PD must quantify the amount of upgraded biogas used or.supplied to end users during the
reporting period that replaces the use of natural gas from the baseline scenario. The amount of
upgraded biogas must be quantified in a verifiable manner with evidence of the sale of
upgraded biogas supplied to a network or individualend user at an off-site location or by means
of consumption meters onsite.

The emission factor for natural gas'is the average CO. emission factor of natural gas in the
natural gas network or dedicated pipeline or used in vehicles during the reporting period (t
CO2e/TJ or equivalentin t CO2/MWhy)

o Default emission factor shall be applied as per Appendix A
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6 Project Monitoring

The Reserve requires a monitoring plan to be established for all monitoring and reporting
activities associated with the project. The monitoring plan will serve as the basis for verifiers to
confirm that the stipulations of Sections 6 and 7 have been and will continue to be met, and that
consistent, rigorous monitoring and record-keeping occurs. The monitoring plan does not
require ISO or any other certification but must cover all aspects of monitoring and reporting
contained in this protocol and must specify how data for all relevant parameters in Table 6.1 will
be collected and recorded.

At a minimum the monitoring plan must include a written account of the frequency of data
acquisition; the record keeping plan (see Section 7.2 for minimumrecord keeping
requirements); the frequency of instrument cleaning, inspection; field check and calibration
activities; and the role of the individual performing each specific monitoring activity, as well as
QA/QC provisions to ensure that data acquisition and meter calibration are carried out
consistently and with precision. The monitoring plan shall also contain a detailed diagram of the
landfill gas collection and destruction system, including the placement of all meters and
equipment that affect SSRs within the GHG Assessment Boundary (see

Figure 4.1).

Finally, the monitoring plan must include procedures that the project developer will follow to
ascertain and demonstrate that the project.at all times passes the Legal Requirement Test
(Section 3.4.2).

Project developers are responsible for monitoring the performance of the project and operating
the landfill gas collection and.destruction system in-a manner consistent with the manufacturer’s
recommendations for each component of the system.

6.1 Monitoring Requirements

Project developers are responsible for monitoring the performance of the project and operating
the landfill gas collection and destruction system in @ manner consistent with the manufacturer’s
recommendations for each component of the system. Methane emission reductions from landfill
gas capture and control systems must be monitored with measurement equipment that directly
meters:

» The flow of landfill gas delivered to each destruction device, measured continuously and
recorded every 15 minutes or totalized and recorded at least daily, adjusted for
temperature and pressure.

= The fraction of methane in the landfill gas delivered to the destruction device, measured
continuously and recorded every 15 minutes and averaged at least daily (measurements
taken at a frequency that is between daily and weekly may be used with the application
of a 10% discount in Equation 5.3). Projects may not be eligible for crediting if methane
concentration is not measured and recorded at least weekly.

= The operational activity of the destruction device(s), monitored and documented at least
hourly to ensure landfill gas destruction.

When GHG emissions reductions from energy displacement are quantified, project developers
are responsible for monitoring the performance of the destruction system as expressed above
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and provide evidence of the emissions reductions. Depending on which is the final use of the
landfill gas, different aspects shall be monitored to accurately estimate emissions reductions.

» |f LFG is used to generate electricity, the quantity of electricity produced must be
monitored (typically measured in megawatt-hour MWh). It is also necessary to
differentiate between the electricity exported to the grid and the portion used internally.
Measurements must be made with electricity meters in accordance with national
standards or requirements set by the grid operator. Meters must be installed at the grid
interface, or at the entrance of the electricity consumption source. In addition, in projects
selling electricity the readings shall be cross-checked with electricity sale receipts.

= |f LFG is used to produce thermal energy, the amount of heat generated is expressed in
gigajoules (GJ). Measurements shall be made with a calorimeter, or estimated as the
product of the mass of methane from the LFG collected for heat generation used during
the period under review, the calorific value of methane, and the thermal efficiency of the
heat generation?. Continuous monitoring of the flow of LFG is mandatory. Calorific value
and conversion efficiency must be justified and documented.

» |n cases where LFG is used directly as afuel'in place of natural gas, other fossil fuels or
GHG-intensive sources of energy, the volume of LFG consumed, and its energy content
shall be monitored. The energy content can be estimated as the product of the mass of
methane from the LFG collected for heat generation used during the period under
review, the calorific value of methane, and the thermal efficiency of the heat generation.
Continuous monitoring of the flow of LFG is mandatory. Calorific value and conversion
efficiency must be justified and documented.

All calculations or estimations performed to determine the energy produced must be
transparent, conservative' and reproducible by the verification team.

If discontinuous CH4 concentration monitoring is to be employed, then the project developer
shall develop a prescriptive methodology for how such monitoring is to be carried out. The
method should be reasonable to the circumstances of the project and shall be consistently
applied throughout the reporting period. Any such methodology, and adherence to the
methodology (or otherwise), should be clearly set out in the project monitoring report.

Methane fraction of the landfill gas is.to be measured on a wet/dry basis, depending on the
basis (i.e.; measured on the same basis) of measurement for flow, temperature, and pressure.
The methane analyzer and flow meter shall be installed in the same relative placement to any
moisture-removing component separating the measurement of the landfill gas system, where
the moisture-removing component is not separating the measurement of flow and methane
fraction. The meters. themselves should also operate on the same basis (i.e., if one meter
internally dries the sample prior to measurement, the same should occur at the other meters).
An acceptable variation to this arrangement would be in the case where flow is measured on a
dry basis, while the methane concentration is measured on a wet basis. The opposite
arrangement is not permissible. No separate monitoring of temperature and pressure is
necessary when using flow meters that automatically correct for temperature and pressure,
expressing LFG volumes in normalized cubic meters.

A single flow meter may be used for multiple destruction devices under certain conditions. If all
destruction devices are of identical efficiency and verified to be operational, no additional steps

23 Based on A6.4-AMT-005: Mass flow of a greenhouse gas in a gaseous stream (version 01.0).
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are necessary for project registration. Otherwise, the destruction efficiency of the least efficient
destruction device shall be used as the destruction efficiency for all destruction devices
monitored by this meter.

If there are any periods when not all destruction devices measured under a single flow meter
are operational, methane destruction during these periods will be eligible provided that the
verifier can confirm all of the following conditions were met:

1. The destruction device efficiency of the least efficient destruction device in operation
shall be used as the destruction efficiency for all destruction devices monitored by this
meter; and

2. All devices are either equipped with valves on the input gas line that close automatically
if the device becomes non-operational (requiring no‘manual intervention), or designed in
such a manner that it is physically impossible forgas to pass through while the device is
non-operational; and

3. For any period where one or more destruction devices within this arrangement is not
operational, it must be documented that the remaining operational devices have the
capacity to destroy the maximum gas flow recorded during the period. For devices other
than flares, it must be shown that the output corresponds to the flow of gas.

By allowing for a single device to monitor operational activity at multiple destruction devices, it
shall not be construed to relax the requirement for hourly operational data for all destruction
devices. Rather, this arrangement permits a specific metering arrangement during periods when
one or more devices are known.to not be operating. In order to know the operational status of a
device, it must be monitored. All destruction devices must have their operational status
monitored and recorded at least hourly. In other words, the project dataset will include an
indication of operational status corresponding to each hour of landfill gas data. If these data are
missing or never recorded for a particular device, that device will be assumed to be not
operating and no emission.reductions may be claimed for landfill gas destroyed by that device
during the period when data are missing.

All flow data collected must be corrected for temperature and pressure at 0° C and 1 atm. If any
of the landfill gas flow metering equipment does not internally correct for the temperature and
pressure of the landfill gas, separate pressure and temperature measurements must be used to
correct the flow measurement. The temperature and pressure of the landfill gas must be
measured continuously. Corrected values must be used in all of the equations of this section.
Apply Equation 5.2 only if the landfill gas flow metering equipment does not internally correct for
temperature and pressure:

Often, the direct measurement instrument also uses a data recorder to store and document the
landfill gas flow and methane concentration data and can be tailored to provide the amount of
methane (by volume) collected from the landfill on a periodic basis as specified by the operator.

The continuous methane analyzer should be the preferred option for monitoring methane

concentrations, as the methane content of landfill gas captured can vary by more than 20%
during a single day due to gas capture network conditions (dilution with air at wellheads,
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leakage on pipes, etc.).?* When using the alternative approach of weekly methane concentration
measurement using a calibrated portable gas analyzer, project developers must account for the
uncertainty associated with these measurements by applying a 10% discount factor to the total
quantity of methane collected and destroyed in Equation 5.3.

Figure 6.1 represents the suggested arrangement of the landfill gas flow meters and methane
concentration metering equipment.
@ Flare

@ @ @ @ Power Plant
Landfill >

A

A

Landfill Gas (LFG) @
> Pipe
Measurements:
CH, = Fraction of CH,4
T = Temperature _
P = Pressure q Boiler

F = Flow of LFG (m®)

Note: The number of flow meters must be sufficient to track the total flow as well as the flow to each destruction
device. The above scenario includes onemore flow meter than would be necessary to achieve this objective.
Source: Consolidated baseline methodology for landfill. gas project activities, Clean Development Mechanism,
Version 07, Sectoral Scope 13 (2007).

Figure 6.1: Suggested Arrangement of LFG Metering Equipment

The‘operational activity of the landfill gas collection system and the destruction devices shall be
monitored.and documented at least hourly to ensure actual landfill gas destruction. GHG
reductions will not be accounted for during periods which the destruction device was not
operational. For flares, operation is defined as thermocouple readings above 260°C (unless
otherwise specified in manufacturer’s guidance). For all other destruction devices, the means of
demonstration shall be determined by the project developer and subject to verifier review. If
relying on the difference between ambient temperatures and temperatures recorded by a
thermocouple to demonstrate operational activity (instead of using a fixed temperature
threshold), then a temperature difference of at least 93°C shall be used. If any destruction
device is equipped with a safety shut off valve that prevents biogas flow to the destruction
device when not operational, then demonstrating the presence and operability of the shut off
valve will be sufficient to demonstrate operational activity of that device.

24 Consolidated baseline methodology for landfill gas project activities, Clean Development Mechanism,
Version 07, Sectoral Scope 13 (2007).
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In “direct use” scenarios where landfill gas is delivered offsite to a third-party end user (not to a
commercial natural gas transmission and distribution system or to a facility under management
control of the project operator), reasonable efforts must be made to obtain data demonstrating
the operational status of the destruction device(s). If it is not possible to obtain such data, the
verifier must use their professional judgment to confirm that there has been no significant
release of project landfill gas and that the project developer is using the destruction efficiency
value appropriate for the end use. Evidence that may assist a verifier in making a determination
to that effect may include, but is not limited to, one or more of the following:

= A signed attestation from the third-party operator of the destruction device that no
catastrophic failure of destruction or significant release of landfill gas occurred during the
reporting period, and that the safety features and/or design of the destruction equipment
are such that the destruction device does not allow landfill gas.to pass through it when
non-operational and/or that the project developer is@able to switch off the flow of landfill
gas offsite in the event of emergencies (and has.rigorous procedures in place to ensure
such shutoff occurs immediately)

= The verifier confirming the same via a first-person interview with the third-party operator

= Examination of the safety features and/or design of the destruction equipment, such that
the destruction device does not allow landfill gas to pass through it when non-operational
and/or that the project developer is.able to switch off the flow of landfill gas offsite in the
event of emergencies (and has rigorous.procedures in place to ensure such shutoff
occurs immediately)

= Records that can corroborate the type and level of operation of the destruction device
during the reporting period, such as engine output data, etc.

If the verifier is reasonably assured that no significant release of landfill gas has occurred offsite
during the reporting period, the project can use the destruction efficiency appropriate to that
offsite destruction device, despite the lack of hourly data from a monitoring device confirming
operational status.

6.1.1 <Indirect Monitoring Alternative

As an alternative to the direct measurement of LFG, projects may instead choose to
demonstrate volumes of CHs destroyed using output data for their destruction device. Where the
output of destruction devices (such as gensets) is measured via the use of a commercial
transfer meter (i.e., a meter whose output is used as the basis for the quantification under an
energy delivery contract), which is subject to regular, professional maintenance, the project may
use such data asthe basis for determining the volume of CH4 destroyed. The meter output shall
be subjected to an appropriate conversion methodology to calculate the volume of CH4
destroyed during the reporting period. If using the indirect monitoring alternative, the commercial
meter must be maintained by appropriately-trained professionals, in accordance with
manufacturer requirements. In scenarios where projects are able to control the maintenance of
such meters, the QA/QC requirements in Section 6.2 apply. In scenarios where projects are not
able to control the maintenance of such meters, reasonable efforts must be made to obtain
documentation demonstrating manufacturer maintenance requirements have been met during
the reporting period.
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The monitoring methodology to be employed must be clearly set out in the project monitoring
report, it must be applied consistently throughout the reporting period, and it must be
demonstrated to the satisfaction of the project’s verifier and the Reserve that the use of such
data and methodology is reasonable under the circumstances, and results in a conservative
estimation of the volume of CH4 destroyed.

6.2 Instrument QA/QC

The measurement equipment is sensitive to gas quality (humidity, particulate, etc.), so a strong
QA/QC procedure for the calibration of this equipment should be built into the monitoring plan,
as detailed below.?> Monitoring instruments shall be inspected and calibrated according to the
following schedule.

All gas flow meters and continuous methane analyzers mustbe:
» |Inspected on a quarterly basis, with activities documented.

* Field checked for calibration accuracy by a third-party technician?® with the “as found”
documented, using either a portable instrument (such as<a pitot tube) or manufacturer
specified guidance, at the end of — but no more than two months prior to or after — the
end date of the reporting period?’

= Calibrated by the manufacturer or a certified third-party calibration service per
manufacturer’s guidance or every 5 years when calibration frequency is not specified by
the manufacturer.

Electricity meters will be subject to. regular maintenance and testing in accordance with the
manufacturer's recommendations and/or as per the requirements set by the grid operator or
national requirements.

If a stationary meter that was in use for 60 days or more — which may span longer than one
reporting period — is removed and not reinstalled. during a reporting period, that meter shall
either be:
» field-checked (with percent drift documented) for calibration accuracy by a properly
trained individual within 2 months prior to removal; or
= calibrated (with percent drift documented) by the manufacturer or a certified calibration
service (with as-found results recorded) prior to commencement of verification services
forthe relevant reporting period.

If the QA/QC requirements are not performed and properly documented, no GHG credits may
be generated for that reporting period.

25 The monitoring plan should clarify that the QA/QC requirements are prescriptive, and it is not
appropriate for the landfill staff to apply their professional judgement on whether these requirements are
necessary.

26 A verification body may conduct a third-party field check, given the field check is performed in the
prescribed time frame, and the verification body is not the same as the entity verifying the relevant
reporting period.

27 Instead of performing field checks, the project developer may instead have equipment calibrated by the
manufacturer or a certified calibration service per manufacturer’'s guidance, at the end of — but no more
than two months prior to or after — the end date of the reporting period to meet this requirement, with “as-
found” and “as-left” conditions documented.
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Inspections

All meters must be inspected on a quarterly basis, with activities performed documented.
Additional maintenance (e.g., sensor cleaning) and inspections must be performed if
recommended by the manufacturer with procedures clearly outlined in the Monitoring Plan. The
project developer may include additional maintenance and inspections in the project Monitoring
Plan to ensure the operability of all landfill gas project equipment.

Inspections are to be considered a qualitative assessment of monitoring equipment to ensure
ongoing maintenance between calibrations. They may be performed by site personnel and
should, at a minimum, include the following:

Date and time performed;

Device serial number(s) and location;

Qualitative observations of relevant equipment;

Corrective measures taken if instrument does not meet performance specifications; and
Staff member’s name performing the activities.

It is recommended that project developers create a template form that is included in the
project’s monitoring plan for staff to complete during ongoing maintenance and inspections.
Personnel conducting the inspection should confirm that the monitoring equipment is functioning
properly. Photographic evidence may be provided along with the above documentation but
should not be considered sufficient without a supporting narrative.

Field Checks

A field check is an on-site validation of a meter to determine drift and assure accuracy. All flow
meters and continuous methane analyzers must be field checked for calibration accuracy by a
third-party technician with the percent drift documented, using either a portable instrument (such
as a pitot tube) or manufacturer specified guidance. A third-party technician is defined as an
entity with no material interest.in the project, and.their only role in the project is to conduct the
field checksServices may be provided by the manufacturer, a manufacturer recommended
servicer; or an ISO 17025 accredited laboratory or technician. A verification body may conduct a
third-party field check, given that the verification body is not the entity providing verification
services for the relevant reporting period and all field checks are disclosed in subsequent
conflict of interest evaluations. For example, verification body A conducts the field check for the
first reporting period, the project must hire a different verification body to conduct verification
services for that reporting period. Then verification body A conducts the second reporting
period, they must disclose field check services when submitting the notification of verification
activities and conflict of interest evaluation.

All flow meter, continuous methane analyzer, and portable methane analyzer field checks and
calibrations must have “as found” and “as left” conditions?® documented and percent drift
calculated and recorded. The “as found” condition is always required; however, the “as left”
condition is only required when the technician cleans or otherwise modifies the meter prior to
reinstalling the device. The percent drift must be assessed relative to the expected reading
rather than the full-scale reading of the device.

28 “As found” condition is defined as the accuracy of the device before it has been cleaned or calibrated,
and the “as left” condition is the accuracy of the device after it has been cleaned or calibrated. This is
quantitative documentation of the accuracy of the meter as opposed to qualitative descriptions.
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Continuous methane analyzers must be field checked against a known reference gas at a range
of conditions expected at the project. For example, if the methane concentration of the landfill
gas is typically in the 45-60% methane range, then a methane analyzer can be field checked
against a known 50% methane concentration sample. Each field check must have the meter’s
reading before (i.e., “as found”) any calibration and/or cleaning must be documented. A meter is
tested against a known sample of 50% methane concentration prior to cleaning and the result of
the device’s reading is considered the “as found” condition. The technician may then clean
and/or calibrate the meter before conducting the test again against the same known sample,
recording the “as left” condition. The percent drift is calculated relative to the known sample (i.e.,
50%), as opposed to the manufacturer’s defined full-scale reading.

Field checks for flow meters must be conducted against volumetric flow. Similarly to continuous
methane analyzers described above, a field check for a flow meter must.assess the “as found”
and “as left” conditions and document percent drift relative.to the expected.conditions present at
the project site.

At a minimum, field checks must occur at the end of — but no more than two months prior to or
after — the end date of the reporting period. For example, if the reporting period follows the
calendar year ending on December 31st, then a field check. must be completed in the 4-month
window between November and February each year as shown in the figure below.

| Jan_| Feb | Mar_|Apr_|May [Jun | Jul | Aug |Sept |Oct |Nov |Dec_Jan_|Feb |
Q1 Q2 Q3 Q4

Field Check Required

| |

RP Start RP End

Figure 6.2. Timeline for annual field check requirement

If calibrations are performed instead of conducting field checks, the “as found” and “as left”
conditions must be documented. Flow meter calibrations shall be documented to show that the
meter was calibrated to a range of flow rates corresponding to the flow rates expected at the
landfill. Flow meter calibration accuracy may be conducted in an alternative unit of measure
(e.g., milliwatts) if deemed appropriate by the manufacturer. Methane analyzer calibrations shall
be documented to show that the calibration was carried out to the range of conditions
(temperature and pressure) corresponding to the range of conditions as measured at the landfill.

A project may conduct field checks more frequently than required by the protocol. Additional
field checks carried out during the reporting period at the project developer’s discretion may be
performed by an individual that is not a third-party technician. In this case, the competency of
the individual and the accuracy of the field check procedure must be assessed and approved by
the verification body. The additional field check procedures must be clearly outlined in the
project’s monitoring plan and the monitoring report must disclose the actions performed and the
individual’s name performing the field check. If a field check identifies a reading accuracy
outside of a +/- 5% threshold for accuracy, the data must be adjusted for the period beginning
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with the last successful field check or calibration event up until the meter is confirmed to be in
calibration. Thus, more frequent field checks will reduce the amount of data required to be
adjusted, as prescribed below.

If the meter is found to be measuring outside of a +/- 5% threshold for accuracy, the data must
be adjusted for the period beginning with the last successful field check or calibration event up
until the meter is confirmed to be in calibration (unless the last event occurred during the prior
reporting period, in which case adjustment is made back to the beginning of the current
reporting period). Refer to the scaling procedures for meters outside of the accuracy threshold
provided below. If, at the time of the failed field check, the meter is cleaned and checked again,
with the “as-left” condition found to be within the accuracy threshold, a full calibration is not
required for that piece of equipment. This shall be considered a failed field check, followed by a
successful field check. The data adjustment shall be based on the percent drift recorded at the
time of the failed field check. However, if the “as-left” condition remains outside of the +/- 5%
accuracy threshold (whether or not additional cleaning and accuracy testing occurs), calibration
by the manufacturer or a certified service provider is required for that piece of equipment.

Calibrations

All meters must be calibrated per manufacturer’s guidance or every 5 years when calibration
frequency is not specified by the manufacturer. Calibrations may be performed by the
manufacturer, by a laboratory recommended by the manufacturer, or by an ISO 17025%°
accredited laboratory. Having a representative from an accredited or approved calibration
service come on site to conduct the calibration is also permissible.for this protocol.

Flow meter and methane concentration analyzer calibrations shall be documented to show that
the meter was calibrated to a range of flow rates corresponding to the flow rates expected at the
landfill. Flow meter calibration accuracy may be conducted in an alternative unit of measure
(e.g., milliwatts) if deemed appropriate by the manufacturer. Methane analyzer calibrations shall
be documented to show.that the calibration was carried out to the range of conditions
(temperature and pressure) correspondingto.the range of conditions as measured at the landfill.

Conformance with the factory calibration requirement is only required during periods of time
where data gathered by the meter.are used for emission reduction quantification. Periods where
the meter did not meet this requirement will not cause the project to fail this requirement,
provided the meter was not being used for project emission reduction quantification during such
periods, and provided the meter was brought back into conformance before being employed to
gather project data. Periods while the meter is not in use must still be considered when
determining when to calibrate the device. For example, a continuous flow meter was calibrated
on January 1, 2015 and the manufacturer requires the device to be calibrated every 5 years.
The meter was in use beginning February 1, 2015 and was removed on December 31, 2016,
and then re-installed February 1, 2020. The flow meter must be calibrated by January 1, 2020 in
order to be in conformance with the manufacturer specifications.

Portable Instruments

If a portable instrument either:

2% An alternative accreditation may be accepted pending Reserve approval.
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1. acquires project data (e.g., a handheld methane analyzer is used to take weekly
methane concentration measurements), or

2. is used to field check the calibration accuracy of equipment that acquires project data
and the portable instrument produces a data output that is or could be used in emission
reduction calculations (i.e., flow or concentration); then,

the portable instrument shall be maintained and calibrated per the manufacturer’s specifications,
by a laboratory recommended by the manufacturer, or by an 1ISO 17025 accredited laboratory*
or servicer. Other pieces of equipment used for QA/QC of monitoring instruments shall be
maintained according to the manufacturer’s specifications, including calibration where specified.

Portable methane analyzers must be field calibrated to a knownSample gas prior to each use. If
the field calibration reveals a methane concentration outside of the +/-5% accuracy threshold,
then the meter must be calibrated. If using a portable methane analyzer; the following records
must be retained:

Date, time, and location of methane measurement;

Methane concentration of the landfill gas for'each measurement;

Methane measurement instrument information (model number and serial number);
Methane concentration of the sample gas during field calibration;

Date, time, and results of the instrument calibration; .and

Corrective measures taken if the instrument does not meet performance specifications.

ouhwN-~

Scaling Procedures for Meters Outside of the Accuracy Threshold

For the interval between the last successful field check and any calibration event confirming

accuracy outside of the +/- 5% threshold, all data from that meter or analyzer must be scaled
according to the following procedure. These adjustments must be made for the entire period

from the last successful field check until such time as the meter is properly calibrated.

1. For calibrations that indicate under-reporting (lower flow rates, or lower methane
concentration), the metered values must be used without correction.

2. For calibrations that indicate over-reporting (higher flow rates, or higher methane
concentration), the metered values must be adjusted based on the greatest calibration
drift recorded at the time of calibration.

For example, if a project conducts field checks quarterly during a year-long reporting period, and
the device is found to be over-reporting by 6.5%, then only three months of data must be
adjusted by -6.5%. However, if the project developer feels confident that the meter does not
require field checks or calibration on a greater than annual basis, then failed events will
accordingly require thepenalty to be applied to the entire year’s data. Frequent calibration may
minimize the total accrued drift (by zeroing out any error identified), and result in smaller overall
deductions. Additionally, strong equipment inspection and cleaning practices that include
checking all probes and internal components will minimize the risk of meter and analyzer
inaccuracies and the corresponding deductions. If it is not possible to determine the accrued
drift and/or an appropriate method for scaling the data (e.g., drift is recorded in milliwatts, which
cannot be directly translated into a drift percentage), the project developer should seek

30 The International Organization for Standardization establishes general requirements for the
competence of testing and calibration laboratories under ISO 17025, ensuring that the organization can
generate valid results.
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guidance from the instrument manufacturer to confirm when the 5% drift threshold has been
reached and how to appropriately scale the relevant data. Such guidance should be provided to
the verifier and the Reserve.

If the required inspection, calibration, or testing is not properly performed and documented,
GHG credits cannot be generated for that reporting period.®!

6.3 Missing Data

In situations where the flow rate or methane concentration monitoring equipment is missing
data, the project developer shall apply the data substitution methodology provided in Appendix
B. If for any reason the destruction device monitoring equipment is inoperable (for example, the
thermal coupler on the flare), then no emission reductions can.be registered for the period of
inoperability.

6.4 Monitoring Parameters

Prescribed monitoring parameters necessary to calculate baseline and project emissions are
provided in Table 6.1.

3" The project developer may submit a variance request to address missing QA/QC requirements. See
Section 3.3.4 of the Reserve Offset Program Manual for more information.
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Table 6.1. Project Monitoring Parameters

Parameter

Qualitative Monitoring Parameters

Description

Data Unit

Measurement

Frequency

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(o)

Legal Requirement
Test

Project
developer
attestation of
voluntary
implementatio
n

Each reporting
period

Must be monitored and determined for
each reporting period. The project shall
document all federal, state, and local
regulations, ordinances, and permit
requirements (and compliance status for
each) that apply to the carbon project.
The project developer shall provide a
signed attestation of voluntary
implementation of the project.

Must be monitored and determined for

reporting period

Project each project period. The project
developer developer shall document all federal,
attestation to state, and local regulations, ordinances,
compliance and permit requirements (and
Regulatory Compliance | with Each reporting compliance status for each) that apply to
regulatory period the carbon project. The project
requirements developer shall provide a signed
relating to attestation to their compliance status for
landfill gas the above-mentioned federal, state, and
project local regulations, ordinances, and permit
requirements
0 . Required for each destruction device.
peration of H L .
destruction device ourly 0 For flares, operatlo_n is defined as
thermocouple readings above 260°C
Quantitative Monitoring Parameters
Project GHG emission Per reportin
Equation 5.1 ER reductions during the tCO2e period 9 c
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Equation 5.1
Equation 5.2

Parameter

ERDEST

Description

Methane destruction
GHG emissions
reductions

Data Unit

tCO2e

Measurement

Frequency

Per reporting
period

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Equation 5.1
Equation 5.3

ERgs

Energy substitution
GHG emissions
reductions

tCO2e

Per.reporting
period

Equation 5.1
Equation 5.4

LKG

Project Leakage

tCO2e

Per reporting
period

Using the leakage discount factor of
0.5%

Equation 5.3

EGe

Total amount of energy
generated by the
project

= Electricity (in MWh or
kWh) generated and
exportedito an
electricity system.
Thermal energy (in
MWht,GJ or MJ)
produced and utilized
outside the project
installation.

Volume of
biomethane injected
into a pipeline or
used in other uses
outside of the project
facility (cubic meters
or other units‘of
volume) or‘equivalent
quantity in MWhg.

Energy units

(MWh, GJ) or
volume units
(I, m3, etc.)

Continuous

Obtained from either on-site metering or
utility exportation records. Required to
determine CO: avoided emissions from
displacement of fossil fuels, gas natural,
or GHG-intensive energy sources.
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Calculated

(c)

Measured

(m)

Measurement

Parameter Description Data Unit Reference Comment

Frequency (")
Operating
Records

(9]

The emission factor
represents the amount
of CO, emitted per unit
of energy produced
from the displaced grid
electricity. Emission
factors must be
expressed using same
energy units as those
used for EGa.
Total amount of energy
generated by the
project
= Electricity (in MWh or
kWh) generated
consumed onsite
= Thermal energy (in
MWhth,GJ or MJ)
produced and utilized | Energy units
within the project (MWh, GJ) or
facilities volume units
= \/olume of (I,m3, etc.)
biomethane used
within the project
facilities (cubic
meters or other/units
of volume) or.
equivalentquantity in
MWhth

Official national data for fossil fuels
MWh/tCOze, Per reporti emissions factors shall be used if
GJ/tCO2¢ or P 9 r available. In case official data is not

1/tCO2e e available IPCC default values must be
used.

Equation 5.3 EFs

Obtained from either on-site metering or
utility exportation records. Required to
Continuous m determine CO:2 avoided emissions from
displacement of fossil fuels, gas natural,
or GHG-intensive energy sources.

Equation 5.3 EGorr
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Parameter

Description

The emission factor
represents the amount
of CO, emitted per unit
of energy produced
from the displaced

Data Unit

Measurement
Frequency

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Official national data for fossil fuels

fossil fuel or other MWh/tCOze, Per reportin emissions factors shall be used if
Equation 5.3 EForr GHG-intensive energy GJItCOze or iod 9 r available. In case official data is not
source in the project I/tCOze pero available IPCC default values must be
facilities. Emission used.
factors must be
expressed using same
energy units as those
used for EG
Equation 5.2 Bas_eline emissiqns
Equation 5.6 BE dur!ng the reporting tCO2e c
period
Equation 5.1 Pro_ject emission_s
Equation 5.9 PE dur!ng the reporting tCOze c
period
Total quantity of landfill Measured continuously by a flow meter
gas fed to the and recorded at least once every 15
Equation 5.5 . destruction device |, in . minutes. Data to be aggregated by time
Equation 5.7 LFGit time internal t, at sof Continuous m/c interval t (this parameter is calculated in
standard temperature cases where the metered flow must be
and pressure corrected for temperature and pressure)
Unadjusted volume of Used only in cases where the flow meter
Equation 5.5 LFGunadiusted | landfill gas collected for acf Continuous m does not automatically correct to 0°C

the given time interval

and 1 atm

46




Landfill Protocol

Draft Version 1.0, September 2026

Parameter

Description

Data Unit

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

Measurement
Frequency

Comment

(9]

Total methane
destroyed by the
. project landfill gas
Equat!on 5.7 CHaiDestpr | collection and tCH4 c
Equation 5.7 .
destruction system
during the reporting
period
Discount factor to
account for Equal to zero if using continuous
Equation 5.6 DF uncertainties 0,0.10,0.2 r q . 9
) . methane monitor.
associated with the
monitoring equipment
Factor for theOxidation Refer to
Equation 5.6 OX of methaneby soil Jurisdiction Once r
bacteria Module
Equation 5.6
Equat!on 5.8 100-year global . Refer to the Reserve Offset Program
Equation 5.11 ) ) Per reporting )
. GWP warming,potential for tCOze / tCHa X r Manual and policy memos for updated
Equaqtion 5.16 period
! CH4 values.
Equation 5.17
Adjustment to account
for the baseline . .
e o
Equation 5.8 base  |"associated with a 2 roiect im Ieynentation P P
baseline destruction proj P
device
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Parameter

Description

The net quantity of
methane destroyed by

Data Unit

Measurement

Frequency

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Equation 5.7 CHa4Desti | destruction device i m3CHs c
during the reporting
period
Total quantity of landfill
methane sent to Calculated daily if methane is
Equation 5.7 Qi destruction device i m3 CHa Daily/Weekly c continuously metered or weekly if
during the reporting methane is measured weekly
period
Project developers have the option to
use a state or local agency accredited
source test service provider to test the
actual methane destruction efficiency of
Default methane each of the destruction devices used in
Equation 5.7 DEi destruction efficiency % Once r/m the project case. If using source test
for device i data for destruction efficiencies in
Equation 5.2, all source test
documentation shall be provided to the
verifier. See Appendix B for default
values
Projects employing continuous methane
Time i . concentration monitoring may use the
e interval for Vg interval of their data acquisition system
LFG flow and Week, day, or ; lntﬁrva 0 ﬁ. quis yl ’
Equation 5.7 t concentration smaller anthOUS/ r Otherwisg, this parameter IS equa to
measuréments.are interval Daily/Weekly one day for contlnuqusly monitored
methane concentration and one week
aggregated

for weekly monitored methane
concentration
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Equation 5.7

Parameter

Description

The average methane

Data Unit

m3CHa /

Measurement
Frequency

Continuous/

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Measured by continuous gas analyzer

Equation 5.11 PRcHa,t fract_lon_ of tr_\e landfill MALEG Weekly m ora calibrated portable gas a_nalyzer.
gas in time interval t Datato be averaged by time interval t
Adjustment to account
for the methane which
Equation 5.8 would have been Calculated per year, but may be scaled
quati ' Closedudiscount | combusted in the m3CHa4 Yearly C for project reporting periods less than
Equation 5.9 .
baseline flare from one year
baseline wells at a
closed landfill
Adjustment to account
for the methancgglyieh Calculated per year, may be scaled for
Equation 5.8 NQui would have g m3CH Yearl C roject re oprtiny e;iodsyless than one
Equation 5.10 discount 1 combusted in the 4 y proj porting p
) . year
baseline; non-qualifying
combustion device
Weekly,
Deduction of the un- Monthly, or per . . .
Equation 5.8 utilized capacity of the reporting This deduction is to t?e appllfed <_)nly
. Destmax : X t CO2e . C when a new destruction device is used
Equation 5.11 baseline destruction period (no ; i L
) during project activity
device more than
weekly)
'gﬂﬁ:lll:ggn:gas 0 Calculated per Section 5. Calculated per
Equation 5.11 LFGs m3/t Yearly c year, but may be scaled for project

methane destruction
device in'time interval t

reporting periods less than one year
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Parameter

Description

Methane fraction of

Data Unit

Measurement
Frequency

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Equation 5.13

during the reporting
period

Equation 5.9 B landfill gas destroyed m3CHa/ Continuously/ m Measured by continuous gas analyzer
q ' CHi4.closed | by baseline flares at a m3LFG Other or calibrated portable gas analyzer
closed landfill
Landfill gas that would Calculated per Section 5, or according
have been destroyed ; ) . X C
by the original, non- to guidance provided in Appendix C.
LFGg2 g C m3LFEG / year Yearly C Calculated per year, but may be scaled
qualifying destruction ; ; .
. for project reporting periods less than
system during the
. ; one year
reporting period
Methane fraction of
. landfill gas destroyed m3CHa/ Continuously/ Measured by a continuous gas analyzer
Equation 5.10 Berana by non-qualifying m3LFG Other m or a calibrated portable gas analyzer
devices in‘the baseline
; ) Calculated based on manufacturer’s
The maximumlandfill I . ) e
. At beginning and/or engineers’ specifications for the
gas flow capacity.of the ' . .
. . . of first destruction device and blower system.
Equation 5.11 LFGemaxt |baseline methane m3/t . c ; . DI
: . reporting The maximum capacity of the limiting
destruction.device'in . ; .
P period component, either the destruction
time interval t .
device or blower, shall be used
The aciual Iandfl_ll gas Measured continuously by a flow meter
, flow of the baseline 3 .
Equation 5.11 LFGst . m Continuous m and recorded at least once every 15
methane destruction .
N minutes
device in time interval ¢
Total ecarbon dioxide
Equation 5.12 emissions from the
q ' FFcoz destruction of fossil fuel tCO2 Yearly c
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Equation 5.13

Parameter

FFeRrj

Description

Total fossil fuel
consumed by the
project landfill gas
collection and
destruction system
during the reporting
period, by fuel type j

Data Unit

GJ/yr

Measurement
Frequency

Monthly

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Calculated from monthly record of fossil
fuel purchased and consumed

Equation 5.13

EFer;

Fuel specific emission
factor

kgCO2/GJ
fossil fuel

Annually

See Appendix B

Equation 5.12
5.14

ElLcoz

Total indirect carbon
dioxide emissions_from
the consumption of
electricity from the grid
during theteporting
period

tCO2

EFeL

Carbon emission factor
for electricity used

kgCO2/ MWh

Annually

5.14

ELrPr

Total electricity
consumed by the
project landfill gas
collection and
destruction system
during the reporting
period

MWh

m/o

Obtained from either on-site metering or
utility purchase records. Required to
determine CO:2 emissions from use of
electricity to operate the project activity
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Equation 5.12
In case
electricity
consumed
comes from
the grid or a
known
electricity
system the
emission
factor for
electricity
consumptio
n (EFe) is a
default value
determined
by the share
of renewable
and nuclear
generation
(excluding
solar &
wind) in the
electricity
system. The
applicable
default
emission
factors are:

e 130t
CO,/
MWh
when
the
grid
has <
33%

NGrr

Total quantity of
emissions from
supplemental natural
gas used during the
reporting period

tCO2

Annually

Includes both uncombusted methane
and carbon dioxide emissions
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renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind),
or
when
the
share
is
unkno
wn

e 087t
CO,/
MWh
when
the
grid
has >
33%
and <
67%
renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind)
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o 0441t
CO,/
MWh
when
the
grid
has >
67%
renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind)
For project-
owned
(captive)
electricity
generation, a
fixed factor of
1.30tCO,/
MWh must be
applied.

5.15

Parameter

Description

Calculated
(c)

Measured

Measurement (m)
Data Unit Reference
Frequency (")
Operating
Records

(9]

Comment
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In case
electricity
consumed
comes from
the grid or a
known
electricity
system the
emission
factor for
electricity
consumptio
n (EFe) is a
default value
determined
by the share
of renewable
and nuclear
generation
(excluding
solar &
wind) in the
electricity
system. The
applicable
default
emission
factors are:

e 130t
CO,/
MWh
when
the
grid
has <
33%

NGi

Total quantity of
supplemental natural
gas delivered to the
destruction device i
during the reporting
period

Continuous

Metered prior to delivery to destruction
device
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renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind),
or
when
the
share
is
unkno
wn

e 087t
CO,/
MWh
when
the
grid
has >
33%
and <
67%
renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind)
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o 0441t
CO,/
MWh
when
the
grid
has >
67%
renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind)
For project-
owned
(captive)
electricity
generation, a
fixed factor of
1.30tCO,/
MWh must be
applied.

Parameter

Description

Calculated
(c)

Measured

Measurement (m)
Data Unit Reference
Frequency (")
Operating
Records

(9]

Comment
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In case
electricity
consumed
comes from
the grid or a
known
electricity
system the
emission
factor for
electricity
consumptio
n (EFe) is a
default value
determined
by the share Average methane
of renewable fraction of the mcHik
and nuclear NGchHa supplemental natural MFEG
generation gas as provided for by
(excluding fuel vendor

solar &
wind) in the
electricity
system. The
applicable
default
emission
factors are:

e 130t
CO,/
MWh
when
the
grid
has <
33%

r Refer to purchase records
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renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind),
or
when
the
share
is
unkno
wn

e 087t
CO,/
MWh
when
the
grid
has >
33%
and <
67%
renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind)
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o 0441t
CO,/
MWh
when
the
grid
has >
67%
renew
able
and
nuclea
r
genera
tion
(exclu
ding
solar &
wind)
For project-
owned
(captive)
electricity
generation, a
fixed factor of
1.30tCO,/
MWh must be
applied.

5.15

Parameter

Description

Calculated
(c)

Measured

Measurement (m)
Data Unit Reference
Frequency (")
Operating
Records

(9]

Comment

60



Landfill Protocol

Draft Version 1.0, September 2026

Equation 5.16

Parameter

PEleaks,transp

Description

Emissions from leaks
during transportation of
LFG or biomethane

Measurement

Data Unit
Frequency

tCO2e

Calculated
(c)
Measured
(m)
Reference
(r)
Operating
Records

(9]

Comment

Equation 5.16

MSETLC

Amount of methane in
the LFG or biomethane
which is sent to trucks

tCH4

Annually

LFG metered prior sent to trucks.
Amount of methane calculated

Equation 5.16

Mdelivered

Amount of methane in
LFG or biométhane
which is délivered to
consumers using trucks

tCH4

Annually

LFG metered prior to delivery. Amount
of methane calculated

Equation 5.17

PEleaks,pL'pe

Emissions from leaks
during the supply of
LFG or biomethane to
consumers through a
dedicated pipeline

tCO2e

Equation 5.17

Msent,pipe

Amount of methane in
the LFG or biomethane
which is sent to the
consumer through a
dedicated pipeline

tCHa4

Annually

LFG metered prior to delivery. Amount
of methane calculated
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Calculated
(c)
Measured
Measurement il
Parameter Description Data Unit Reference Comment
Frequency (")
Operating
Records
(0)
No separate monitoring of temperature
is'necessary when using flow meters
Equation 5.2 T Temperature of the °c Continuous m that automatically adjust flow volumes
landfill gas for temperature and pressure,
expressing LFG volumes in normalized
cubic feet
No separate monitoring of pressure is
necessary when using flow meters that
. Pressure of the landfill . automatically measure adjust flow
Equation 5.2 P atm Continuous m
gas volumes for temperature and pressure,
expressing LFG volumes in normalized
cubic feet
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7 Reporting Parameters

This section provides guidance on reporting rules and procedures. A priority of the Reserve is to
facilitate consistent and transparent information disclosure among project developers. Project
developers must submit verified emission reduction reports to the Reserve annually at a
minimum.

7.1 Project Submittal Documentation

Project developers must provide the following documentation to the Reserve in order to list a
landfill project.

= Project Submittal form
= Pre-Project diagram (not pubilic)
= Project diagram (not public)

Project developers must provide the following documentation each reporting period in order for
the Reserve to issue CRTs for quantified GHG reductions.

Project diagram — only if there has been a change since the previous reporting period
Project Monitoring Plan (not public)

Landfill Investment Analysis Tool (not public)

Social and Environmental Safeguards Evaluation Form
Sustainable Development Goals (SDG) Tool

Project Data Report

Verification Report

Verification Statement

List of Findings

Signed Attestation of Title form

Signed Attestation of Regulatory Compliance form
Signed Attestation of Voluntary Implementation form
Signed Attestation of No‘Conflicts form

At a minimum, the above project documentation will be available to the public via the Reserve’s
onlineregistry. Further disclosure and other documentation may be made available on a
voluntary basis through the Reserve. Project submittal forms can be found on the protocol
webpage.

7.2 Record Keeping

For purposes of independent verification and historical documentation, project developers are
required to keep all information outlined in this protocol for a period of 10 years after the
information is generated or 7 years after the last verification. This information will not be publicly
available but may be requested by the verifier or the Reserve.

Social and Environmental Safeguards
¢ Signed documentation of Free, Prior, and Informed Consent presented to the landfill
operator and/or relevant stakeholders at the project operation site.
¢ Signed documentation approving the project and the project developer (i.e. contract or
letter)
e Historical records and ongoing monitoring and reporting of safeguards through data
recording of physical measurements, online sources, and government data.
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Executed Attestation of no Conflicts.

System information the project developer should retain includes:

All data inputs for the calculation of the GHG reductions

Copies of all solid waste, air, water, and land use permits, Notices of Violations (NOVs),
and any administrative or legal consent orders dating back at least 3 years prior to the
project start date, and for each subsequent year of project operation

Project developer attestation of compliance with regulatory requirements relating to the
landfill gas project

Collection and control device information (installation dates; equipment list, etc.)

LFG flow meter information (model number, serial number, manufacturer’s calibration
procedures)

Methane monitor information (model number, serial‘number, calibration procedures)
Destruction device monitor information (model number, serial number, calibration
procedures)

LFG flow data (for each flow meter)

LFG flow meter calibration data (for eachflow meter)

Methane monitoring data

Methane monitor calibration data

Destruction device monitoring data (for each destruction device)

Destruction device monitor calibration data (for each destruction device)

CO2e monthly and annual tonnage calculations

Initial and annual verification records and results

All maintenance records relevant to the LFG contrel system, monitoring equipment, and
destruction devices

Operational records of the landfill relating to the amount of waste placed onsite (scale
house records;‘etec.), or most recent documented WIP report accepted by a regulatory
agency

Calibrated portable gas analyzer information,that the project developer should retain includes:

Date, time, and location of methane measurement

Methane content of LFG (% by volume) for each measurement

Methane measurement instrument type and serial number

Date, time, and results of instrument calibration

Coarrective measures taken if the instrument does not meet performance specifications

7.3 Reporting Period and Verification Cycle

7.3.1 Reporting Periods

The reporting period is the length of time over which GHG emission reductions from project
activities are quantified. Project developers must report GHG reductions resulting from project
activities during each reporting period. A reporting period may not exceed 12 months in length,
except for the initial reporting period, which may cover up to 24 months.

The Reserve will accept verified emission reduction reports on a sub-annual basis, should the
project developer choose to have a sub-annual reporting period and verification schedule (e.g.,
monthly, quarterly, or semi-annually). Reporting periods must be contiguous; there may be no
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time gaps in reporting during the crediting period of a project once the first reporting period has
commenced.

7.3.2 Verification Periods

The verification period is the length of time over which GHG emission reductions from project
activities are verified. The initial verification period for a landfill project is limited to one reporting
period of up to 24 months of data. Subsequent verification periods may cover up to two
reporting periods, with a maximum of 24 months of data (i.e., 12 months of data per reporting
period). CRTs will not be issued for reporting periods that have not been verified. For any
reporting period that ends prior to the end of the verification period (i€., year 1 of a 2-year
verification period), an interim monitoring report must be submitted to the Reserve no later than
six months following the end of the relevant reporting period. The interim monitoring report shall
contain a summary of emission reductions, description of QA/QC activities, and description of
any potential nonconformances, data errors, metering issues, or material.changes to the
project.®? All mandatory sections of interim monitoring reports must be verified in the
subsequent verification.

To meet the verification deadline, the project developer must have the required verification
documentation (see Section 7.1) submitted within'12 months of the end of the verification
period. The end date of any verification period must correspond to the end date of a reporting
period.

7.3.3 Verification Site Visit Schedule

A site visit must occur during the initial verification, and.at least once every two reporting periods
thereafter. A reporting period may be verified without a new:site visit if the following
requirements are met:

1. A new site visit occurred in conjunction with the verification of the previous reporting
period;

2. The current verification is<being-conducted by the same verification body that conducted
the site visit for the previous verification;and

3. There havebeen no significant changes in data management systems, equipment, or
personnel sinceithe previous site visit.

The above requirements apply regardless of whether the verification period contains one or two
reporting periods. The Reserve maintains the discretion to require a new site visit for a reporting
period despite satisfaction of the above requirements. For example, the approval of a significant
variance during the reporting period could be considered grounds for denial of the option to
forego a site visit for the verification.

32 A template monitoring report is available at:
http://www.climateactionreserve.org/how/program/documents/.

65


http://www.climateactionreserve.org/how/program/documents/

Landfill Protocol Draft Version 1.0, September 2026

8 Verification Guidance

This section provides verification bodies with guidance on verifying GHG emission reductions
from landfill gas projects developed to the standards of this protocol. This verification guidance
supplements the Reserve’s Verification Program Manual and describes verification activities in
the context of landfill gas destruction projects.

Verification bodies trained to verify landfill projects must be familiar with the following Climate
Action Reserve documents:

= Reserve Offset Program Manual

= Reserve Verification Program Manual

= Reserve Landfill Project Protocol (this document)

= Reserve Jurisdiction Modules for eligible jurisdictions

The Reserve Offset Program Manual, Verification Program Manual, and project protocols are
designed to be compatible with each other and are available on the Reserve’s website at
http://www.climateactionreserve.org.

In cases where the Reserve Offset Program Manual and/or Verification Program Manual differ
from the guidance in this protocol or applicable module, this protocol or module takes
precedent.

ISO-accredited verification bodies trained by the Reserve for this.project type are eligible to
verify landfill project reports. Verification bodies approved under other Reserve or California Air
Resources Board waste handling and methane destruction protocols are also permitted to verify
landfill projects. Information about verification body accreditation’and Reserve project
verification training can‘be found on the Reserve website at
https://www.climateactionreserve.org/how/verification/.

8.1 Standard of Verification

The Reserye’s standard of verification for landfill projects is the Landfill Project Protocol (this
document), the Reserve Offset Program Manual, and the Verification Program Manual. To verify
a landfill project developer’s project report, verification bodies apply the guidance in the
Verification Program Manual and this section of the protocol to the standards described in
Section 2 through 7 of this protocol. Sections 2 through 7 provide eligibility rules, methods to
calculate emission reductions, performance monitoring instructions and requirements, and
procedures for reporting project information to the Reserve.

8.2 Monitoring Plan

The monitoring plan serves as the basis for verification bodies to confirm that the monitoring
and reporting requirements in Section 6 and Section 7 have been met, and that consistent,
rigorous monitoring and record-keeping is ongoing at the project site. Verification bodies shall
confirm that the monitoring plan covers all aspects of monitoring and reporting contained in this
protocol and specifies how data for all relevant parameters in Table 6.1 are collected and
recorded.

8.3 Verifying Project Eligibility

Verification bodies must affirm a landfill project’s eligibility according to the rules described in
this protocol. The table below outlines the eligibility criteria for a landfill project. This table does
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not represent all criteria for determining eligibility comprehensively; verification bodies must also
look to Section 3 of this protocol and the applicable module, and the verification items list in

Table 8.2.

Table 8.1. Summa
Eligibility Rule

of Eligibility Criteria
Eligibility Criteria

Frequency of

Rule Application

Location Eligible jurisdictions Once during first
verification

Project start date must be no more than 90 days after

Start Date landfill gas is first destroyed by project destruction device. Once during first
Projects must be submitted for listing within 12 months of verification
the project start date

Project Crediting Ensure the project is within its first, second, or third crediting | Once during each

Period period crediting period

Prior consideration

Ensure that carbon revenue was considered prior to project
implementation and was a decisive factor.in the decision to
proceed

Once during first
verification

Performance
Standard

Installation of a qualifying.destruction device or renewable
energy production where not required by law (see Section
3.4.1 for other requirements)

Once during first
verification

Legal Requirement
Test

Signed Attestation of Voluntary Implementation form and
monitoring procedures that lay.out procedures for
ascertaining and demonstrating that the project passes the
kkegal Requirement Test

Every verification

Regulatory
Compliance Test

Signed Attestation of Regulatory Compliance form and
disclosure of all non-compliance events to verifier; project
must be in' material compliance with all applicable laws

Every verification

Investment For LFG-to-energy Projects, ensure the project passes the Once during first
Analysis analysis and can be defined additional verification
= Bioreactors
: » Landfills which re-circulate a liquid other than leachate in L
Exclusions Every verification

a controlled manner

Social Safeguard 1
- FPIC

Signed documentation demonstrating compliance with SS 1
FPIC.

Once during first
verification
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Social Safeguard 2
- Ongoing
notification,
participation and
documentation

Signed documentation demonstrating compliance with SS 2

Every verification

Social Safeguard 3
— Work & Safety

Signed compliance declaration form certifying material
compliance with all applicable laws, including labor and
safety laws.

Every verification

Social Safeguard 4
— Absence of
Disputes

Signed certificate of absence of conflicts attesting that there
are no land tenure disputes affecting the project boundaries,
including all landfill facilities directly associated with the
carbon project.

Every verification

Environmental
Safeguard 1 — Air
& Water Quality

Signed Regulatory Compliance Declaration form, certifying
compliance with all applicable laws; includingthose relating
to air and water quality.

Every verification

Environmental
Safeguard 2 —
Pollutants
mitigation

Historical records and ongoing monitoring and reporting
through recording data from physical measurements, online
sources, and government data to demonstrate that the
project has been designed and implemented to mitigate
potential-emissions of pollutants that may cause
degradation of soil, air, surface’and groundwater quality,
and that project developers have obtained appropriate local
permits prior to installation to avoid violation of all applicable
laws.

Every verification

8.4 Core Verification Activities

The Landfill Project Protocol provides explicit requirements and guidance for quantifying GHG
reductions associated with the destruction of landfill methane. The Verification Program Manual
describes.the core verification activitiesithat shall be performed by verification bodies for all
project verifications. They are summarized below in the context of a landfill project, but

verification bodies shall also follow the general guidance in the Verification Program Manual and

applicable module.

Verification is a risk assessment and data sampling effort designed to ensure that the risk of
reporting error is assessed and addressed through appropriate sampling, testing, and review.
The three core verification activities are:

1. ldentifying emission sources, sinks and reservoirs

2. Reviewing GHG management systems and estimation methodologies

3. Verifying emission reduction estimates
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Identifying emission sources, sinks, and reservoirs

The verification body reviews for completeness the sources, sinks, and reservoirs identified for a
project, such as system energy use, fuel consumption, combustion and destruction from various
qualifying and non-qualifying destruction devices, and soil oxidation.

Reviewing GHG management systems and estimation methodologies

The verification body reviews and assesses the appropriateness of the methodologies and
management systems that the landfill project uses to gather data on methane collected and
destroyed and to calculate baseline and project emissions.

Verifying emission reduction estimates

The verification body further investigates areas that have the greatest potential for material
misstatements and then confirms whether or not material misstatements have occurred. This
involves site visits to the project to ensure the systems on the ground correspond to and are
consistent with data provided to the verification body. In-addition, the verification body
recalculates a representative sample of the performance or emissions data for comparison with
data reported by the project developer in order to double-check the calculations.of GHG
emission reductions.

8.5 Landfill Project Verification Items

The following tables provide lists of items that a verification body needs to address while
verifying a landfill project. The tables include references to the section in the protocol where
requirements are further described. The table also.identifies items for which a verification body
is expected to apply professional judgment during the verification process. Verification bodies
are expected to use their professional judgment to confirm that protocol requirements have
been met in instances where the protocol does not provide (sufficiently) prescriptive guidance.
For more information on'the Reserve’s verification process and professional judgment, please
see the Verification Program Manual.

Note: These tables shall not be viewed as a comprehensive list or plan for verification
activities, but rather guidance on areas specific to landfill projects that must be
addressedduring verification.

8.5.1¢ Project Eligibility and CRT Issuance

Table 8.2 lists the criteria for reasonable assurance with respect to eligibility and CRT issuance
for landfill projects in Argentina. These requirements determine if a project is eligible to register
with the Reserve and/or have CRTs issued for the reporting period. If any one requirement is
not met, either the project may be determined ineligible or the GHG reductions from the
reporting period (or.sub-set of the reporting period) may be ineligible for issuance of CRTs, as
specified in Sections 2,3, and 6.

Table 8.2. Eligibility Verification Items

Apply
Eligibility Qualification Item Professional
Judgment?

Protocol

Section

21 Verify that the project meets the definition of a landfill project and No
) is properly defined
21 4 Confirm all baseline qualifying devices have been properly No
o accounted for within project's GHG Assessment Boundary
2.2 Verify ownership of the reductions by reviewing Attestation of Title No
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Protocol

Section

Apply

Eligibility Qualification Item Professional
Judgment?

22,23

For direct use agreements between the project developer and the
end user of the landfill gas (i.e., an industrial client purchasing the
landfill gas from the project developer), verify that a legally binding No
mechanism is built into the agreement language to assure that the
GHG offset credits will not be double counted

3.2

Verify eligibility of project start date No

3.2

Verify accuracy of project start date based on operational records Yes

3.3

Verify that project is within its first, second, or third 10-year No
crediting period

3.4.1

Verify that the project considered the carbon revenue prior to
project implementation and it was a decisive factor in the decision Yes
to proceed

3.4.1

Verify that the project meets the appropriate Performance

Standard Test for the project type No

3.4.1

For LFG-to-energy Projects, verify that the project passes the

investment analysis and can be defined as additional No

3.4.2

Confirm execution of the Attestation of Voluntary Implementation

form to demonstrate eligibility under the Legal Requirement Test No

3.5

Verify that the project activities comply with applicable laws by
reviewing any instances ofinon-compliance provided by the project
developer and performing a risk=based assessment to confirm the Yes
statements made by the project developer in the Attestation of
Regulatory Compliance form

Verify that the project monitoring plan.contains procedures for
ascertaining and demonstrating that the project passes the Legal Yes
Requirement Test at all times

Verify that monitoring meets the requirements of the protocol. If it
doés not, verify that'a variance has been approved for monitoring No
variations

Verify that the landfill gas control/.LF G-to-energy system operated

in,a manner consistent with the design specifications Yes

Verify that there is an individual responsible for managing and
reporting GHG emissions, and that individual is properly trained Yes
and qualified to perform this function

6.2

Verify that all gas flow meters and methane analyzers adhered to
the inspection, cleaning, and calibration schedule specified in the
protocol. If they do not, verify that a variance has been approved No
for monitoring variations or that adjustments have been made to
data per the protocol requirements

6.2

If any piece of equipment failed a calibration check, verify that data
from that equipment was scaled according to the failed calibration No
procedure for the appropriate time period

6.3

If used, verify that data substitution methodology was properly

applied No

71,72

Verify that appropriate documents are created to support and/or
substantiate activities related to GHG emission reporting, and that Yes
such documentation is retained appropriately

If any variances were granted, verify that variance requirements

were met and properly applied Yes
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Protocol Apply

Section

Eligibility Qualification Item Professional
Judgment?

If any zero-credit reporting periods were taken, verify that zero-

credit reporting period requirements were met Yes

8.5.2 Quantification of GHG Emission Reductions

Table 8.3 lists the items that verification bodies shall include in their risk assessment and re-
calculation of the project's GHG emission reductions. These quantification items inform any
determination as to whether there are material and/or immaterial misstatements in the project’s
GHG emission reduction calculations. If there are material misstatements, the calculations must
be revised before CRTs are issued.

Table 8.3. Quantification Verification Items

Apply
Quantification Item Professional
Judgment?

Protocol

Section

Verify that SSRs included in the GHG Assessment Boundary
4 correspond to those required by the protocol and those No
represented in the project

Verify that the project developer correctly quantified and
aggregated electricity use

Verify that the project developer.correctly quantified and
aggregated fossil fuel use

Verify that the project developer applied the correct emission
5 factors for fossil fuel combustion, grid-delivered.electricity, natural No
gas or other GHG:=intensive sources of energy

Verify that the project. developer correctly accounted for baseline

Yes

Yes

51 methane destruction in the baseline scenario No
Verify that the project developer correctly monitored, quantified,
59 and aggregated the amount of methane collected from the landfill No

and destroyed by the projectilandfill gas control & destruction
system

Verify that the project developer correctly monitored, quantified,
and aggregated the amount of methane collected from the landfill
5.3 and used for energy generation, resulting in GHG Emissions No
Reduction from energy substitution and the displacement of GHG-
intensive energy sources

Verify that the project developer applied the correct methane
destruction efficiencies

If.the project developer used source test data in place of the
Appendix B default destruction efficiencies, verify accuracy and Yes
appropriateness of data and calculations

5, Appendix B No

8.5.3 Risk Assessment
Verification bodies will review the following items in
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Table 8.4 to guide and prioritize their assessment of data used in determining eligibility and
quantifying GHG emission reductions.
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Table 8.4. Risk Assessment Verification ltems

Apply
Item that Informs Risk Assessment Professional
Judgment?

Protocol

Section

Verify that the project monitoring plan is sufficiently rigorous to support
the requirements of the protocol and proper operation of the project
Verify that the individual or team responsible for managing and reporting
project activities are qualified to perform this function

Verify that appropriate training was provided to personnel assigned to
greenhouse gas reporting duties

Verify that all contractors are qualified for managing and reporting
greenhouse gas emissions if relied upon by the project developer. Verify
that there is internal oversight to assure the quality of the contractor’s
work

Verify that appropriate monitoring equipment is in place to meet the
requirements of the protocol

Verify that the methane destruction equipment was operated and
maintained according to manufacturer specifications

Verify that all required records have been retained by the project
developer

Yes

Yes

Yes

Yes

6.1 No

6.2 Yes

7.2 No

8.6 Completing Verification

The Verification Program Manual provides detailed information and instructions for verification
bodies to finalize the verification process. It describes.completing a Verification Report,
preparing a Verification Opinion, submitting the necessary.documents to the Reserve, and
notifying the Reserve of the'project’s verified status.
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9 Glossary of Terms

Bioreactor
Eligible landfill
Flare

Landfill
Landfill gas
(LFG)

LFG-to-energy
systems

Landfill gas project

Liquefied petroleum
gas
(LPG)

MMBtu
Non-methane organic
compounds

(NMOC)

Non-qualifying
destruction device

Any landfill which:

a. Meets the EPA definition of a bioreactor:; “a MSW landfill or portion of
a MSW landfill where any liquid other than leachate (leachate includes
landfill gas condensate) is added in a controlled fashion into the waste
mass (often in combination with recirculating leachate) to reach a
minimum average moisture content of at least 40 percent by weight to
accelerate or enhance the anaerobic (without oxygen) biodegradation
of the waste.”33

b. Has been designated by local, state, or federal regulators as a
bioreactor.

c. Has received grants or funding to‘operate as a bioreactor.

A landfill that:
1. Is not subject to regulations or other legal'requirements requiring
the destruction of méthane gas
2. Is not a bioreactor
3. Does not add any liquid other than leachate into the waste mass in
a controlled manner

A destruction device that uses an open flame to burn combustible gases with
combustion airprovided by uncontrolled ambient air around the flame.

A defined area of land or excavation that receives or has previously received
waste that may include household.waste, commercial solid waste, non-
hazardous sludge and industrial solid waste.

Gas resulting from the decomposition of wastes placed in a landfill. Typically,
landfill gas contains methane, carbon dioxide, and other trace organic and
inert gases.

Integrated technologies or equipment designed to convert the LFG into usable
forms<of energy such as electricity, heat or renewable natural gas (e.g.,
internal combustion engines, turbines, upgrading facilities, etc.)

Installation of infrastructure that in operating causes a decrease in GHG
emissions through destruction of the methane component of landfill gas.

Fuel obtained from oil distillation and after processing the natural gas liquids. It
mainly consists on propane, butane or a mixture of both.

One million British thermal units.

Non-methane organic compounds as measured according to the provisions of

40 CFR 60.754.

A passive flare or other combustion system that results in the destruction of
methane, but which cannot serve as the primary destruction device for a
methane destruction project under this protocol.

3340 CFR 63.1990 and 40 CFR 258.28a.
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Stationary combustion A stationary source of emissions from the production of electricity, heat, or
source steam, resulting from combustion of fuels in boilers, furnaces, turbines, kilns,
and other facility equipment.

Upgraded landfill gas Also known as biomethane, it is gas that resulted from the processing of the
landfill gas to remove impurities such carbon dioxide (COz2) hydrogen sulfide
(H2S), water vapor, and trace compounds and increase its methane levels to
levels comparable to natural gas, typically containing >95% methane.
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Appendix A Emission Factor Tables

Table A.1. Fuel Emission Factor for Stationary and Mobile Combustion

Emission
Fuel Factors
[kg CO./GJ]
Stationary Combustion 2
Crude oil 73.30
Natural gas liquids 64.20
Gasoline 69.30
Kerosene 71.90
Diesel 74.10
Residual fuel oil 77.40
Liquefied petroleum gas (LPG) 63.10
Naphtha 73.30
Lubricants 73.30
Petroleum coke 97.50
Coking coal 94.60
Bituminous coal 94.60
Sub-bituminous coal 96.10
Natural gas 56.10
Waste oils 73.30
Mobile combustion P

Gasoline vehicles 69.3
Gasoline/Diesel Vehicles 741
Liquefied Petroleum Gas (LPG) Vehicles 70.07
LPG vehicles 63.1
Compressed Natural Gas (ENG) Vehicles 56.10
Liquefied Natural Gas Vehicles 56.10
Aircraft (Kerosene) 71.90

@ |PCC, 2006. IPCC Guidelines for National Greenhouse Gas Inventories, Volumen 2, Chapter 2, Stationary
Combustion, Table 2.5, pages. 2.22-2.23,

b IPCC, 2006. IPCC Guidelines for National Greenhouse Gas Inventories, Volumen 2, Chapter 3, Mobile combustion,
Table 3.2.1, pages 3.16. No se hicieron correcciones en el'Refinamiento del IPCC de 2019

Please refer to the Jurisdiction Module for more information on the Fossil Fuels Lower Calorific
Values.
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Destruction Efficiencies for Combustion Devices

If available, the official source tested methane destruction efficiency shall be used in place of
the default methane destruction efficiency. Project developers have the option to use either the
default methane destruction efficiencies provided, or the site specific methane destruction
efficiencies as provided by a state or local agency accredited source test service provider, for
each of the combustion devices used in the project, performed every 12 months.

Table A.2. Default Destruction Efficiencies for Combustion Devices

Destruction Device Destruction Efficiency
Open flare 0.96

Enclosed flare 0.995

Lean-burn internal combustion engine 0.936

Rich-burn internal combustion engine 0.995

Boiler 0.98

Microturbine or large gas turbine 0.995

Upgrade and use of gas as CNG/LNG fuel 0.95

Upgrade and injection into natural gas transmission and .

distribution pipeline &L

Off-site use of gas under direct-use agreement ;izgf{;i?%?ggligg)destructlon device

Source: The default destruction efficiencies for enclosed flares and electricity generation devices are based on a
preliminary set of actual source test data provided by the Bay Area Air Quality Management District. The default
destruction efficiency values are the lesser of the twenty fifth percentile of the data provided or 0.995. These default
destruction efficiencies may be updated as more source test data is made available to the Reserve.

* The Revised 1996 IPCC Guidelines for/National. Greenhouse Gas Inventories gives a standard value for the fraction
of carbon oxidized for gas destroyed of 99.5% (Reference Manual, Table 1.6, page 1.29). It also gives a value for
emissions fromsprocessing, transmission and distribution of gas which would be a very conservative estimate for
losses in the pipeline and for leakage at the end user (Reference Manual, Table 1.58, page 1.121). These emissions
are given‘as 118,000kgCHa4/PJ on the basis of gas consumption, which is 0.6%. Leakage in the residential and
commercial sectors is stated to be 0 to 87,000kgCH4/PJ, which equates to 0.4%, and in industrial plants and power
station the losses are 0 to 175,000kg/CH4/PJ, which is 0.8%. These leakage estimates are compounded and
multiplied. The methane destruction efficiency for landfill gas injected into the natural gas transmission and
distribution'system can now be calculated as the product of these three efficiency factors, giving a total efficiency of
(99.5% x 99.4% x.99.6%) = 98.5% for residential and commercial sector users, and (99.5% x 99.4% x 99.2%) =
98.1% for industrial plants and power stations. 3°

35 GE AES Greenhouse Gas Services, Landfill Gas Methodology, Version 1.0 (July 2007).
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Appendix B Data Substitution Guidelines

This appendix provides guidance on calculating emission reductions when data integrity has
been compromised due to missing data points. No data substitution is permissible for equipment
such as thermocouples which monitor the proper functioning of destruction devices. Rather, the
methodologies presented below are to be used only for the methane concentration and flow
metering parameters.

The Reserve expects that projects will have continuous, uninterrupted data for the entire
verification period. However, the Reserve recognizes that unexpected'events or occurrences
may result in brief data gaps.

The following data substitution methodology may be used only for flow and methane
concentration data gaps that are discrete, limited, non-chronic, and due to unforeseen
circumstances. Data substitution can only be applied to.methane concentration or flow readings,
but not both simultaneously. If data is missing for both‘parameters, no reductions can be
credited.

Further, substitution may only occur when two othermonitored{parameters corroborate proper
functioning of the destruction device and system operation within normal ranges. These two
parameters must be demonstrated as follows:

1. Proper functioning can be evidenced by.thermocouple readings for flares, energy output
for engines, etc.

2. For methane concentration substitution, flow rates,during the, data gap must be
consistent with normakoperation.

3. For flow substitution, methane concentration rates during the data gap must be
consistent with-normal operations.

If corroborating parameters fail to demonstrate any of these requirements, no substitution may
be employed. If the requirements above can.be met, the following substitution methodology may
be applied:

Duration of Missing Data Substitution Methodology

Use the average of the four hours immediately before and following the

Less than'six hours
outage

Use the 90% lower or upper confidence limit of the 24 hours prior to

Six to 24 hoUg and after the outage, whichever results in greater conservativeness

Use the 95% lower or upper confidence limit of the 72 hours prior to

One to seven days and after the outage, whichever results in greater conservativeness

Greater than one week No data may be substituted and no credits may be generated

The lower confidence limit should be used for both methane concentration and flow readings for
landfill projects, as this will provide the greatest conservativeness.

For weekly measured methane concentration, the lower of the measurement before and the

measurement after must be used. This substitution may only be used to substitute data for one
consecutive missing weekly measurement.
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