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Chapter 9 CCX Exchange Offsets and Exchange Early Action Credits

9.0 Purpose (2006)
This Chapter:

e defines CCX Exchange Offsets (XOs) and Exchange Early Action Credits (XEs);

e provides XO and XE Project eligibility rules and other technical specifications; and,

e describes CCX Project registration, verification, audits and aggregation of CCX
Exchange Offsets.

Chicago Climate Exchange recognizes the following categories of Exchange Offsets:
e Exchange Methane Offsets (XMO)

Exchange Soil Offsets (XSO)

Exchange Forestry Offsets (XFO)

Exchange Early Action Credits (XE)

Exchange Offsets for Electricity Produced from Renewable Energy (XRE)

Exchange Emission Reductions (XER)

Exchange Fuel Conversion Offsets (XFCO)

Exchange Fluorocarbon Destruction Offsets (XFDO)

Other types of offset projects may be recognized as they become technically and commercially
available.

9.1 General Provisions (2006)

All Projects proposed for registration with CCX are subject to approval by the CCX Offsets
Committee.

An entity that has an emission profile greater than 10,000 metric tons CO, equivalent annually
makes it eligible to be a CCX Member. Such entity may register and trade CCX Exchange
Offsets only if the entity is a Member of CCX unless it qualifies under the provisions of CCX
Rule 9.7.1.1."2

! Emissions reductions realized at facilities that are included in a Member’s CCX emission inventory are not Offset
Projects as they cause a decrease in recognized emissions and a decrease in the number of Carbon Financial
Instrument contracts needed for compliance.

 CCX will not accept registration of Offsets or Offset Projects that are owned (in full or partially) by an entity that
is eligible to be a CCX Member but is not a Member. This prohibition also extends to entities that may have no
direct ownership but have a beneficial interest in such Offset Project(s). A CCX Member that is a partial owner of
an eligible Offset Project may register with CCX its legally-owned Offsets from the project, regardless of whether
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Certain Offset Projects undertaken by CCX Members prior to 1999 will be eligible to earn
Exchange Early Action Credits in accordance with the provisions of Section 9.7.

Provisions contained in Section 4.11.5 of this Rulebook govern use of Exchange Offsets and
Exchange Early Action Credits in the CCX True-up process. Eligible Projects that are operated
by CCX Members and CCX Offset Providers are defined as “Owned and Operated” Projects.
Usage and sales of XOs and XEs issued to CCX Member Owned and Operated Projects are
addressed in Section 4.11.6 of this Rulebook.

Registration of a project must be submitted in accordance with CCX processes and procedures.
A CCX-approved Verifier shall conduct verifications (including in-field inspections when
prescribed) of enrolled Projects. Such verifications shall document Project start dates (when
applicable) and other records as may be specified by CCX. The CCX-approved Verifier will
submit a report in accordance with CCX procedures. Unless otherwise specified by the
Exchange, the cost of the annual verification shall be borne by the Project Owner.

CCX, or its Provider of Regulatory Services, shall undertake audits for the purpose of confirming
that CCX-approved Verifiers have properly documented Project eligibility and effectiveness in
conformance with CCX rules. All Projects registration documents, verification reports, related
documents and documentation of quantification methods shall be subject to inspection and audit.
Additional provisions governing audits of Exchange Offset Projects are provided in Chapter 10
of this Rulebook.

9.2 Rule Interpretation and Modifications (2006)

Unless otherwise provided in this Rulebook, applicable CCX Committees shall be responsible for
recommending interpretations and appropriate modifications of rules established in this Chapter
to the Exchange. The CCX Offsets Committee is responsible for reviewing all proposed
interpretations and modifications and shall have final decision-making authority regarding this
Chapter.

9.3 Project Registration, Aggregation, Verification and Reporting (2006)
In order to earn CCX Exchange Offsets, the Project Owner or Aggregator (for the purposes of

this Chapter, these terms may collectively be referred to as “Project Owner” unless specifically
referred separately) of each CCX-eligible Project must

the other owner(s) of the project are CCX Members. For such projects, the CCX Member may register a quantity of
offsets up to the amount that corresponds to its percentage ownership share or beneficial interest of the project.
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(1) beaCCX aMember, CCX Offset Provider or CCX Offset Aggregator ;

(2) register the Project with CCX;

(3) obtain independent verification of the Project by a CCX-approved Verifier; and
(4) periodically report to CCX the status of the Project.

Unless otherwise allowed by the CCX Offsets Committee, a CCX Project Owner may directly
register a Project with CCX without an Aggregator and may directly execute trades on the CCX
Trading Platform as a CCX Member, a CCX Offset Provider or CCX Offset Aggregator if it
qualifies under Section 2.6.1 for access to the Trading Platform.

If a CCX Project Owner does not meet this requirement, Project Registration and trading of CCX
Exchange Offsets must be undertaken on its behalf by a CCX Offset Aggregator that meets the
requirement.

With the exception of certain small Projects (as specified below), each Project Registration
Filing and each periodic Project Report must be accompanied by a verification statement signed
by a CCX-approved Verifier.

As specified below, registration of certain CCX Offset Projects must be accompanied by a
Project eligibility statement prepared by a CCX-approved Verifier. The Project Registration
Filing must also contain a signed attestation that the entity registering as the CCX Project Owner
holds full legal title to the greenhouse gas mitigation rights registered as CCX Exchange Offsets
that are associated with the facilities and sites included in the registered Project.

As specified below, the performance of each CCX Project must be quantified and reported (and,
as prescribed, verified) in accordance with the provisions of this Chapter. Each Project Owner
must submit a Project Report to the Project’s Aggregator (for Projects registered through an
Aggregator) or directly to CCX. Each Aggregator shall submit to CCX a summary report
reflecting the status of and quantity of mitigation achieved by all Projects it represents, using
forms to be provided by the Exchange.

Unless specifically authorized by the CCX Offsets Committee, Exchange Early Action Credits

(XE) must be registered with CCX within twelve months of the Membership approval date.
(2006)

9.3.1 CCX Offset Aggregator (2006)
Entities that meet the qualifications provided in Section 2.3 can be accepted as CCX Offset
Aggregators. For-profit entities, cooperatives, governmental bodies and non-profit organizations
may act as CCX Offset Aggregators. Eligible entities must apply for CCX Offset Aggregator
status by filing applicable CCX forms.

As per the provisions described below, Carbon Reserve Pools established for CCX forest and
soil carbon Projects shall be established for the entire pool of Offsets represented by each CCX
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Offset Aggregator. CCX Offset Aggregators may charge fees for services they provide to
Project Owners. CCX Offset Aggregators shall have the discretion to refuse to represent
individual Projects.

A CCX Offset Aggregator will be assigned an account in the CCX Registry and must meet the
eligibility requirements to have access to the CCX Trading Platform. A CCX Offset Aggregator
shall undertake the following actions on behalf of CCX-registered Projects it represents
(1) accept initial registration forms from owners of CCX-eligible Projects;
(2) assemble Project Reports from Project Owners, retain copies of Project verification
records;
(3) submit Offset registration fees to CCX;
(4)  have sole authority to access the Registry Account(s)’ holding the Offsets issued to
Projects it represents and to access the CCX Trading Platform as an Authorized
Trader; and,
(5) execute sales on the CCX Trading Platform on behalf of Project Owners and
distribute sales proceeds to Project Owners in accordance with the terms agreed
between the Aggregator and Project Owners.

The terms of the business and legal relationships between Aggregators and Project Owners are
left to the discretion of those parties.

9.3.2 CCX Registered Offset Advisor (1/21/2004)

The role of a CCX Registered Offset Advisor is to:
e Act as a clearinghouse for project developers, providing advice and recommendations to
CCX on the initial suitability and reputations of projects.
e Provide technical and logistical assistance to project developers who wish to submit
projects for consideration or registration with CCX.

Addition of CCX Registered Offset Advisors and their geographic coverage is subject to
approval of the CCX Offsets Committee. CCX Registered Offset Advisors are subject to the
supervision of the CCX Offsets Committee.

CCX Registered Offset Advisors cannot act as aggregators, verifiers or offset providers.

9.4 Offset Issuance (2006)

CCX-eligible Offset Projects can be recorded in the CCX Registry and will be issued Exchange
Offsets on the basis of the entire recognized mitigation tonnage realized during Phase I and

3 All categories of CCX members are entitled to one account in the CCX registry as part of their membership.
Additional accounts may be established in the CCX Registry for a fee determined by CCX.
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Phase II Market Periods. The quantity of mitigation achieved by each Offset Project shall be
quantified on the basis of metric tons of carbon dioxide (CO,) equivalent. Each Exchange Offset
will represent one hundred metric tons of carbon dioxide (CO,) equivalent and will be identified
by annual Vintage. The minimum trading unit is one Exchange Offset or one CFI contract.

Exchange Offsets and Exchange Early Action Credits will be issued only if all required
documentation is presented to CCX. Subject to provisions in Chapter 4 of this Rulebook,
Exchange Offsets and Exchange Early Action Credits will be recognized as equivalent to
Exchange Allowances when surrendered for Compliance. XOs and XEs may be used for
Compliance in their designated Vintage year or in later years. The Vintage year assigned to
XOs and XEs shall correspond to the year in which the associated Greenhouse Gas mitigation
occurs subject to the provisions of Section 4.11.6 of this Rulebook, except that XEs earned prior
to 2004 will be assigned a Vintage of 2004 (or later Vintages, subject to recommendations of the
CCX Offsets Committee).

CCX may issue offsets on the basis of annual emission mitigation. CCX may also issue Offsets
for certain projects more frequently with the submission of the required documentation to CCX.

9.5 CCX Offset Project Terms and Conditions

By registering a Project with CCX, each Project Owner agrees to and acknowledges the CCX
Transaction terms and conditions provided in Section 5.5, Figure 5.1 as well as the additional
Terms and Conditions provided in Figure 9.1.

Figure 9.1 Additional Terms and Conditions Associated with CCX Offset Projects and
Exchange Offsets (2006)

(1) The enrolled Project meets all applicable eligibility rules of the Chicago Climate
Exchange.

(2) CCX will issue to the CCX Registry Account of the Project Owner or its
designated CCX Offset Aggregator a quantity of Exchange Offsets based on the
entire recognized mitigation tonnage approved by CCX and that conforms to the
Rules provided in this Chapter subject to the provisions of Section 4.11.6 of this
Rulebook

(3) Each sale of Exchange Offsets executed through the Chicago Climate Exchange
shall represent a complete transfer of all legal rights associated with the
mitigation of Greenhouse Gases that causes the issuance of CCX Offsets. The
transferred legal rights are those corresponding to the quantity and Vintage of
the Exchange Offsets issued in accordance with the terms and conditions
provided in this section and other applicable Rulebook sections.

(4) The Project Owner or its CCX Offset Aggregator may sell or retain the
Exchange Offsets earned under the provisions of this agreement.
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(5) The Project Owner or its CCX Offset Aggregator may elect to deregister the
Exchange Offsets once registered with CCX. The Project Owner or its CCX
Offset Aggregator must deregister Exchange Offsets prior to entering into an
agreement to sell the associated emission reductions outside of CCX.

(6) The Project Owner shall retain full legal ownership of all rights associated with
the mitigation of Greenhouse Gases that may accrue:

(a) on lands or via activities not included in the CCX-registered Project;

(b) in excess of the quantity of Exchange Offsets issued by CCX to
CCX-registered Projects; or,

(c) during periods prior to registration of a project with CCX and
subsequent to time periods for which the project realized Offsets
through CCX participation.

(7) CCX makes no warranty as to the marketability or market value of CCX
Exchange Offsets.

(8) Each Project Owner, and, when applicable, its CCX Offset Aggregator, is
required to periodically submit a signed Project Report that confirms
conformance with the terms herein. Representatives of CCX may conduct on-
site inspection of registered Projects and related documents. Each Project
Owner agrees to provide access in such cases in a prompt and cooperative
manner. All CCX Exchange Offset Projects, Project Reports and verification
reports are subject to inspection and audit by the Provider of Regulatory
Services designated by CCX and by other independent experts as may be
engaged by CCX.

(9) CCX may request additional information and/or access to registered Projects for
the purpose of advancing understanding of Greenhouse Gas mitigation Projects:

(a) Project Owners may decline such access without penalty; and,

(b) In no cases shall research findings cause a reduction in the quantity
of Exchange Offsets to be issued to a registered Project.

(10) Additional terms and conditions are prescribed for individual Project types in
other sections of this Chapter.

(11) Failure to conform to the rules provided herein may result in termination of
enrollment in CCX and prohibition from all further participation in CCX.

9.6 Additional CCX-Eligible Projects (2006)

The CCX Offsets Committee may approve additional Project types and locations. In the process
of evaluating additional project types, the CCX Offsets Committee may observe the following
principles, which have been used in the establishment of the provisions of this Chapter:

(1) eligibility criteria and Offset issuance quantities shall reflect the best available
scientific and technical information, as evidenced by peer-review published studies
and other high-quality research findings;
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(2) conservative Offset issuance rates (e.g. application of discounted Offset values, use
of Forest Carbon Reserve Pool);

(3) balancing requirements for adequate documentation and verification of
environmental effectiveness with the goal of minimizing transaction costs;

(4) compatibility with emerging international standards; and,

(5) avoidance of negative environmental and social impacts.

9.6.1 Terms and Conditions for Accepting Emission Reductions from Projects approved by the
Clean Development Mechanism As Exchange Offsets for Use or Sale in CCX (2008)

9.6.1.2 Approval by CCX Offset Committee

Use of emission reductions from projects approved by the Clean Development Mechanism (CDM) in
Chicago Climate Exchange shall be allowed only if approved by the CCX Offsets Committee.

9.6.1.3 Eligible Projects, Crediting Rates

Unless specific circumstances warrant otherwise, CDM-approved projects that conform to
existing CCX offset project categories shall be considered CCX-eligible, subject to the other
Terms and Conditions provided herein.

Conversion of emissions reductions from CDM approved projects to CCX Carbon Financial
Instrument contracts shall be conducted in a manner that results in net issuance of CCX CFI
contracts to particular project types at rates that conform to the Exchange Offset issuance rates
applied to projects specified in the CCX rulebook or as determined by the CCX Offsets
Committee.

9.6.1.4 Ineligible Project Types
CDM approval notwithstanding, the following project types are not eligible to be registered on
CCX unless the project also satisfies the CCX project methodologies:

e Hydro power

e Forestry

e Other CDM Approved projects or methodologies that result in net increases in emissions
to the atmosphere

9.6.1.5 Avoidance of Double Counting
Interface between the CDM registry and CCX shall assure that CERs shall only be used for
compliance once. Exchange of CERs for CFI contracts can occur through the following

mechanisms, or another mechanism that may be deemed appropriate once the CDM registry is
activated:
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(1) CERs may be exchanged for CCX CFI contracts by delivering CERs to a CCX
account in the CDM registry and transfer on by CCX to a CDM registry retirement
account. Upon retirement of the CERs, the entity that transferred CERs to the
CCX CDM account will be issued CFI contracts to its CCX Registry Account.

(2) CERs may be exchanged for CCX CFI contracts by presenting to CCX
documentary evidence that demonstrates that CERs have been transferred to a
CDM registry retirement account in the name of Chicago Climate Exchange (and
for no other purpose). Upon presentation of such evidence, the entity that retired
CERs will be issued CFI contracts to its CCX Registry Account.

9.6.1.6 Projects Which Use CDM or Other Emission Reduction Methodologies

Where a project is not CDM approved but uses a CDM emission reduction methodology or
methodology other than one included in the CCX Rulebook, the project must receive a
determination of eligibility by CCX and approval to use the proposed quantification
methodology.

9.7 Exchange Methane Offsets (XMOSs) (2007)

Exchange Methane Offsets will be issued to owners of GHG emission reductions achieved by
landfill, agricultural and coal mine methane collection and combustion systems as provided
below, or as approved by the CCX Offset Committee.

9.7.1 Landfill Methane Offsets (2007)

Exchange Methane Offsets will be issued to owners of GHG emission reductions achieved by
landfill collection and combustion systems placed into operation on or after January 1, 1999.
Landfill methane collection and combustion systems in the U.S. may be registered with CCX
and may earn XMOs only for mitigation occurring during time periods for which the landfill
was not required to collect and combust methane in accordance with U.S. regulations (federal,
state, local or provincial) requiring such actions, such as New Source Performance Standards or
other applicable regulation. Landfill methane combustion occurring in countries outside of the
U.S. may earn XMOs only for mitigation that is not required under the any legal requirement of
such country. XMOs will be issued on the basis of metric tons of methane destroyed, net of CO;
released upon combustion, during the Phase I and Phase II Market Periods, at a net rate of 21
metric tons CO, for each metric ton of methane combusted.

Appendix 9.1A provides the protocol to be employed in quantifying landfill gas methane
combustion for CCX XMO Projects.
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9.7.1.1 Registration of CCX Offsets by Governmental Entities Having Minor Direct
Emissions (2007)

Governmental entities that have Direct Emissions below 25,000 metric tons CO; during the most
recently completed calendar year are allowed to register CCX-eligible landfill methane offset
projects without having to commit their Direct Emissions to the CCX reduction schedule.’
Governmental entities availing themselves of this provision are required to retire 10% of their
registered offsets on an annual basis, up to a maximum retirement amount of 5,000 metric tons
CO; per year. A governmental entity will be limited to the sale of Carbon Financial Instrument
contracts representing 50,000 metric tons of CO, per Vintage. In order to sell Carbon Financial
Instrument contracts in excess of the 50,000 metric tons of CO,, a government entity must apply
and be approved as a CCX Member subject to the CCX emission reduction rules.

All CCX project eligibility (including start dates, absence of regulatory requirement to collect the
methane) and verification rules apply. The Exchange has the right to limit the number of
participants under this provision.

9.7.2 Agriculture Methane Emission Destruction (2007)
Eligibility
Projects eligible for agriculture methane offsets must have prior (baseline) manure management
practices™’, where manure is handled as a liquid and with significant methane emitting potential,
including:

1. Liquid/slurry storage

2. Pit storage below animal confinements (for periods exceeding one month)

3. Uncovered anaerobic lagoons
Eligible projects with baseline manure management systems other than those listed above may

include only that portion of the manure handled by eligible systems in any baseline emission and
Offset calculations.

* This provision will not apply to an entity whose Direct Emissions are less than or equal to 10,000 metric tons CO,
per year as per CCX Rule 9.1. If an entity experiences a material change in emissions, the entity must inform CCX
and it may affect its status with respect to CCX Rule 9.7.1.1.

3 IPCC 2000, Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (May
2000)

® Table 10.18. Definitions of Manure Management Systems. 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
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Although the use of non-manure feedstocks may result in additional emission reductions, such
use should be treated as a separate project activity and is not included in the specific calculation
of agricultural methane Offsets for anaerobic manure digester projects.

Baseline calculation

The emissions baseline is the amount of methane that would be emitted to the atmosphere during
the crediting period in the absence of the anaerobic digester project. For each year during the
crediting period, baseline emissions for all anaerobic digesters are calculated as specified in
paragraph (a) and paragraph (b) below, and the lower of the two values will be used:

(a) Actual monitored amount of methane captured and destroyed by the project activity
using existing CCX monitoring protocols and a global warming potential for methane
of 21. The default methane combustion efficiency for flared biogas from anaerobic
digesters is 90%. Higher efficiencies may be used if supported by manufacturer’s
specifications or other acceptable data. The default methane combustion efficiency
for biogas utilized by electricity gensets is 100%.

(b) The methane emission calculated ex ante based on the amount of the animal manure
that would decay anaerobically in the absence of the project activity, using the most
recent country-specific IPCC tier 2 approach.

Appendix 9.1B provides the protocol to be employed in quantifying methane combustion by
agricultural methane projects.

The Project Verifier must document (among other items):

(1)  the Project Owner’s clear ownership rights to Greenhouse Gas emission reductions
associated with sites included in the Project;

(2) eligibility of the site to earn CCX XMOs; and,

(3) records of methane content and total gas flows or total electricity generation and
engine manufacturer’s efficiency rating (if applicable).

9.7.3 Coal Mine Methane Emission Destruction (2007)
9.7.3.1 Applicability

This protocol applies to methane recovered from active and abandoned coal mines using the
following extraction techniques:

(1) Pre-mining drainage wells (from the surface or underground) associated with
mining activities at active coal mines;

(2) Post-mining drainage wells (from the surface or underground) associated with
mining activities including from sealed mine areas; and
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(3) Ventilation air methane from ventilation fans.

9.7.3.2 Eligibility

To be eligible to earn Offsets, any methane-extraction technique used at active coal mines must
be approved for use by Mine Safety and Health Administration (MSHA) or equivalent non-U.S.
mining regulatory agency rules. CCX eligibility requirements for methane to be included for
registration are as follows:

(1) Methane produced from pre-drainage wells will be limited to wells drilled after
January 1, 1999.

(2) Methane produced from pre-drainage wells will only be eligible after the well is
mined through.

(3) All methane produced from pre-drainage wells from within a -50 meter to +150
meter vertical range of the mined coal seam will become eligible when the well is
mined through.

(4) Methane produced outside the vertical limit can become eligible if the candidate
project(s) demonstrate sufficient analytical evidence, consistent with IPCC Tier 3
Methodology, which connects methane generated outside the established vertical
range to the mined seam in question.

(5) All methane produced from qualifying wells at abandoned coal mines will be
eligible.

9.7.3.3 Specific Registration Criteria

CCX requirements for crediting methane recovery from coal mines as Offsets include the
following.

9.7.3.3.1 Phase I Registration and Trading
(1) Pre-Mining Activities:

a. CMM collected from wells drilled after January 1, 1999, and mined around or
through after January 1, 2003, can be registered and traded on CCX.

(2) Post-Mining Activities:

a. CMM from any well drilled after January 1, 1999, and collected after January 1,
2003, can be registered and traded on CCX.

b. CMM from any well drilled prior to January 1, 1999, and collected after January
1, 2003, which is: 1) processed/refined through a low quality gas facility,
constructed after January 1, 1999, or 2) utilized in a low quality combustion
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process (i.e. reciprocating engine, boiler, flare), constructed after January 1,
1999, can be registered and traded on CCX.

c. CMM from any well drilled prior to January 1, 1999 and collected after January 1,
2003, which is not 1) processed/refined through a low quality gas facility,
constructed after January 1, 1999, or 2) utilized in a low quality combustion
process (i.e. reciprocating engine, boiler, flare), constructed after January 1, 1999,
cannot be registered and traded on the CCX.

9.7.3.3.2 CCX Phase Il Registration and Trading
(1) Pre-Mining Activities:

a. CMM collected from wells drilled on or after January 1, 1999, and mined
through after January 1, 2007, can be registered and traded on the CCX.

b. All CMM from any well drilled before January 1, 1999, and mined through on or
after January 1, 2007, can be registered but not traded on the CCX.

(2) Post-Mining Activities:

CMM from any well drilled at any time, collected on or after January 1, 2007,
which is processed / refined through a low quality gas facility, constructed after
January 1, 1999, or utilized in a low quality combustion process placed into
commercial operation on or after January 1, 1999, can be registered and traded on
the CCX.

Appendix 9.1 C provides the protocol to be employed in quantifying methane combustion by
coal mine methane projects.

9.7.4 XMO Project Registration, Verification and Project Reports

Registration of each CCX XMO Project must be accompanied by a Project eligibility statement
prepared by a CCX-approved Verifier. The Project Registration Filing must include a signed
attestation that the entity registering as the CCX Project Owner holds full legal title to the
Greenhouse Gas mitigation rights registered as CCX Exchange Offsets that are associated with
the facilities included in the registered Project. The filings must contain an attestation by a
CCX-approved Verifier as to the quantity of mitigation achieved and Exchange Offset issuance
that is prepared in conformance with the rules provided herein, and with the verification
protocols prescribed by the Exchange.
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9.8 Exchange Forestry Offsets (XFOs)

9.8.1 General Provisions

Exchange Forestry Offsets will be issued to owners of CCX-eligible Forestry Projects that are
registered with the Exchange. As provided below, XFOs will be issued on the basis of increases
in Carbon Stocks or avoided deforestation, quantified in metric tons of carbon dioxide (CO,)
equivalent, realized during the Phase I and Phase II Market Periods.

The rules and methods to be applied to quantification of Exchange Forestry Offsets are intended
to be harmonized with those established for quantification of changes in Carbon Stocks by CCX
Members in the forest products sector. Those rules and methods are provided in Chapter 8 of
this Rulebook.

9.8.2 Afforestation Projects

9.8.2.1 General Provisions

1.

Eligible forestry projects involving afforestation via plantings initiated on or after
January 1, 1990, on forest land that had been degraded’ or in unforested condition on
December 31, 1989, may earn CCX CFI’s.

Under this protocol, eligible forestation activities must involve afforestation and should
not involve any harvesting, including thinning, during the contract period. Projects
enrolled under this protocol and subsequently harvested must meet the protocol
requirements for managed forests. Projects that do not remain enrolled in the program
under the managed forest protocol must surrender all Carbon Financial Instruments
accrued on that parcel.

CCX CFI’s will be issued to owners of CCX-eligible afforestation projects on the basis of
verified documentation reporting the annual increase in carbon stocks in live tree® and
soil organic carbon’ portion of the carbon pool forest (expressed in metric tons of carbon
dioxide) on eligible sites included in the project during the years 2003 through 2010.

7 Qualifications for degraded land will be determined by CCX Committee on Forestry on a case by case basis
depending on the region and project attributes.

¥ Live trees, as defined in Table 1.1 of the DOE 1605b report, refers to: “Live trees with diameter at breast height
(d.b.h.) of at least 2.5 cm (1 inch), including carbon mass of coarse roots (greater than 0.2 to 0.5 cm, published
distinctions between fine and coarse roots are not always clear), stems, branches, and foliage.”

? Soil organic carbon, as defined in Table 1.1 of the DOE 1605b report, refers to: “Belowground carbon without
coarse roots, but including fine roots and all other organic carbon not included in other pools, to a depth of 1 meter.”

9-13

Reproduction or quotation is expressly prohibited without written consent of Chicago Climate Exchange, Inc.



CCX® Confidential CCX Exchange Offsets and Exchange Early Action Credits
© January 2004 CCX

4. All issuance of Exchange forestry offsets to CCX-eligible afforestation projects shall
require the placement of 20% of earned Exchange Forestry Offsets in a Forest Carbon
Reserve Pool. A Forest Carbon Reserve Pool will be established for the entire pool of
projects represented by each offset provider and aggregator. Exchange Forestry Offsets
held in a Forest Carbon Reserve Pool shall remain the property of the Project Owner, and
all Exchange Forestry Offsets not terminated by CCX shall be released to the Project
Owner near the end of the market period.

5. Upon registration of the afforestation project with CCX, the Offset Provider or Offset
Aggregator must present to CCX an attestation that the carbon stocks in forest parcels
included in a project will be subject to long-term maintenance. This includes a
contractual agreement between the aggregator and each participating landowner to
maintain the enrolled land as forest for at least 15 years from enrolled date and a signed
letter of intent from each registered landowner. This contract and letter will be included
in the project filing. A sample letter of intent is included as Appendix 9.2 Auiii.

6. Annual carbon accumulation in afforestation projects in the U.S. may be quantified using
the CCX Carbon Accumulation tables. Similar tables may be developed by CCX for
other regions in the world. Entities that elect to use other quantification methods for
afforestation projects must have the methodology approved by the CCX Forestry
Committee.

7. The quantification of changes in carbon stocks will be adjusted to reflect acquisition or
disposition of forested land on an annual basis as outlined below:

a. When forested land is acquired, the enrolled landowner may include eligible
forest carbon accumulation provided that it meets all of the criteria set forth in this
section.

b. If forested land is disposed by a land owner, then the offset provider or aggregator
must return to CCX, for retirement, the quantity of offsets issued to the project for
sequestrated carbon for entire length of time that the land has been enrolled in the
program.

i. However, disposed land from one pooled participant to another pooled
participant that is also enrolled within CCX will be required to transfer
CFI’s to the other pooled participant. This may require transferring CFI’s
from one aggregator to another.

8. All enrolled land is subject to third party verification requirements by CCX-approved
verifiers. Guidelines for verification are outlined below.
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9.8.2.2 Project Registration Filings

Project Registration Filings must document project acreage, description of planted tree species
and the tree ages, sizes, and planting density at the time of the Project Registration.

CCX will provide Forestry Project Registration documents, which shall include:

1. Description of afforestation activity;

2. Evidence that planting occurred after December 31, 1989;

3. Description of pre-Project condition of included lands;

4. Legal description of land included in the forest Project;

5. Identity of the land owner(s);

6. Legal evidence that the Project land is owned by the Project Owner, or, in instances
where the Project owner is not the landowner, evidence that the CCX Forestry offsets to

be generated by the Project are legally owned by the Project Owner;

7. Documentary contractual evidence between the aggregator and landowner that Project
lands will remain as forest stock for at least 15 years;

8. Letter of intent from landowner to maintain forests beyond length of the CCX market
period.

9.8.2.3 Included Carbon Pools

CCX CFlIs will be issued on the basis of increases in carbon stocks in live tree and soil organic
carbon portions of enrolled project lands. In addition to the CCX-prescribed terms and
conditions, in all cases forest owners (or, as applicable, the ultimate owner of carbon
sequestration rights associated with land included in a CCX Project) shall retain ownership rights
for all sequestration occurring in any excluded carbon pools.

If an enrolled forest owner does not conform to the CCX Afforestation Offset performance rules,
such event shall be promptly reported to CCX (such reporting shall occur through a project’s
aggregator if the project is registered through an aggregator). CCX will then cancel CFI’s in an
amount equal to the quantity of forest offsets previously issued to the project. The owner of the
non-performing forest project shall be prohibited from further participation in CCX.
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9.8.2.4 Forest Carbon Quantification Methods

U.S. based Afforestation Projects may quantify carbon sequestered in eligible forests through use
of the CCX Carbon Accumulation tables. Similar tables may be developed for other regions of
the world. The tables are presented in Appendix 9.2A..

9.8.2.5 Treatment of Catastrophic Losses and Forest Carbon Reserve Pool

Each CCX afforestation project (which can be an aggregated pool of forest projects) shall be
required to place 20% of the offsets it earns into a CCX Forest Carbon Reserve Pool. Such
offsets shall remain the property of the forest owner(s) (pool participants in the case of
aggregated projects) and all forest offsets that remain in the Forest Carbon Reserve Pool shall be
released to forest owners near the end of the market period.

CFIs in the Forest Carbon Reserve Pool will be used to compensate for any catastrophic losses.
The maximum amount of such carbon loss to be recognized by CCX for catastrophic losses shall
be no more than the total quantity of forest offsets available in the Forest Carbon Reserve Pool
after the of annual verification.

9.8.2.6 CCX Forest Offset Aggregators

An aggregator is a CCX-registered entity that serves as an administrative representative, on
behalf of Project Owners, of multiple Forest Projects. Projects that are represented in CCX by an
aggregator are referred to as “pooled projects”. The “pool” refers to the multiple projects
represented by the aggregator.

Each aggregator is assigned a CCX Registry Account which will hold all offsets issued to
Projects it represents. Aggregators shall also be Authorized Traders in the CCX Trading Platform
for such offsets. Aggregators shall be responsible for receiving from individual projects the
CCX-required project reports, and for submitting to CCX summary reports of projects they
represent. Necessary forms will be provided by CCX. The terms of the business and legal
relationships between aggregators and Forest Owners are left to the discretion of those parties.

In addition to the terms and conditions presented in the CCX Rulebook Chapter on Offsets, the
terms and conditions of provided in the following shall apply to CCX Exchange Forestry Offset
Projects that are aggregated.

1. The aggregator acknowledges that it must annually submit a signed attestation that it is in
conformance with the terms and conditions presented herein to CCX.

2. The aggregator acknowledges that actual increases and decreases in forest carbon stocks
must be reported to CCX in accordance with CCX rules.
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3. The aggregator acknowledges that a CCX-approved verifier must be selected to provide
verification of the project, and be allowed access to forest lands and project documents
for the purpose of undertaking project verification.

4. The aggregator acknowledges that a decrease in carbon stocks will result in cancellation
of CFI’s held in the Forest Carbon Reserve Pool. The aggregator is responsible for
replenishing, within one year of cancellation, cancelled CFI’s in the Forest Carbon
Reserve Pool to maintain a 20% escrow. The aggregator may be required to surrender
additional Carbon Financial Instruments to compensate for loss of carbon stocks if the
quantity of forest offsets in the Reserve Pool is inadequate.

5. Aggregators are responsible for maintaining and available for verification, a sound
database and monitoring management system capable of tracking each individual owner’s
forest land holding enrolled in the program. CCX will provide guidelines for the data that
needs to be maintained by aggregators for enrolled forestry offset projects.

9.8.2.7 Guidelines for Verification on Afforestation Offset Projects
Objective and Scope of Work

Desk and field verification of CCX Afforestation projects on registered projects in the CCX
Offset program must be conducted by a CCX approved verifier. Verification is intended to
confirm the reported species mix and characteristics, verify acreage enrolled in program, confirm
that forest management practices on enrolled land are in conformance with the program criteria,
and to identify any acres not in compliance with eligibility criteria. Verification costs are borne
by the project provider/aggregator.

Desk Review

All land enrolled by the selected applicant or forest offset provider are subject to an annual desk
audit. Landowners that are unable to provide sufficient documentation will be ineligible. A
checklist list of verification requirements is contained in Appendix 9.2Aii.

Field Verification

Field verification consists of inspecting at least 10% of both the participants and acreage enrolled
in the program. This field inspection will occur when the project is approved, at the end of the
CCX commitment period, and, subject to the recommendation of the CCX Committee on
Forestry, for additional periods. The projects selected for field verification are chosen at the
discretion of the verifier. Land will be inspected to confirm the appropriate use of the approved
quantification method, species mix and age class, ownership, and the number of eligible acres.
The field verification shall provide an opinion that the practices and requirements provided in the
CCX project proposal have been implemented as intended.
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Statement of Intent

Each project owner must sign a statement of intent declaring that the applicant intends to respect
and abide by the protocol developed by CCX on all land enrolled in the program and that the
applicant intends to preserve the Forest Stocks beyond December 31, 2010. A copy of the letter
is included in Appendix 9.2Aiii.

State Programs

The CCX Committee on Forestry will review state forest programs that involve monitoring on a
case-by-case basis to determine if the verification process associated with state programs could
act as a substitute for CCX field verification.

9.8.3 Long Lived Wood Products
9.8.3.1 General Provisions

1. CCX forest offset providers/aggregators must register net forest carbon stock changes
from growth that is quantified using the Model-based accounting approach described in
the managed forest offset protocol.

2. All claimed long-lived wood products must be produced on sustainably managed
forests as evidenced by certification from agencies or schemes that have been endorsed
by the PEFC' or other certification programs approved by CCX Committee on
Forestry. Approved certification schemes are included as Appendix 9.2Ci.

3. The quantity of long-lived wood products to be included will be the fraction of carbon
in long-lived wood products in use and landfills at the end of 100 years based on the
Department of Energy 1605b technical guidelines for forestry. The wood product
conversion factors will be based on prescribed default wood category utilization
coefficients presented in the CCX calculator for participant members. These conversion
factors by wood product categories are presented in Appendix 9.2Cii, 9.2Ciii, and
9.2Civ.

4. The forest offset provider/aggregator must provide, on an annual basis, third party
verified information documenting the quantity of wood products harvested by category,
species and region.

' The PEFC Council (Programme for the Endorsement of Forest Certification schemes) is an independent, non-
profit, non-governmental organization, founded in 1999 which promotes sustainably managed forests through
independent third party certification. The PEFC provides an assurance mechanism to purchasers of wood and paper
products that they are promoting the sustainable management of forests.
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5. CCX aggregators who register wood products carbon are responsible for maintaining a
sound database and monitoring management system capable of tracking annually each
individual owner’s forest land holding enrolled in the program, records of management
activity, and any sales of harvested wood. All of these records must be available for
audit. CCX will provide guidelines for the data that needs to be maintained by
aggregators for enrolled small forestry offset projects.

6. CCX aggregators must establish contractual agreements with CCX-enrolled forest land
owners that provide that carbon rights from long-lived wood products will be
exclusively traded through the respective aggregator. Landowners must also establish
exclusive contractual rights with the primary wood products manufacturer to the carbon
rights associated with long-lived wood products. Any violation of program rules
should be promptly reported to the Exchange. The CCX Committee on Forestry may
prescribe additional measures to ensure that no double counting of carbon rights from
carbon registered by enrolled participants is carried out.

7. Timber purchasers may acquire these rights from landowners provided that this can be
documented according to chain of custody documentation outlined in this document.
Long lived wood products carbon rights cannot be transferred beyond the primary
wood products manufacturer at this time.

9.8.3.2 Quantification

Participant members electing to quantify and report carbon sequestration in long-lived wood
products need to report harvest quantity by CCX recognized wood product categories. CCX CFIs
will be issued for the calendar year based on the fraction of carbon in long-lived wood products
in use and landfills after 100 years from the harvest wood.

Recognized wood product categories include

1. Softwood saw timber
2. Softwood pulpwood
3. Hardwood saw timber
4. Harwood pulpwood

Forest offset providers must use the DOE product-based estimates for estimating long lived
wood products carbon. These estimates use the harvest volume of wood available for subsequent
processing as the starting point for estimating carbon in long lived wood products. The main
variables required for the estimation is independently verified measure merchantable wood under
CCX-recognized wood product categories. Verification requirements may involve audit of sales
receipts from the enrolled forest landowner. The receipts must specify the wood products
categories (softwood saw log, softwood pulpwood, hardwood saw logs and hardwood pulpwood)
being sold.
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Using above procedures outlined in the DOE 1605b technical guidelines for forestry, CCX has
developed factors that convert the volume of harvested wood by category, to long-lived carbon
in use and landfills at the end of 100 years across wood categories. These factors are presented in
Appendix 9.2Cii, 9.2Ciii, and 9.2Civ..

The quantity of carbon dioxide in long lived wood products at the end of 100 years is computed
using the following formula:

Carbon_Products r = Y'c Wood Product Category r, ¢* Harvest Volume r_ ¢

Where

R =Region

C = Wood product category (Softwood saw log; Softwood pulpwood, Hardwood saw log and
Hardwood pulpwood)

Carbon in use and landfills after 100 years in long-lived wood products for participant members
is determined as follows:

1. If the harvest is reported in volume, the harvest must be converted into weight using
conversion factors reported in the appendix.

2. [If the harvest is reported in weight, determine the dry tons of carbon in CCX recognized
wood product categories. This process involves converting green tons of harvested wood
to dry tons across CCX wood product categories using a factor of 0.5 and converting dry
tons across wood product categories to carbon tons using a factor of 0.5.

3. Distribute carbon tons by wood product category.

4. Use CCX prescribed conversion factors to calculate the quantity in use and landfills after
100 years by wood product category.

5. Convert to metric tons of carbon dioxide. This is done by multiplying by 3.67 to convert
from carbon to carbon dioxide and then by 0.907 to convert to metric tons.

9.8.3.2.1 Hypothetical Example 1 — Harvest Reported in Weight

Consider a harvest in the North East produced 4,000 tons green weight of round wood. Further
assume that the harvest was distributed across wood product categories in following fashion:

Softwood saw timber: 7.9%
Softwood pulpwood: 5.1%
Hardwood saw timber: 46.5%
Harwood pulpwood: 40.5%

el S
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The 100 year in-use carbon dioxide in long-lived wood products (expressed in metric tons) is
determined as follows.

Step 1: Convert green weight of roundwood to dry tons: (4000 green tons * 0.5 (green tons / dry
tons)) = 2,000 dry tons

Step 2: Convert dry tons to carbon tons: (2,000 dry tons * 0.5 (dry tons / carbon tons)) = 1,000
carbon tons

Step 3: Distribute carbon tons across categories:

Softwood saw timber: 79 carbon tons
Softwood pulpwood: 51 carbon tons
Hardwood saw timber: 465 carbon tons
Harwood pulpwood: 405 carbon tons

el S

Step 4: Estimate 100 year in use value by wood product category

Softwood saw timber: 79 tons of carbon * 0.318 = 25.122 tons
Softwood pulpwood: 51 tons of carbon * 0.090 = 4.59 tons
Hardwood saw timber: 465 tons of carbon * 0.316 = 146.94 tons
Harwood pulpwood: 405 tons of carbon * 0.261 = 105.705 tons
Total = 282.357 tons of carbon

P

Step 5: Convert to metric tons of Carbon dioxide:

(282.357 *3.67*0.907)= 939.88 metric tons of CO,

9.8.3.2.2 Hypothetical Example 2 — Harvest Reported in Volume

Consider a harvest of maple-beech-birch forest in the Northeast that produced 200 MBF of
hardwood sawtimber and 1,000 cords of hardwood pulpwood.

Step 1: Convert volumes to common unit (thousand cubic feet):
Sawtimber: 200 MBF * 0.146 = 29.2 MCF
Pulpwood: 1,000 cords * 0.075 =75 MCF

Step 2: Convert volumes to metric tons of carbon:
Sawtimber:  29.2 MCF * 18.96 1b c/cu ft) = 553.6 thousand pounds
553.6 thousand pounds / 2.204 = 251.2 metric tons carbon
Pulpwood: (75 * 18.96) / 2.204 = 645.2 metric tons carbon
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Step 3: Estimate 100 year in-use value by wood product category
Sawtimber:  251.2 * 0.316 = 79 metric tons
Pulpwood:  645.2 * 0.261 = 168 metric tons

Step 4: Convert to metric tons of carbon dioxide equivalent
(79 + 168) * 3.67 = 909 metric tons of carbon dioxide equivalent

9.8.4 Managed Forest Projects

9.8.4.1 General Provisions

1.

Project owners and aggregators must provide evidence of sustainable forest
management of all their managed forest land through certification from agencies or
schemes that have been endorsed by the PEFC'' (e.g. SFI), the Forest Stewardship
Council, or other certification programs approved by the CCX Committee on Forestry.
A complete list of CCX approved certification schemes is available in Appendix 9.2Ci.
Carbon Financial Instruments may be issued retroactively prior to obtaining
certification for sustainable management provided that sustainable certification exists
when the project enrolls in CCX.

Project owners and aggregators may earn Exchange Forestry Offsets issued for
managed forest projects on the basis of verified documentation for the net changes in
carbon stocks (expressed in metric tons of carbon dioxide) on eligible sites included in
the project during each of the years 2003 through 2010. The net change in carbon
stocks is defined by the equation:

Net change in Carbon Stocks = (increases in Carbon Stocks due to growth) minus
(the quantity by which Carbon Stocks decreased due to harvest, pest, fire and
adverse weather events).

If an offset provider or aggregator reports for the calendar year a net decrease in Carbon
Stocks from the previous calendar year, the project owner or aggregator must Surrender
Carbon Financial Instruments in an amount reflecting net decreases in Carbon Stocks
from the previous year. Offset providers or aggregators may use banked allowances for
compliance in this situation.

" The PEFC Council (Programme for the Endorsement of Forest Certification schemes) is an independent, non-
profit, non-governmental organization, founded in 1999 which promotes sustainably managed forests through
independent third party certification. The PEFC provides an assurance mechanism to purchasers of wood and paper
products that they are promoting the sustainable management of forests.
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3. Quantification of net changes in forest carbon stock must involve a timber inventory
and growth-and-yield modeling approach. Managed forest projects will be issued or
debited CCX CFIs on the basis of net annual change in forest carbon stocks through the
CCX Market Period (2003-2010). Growth and yield Model estimates of net annual
changes in carbon from forestry project will be discounted to account for variance in
model estimates by the minimum of 20% or two times the reported statistical error'>
associated with a 90% confidence interval of the baseline inventory data.

All managed forest projects are subject to approval of the CCX Committee on Forestry.
No discount will be applied for instances when in-field inventories are conducted on an
annual basis. Post-harvest cruises must be conducted for a particular landowner
subsequent to a significant harvest or thinning.

4. All issuance of Exchange Forestry Offsets to CCX-eligible forestry projects, including
managed forestry projects, shall require the placement of 20% of earned Exchange
Forestry Offsets in a Forest Carbon Reserve Pool. A Forest Carbon Reserve Pool will
be established for the entire pool of Projects represented by each offset provider and
aggregator. Exchange Forestry Offsets held in a Forest Carbon Reserve Pool shall
remain the property of the Project Owner, and all Exchange Forestry Offsets not
terminated by CCX (in the event of a catastrophic loss) shall be released to the Project
Owner during 2010. Should CCX extend beyond 2010, the Forest Carbon Reserve
Pool will be maintained for projects that elect to remain enrolled in CCX.

5. Upon registration, Forest Offset Providers or Offset Aggregators must present to CCX
an attestation that the carbon stocks in the managed forest project will be subject to
long-term maintenance in a manner deemed acceptable by the CCX Forestry
Committee. This includes a contractual agreement between the aggregator and each
participating landowner to maintain the enrolled land in an approved sustainable
certification program for at least 15 years from enrolled date and a signed letter of
intent from each registered landowner. This contract and letter will be included in the
project filing.

6. The quantification of changes in carbon stocks will be adjusted to reflect acquisition or
disposition of forest land on an annual basis as outlined below:

a. When forested land is acquired, the enrolled landowner may include eligible
forest carbon accumulation provided that it meets all of the criteria set forth in
this document. When forest parcels are purchased, the carbon stocks on the
purchased forest are not counted as growth for the year they are purchased, but
are added into the baseline so that the net growth may be calculated in the
subsequent year.

12 The statistical error (E) is defined as the difference between the mean carbon sequestration (X) and the lower
confidence limit value (LCL) divided by the mean carbon sequestration (X). Thus, E=[(X-LCL)/X].
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b. If forested land is disposed by a land owner, then the offset provider or
aggregator will be penalized by the total amount of offsets issued by CCX for
sequestrated carbon from those acres for entire length of time that the land has
been enrolled in the program.

The offset provider or aggregator will not be required to surrender accrued CFIs
on the disposed land if the purchaser of the land:

ii.

Enrolls the purchased land in CCX under CCX criteria. Under such
conditions, a transfer of credits from one aggregator to another may be
required.

Does not enroll the purchased land in CCX, but;

1.

maintains certification for sustainable management on the
purchased land under a CCX-approved sustainability standard
through the CCX commitment period; and satisfies one of the
following criteria:

signs an attestation that carbon stocks are nondecreasing on this
parcel from the time of purchase through the end of the CCX
Market Period

the Member is able to verify through remote sensing techniques
that carbon stocks on the purchased land are nondecreasing on
this parcel from the time of purchase through the end of the CCX
Market Period

the Forestry Committee may consider acceptable alternatives to
2) and 3) on a case-by-case basis. Acceptable alternatives may
include requiring a percentage of the accrued CFI’s to be
surrendered.

CCX does not require the member to return the accrued CFIs provided that the
above conditions are met on an annual basis. If the requirements are not met at
any remaining point in the CCX market period, then the member is responsible
for surrendering the accrued CFIs.

7. Forest offset aggregators are responsible to maintain a database of pooled participant
records, maintain accurate records of enrolled project forest inventories, and keep track
of management activities in enrolled forest lands. The database records, model inputs
and all enrolled land are subject to third party verification requirements by CCX-
approved verifiers.
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8. If an enrolled participant’s project land does not conform to the managed forest offset
performance requirements, such event shall be promptly reported to CCX (such
reporting shall occur through a project’s aggregator if the project is registered through
an aggregator). CCX will then cancel all CCX CFI’s in an amount equal to the quantity
of forest offsets previously issued to the project. The owner of the non conforming
forest project shall be prohibited from further participation in CCX.

9.8.4.2 Baseline

Project participants must establish a baseline of forest carbon stocks for purposes of calculating
net changes in forest carbon stocks and subsequent issuance of CFIs. Once established, this
baseline will serve as the reference year for all purposes in the managed forest project pool
during the CCX market period. The baseline is established as the biomass level in the enrolled
parcels on December 31 of the year preceding their enrollment.

Participants are eligible to earn CFI’s based on verified documentation of net changes in forest
carbon stocks from the baseline year. Project proposal filing must present sufficient data on
forest inventories and management activities on enrolled forest land while establishing the
baseline. Baselines are subject to audit by a CCX approved verification agency.

9.8.4.3 Included Carbon Pools

Net changes in carbon stocks shall be quantified only on the basis of increases in above-ground
and below ground living biomass occurring on lands included in the CCX project. The above-
ground living biomass carbon pool includes stem wood, stem bark, and branches. The below-
ground living biomass carbon pool includes coarse roots”. In addition to the terms and
conditions established in this document, in all cases project owners (or, as applicable, the
ultimate owner of carbons sequestration rights associated with forest land included in a CCX
project) shall retain ownership rights for all sequestration occurring in any excluded carbon
pools.

9.8.4.4 Forest Carbon Reserve Pool

Each CCX managed forest project (which could be an aggregated pool of forest projects) shall be
required to place 20% of the offsets it earns into a CCX Forest Carbon Reserve Pool. Such
offsets shall remain the property of the forest owner(s) (pool participants in the case of
aggregated projects) and all forest offsets that remain in the Forest Carbon Reserve Pool shall be
released to forest owners near the end of the market period.

1 Acceptable methods for the inclusion of below-ground biomass in the United States are defined in Jenkins JC,
Chojnacky DC, Heath LS, Birdsey RA (2003) National-Scale Biomass Estimators for United States Tree Species.
Forest Science 49(1):12-35. Acceptable methods for the inclusion of below-ground biomass for regions outside of
the United States are defined in Cairns M, Brown S, Helmer E, Baumgardner G (1997) Root Biomass Allocation in
the World’s Upland Forests. Oecologia 111: 1-11.
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CCX CFI contracts in the Forest Carbon Reserve Pool will be used to compensate for any
catastrophic losses. In cases of adverse weather events or outbreaks of fire and pest damage that
do not reduce the quantity of Carbon Stocks on a parcel of forested land to levels below those
documented for the baseline, the Member shall document the quantity of timber destroyed by the
fire, pest or adverse weather event and Surrender an equivalent amount of Carbon Financial
Instruments. The Member shall continue to quantify and report subsequent increases and
decreases in carbon stocks on that land and shall be issued or must surrender Carbon Financial
Instruments accordingly.

In cases of catastrophic weather events or outbreaks of fire and pest damage that reduce the
quantity of carbon stocks on a parcel of forested land to levels below those documented for
baseline, the Member shall document the quantity of timber destroyed by the fire, pest or adverse
weather event. An amount of CFIs in the Forest Carbon Reserve Pool equal to the amount of the
destroyed by the catastrophic event will be cancelled. The CFIs in the Forest Carbon Reserve
Pool represent the maximum amount of CFIs that will be cancelled in the event of a catastrophic
loss.

Those stands shall be excluded from future projections of annual changes in Carbon Stocks until
the quantity of carbon stocks in those stands reaches the reported quantities for baseline. All
reports of significant damage caused by pest, fire and adverse weather events shall be subject to
audit by a CCX approved verification agency.

9.8.4.5 Managed Forest Project Proposals

All managed forestry project proposals must be submitted to the CCX Committee on Forestry for
review and recommendation. Project proposal filing must contain the following information:

1. Organizational Description

Short description on the organization, its function and work related to forestation
Description of program goals, management etc

Program relationship between agency and landowners

Social impacts of forest land on indigenous community

Historical description of forest stands

Description of how initial baseline determined

2. Description of Forested areas
e Species information

¢ Planting dates
e Acreage
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e Legal ownership
e Maps and other pertinent information

3. Description of Forest Management Activity

e Harvesting cycle
e Description of thinning, clearing and other management activities
e End use of the wood

4. Quantification Model

e Brief description of the proposed quantification method
e Baseline measurement

= Inventory frequency

= Sampling techniques

= Tree measurement techniques

= Statistical precision

= Backup equations

= References and documentation

5. Description of Project and Proposed Aggregation Model

e Objectives of project
e Eligibility and landowner requirements
1. Sustainable Forest Management certification information
ii. Contractual requirements with aggregator
iii. Monitoring arrangement between aggregator and landowner
e Database description

9.8.4.6 CCX Forest Offset Aggregators

An aggregator is a CCX-registered entity that serves as an administrative representative, on
behalf of Project Owners, of multiple CCX-qualifying Forest Projects. Projects that are
represented in CCX by an aggregator are referred to as “pooled projects”. The “pool” simply
refers to the multiple projects represented by the aggregator.

Each aggregator is assigned a CCX Registry Account which will hold all Offsets issued to
Projects it represents. Aggregators shall also be Authorized Traders in the CCX Trading Platform
for such offsets. Aggregators shall be responsible for receiving from individual projects the
CCX-required project reports, and for submitting to CCX summary reports of projects they
represent. A copy of this summary report is included as Appendix 9.2Di. The terms of the
business and legal relationships between aggregators and Forest Owners are left to the discretion
of those parties.
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In addition to the terms and conditions presented in the CCX Rulebook Chapter on Offsets, the
following terms and conditions shall apply to CCX Exchange Forestry Offset Projects that are

aggregated.
6. The aggregator acknowledges that it must annually submit a signed attestation that it is in
conformance with the terms and conditions presented herein to CCX.
7. The aggregator acknowledges that actual increases and decreases in forest carbon stocks
must be reported to CCX in accordance with CCX rules.
8. The aggregator acknowledges that a CCX-approved verifier must be selected to provide

10.

11.

verification of the project, and be allowed access to forest lands and project documents
for the purpose of undertaking project audits.

The aggregator acknowledges that a decrease in carbon stocks due to catastrophic losses
will result in cancellation of CCX CFI’s held in the Forest Carbon Reserve Pool. The
aggregator is responsible for replenishing cancelled CCX CFI’s in the Forest Carbon
Reserve Pool to maintain a 20% escrow within one year of cancellation. The aggregator
may be required to surrender additional Carbon Financial Instruments to compensate for
loss of carbon stocks if the quantity of forest offsets in the Reserve Pool is inadequate.

Aggregators are responsible for maintaining and available for audit, a sound database and
monitoring management system capable of tracking each individual owner’s forest land
holding enrolled in the program at the stand level. A summary sheet outlining data
requirements for each landowner is contained as Appendix 9.2Dii.

Aggregators must establish a baseline with each distinct pool of landowners that is
enrolled. Quantification of baseline and net change in carbon stocks will be accounted
separately for each project owner at the stand level within a registered pool of managed
forest projects. On an annual basis, the baseline will be adjusted to reflect land
acquisitions and dispositions within the enrolled pool.

9.8.4.7 Guidelines for Verification on Managed Forest Offset Projects

9.8.4.7.1 Objective and Scope of Work

Desk and field verification of CCX Managed Forest Offset projects on registered projects in the
CCX Offset program must be conducted by a CCX approved verifier. Verification is intended to
confirm the reported species mix and characteristics, verify acreage enrolled in program, confirm
that forest management practices on enrolled land are in conformance with the program criteria,
and to identify any acres not in compliance with eligibility criteria. Verification costs are borne
by the project provider/aggregator.
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9.8.4.7.2 Desk Review

All land enrolled by the selected applicant or forest offset provider are subject to an annual desk
audit. Landowners that are unable to provide sufficient documentation will be ineligible. The
desk audit must verify that the baseline and annual reports are in conformance with the managed
forest offset protocol.

9.8.4.7.3 Field Verification

Field verification consists of inspecting at least 10% of both the participants and acreage enrolled
in the program. This field inspection will occur when the project is approved, at the end of the
CCX commitment period, and, subject to the recommendation of the CCX Committee on
Forestry, for additional periods. The projects selected for field verification are chosen at the
discretion of the verifier and will occur on land where harvesting has occurred whenever
possible. Land will be inspected to confirm the appropriate use of the approved quantification
method, species mix and age class, ownership, and the number of eligible acres. The field
verification shall provide an opinion that the practices and requirements provided in the CCX
project proposal have been implemented as intended.

9.8.4.7.4 Statement of Intent

Each project owner must sign a statement of intent declaring that the applicant intends to respect
and abide by the protocol developed by CCX on all land enrolled in the program and that the
applicant intends to preserve the Forest Stocks beyond December 31, 2010. A copy of the letter
is included in Appendix 9.2Aiii.

9.8.5 Widely Spaced Tree Plantings
9.8.5.1 General Provisions

CCX Members and Participant Members may earn Carbon Financial Instruments for widely
spaced tree planting projects initiated on or after January 1, 1990, on land not forested, or on land
that had been degraded or unforested condition on December 31, 1989. The determination of
density specifications for widely-spaced will be determined by the CCX Forestry Committee.

CCX aggregators must maintain a detailed database documenting planting dates and establishing
that landowners with significant direct greenhouse gas emissions must be CCX Members in
order to earn Carbon Financial Instruments for widely spaced tree planting projects. CCX
aggregators must provide contractual evidence with each individual landowner regarding the
permanence of maintaining the tree plantings into the future.
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9.8.5.2 Quantification

The coefficients in Appendix Table 9.2B shall be applied for widely spaced tree planting
Projects, including urban and suburban tree planting programs, undertaken in the U.S. and
Canada. The CCX Forestry Committee may recommend modifications to the Tables provided
in Appendix 9.2.

9.8.6 Combined Forestation and Forest Conservation Projects (2006)

9.8.6.1 General Provisions

Offsets will be issued to forest conservation portions of eligible Combined Forestation and
Forest Conservation Projects (provided the two activities occur on contiguous sites unless
approved otherwise by the CCX Offsets Committee) in an amount reflecting recent deforestation
rates in the state in which the Project occurs. Qualifying locations are in specified states of
Brazil and in other locations as may be approved by the CCX Offsets Committee. The Avoided
Deforestation Rate (ADR) will be calculated on the basis of the actual annual deforestation rate
during recent multi-year time periods in the state in which the Project is implemented. Exchange
Offsets shall be issued on the basis of a 10% discount of the quantity of avoided carbon loss due
to deforestation as calculated on the basis of definitions provided herein.

The baseline and annual carbon sequestration benefits of all Combined Forestation and Forest
Conservation Projects must be quantified through use of CCX-approved recognized direct
quantification methods. The Project Registration Filing and all Project Reports must be verified
by a CCX-approved Verifier.

9.8.6.2 Quantification

Exchange Offsets will be issued on the basis of the annual avoided carbon loss (expressed in
carbon dioxide equivalence) on eligible sites during the Phase I and Phase II Market Periods.
Exchange Offsets for forest conservation can be issued in an amount up to (but shall not exceed)
the quantity of Exchange Offsets issued in the same year to the Forestation component of a
Combined Forestation and Forest Conservation Project.

Table 9.2 lists the states of Brazil in which Combined Forestation and Forest Conservation

Projects are pre-qualified to register as XFO Projects in CCX, as well as the Avoided
Deforestation Rate to be applied in quantifying avoided carbon loss and XFO Offset issuance.
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Table 9.2 States in Brazil in Which Combined Forestation and Forest Conservation
Projects are Pre-Qualified as Eligible to Register as XFO Projects in CCX,
Annual Avoided Deforestation Rates to be Applied in Quantifying Avoided
Carbon Loss and XFO Offset Issuance™*

Annual Avoided Deforestation Rate
(ADR)
State (% of forest included in the CCX-
registered Project Carbon Stock baseline)
Alagoas 0.70*
Bahia 0.70*
Ceara 0.70*
Espirito Santo 1.09
Goias 1.82
Mata Grosso do Sul 1.91
Minas Gerais 1.46
Paraiba 0.70*
Pernambuco 0.70*
Piaui 0.70*
Parana 0.93
Rio de Janeiro 2.63
Rio Grande do Sul 1.08
Santa Catarina 0.73
Sergipe 0.70*
Sao Paulo 0.72

* represents an initial default value to be modified upon acquisition of additional information.

Annual avoided carbon loss will be defined as the mathematical expression listed below.
Annual avoided carbon loss = maximum possible offset issuance'
= 0.90 x Annual deforestation rate x adjusted baseline (adjusted for earlier-year offset issuance)

Year 1 =B x ADR

Year 2 =B x ADR (1 - ADR)

Year 3=B x ADR (1 - ADR— ADR?)

Year 4 =B x ADR x (1 - ADR — ADR? — ADR?)

'* The data in Table 9-2 are based on information provided by: ““Avaliagdo e A¢des Prioritarias para a Conservagio
da Biodiversidade da Mata Atlantica e Campos Sulinos,” a publication of the Brazilian Environment Ministry with
participation of Conservation International of Brazil, SOS Mata Atlantica, Institute of Ecological Research,
Biodiversity Foundation, the Secretary of the Environment for the State of Sao Paulo and the State Forestry Institute

of Minas Gerais.

' Subject to the constraint that annual avoided deforestation Offsets cannot exceed the forestation Offsets
component of a combined Project.
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Where “B” is the baseline Carbon Stock multiplied by 0.90. The baseline carbon is the quantity
of living biomass carbon on-site at the end of 2002, expressed in carbon dioxide equivalent. The
multiplication by 0.90 reflects a 10% discount applied to the quantification of the baseline
Carbon Stock. ADR is the value shown in column 2 of Table 9.2.

The annual modification of the B x ADR value reflects that annual downward adjustment in
quantity of carbon that would have been exposed to deforestation in the “without Project”
scenario.

9.9 Exchange Soil Offsets (XSOs) (U.S. and Canada) (2007)

Projects involving specified agricultural soil carbon sequestration activities in designated states,
counties, provinces and parishes in the U.S. and Canada shall be eligible to earn XSOs subject
to the provisions of this section.

9.9.1 Conservation Tillage (2007)

Projects involving specified agricultural soil carbon sequestration activities in designated states,
counties, provinces and parishes in the U.S. and Canada shall be eligible to earn CCX Exchange
Soil Offsets (XSOs) as per the rates provided in Appendix 9.3A. Eligible U.S. counties and
states are provided in Appendix 9.3B.

Eligible conservation tillage practices vary by region and are broadly outlined by zones in the
sections below. Practices and implements not specified below may be considered by CCX on
case-by-case basis. CCX eligible practices generally follow the Natural Resources
Conservation Service (NRCS) guidelines for conservation tillage'®. While ridge till is included
under the definition of conservation tillage provided by NRCS, it will not be eligible for
Exchange Soil Offsets. As a general rule the tillage practice must leave at least two thirds of the
soil surface undisturbed with at least two thirds of the residue remaining on the field surface.

9.9.2 Grassland Planting (2007)

' For CCX purposes Conservation Tillage is as defined in the Natural Resources Conservation Service National
Handbook of Conservation Practices. These definitions are: No-till/Strip-till - Managing the amount, orientation,
and distribution of crop and other plant residue on the surface year-round while growing crops in narrow slots or
tilled or residue-free strips in soil previously untilled by full width inversion implement.
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Projects involving specified agricultural soil carbon sequestration activities in designated states,
counties, provinces and parishes in the U.S. and Canada shall be eligible to earn CCX Exchange
Soil Offsets (XSOs) at the specified rates provided for regions listed in Appendix 9.3C. XSOs
will be issued to land managers who commit to maintain increases in soil carbon stocks realized
as a result of permanent grass cover plantings that were undertaken on or after January 1, 1999.
Such grass cover must be maintained through 2010 on the acres specified upon project
registration.

An Owner of an Exchange Soil Offset Project may be issued additional XSOs if the Owner
presents evidence that actual increases in soil carbon exceed the rates stipulated above, provided
such evidence is deemed acceptable by the CCX Offsets Committee.

9.9.3 Rangeland Management (2007)

Exchange Soil Offsets may be issued to land owners who commit to increase Carbon Stocks
realized on managed rangelands in approved geographic areas. Eligible projects include:

a) Non-degraded rangeland managed to increase carbon sequestration through grazing land
management that employs sustainable stocking rates, rotational grazing and seasonal use in
eligible locations.

b) Restoration of previously degraded rangeland through adoption of sustainable stocking rates,
rotational grazing and seasonal use grazing practices initiated on or after January 1, 1999.

Exchange Soil Offsets will be earned at a specified rate of metric tons CO; per acre per year in
eligible geographic areas. Verification shall be conducted in accordance with provisions
contained in Chapter 10 of the CCX Rulebook. Appendix 9.3D provides the protocol and
standards for rangeland sequestration Exchange Soil Offsets'”.

9.9.3.1 Eligible Project locations, Offset Issuance Rates

Eligible rangeland soil carbon management Offset Issuance rates are based on below-ground
carbon sequestration rates established for designated Land Resource Regions. Additional Land
Resource Regions may be added to the regions listed in Appendix 9.3D. Issuance rates may
also reflect the status of the land (degraded or non-degraded) prior to inception of project.

Eligible geographic areas are defined according to USDA Land Resource Region (LRR).
Rangeland projects are also bounded by average annual precipitation levels for the specific

' Soil sequestration on Rangeland is acknowledged by CCX to be a complex and continually developing area. CCX
may update protocols and/or expand eligible geographic areas as new studies and information become available.
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region. Rangeland projects must take place in areas where long-term annual average
precipitation is not less than 14" and not greater than 40”.

Rangeland Soil Carbon Management Offset Issuance rates are as follows (in metric tons
CO2/acre/year):

Northwestern Wheat and Range Region (LRR B)

Sequestering practices on Restoration of
non-degraded managed rangeland degraded rangeland
0.12 0.20

California Subtropical Fruit, Truck, and Specialty Crop Region18 (LRR C)

Sequestering practices on Restoration of

non-degraded managed rangeland degraded rangeland
0.16 0.16

Rocky Mountain Range and Forest Region (LRR E)

Sequestering practices on Restoration of

non-degraded managed rangeland degraded rangeland
0.12 0.28

Northern Great Plains Spring Wheat Region (LRR F)

Sequestering practices on Restoration of

non-degraded managed rangeland degraded rangeland
0.12 0.24

Western Great Plains Range and Irrigated Region (LRR G)

Sequestering practices on Restoration of
non-degraded managed rangeland degraded rangeland
0.27 0.40

Central Great Plains Winter Wheat and Range Region (LRR H)

Sequestering practices on Restoration of

non-degraded managed rangeland degraded rangeland
0.20 0.52

Provided the project owner is able to present documentation sufficient to allow independent
verification that recognized grazing practices have taken place historically, qualifying lands and

'8 In this region, a key feature of the landscape is the Oak tree layer interspersed within rangelands. Research has
shown that the native Oak trees have a positive impact on nutrient cycling, productivity and carbon storage in the
soil system. Projects must have left the tree layer intact in order to qualify for Offsets.
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practices may be issued CCX Rangeland Soil Carbon Management Offsets for the years 2003
and later.

9.9.4 Additional Regions for Exchange Soil Offsets (2007)

The CCX Offsets Committee may approve other regions of the U.S. and Canada as eligible for
generation of Exchange Soil Offsets.

9.9.5 Soil Carbon Reserve Pool (2007)

Each CCX XSO Project shall be required to place 20% of the Offsets it earns into a CCX Soil
Carbon Reserve Pool. Such XSOs shall remain the property of the Project Owner(s) (pool
participants in the case of aggregated Projects) and all XSOs that remain in the Soil Carbon
Reserve Pool for Phase I shall be released to Project Owners at a time that allows the owner to
participate in trading before the True-up for the calendar year 2006. Offsets held in Soil Carbon
Reserve Pool for Phase II shall be released to Project Owners at a time that allows the owner to
participate in trading before the True-up for the calendar year 2010. In the event that a Project
Owner does not conform to the XSO performance requirements listed above, such event shall be
promptly reported to CCX (such reporting shall occur through a Project’s Aggregator if the
Project is registered through a CCX Offset Aggregator). CCX will then cancel XSOs held in the
Soil Carbon Reserve Pool in an amount equal to the quantity of XSOs previously issued to the
Project.

Project Owners may be responsible for replenishing the Soil Carbon Reserve Pool by replacing
the XSOs that are cancelled in instances of Project non-performance. Each previously issued
XSO must be replaced with one CCX Exchange Allowance or Exchange Offset.

In the case of noncompliance with the terms and conditions for CCX Exchange Soil Offsets the
owner of the noncompliant Project shall transfer to the Soil Carbon Reserve Pool (as specified
below) a quantity of CCX Exchange Offsets and/or Exchange Allowances that is equal to the
total quantity of XSOs that have been issued to the Project during the Phase I and Phase II
Market Periods. The Owner of the non-performing Project shall be prohibited from further
participation in CCX.

9.9.6 Verification
Unless specified otherwise, verification entities designated by CCX shall conduct in-field
inspections of enrolled XSO Projects. Such inspections shall examine field conditions,

documentation of Project start dates (when applicable) and other records as may be specified by
CCX.
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9.10 Exchange Emission Reductions (XERS) (2007)

Exchange Emission Reductions are CCX Exchange Offsets that are issued to owners of the
rights to Greenhouse Gas mitigation produced by qualifying Projects undertaken in developing
countries. XERs are eligible for Compliance in CCX.

Qualifying XER Projects will include:
(a) fuel switching,
(b) renewable energy generation from solar, wind, and biomass systems and,
(c) heat recovery and energy efficiency projects that displace fossil fuel.

CCX Offsets Committee shall consider such projects on a case-by-case basis.

9.11 Exchange Early Action Credits (XES) (2006)

Exchange Early Action Credits (XEs) will be issued to certain Projects undertaken from 1995
through 1998. To qualify, a Project must be:

(1) off-system; or an Owned and Operated project;

(2) originally undertaken or financed by CCX Members;

(3) direct emission reductions or involve sequestration;

(4) legally owned by the CCX Member;

(5) measured and verified; and,

(6) registered in the U.S. Department of Energy 1605(b) database, the U.S. Initiative
on Joint Implementation program, or an equivalent registry system.

Unless specifically approved by the CCX Offset Committee, XEs can only be used for
Compliance by the CCX Member that originally owned them. XEs are not transferable among
Registry Account Holders, unless authorized by CCX.

Exchange Early Action Credits will be given to the following Project types that meet the
eligibility criteria:

(1) reforestation, afforestation and avoided deforestation;

(1)) methane destruction in the U.S.; or,

(i) fuel switching and other energy related United States Initiative on Joint
Implementation (USIJI) Projects.

Exchange Early Action Credits will be issued on the basis of mitigation tonnage realized by the
qualifying Project during the years 1995 through 2010. Applicable verification requirements
shall be the same as those required for comparable Offset Project types.
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9.12 CCX Offset Issuance for Electricity Produced by Renewable Energy (8/12/2005)
9.12.1 General Provision

In reflection of CO, emissions displacement, CCX Offsets will be issued to legal owners of
offsets produced by eligible renewable energy facilities on the basis of electricity produced by
such facilities.

9.12.2 Eligible Entities

The entity types eligible to earn CCX Offsets from renewable energy facilities are defined as
entities that undertake sales of electricity produced by renewable energy systems to entities that
are not engaged in production and sale of electricity.'’

9.12.3 Facilities Eligible to Produce Offsets (2008)

Offsets may be generated by eligible renewable energy facilities owned by an Eligible Entity and
placed into service on or after January 1, 1999.

As provided in Section 4.10.1, eligible facility types shall be electricity generation systems
associated with CCX recognized renewable energy sources, which are:
e Solar;
e Wind;
e renewable fuels, which, for CCX purposes are;
0 wood, wood waste and wood-derived fuels
O agricultural residues and grasses
0 landfill, agricultural and coal mine methane,
0 ethanol (bioalcohol).

9.12.3.1 Facilities Using Renewable Fuels

Offsets produced by eligible facilities using renewable fuel along with, or in place of, non-
renewable fuel shall determine the amount of eligible offsets based on emissions displaced.
Displaced emissions are those that would have otherwise been emitted if the equivalent energy
content of non-renewable fuel was used instead of renewable fuel. Therefore, displaced
emissions are calculated by multiplying the annual heat input of the renewable fuel by the
emission rate per unit of energy of the non-renewable fuel. (Calculation assumes all renewable
fuels are considered CO, neutral).

' As provided in Section 9.1, CCX will not accept registration of Offsets or Offset Projects that are owned (in full
or partially) by an entity that is eligible to be a CCX Member but is not a Member. This prohibition also extends to
entities that may have no direct ownership but have a beneficial interest in such Offset Project(s)
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9.12.4 Required Energy Contract Conditions

CCX Offsets for electricity produced by eligible renewable energy facilities can be issued only if
the owner of the facility conforms with all of the following requirements:

1. The entity that operates the facility producing the proposed offsets must establish in its
power purchase agreement contracts that it retains all green attributes associated with the
electric power generated.

2. The entity that operates the facility producing the proposed offsets must not sell its
generated electricity as “green power” or allow other entities that may resell such
electricity to make such claim.

3. If power production by the facility that produces the proposed offsets yields Renewable
Energy Certificates (RECs), those RECS must be surrendered to and retired by CCX in
order to allow issuance of Offsets.

4. The renewable energy facility producing the proposed offsets is not counted towards
meeting obligations established by state or local renewable energy mandates.

The CCX Offsets Committee shall review all proposed renewable energy-based offsets. Such
reviews will include an assessment of the four conditions cited above as well as any other
circumstances that could result in double-counting of emission reductions associated with the
proposed offsets. The entity proposing registration of renewable energy-based offsets shall
provide information requested by the Offsets Committee as it undertakes such reviews.

9.12.5 Offset Issuance Rate (2007)

CCX Offsets will be issued at a rate of metric tons CO, per megawatt-hour generated by eligible

renewable energy facilities as determined by region specific values of the U.S. EPA’s Emissions
and Generation Resource Integrated Database (¢GRID) tool.

9.13 CCX Offset Issuance for Destruction of Ozone Depleting Substances (2007)
9.13.1 General Provision

In reflection of the destruction of ozone depleting substances (ODS), CCX Offsets will be issued
to CCX members who undertake the destruction of certain ODS.
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9.13.2 Eligible Entities

Eligible entities are those that facilitate the destruction of selected ODS at a facility that meets all
Clean Air Act Amendments (CAAA) and Resource Conservation and Recovery Act regulatory
requirements. Entities and facilities that destroy imported ODS must demonstrate that the
material was imported into the U.S. in accordance with CAAA requirements.

CCX eligibility requirements for issuing offset for ODS destruction as Exchange Fluorocarbon
Destruction Offsets (XFDOs) are as follows:

e CFCs, halons, carbon tetrachloride, methyl chloroform, hydrobromofluorocarbons, and
HCFC-141b destroyed on or after January 1, 2007 can be registered and traded on the
CCX.

In order for a project to be deemed eligible, the project activity cannot be undertaken to come
into compliance with existing or imminent legislation. As of July 2007, ODS destruction would
exceed federal, state, and/or local requirements governing GHG emissions, therefore, any
destruction project involving ODS that has been phased out of production will be considered
eligible. However, because new regulations may be implemented in the future, CCX members
must demonstrate that federal, state and/or local regulations do not require ODS destruction
when implementing specific, individual projects.

9.13.5 Offset Issuance Rate
Offsets shall be issued on the basis of the global warming potential of the ODS destroyed less

25%. Appendix 9.4 provides the protocol to be employed in quantifying ODS destruction for
CCX XFDO Projects.
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Appendix 9.1A Protocol for Measuring and Verifying Greenhouse Gas Reductions

from Landfills (1/21/2004)

INTRODUCTION

The purpose of this protocol is to address the measurement and verification of methane
emissions reductions from the combustion of landfill gas (LFG) for the Chicago Climate
Exchange (CCX).

Topics covered in this document include the following:

Overview of requirements and overall approach for crediting methane reductions
from landfills as emission offsets;

Protocol for measuring, recording, and verifying methane recovery rates based on
LFG flow and methane measurements;

Use of measured data to calculate methane emission reductions at non-regulated
sites;

An alternative method for calculating methane emission reductions at LFG-to-energy facilities;

Protocol to distinguish methane recovery resulting from early system installation
vs. methane recovery from systems installed to meet regulatory requirements; and

Topics not included in this document include the following:

Requirements

Accounting for (carbon dioxide) emission reductions that may result from
displacement of other fuels used in power production;

Protocol for offsets for expanded LFG recovery from regulated sites other than
from accelerated recovery (i.e., before required by regulation) from new cells;

Accounting for effects of oxidation when calculating methane emissions
reduction; and

Protocol for offsets from other measures to reduce methane emissions through
enhanced recovery or oxidation, including: 1) Geomembranes; 2) Bio-covers; and
3) Bioreactors.

Third party verification requirements. Verification shall be conducted in
accordance with the provisions contained in Chapter 10 of the CCX Rulebook and
as prescribed by the CCX Offsets Committee.

and Overall Approach for Crediting Methane Reductions

For CCX purposes landfills are treated as providers of emission Offsets. CCX eligibility
requirements for methane reductions from landfills are provided in Chapter 9 of the CCX
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Rulebook. That Chapter also addresses Offset issuance rates for methane capture and
combustion systems.

Landfill methane collection and combustion systems in the U.S. may be registered with CCX and
may earn XMOs only for mitigation occurring during the time periods for which the landfill was
not required to control LFG emissions (which is most commonly undertaken through methane
collection and combustion systems) in accordance with U.S. regulations. The most commonly
applicable regulations for U.S. landfills are the rules governing control of New Source
Performance Standards (NSPS) rules (40 CFR Subpart WWW), which define if, when and how a
gas collection and control system (GCCS) is required and how much non methane organic
compounds (NMOC) must be controlled. The NSPS rules apply to landfills with design
capacities greater than 2.5 million megagrams (2.75 million tons) that began receiving waste or
commenced construction, reconstruction, or modification on or after May 30, 1991. These
landfills are known as “new sources.” Landfills above the 2.5 million megagram design capacity
threshold that operated between November 8, 1987 and May 30, 1991, or have capacity available
for future waste deposition, are considered “existing sources” and are regulated under the
Emissions Guidelines (EG) rule. The EG rule has the same requirements as the NSPS rule for
control of LFG emissions. These rules require a landfill to control emissions of non-methane
organic compounds (NMOCs), a class of air pollutants present in LFG, when the estimated
NMOC emissions exceed 50 megagrams or 55 tons per year. A GCCS must be installed to
control NMOC emissions within 30 months of the time the landfill reports that its NMOC
emissions exceed the 50 megagram threshold.

The NSPS rule also defines how quickly the GCCS needs to be expanded to incorporate
recently deposited waste. The landfill must install wells in new waste cells and extract and
control the NMOC:s present in the LFG within 5 years of the time waste is first placed in the cell
if the cell is still active, or within 2 years of the time waste is first placed in the cell if the cell is
closed or at final grade.

While the NSPS rule provides clear definitions of the timing of required GCCS installations
and expansions into new cells, there is no clear definition of what constitutes an NSPS-compliant
system. The rule only specifies that the GCCS must be able to handle maximum expected flows
from the entire landfill, and to minimize off-site subsurface migration or surface emissions.
Additional extraction wells must be installed in areas of the landfill where monitored methane
concentrations near the landfill surface exceed 500 parts per million (ppm) over a specified
period of time. However, there does not appear to be a correlation between the number of 500
ppm exceedances and the ability of the GCCS to recover generated LFG.*

Accordingly, this protocol includes methods to distinguish methane emissions reduction
resulting from early system installations (i.e., prior to the date required by NSPS), either in the
case of new system installations or in the case of expansion of the system into new refuse cells.
However, this protocol does not include methods for determining methane emissions reductions

2See Pierce, J.L. and Stege, A., 2002. Measurement and characterization of landfill gas surface emissions at
landfills with soil covers. WasteCon, October 2002.
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resulting from improvements to GCCSs beyond what is required by NSPS or other regulations,
nor does it include methods for estimating methane emissions reductions from the installation of
geo-membranes, biocovers, or bioreactors. The lack of those procedures in this protocol does
not preclude later consideration of such methods.

The overall approach to quantifying methane emissions reductions described in this report is to
rely on measured quantities of methane collected and destroyed through the operation of a
GCCS. Direct measurement by continuous monitoring of methane recovery is the most desirable
method. Periodic measurement of methane concentrations in LFG, coupled with continuous
monitoring of LFG flows is considered acceptable. Details on acceptable methods for recording
rates of methane emissions reduction from both non-regulated and regulated sites are provided in
the remainder of this protocol.

PROTOCOL FOR RECORDING METHANE EMISSIONS REDUCTIONS

Rates of methane capture and destruction at a landfill are a function of the following measurable
quantities:

o The rate of landfill gas (LFG) flow to the control device (flare station, power
plant, or other facility that combusts collected LFG);

° The methane content of the recovered LFG; and

o The methane destruction efficiency in the control device.

Since methane is the combustion fuel for the control device and is reduced (from about 20 to 55
percent by volume of the LFG) to ppm levels as a result of combustion, the destruction
efficiency will be very near 100 percent in all cases (typically about 99.9%) and destruction rates
can be assumed to be 100%. Methane recovery rates are therefore considered to be equivalent to
methane emissions reductions.

Standard protocols for measuring the flow rate and methane content of recovered LFG are
described below. An alternative method for measuring methane combustion rates at energy
recovery facilities is provided at the end of this section. Also provided is a discussion of
methods for calculating methane emissions reductions at non-regulated sites.

LFG Flow Rate Measurements

LFG flow rates are to be measured upstream of the control device by means of an installed flow
metering device. The LFG flow rate at the control device is not equivalent to the sum of LFG
flows measured at individual wells (due to losses and/or air infiltration along the collection
piping and the cumulative errors inherent in multiple flow rate measurements); measurement of
LFG flows from individual wells is not an acceptable quantification method. The protocol for
measuring LFG flow using a flow meter is described below.
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Flow Meter Requirements

Instrument Description

The following description of the types of flow meters and recommended flow meter installation
points has been taken from the Solid Waste Association of North America’s manual of practice
for landfill gas operations and maintenance.”!

The most common types of flow meters measure flow by sensing differential pressure.
Examples include the orifice plate, pitot tube, venturi tube, and the averaging pitot tube (e.g.,
Annubar™). These flow meters measure flow using a standard mathematical formula without
the need to modify the result based on proprietary device-specific information. The Annubar™
relies on proprietary information supplied by the manufacturer, such as a correction coefficient,
chart, or flow computer to determine the flow. The flow meter may be read using a pressure
gauge, or it may require a differential pressure transmitter which sends a signal to the flow
computer or flow readout device. Instantaneous readings are typically recorded on a chart
recorder.

Other types of flow meters such as hot wire anemometers produce an electronic signal based on
the cooling effect on a filament caused by the gas flow. These devices are sensitive to the LFG
flow rate, the moisture content, and the gas composition, and require re-calibration to yield
accurate measurements when the gas composition changes. However, they are widely used
within the LFG industry and are acceptable if calibrated to site conditions.

The flow meter should be installed along the header pipe at a location that provides a straight
section of pipe sufficient to establish laminar gas flow, as turbulent flow resulting from bends,
obstructions, or constrictions in the pipe can cause interference with flow measurements which
rely on differential pressure. The most desirable location for the flow meter is downstream of
the blower and upstream of the control device because the LFG is drier and under slight pressure
instead of vacuum. The flow meter may also be installed upstream of the blower and
downstream of the moisture separator.

Performance Standards

The following information regarding flow meter performance must be maintained and may be
required by CCX to be included in Project Reports:

o Manufacturer specifications of flow meter accuracy should be +/- 5% of
reading;

° Proof of initial calibration;

. Capability to record flow every 15 minutes; and

o Means to correct for temperature and pressure.

21 Solid Waste Association of North America, 1997. Landfill gas operation and maintenance — manual of practice.
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Instrument Maintenance and Periodic Check of Flow Meter Accuracy

Installed flow meters should be inspected, cleaned, and checked for accuracy using a portable
instrument such as a pitot tube to measure the flow velocities along a transverse of the header
pipe. The velocity measurements are then used to calculate a flow rate, which is typically
accurate to within 10 percent in larger pipes (greater than 4 inch diameter). The inspection,
cleaning, and flow verification should be done at least quarterly. Alternately, annual calibration
of the flow meter may be performed in lieu of the quarterly flow field check, provided that the
following conditions are met:

e (alibrations are performed in accordance with manufacturer’s specifications;

e Calibrations are performed by the manufacturer, or using manufacturer-approved
methodologies; and

e All records of calibration reports and methodologies are documented and made available
for review during the verification process.

Recordkeeping

The following records of LFG flows to the control device are to be kept in order to verify
methane emissions reductions:

o Type of flow meter;

° Date and location of flow meter installation;

° Dates and results of flow meter calibration;

o Copies of charts or diskettes on which flow rates were recorded;

J Monthly tabulations of number of hours control device was shut down (no Offsets
will be issued by CCX for periods during which the control device is not
operated);

J Monthly tabulations of unadjusted total daily LFG flow to the control device (in
actual cubic feet per day);

o Copies of field data used for flow measurement calibration;

o Monthly tabulations of daily LFG flow rate standardization calculations and

results (in standard cubic feet per day);

. Information on the portable instrument and procedures used to check the installed
flow meter accuracy, including field measurements and flow calculations; and
o Records of third-party verification of flow measurements and procedures.
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The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual methane emissions reductions for the site have been recorded at the CCX
and may be required by CCX to be included in Project Reports.

Methane Concentration Measurements

Measurement of the methane concentration of LFG is almost exclusively performed using an
infrared gas analyzer (for example, the GEM-500 and GEM-2000 manufactured by LandTec,
Inc.). Methane concentration measurements should be taken at approximately the same location
as the flow meter. Measurements can be taken directly by connecting the sampling tube to a
sampling port, or they can be taken from an LFG sample collected in a Tedlar bag or Summa
canister or any other EPA-approved sampling method.

Instrument Requirements

Performance Standards

The following performance standards are recommended for current measurements for the
calculation basis of Exchange Methane Offsets:

J Precision: Methane measurements are to be to the nearest 0.1 percent.

o Accuracy: Methane measurement accuracy decreases with increasing methane
concentration but should be within +/- 10 percent of reading, as specified by the
manufacturer.

Alternate instruments, including gas chromatographs or thermal conductivity detectors must
meet similar standards.

Instrument Calibration Procedures

Hand-held gas analyzing instruments shall be calibrated against a gas sample with a known
methane concentration prior to each day of use. A calibration gas with a methane concentration
close to the concentration expected in the field (i.e., 40 to 50% methane) is optimal. Instructions
in the instrument manual regarding details on the calibration procedures, including instrument
adjustments and factory recommended calibration intervals shall be utilized. Records of all field
and factory calibrations shall be kept at the facility.

Where permanently installed gas analyzers are in use, all calibration procedures recommended
by the equipment manufacturer shall be properly adhered to. At a minimum, the analyzer shall

be calibrated according to the manufacturer’s recommended frequency. Records of all
calibrations shall be kept at the facility.
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Frequency of Recording

Although continuous monitoring of the methane concentration of recovered LFG would be
optimal, it is not practical given the instruments available to the LFG industry currently. Unlike
LFG flow rates, methane concentrations are not likely to vary dramatically over short time
periods. The minimum frequency of measurement is at least monthly for Exchange Methane
Offsets. “Grandfathered” Early Action Credits may go back to 1995 and data may not be
archived for all sites. Where methane content measurement data is available, the average
concentration measured for the year should be the concentration used to determine total methane
destruction. Where data is not available the average landfill gas methane concentration of 45%
will be used.

Recordkeeping

The following records of measured methane concentrations are to be kept in order to verify
methane emissions reductions:

o Type of instrument.

. Dates and results of instrument calibration.

. Dates and results of methane measurement.

o Monthly tabulations of measured methane concentrations.

. Records of third-party verification of methane measurements and procedures.

The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual emissions reductions for the site have been registered with CCX and may be
required by CCX to be included in Project Reports.

Calculating Total Daily, Monthly, and Annual Methane Flows

Tabulated records of total daily LFG flows (in standard cubic feet per day) need to be matched
against methane concentrations measured during the corresponding time period to determine
daily methane recovery rates, using equation 1:

Equation 1:

[CH,4 recovered (standard ft*/day)] = [LFG recovered (standard ft*/day)]x [%CH,]

The methane value used in the calculation should be the measurement that is the closest available

in time to the date of the flow measurement, and in no case be more than 4 days distant from the
date of the flow measurement. Daily methane flows should be tabulated and summed on a

9-47

Reproduction or quotation is expressly prohibited without written consent of Chicago Climate Exchange, Inc.



CCX® Confidential CCX Exchange Offsets and Exchange Early Action Credits
© January 2004 CCX

monthly basis. Total annual methane recovery from the landfill is to be tabulated using the
monthly summaries of methane recovery.

In order to estimate the amount of methane combusted in metric tons per year (Mg/yr), the
annual methane recovery rate in cubic feet per year needs to be converted to weight using
Equation 2:
Equation 2:

CH,4 combusted (Mg/yr) = [CH, recovery (ft*/yr)] x [16.04 (molecular weight of

CH,)] x [IMg/10° g]* [1mol/24.04L @ STP] x [28.32L/1cf]

Alternative Method for Calculating Methane Combustion Rates

Energy recovery facilities that use LFG as a fuel to generate electricity typically have detailed
records of electrical generation rates in kilowatt-hours (kWhr) that can be used to calculate
methane combustion rates. Information on the heat rate of the combustion unit in Btus per
kilowatt hour (Btu/kWhr) can be used to calculate Btus of methane combusted. Typically, the
high heating value of methane (1,012 Btus per cubic foot) is used to convert to a methane flow
rate. The calculation can be summarized as provided in Equation 3:

Equation 3:

Methane recovery (ft’) = [kWhr of electricity produced from the LFG fuel] x [heat rate in
Btu/kWhr] / [1012 Btu/ft’ (HHV of methane)]

To estimate annual methane combustion rates, use the amount of electricity generated over a one
year period in the equation above. The heat rate used in the calculation should be from the most
recent source test for the combustion device. If no source test information is available, the heat
rate per the manufacturer’s specifications should be used.

This alternative method for calculating methane combustion rates at energy recovery facilities is
preferred over the standard method applicable to other facilities (i.e., flares) because it does not
rely on monthly methane concentration measurements and is therefore more accurate.
Performance Standards

The following information regarding the measurement of methane combustion at energy
recovery facilities must be maintained and may be required by CCX to be included in Project

Reports:

o Type, make, and model number of combustion unit(s);

9-48

Reproduction or quotation is expressly prohibited without written consent of Chicago Climate Exchange, Inc.



CCX® Confidential CCX Exchange Offsets and Exchange Early Action Credits
© January 2004 CCX

. Number of combustion units that exclusively use LFG as fuel;

. Heat rate of combustion device(s) per manufacturer’s specifications;

. Copy of a summary table from the most recent source test showing the
measured heat rate of combustion device(s);

o Summary tables showing kWhr of electricity produced from LFG per month
over the annual period;

o Type of electrical metering device; and

o Accuracy, precision, and calibration information on the metering device per
manufacturer.

PROTOCOL FOR DETERMINING ELIGIBLE METHANE EMISSIONS
REDUCTIONS FROM REGULATED (NSPS) SITES

Methane emissions reductions from landfills required to collect and destroy LFG NMOC
emissions due to NSPS or other regulations (including enforcement, e.g., consent order) are not
eligible to earn CCX Offsets unless the emission reductions occur prior to the date that NSPS or
other requirements apply.

Methods for Determining Eligibility of Methane Reductions Prior to NSPS Regulation

All methane recovered from a landfill prior to the date that NSPS or other regulation requires the
GCCS to be operational is potentially eligible to earn CCX Offsets. Methane emissions
reductions are no longer eligible starting on the date of required system start-up, except for
methane recovery from new cells (see below for NSPS applicability). The NSPS-required
system start-up date is 30 months after the landfill first reports that its NMOC emissions are over
50 megagrams per year. Since the NSPS rule requires regular (at least once every 5 years)
reporting of current and projected NMOC emissions to the EPA, the required system start-up
date is well-defined.

The protocol for establishing emissions reductions due to early system operation at NSPS sites is
the same as for non-regulated sites. The same data measurement, verification, recordkeeping,
and reporting procedures are to be followed, with the following additional requirements:

J Records of the system start-up date need to be kept on-site for at least 2 years
after the final submittal of methane emissions reduction reports to CCX. Copies
of start-up date records must be maintained and may be required by CCX to be
included in Project reports.

o NSPS reports providing NMOC emission rate estimates, including Tier 1 and Tier
2 reports, need to be kept on site for at least 2 years after the final submittal of
methane emissions reduction reports to CCX. Copies of the results of the Tier 1
and/or Tier 2 NMOC emission rate estimates and the projected date when system
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start-up will be required by NSPS should be maintained and may be required by
CCX to be included in Project reports. reductions to CCX.

Methods for Determining Reductions in Methane Emissions Due to Accelerated Wellfield
Installation in New Refuse Cells

All methane recovered from active waste cells that have refuse in place for less than 5 years, and
all methane recovered from inactive cells that have refuse in place for less than 2 years, is
potentially eligible to be counted as methane emissions reductions. The protocol for determining
whether the 5 or 2-year age requirement is met and for measuring methane recovery from the
new cells is described below.

Protocol for Establishing Age of Refuse Cells

The following recordkeeping, reporting, and data verification procedures should be followed to
establish that the 5 or 2-year age limit requirements are met:

J A plan-view site drawing showing the following items must be kept on-site for at
least 2 years after the final submittal of the methane emissions reduction report to
CCX may require that such documents be included in Project Reports: A
delineation of the refuse cell boundaries;

- A delineation of the refuse cell boundaries;

- The locations of extraction wells installed in the cell;

- The locations of collection system piping connecting the cell’s extraction
wells to the rest of the GCCS; and

- The location where flow and methane measurements are taken.

o Records of showing the date that refuse was first placed in the cell must be kept
on-site for at least 2 years after the final submittal of the methane emissions
reduction report to the CCX and CCX may require inclusion of such records in
CCX Project Reports.

Methods for Measuring Accelerated Methane Recovery from New Cells

Methods for measuring methane recovery from new refuse cells meeting the 5 and 2-year age
limit include methods which rely on direct measurements alone and methods which rely on a
combination of direct measurements and indirect calculations. Both approaches require that the
collection system is designed to allow LFG collected from the new refuse cells to remain
separate from LFG collected from other cells, at least up to the point where the LFG flows and
methane content can be measured. This requirement makes necessary a separate gas conveyance
line (header piping) from the new cells.
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Methods relying solely on direct measurement of methane flows require the installation of a flow
meter and an LFG sampling port at some point along the header pipe collecting LFG from just
the new cell(s). LFG flows and methane contents are to be measured at this location using the
same procedure as described previously for measurement of methane recovery from the entire
landfill for eligible sites. Recordkeeping, reporting, and verification of the measured methane
recovery rates and conversion of methane flows to tons of CO,-equivalent emissions reductions
are also the same as described previously.

If installation of a fixed flow meter along the header pipe collecting LFG from the new cells is
not practical, periodic measurements are acceptable if the following protocol is followed:

o Establish baseline methane recovery rates from the entire (NSPS) system prior to
expanding the system to collect LFG from the new cells. The baseline methane
recovery rate should be in standard cubic feet per minute (scfim) and be the
average value from one month of measurements taken using the measuring
procedures described previously for measuring methane recovery from eligible
sites. The baseline recovery rates should be representative of normal operations
and not be measured when there are problems with the wellfield.

o Shortly after wells installed in the new cells are operational, conduct new
measurements of average methane recovery from the entire site (in scfm), based
on one month of measurements taken using the measurement procedures
described previously. The difference between the new methane recovery rates
and the baseline methane recovery rates equals the initial rate of incremental
methane emissions reductions.

o Ongoing methane emissions reduction quantification is to be based on average
methane recovery rates (in scfm) as measured along the header pipe collecting
LFG exclusively from the new cells. The measurement of methane recovery from
the new cells should be conducted using the following procedures:

1. Use a portable flow measuring device such as a pitot tube that meets the
standards described in a previous section, “Flow Meter Requirements.”

2. Use an infrared gas analyzer (such as a GEM-500) or alternative
instrumentation that meets the standards described in a previous section,
“Methane Concentration Measurements.”

3. Take measurements of LFG flow and methane concentrations each week,
starting one week after the initial rate of methane emissions reductions is
established. Adjust measured LFG flow rates to scfm.

4. Calculate an average daily methane recovery rate from the new cells.
Calculate the percentage of sitewide methane recovery derived from the new
cells.

Ongoing emissions reduction quantification would be based on continuous flow monitoring (and
weekly methane concentration measurements) for the entire system and weekly LFG flow and
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methane concentration measurements from the expansion system only. If fluctuations in total
site methane recovery are indicated, compare the most recent measured methane recovery rate
from the new cells with an estimated methane recovery rate from the new cells calculated from
the total site methane recovery rate and the most recently measured percentage of methane
recovery from the new cells. Use the lower of the two methane recovery values.

Recordkeeping, Reporting, and Verification Requirements

Recordkeeping, reporting, and data verification requirements described above for measuring
methane recovery from eligible sites and for confirming that the 5 and 2-year refuse age
requirements are met are applicable to NSPS or similarly affected landfills that recover
additional methane as a result of accelerated installation of wells in new cells

As indicated above, additional calculation steps will be required to calculate daily methane

recovery from average methane recovery rates (in scfm) at landfills that use indirect methods to
calculate methane recovery from accelerated installation of wells in new cells.
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Appendix 9.1B Protocol For Quantifying Greenhouse Gas Reductions From Agricultural
Methane Capture (2007)

Eligibility

Projects eligible for anaerobic digester offsets must have prior (baseline) manure management
practices” where manure is handled as a liquid and with significant methane emitting
potential, including:

1. Liquid/slurry storage
2. Pit storage below animal confinements (for periods exceeding one month)

3. Uncovered anaerobic lagoons

Eligible projects with additional baseline manure management systems other than those listed
above may include only that portion of the manure handled by eligible systems in any baseline
emission and offset credit calculations.

Although the use of non-manure feedstocks may result in additional emission reductions, such
use should be treated as a separate project activity and is not included in the specific calculation
of agricultural methane offsets for anaerobic manure digester projects.

Baseline calculation

The emissions baseline is the amount of methane that would be emitted to the atmosphere during
the crediting period in the absence of the anaerobic digester project. For each year during the
crediting period, baseline emissions for all anaerobic digesters are calculated as specified in
paragraph (a) and paragraph (b) below, and the lower of the two values will be used:

(c) Actual monitored amount of methane captured and destroyed by the project activity
using existing CCX monitoring protocols and a GWP for methane of 21). The default
methane combustion efficiency for flared biogas from anaerobic digesters is 90%.
Higher efficiencies may be used if supported by manufacturer’s specifications or
other acceptable data. The default methane combustion efficiency for biogas utilized
by electricity gensets is 100%.

(d) The methane emission calculated ex ante based on the amount of the animal manure
that would decay anaerobically in the absence of the project activity, using the most

* IPCC 2000, Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (May
2000)

3 Table 10.18. Definitions of Manure Management Systems. 2006 IPCC Guidelines for National Greenhouse Gas
Inventories.
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recent country-specific IPCC tier 2 approach (for a description of the proposed
calculation methods for projects in the U.S., see Appendix B).

Exclusion of nitrous oxide emissions from baseline calculations

Eligible projects, as defined above, utilize liquid manure management systems for baseline
determination. Direct nitrous oxide emissions for these liquid manure management systems is
expected to be relatively small based on IPCC and US National Inventory accounting methods
and default emission factors; in most cases contributing significantly less than 5% of the total
baseline GHG emissions. Therefore potential nitrous oxide emissions are excluded from
baseline calculations. Projects that may reduce direct or indirect nitrous oxide emissions
resulting in additional emission reductions would need to account for such reductions as a
separate project activity.

Agriculture Methane Emission Destruction

This protocol provides the methods to be employed in quantifying methane combustion by
agricultural methane Projects. The Project Verifier must document (among other items):

(4) the Project Owner’s clear ownership rights to Greenhouse Gas emission reductions
associated with sites included in the Project;

(5) eligibility of the site to earn CCX XMOs; and,

(6) records of methane content and total gas flows or total electricity generation and
engine manufacturer’s efficiency rating (if applicable).

XMO Project Registration, Verification and Project Reports

Registration of each CCX XMO Project must be accompanied by a Project eligibility statement
prepared by a CCX-approved Verifier. The Project Registration Filing must include a signed
attestation that the entity registering as the CCX Project Owner holds full legal title to the
Greenhouse Gas mitigation rights registered as CCX Exchange Offsets that are associated with
the facilities included in the registered Project. The filings must contain an attestation by a
CCX-approved Verifier as to the quantity of mitigation achieved and Exchange Offset issuance
that is prepared in conformance with the rules provided herein, and with the verification
protocols prescribed by the Exchange.
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Protocol for Quantifying Greenhouse Gas Reductions from Anaerobic Manure Digesters
Introduction

The purpose of this protocol is to address the measurement and verification of methane
emissions reductions from the combustion of biogas for the Chicago Climate Exchange (CCX).

Topics covered in this document:
o Overall approach for crediting methane reductions from anaerobic digestion of

animal manure as emission offsets;

o Protocol for measuring, recording, and verifying anaerobic digester methane
recovery rates based on biogas flow and methane measurements; and,

J Protocol for verifying ex ante calculation of methane generation.

Topics not included:

o Accounting for (carbon dioxide) emissions reductions that may result from
displacement of other fuels used in power production; and

Requirements and Overall Approach for Crediting Methane Reductions

For CCX purposes, anaerobic digesters are treated as providers of Exchange Methane Offsets.
CCX eligibility requirements for methane reductions from anaerobic digesters include the
following:

o A company must demonstrate clear ownership rights of the emission reductions
from the destruction of methane in order to register the offsets with CCX.

o Projects eligible to earn offsets during the years 2003 through 2006 are those
placed into service on or after January 1, 1999.

J Except as may be provided by CCX, procedures outlined in this protocol must be
followed to quantify methane emission reductions.

o Eligible animal manure biogas methane collection and combustion systems will
be issued Offsets for methane collected and destroyed in accordance with this
protocol. Such issuance shall occur at a rate of 21 metric tons CO, per metric ton
of methane.

The overall approach to quantifying methane emissions reductions described in this report is to
rely on the lesser of measured or calculated quantities of methane collected through the operation

9-55

Reproduction or quotation is expressly prohibited without written consent of Chicago Climate Exchange, Inc.



CCX® Confidential CCX Exchange Offsets and Exchange Early Action Credits
© January 2004 CCX

of an anaerobic digester and destroyed by combustion in a flare or energy recovery facility.
Details on acceptable methods for recording rates of methane emissions reduction from
combustion of biogas produced from anaerobic digestion of animal manures are provided.

Although there are no regulations currently requiring the control of biogas emissions from the
treatment of animal manures using anaerobic digestion or other methods, the USEPA’s National
Resource Conservation Service has published a guidance document for the operation of three
categories of anaerobic digesters, including: (1) covered anaerobic lagoons; (2) complete mix
digesters; and (3) plug flow digesters. The guidance document contains practice standards that
should be followed at anaerobic digester facilities seeking to earn offsets through methane
emissions reductions. The standards are included as Appendix F of a handbook on the use of
biogas technologies for managing livestock manure, which is available on the web at
http://www.epa.gov/outreach/agstar/library/handbook/appendixf.pdf.

Protocol for Quantifying Methane Emissions Reductions

Rates of methane capture and destruction at a biogas facility are a function of the following
measurable quantities:

o The rate of biogas flow to the control device (flare station, power plant, or other
facility that combusts collected biogas);

o The methane content of the recovered biogas; and

o The methane destruction efficiency in the control device.

Standard protocols for measuring the flow rate and methane content of recovered biogas are
described below. An alternative method for measuring methane combustion rates at energy
recovery facilities also is provided.

Biogas Flow Rate Measurements

Biogas flow rates are to be measured upstream of the control device by means of an installed
flow meter device. The protocol for measuring biogas flow using a flow meter is described
below.
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Flow Meter Requirements

The following description of the types of flow meters and recommended flow meter installation
points has been taken from the Solid Waste Association of North America’s manual of practice
for landfill gas operations and maintenance.**

The most common types of flow meters measure flow by sensing differential pressure.
Examples include the orifice plate, pitot tube, venturi tube, and the averaging pitot tube (e.g.,
Annubar™). These flow meters measure flow using a standard mathematical formula without
the need to modify the result based on proprietary device-specific information. The Annubar™
relies on proprietary information supplied by the manufacturer, such as a correction coefficient,
chart, or flow computer to determine the flow. The flow meter may be read using a pressure
gauge, or it may require a differential pressure transmitter which sends a signal to the flow
computer or flow readout device. Instantaneous readings are typically recorded on a chart
recorder.

Other types of flow meters such as hot wire anemometers produce an electronic signal based on
the cooling effect on a filament caused by the gas flow. These devices are sensitive to the biogas
flow rate, the moisture content, and the gas composition, and require re-calibration to yield
accurate measurements when the gas composition changes. However, they are widely used
within the biogas industry and are acceptable if calibrated to site conditions.

The flow meter should be installed along the header pipe at a location that provides a straight
section of pipe sufficient to establish laminar gas flow, as turbulent flow resulting from bends,
obstructions, or constrictions in the pipe can cause interference with flow measurements which
rely on differential pressure. The most desirable location for the flow meter is downstream of
the blower and upstream of the control device because the biogas is drier and under slight
pressure instead of vacuum.

The following information regarding flow meter performance must be maintained and may be
required by CCX to be included in Project Reports:

o Accuracy, precision per manufacturer;
° Proof of initial calibration;
Means to correct for temperature and pressure.

Installed flow meters should be inspected, cleaned, and checked for accuracy using a portable
instrument such as a pitot tube to measure the flow velocities along a transverse of the header
pipe. The velocity measurements are then used to calculate a flow rate, which is typically
accurate to within 2 percent in larger pipes (greater than 4 inch diameter). The inspection,
cleaning, and flow verification should be done at least quarterly.

# Solid Waste Association of North America, 1997. Landfill gas operation and maintenance — manual of practice.
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Recordkeeping

The following

records of biogas flows to the control device are to be kept in order to verify

methane emissions reductions:

Type of flow meter;

Date and location of flow meter installation;

Dates and results of flow meter calibration;

Copies of charts or diskettes on which flow rates were recorded;

Monthly tabulations of number of hours control device was shut down (no offsets
will be issued by CCX for periods during which the control device is not
operated);

Copies of field data used for flow measurement standardization, including
barometric pressure, biogas temperature and pressure measurements, and biogas
characteristics (percent methane, oxygen, water);

Monthly tabulations of hourly biogas flow rate standardization calculations and
results (in standard cubic feet per hour);

Information on the portable instrument and procedures used to check the installed
flow meter accuracy, including field measurements and flow calculations; and

Records of third-party verification of flow measurements and procedures.

The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual methane emissions reductions for the site have been recorded at the CCX
and may be required by CCX to be included in Project Reports.

Third-Party Verification of Gas Flow Measurements and Procedures

At least once per year, biogas flow measurements, records, and procedures should be verified as

acceptable per

the CCX protocol by a CCX-approved Verifier.

Methane Concentration Measurements

Offset providers who wish to use default factors (provided below) for methane concentration are
required to provide laboratory analysis of methane concentration at least once per year. Offset

providers who

wish to receive credit for values in excess of the established default values must

provide hourly averaged methane concentration data using the protocols described below.

Default values

Reproduction

for methane concentration:

9-58

or quotation is expressly prohibited without written consent of Chicago Climate Exchange, Inc.



CCX® Confidential CCX Exchange Offsets and Exchange Early Action Credits
© January 2004 CCX

O Entities able to provide laboratory analysis of methane concentration between
70.0% and 74.9% for biogas digesters will be assigned a default value of 70%.

O Entities able to provide laboratory analysis of methane concentration between
65.0% and 69.9% for biogas digesters will be assigned a default value of 65%.

O Entities able to provide laboratory analysis of methane concentration between
60.0% and 64.9% for biogas digesters will be assigned a default value of 60%.

Default values will be reevaluated on a yearly basis and will be adjusted according to the most
current laboratory analysis.

The methane concentration of biogas is typically measured using instrumentation located inside
the digester, as methane concentrations are an important parameter to be monitored during
digester operations. Instruments collect samples from gases that accumulate near the roof of the
digester and provide periodic or continuous biogas methane concentrations.

The following information regarding methane concentration measurement instrumentation must
be submitted:

o Accuracy, precision per manufacturer;

° Proof of initial calibration;

o Records of periodic instrument calibration (according to the manufacturers
instructions for calibration);

o Capability to record methane concentrations at least every 15 minutes for entities

not using default values for methane content.

The gas analyzer instrument needs to be calibrated against a gas sample with a known methane
concentration at least once per year. See instructions in the instrument manual for details on the
calibration procedures, including instrument adjustments. A calibration gas with a methane
concentration close to the concentration expected in the field (i.e., 60-70% methane) is optimal.

Recordkeeping

The following records of measured methane concentrations are to be kept in order to verify
methane emissions reductions:

o Type of instrument.

o Dates and results of instrument calibration.

° Dates, times, and results of methane measurement.

o Records of laboratory analysis of methane concentration- at least once per year.
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o For entities not using default methane concentration factors- monthly tabulations
of unadjusted average methane concentration of recovered biogas during each
hour of digester operation, based on the average methane concentration measured
during four 15-minute periods.

J Records of third-party verification of methane measurements and procedures.

The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual emissions reductions offsets for the site have been recorded at the CCX.

Third-Party Verification of Methane Measurements and Procedures

At least once per year, methane concentration measurements, records, and procedures should be
verified as acceptable per the CCX protocol by a CCX-approved Verifier.

Use of Measured Data to Calculate Methane Emissions Reductions from Anaerobic
Digesters

Methods for calculating the amount of methane recovered from anaerobic digesters and
combusted are described below.

Methane concentrations should be measured at a minimum of once per year. Default factors will
be applied to all offset providers who do not provide methane concentrations on an hourly basis
as described below. Tabulated records of average hourly biogas flows (in standard cubic feet per
hour) need to be matched against methane concentrations measured during the corresponding
time period to determine hourly methane recovery rates, using the following equation:

[CH4 recovered (standard ft’/hour)] = [average biogas recovery rate (standard ft’/hour)]x
[average hourly %CHy4].

Calculated hourly methane flows should be tabulated and summed on a daily and monthly basis.
Total annual methane recovery from the digester is to be tabulated using the monthly summaries
of methane recovery.

In order to estimate the amount of methane combusted in metric tons per year (Mg/yr), the
annual methane recovery rate in cubic feet per year needs to be converted to weight using the
following formula:

CH,4 combusted (Mg/yr) = [CH,4 recovery (ft'/yr)] x [16 (molecular weight of
CH,)] x [1Mg/10° g]* [1mol/24.04L @ STP] x [28.32L/1cf]
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Third-Party Verification of Methane Combustion Rate Calculations

For offset providers who desire to use actual hourly methane concentrations all calculations of
hourly, daily, monthly, and annual methane recovery rates, and metric tons of methane
combusted, need to be verified as acceptable per the CCX protocol by a CCX-approved Verifier
prior to submitting records of annual amounts of methane combusted.

Alternative Method for Calculating Methane Combustion Rates

Energy recovery facilities that use biogas as a fuel to generate electricity typically have detailed
records of electrical generation rates in kilowatt-hours (kWhr) that can be used to calculate
methane combustion rates. Information on the heat rate of the combustion unit in Btus per
kilowatt hour (Btu/kWhr) can be used to calculate Btus of methane combusted. Typically, the
high heating value of methane (1,012 Btus per cubic foot) is used to convert to a methane flow
rate. The calculation can be summarized as follows:

Methane recovery (ft’) = [kWhr of electricity produced from the biogas fuel] x [heat rate in
Btu/kWhr] / [1012 Btu/ft’ (HHV of methane)]

For estimating annual methane combustion rates, use the amount of electricity generated over a
one-year period in the equation above. The heat rate used in the calculation should be from the
most recent source test for the combustion device. If no source test information is available, the
heat rate per the manufacturer’s specifications should be used.

The following information regarding the measurement of methane combustion at energy
recovery facilities must be submitted:

o Type, make, and model number of combustion unit(s);

J Number of combustion units that exclusively use biogas as fuel;

o Heat rate of combustion device(s) per manufacturer’s specifications;

o Copy of a summary table from the most recent source test showing the measured
heat rate of combustion device(s);

o Summary tables showing kWhr of electricity produced from biogas per month
over the annual period,

o Type of electrical metering device; and
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o Accuracy, precision, and calibration information on the metering device per
manufacturer.

Prior to submitting methane recovery rates to be recorded as metric tons of methane combusted,
all calculations of annual methane recovery rates need to be verified as acceptable per the CCX
protocol by a CCX-approved Verifier.

Ex Ante Calculations of Baseline Methane Emissions for U.S. Manure Digester Projects

The following procedure for ex ante calculation of baseline methane emissions from manure
digester projects in the U.S. follows the IPCC Tier 2 approach and emission factors used in the
most recent U.S. Greenhouse Gas Inventory Repor‘[27

The procedure includes the following general steps for each reporting period (annual reporting is
recommended to account for seasonal variability in animal populations and baseline emissions):

1. Characterize the average livestock populations included in the anaerobic digester project
for the reporting period;

2. Characterize the baseline manure management system(s) for the project;

3. For each livestock population category and baseline manure management system,
multiply the number of animals by the appropriate emission factor for that state (from
Tables B.2 and B.3), by the appropriate solids separation correction factor, by the
proportion of manure from those animals used in the digester, by the number of days in
the period (Equation 1);

4. Sum the estimates for all population categories and baseline manure management
systems (Equation 1);

5. Multiply the total estimate of methane emission by the appropriate methane GWP for the
reporting period (Equation 2).

CH 4 vanure = z N(T) b EF(T,S,St) i SSCI:(s) i MS(T,S) hd Pdays
(Equation 1) T.$

CozeBaseline — CH4Manure ® GWPMethane
(Equation 2) 1,000 ;
Where:
CHs;Manure = CH, emissions from manure management (kg CH, - period™)
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N(T) = Number of animals in livestock species/category T included in the project
(head)

EF(T,S,St) = Methane emission factor for livestock category T, manure management
system S, and state St (kg CH, - head™ - day™); from Tables B.2 and B.3.

SSCE(S) = Solids separation correction factor for manure management system S
(unitless fraction)

MS(T,S) = Fraction of livestock category T’s manure handled using manure
management system S (unitless fraction)

Pdays = number of days in the reporting period (days)

COseBaseline = Baseline emissions (Mg CO, equivalents - period’l)

GWPyrethane = Global warming potential of methane (kg CO;, - kg'1 CH,)

1,000 Mass conversion factor (kg COy - Mg'1 COye)

Livestock Categories
Livestock categories (T) included in this method are listed in Table B.1. For market swine
(finishing operations), the use of a population-wide average animal weight is an acceptable

conservative alternative.

Table B.1 — Livestock categories and waste characteristics included in baseline methane emission
calculations and emission factor derivationl
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Average Total Kjeldhal N Maximum Methane
Livestock Category, T TAM? Excretion Rates, N, | Generation Potential, B, Volatile Solids, VS
Units (kg) (kg/day nr::;%,ooo kg (M3 CH4/kg V'S) (kg/day n;;eelgs,ooo kg
Dairy Cattle
Dairy Cows 604 0.44 0.24 (from Table B.4)
Dairy Heifer 476 0.31 0.17 (from Table B.4)
Beef Cattle
Feedlot Steers 420 0.30 0.33 (from Table B.4)
Feedlot Heifers 420 0.30 0.33 (from Table B.4)
Swine
Market < 60 lbs 16 0.60 0.48 8.8
Market 60-119 Ibs 41 0.42 0.48 5.4
Market 120-179 Ibs 68 0.42 0.48 54
Market >180 lbs 91 0.42 0.48 54
Breeding 198 0.24 0.48 2.6
'Data From Table A-157, Appendix 3.9, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2004
*Typical Animal Mass

Emission Factors

State-specific methane emission factors (EF(T,S,St)) for each livestock category (T) and baseline
manure management system (S) included in this method are listed in Tables B.2 and B.3.
Emission factors were derived as in Equation 3 using typical animal mass (TAM) and maximum
methane generation potential (Bo) data from Table A.1, and using state-specific data for volatile
solids production rates (VS) and methane conversion factors (MCF) for the different baseline
manure management systems from Tables B.4 and B.5.

EF, o) = TAM o200 B 40,670 0 (os1)
(Equation 3) (7:s:0 ™" 1000 " 100
quation ’

Where:
EF(T,S,St)= CH4 emission factor for livestock category T, manure management system S
and state St (kg CH, - head’ - day™); from Tables B.2 and B.3.

TAM(T) = Typical animal mass for livestock species/category T (kg - head™)

VS(T,St) = Volatile solids production rate for each livestock category and state (kg VS -
day™ - 1,000 kg animal mass)

Bo(T) = Maximum CH, generation potential for livestock category T (m® CHy - kg™ VS)

MCEF(S,St)= Methane conversion factor for baseline manure management system S, and state
St (%)

0.67 = CH,4 volume to mass conversion factor (kg CH, - m™ CHy)

1,000 = VS conversion factor (kg animal mass - 1000 kg animal mass)
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100 = MCEF percentage conversion factor

Solids Separation Correction Factor

For baseline liquid slurry storage or anaerobic lagoon manure management systems that separate
manure solids prior to the input of liquid manure, a default solids separation correction factor
(SSCF) of 0.8 must be used to calculate baseline emissions. Project specific correction factors
may be used if supported by manufacturer’s specifications or other acceptable data. For those
systems that do not separate solids, or that utilize simple gravity separation of sand and other
non-manure solids, the SSCF is equal to 1.

For projects which did not use solids separation in the baseline case, but subsequently utilize
solids separation prior to the input of liquid manure to the digester, the separated solids must be
handled in a manner that ensures negligible production of methane (e.g., aerobic composting, use
as animal bedding, or daily spread), otherwise, the appropriate solids separation correction factor
must be used to calculate baseline emissions.

Sample Baseline Emission Values

Tables B.6 and B.7 give annual baseline GHG emissions, as metric tons of CO,. per head, for
liquid slurry/pit storage and anaerobic lagoon manure management systems by livestock

category (T) and state, assuming no solids separation and a global warming potential for methane
of 21.

Clarification of definitions for baseline manure management systems

The CCX baseline calculation requires that a project baseline manure management practice be
defined as “Liquid/Slurry”, “Deep Pit”, or “Anaerobic Lagoon.” Higher methane conversion
factors (MCF’s) (Table B.5) result if a project is eligible to claim Anaerobic Lagoon status.

CCX has selected the following three most appropriate definitions and reference sources for the
eligible practices that define the controlling factors as to which eligibility category may be used
for baseline calculation purposes. These references include the IPCC 2000 good practice
guidance document®, the IPCC 2006 guidelinesz6, and, for US projects, the US National GHG
Inventory”’. Simplified definitions are as follows:

1. Liquid/Slurry:
Manure is stored as excreted or with some minimal addition of water to facilitate
handling and is stored in either tanks or earthen ponds, usually for periods less than one
year.

% |PCC 2000, Good Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories (May 2000).
% |pcC 2006 Guidelines for National Greenhouse Gas Inventories (Chp. 10: Livestock Emissions).

27 Us EPA (2007) Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2005.
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2. Pit Storage Below Animal Confinement:
Collection and storage of manure usually with little or no added water typically below a
slatted floor in an enclosed animal confinement facility. Typical storage periods range
from 5 to 12 months, but must exceed one month.

3. Anaerobic Lagoons:
Uncovered anaerobic lagoons are designed and operated to combine waste stabilization
and storage. Lagoon supernatant is usually used to remove manure from the associated
confinement facilities to the lagoon. Anaerobic lagoons are designed with varying lengths
of storage (up to a year or greater), depending on the climate region, the volatile solids
loading rate, and other operational factors.

Manure management systems that utilize flush technologies to handle manure, or that
combine scraped (or vacuumed) manure with more than minimal quantities of water in
storage (for example, by mixing dairy parlor waste water with manure for handling or
storage), and that have liquid manure storage systems with hydraulic retention times of
greater than 90 days, may, for the purposes of the offset protocol, be categorized as
“anaerobic lagoon” systems for baseline determination.

9-66

Reproduction or quotation is expressly prohibited without written consent of Chicago Climate Exchange, Inc.



CCX® Confidential CCX Exchange Offsets and Exchange Early Action Credits
© January 2004 CCX

Table B.2 — Methane emission factors (EF(T,S,St)) for liquid slurry/pit storage baseline manure
management systems (S) by livestock category (T) and State (St); (kg CHy - head™ - day™).

Market Market
Market Swine Swine Market
Dairy Dairy Feedlot Feedlot Swine 60-119 120-179 | Swine Breeding

State Cow Heifer Steers Heifers <60 lbs. Ibs. Ibs. >180 lbs. | Swine

Alabama 0.317 0.142 0.143 0.138 0.017 0.027 0.045 0.061 0.064
Alaska 0.146 0.051 0.051 0.049 0.006 0.010 0.016 0.022 0.023
Arizona 0.562 0.196 0.195 0.189 0.024 0.038 0.063 0.084 0.088
Arkansas 0.300 0.148 0.132 0.128 0.016 0.026 0.043 0.057 0.060
California 0.342 0.139 0.139 0.134 0.017 0.027 0.045 0.060 0.062
Colorado 0.186 0.082 0.081 0.079 0.010 0.016 0.026 0.035 0.037
Connecticut 0.195 0.079 0.089 0.086 0.011 0.017 0.028 0.038 0.040
Delaware 0.243 0.099 0.110 0.107 0.013 0.021 0.035 0.047 0.049
Florida 0.429 0.193 0.193 0.188 0.024 0.037 0.062 0.082 0.086
Georgia 0.315 0.141 0.142 0.138 0.017 0.027 0.045 0.061 0.063
Hawaii 0.630 0.220 0.219 0.212 0.027 0.043 0.071 0.094 0.099
Idaho 0.245 0.086 0.085 0.082 0.011 0.017 0.027 0.037 0.038
Illinois 0.222 0.099 0.100 0.097 0.012 0.019 0.032 0.043 0.045
Indiana 0.215 0.096 0.097 0.094 0.012 0.019 0.031 0.041 0.043
Towa 0.204 0.091 0.092 0.089 0.011 0.018 0.029 0.039 0.041
Kansas 0.268 0.118 0.117 0.113 0.014 0.023 0.038 0.050 0.053
Kentucky 0.250 0.112 0.113 0.109 0.014 0.022 0.036 0.048 0.050
Louisiana 0.383 0.189 0.168 0.163 0.021 0.033 0.054 0.073 0.076
Maine 0.159 0.065 0.072 0.070 0.009 0.014 0.023 0.031 0.032
Maryland 0.225 0.092 0.103 0.099 0.012 0.020 0.033 0.044 0.046
Massachusetts 0.189 0.077 0.086 0.083 0.011 0.017 0.027 0.037 0.038
Michigan 0.182 0.081 0.082 0.079 0.010 0.016 0.026 0.035 0.036
Minnesota 0.188 0.084 0.085 0.082 0.010 0.016 0.027 0.036 0.038
Mississippi 0.330 0.148 0.149 0.144 0.018 0.029 0.047 0.063 0.066
Missouri 0.251 0.112 0.113 0.110 0.014 0.022 0.036 0.048 0.050
Montana 0.177 0.078 0.077 0.075 0.010 0.015 0.025 0.033 0.035
Nebraska 0.224 0.099 0.098 0.094 0.012 0.019 0.032 0.042 0.044
Nevada 0.271 0.095 0.094 0.091 0.012 0.018 0.030 0.041 0.043
New Hampshire 0.172 0.070 0.078 0.075 0.010 0.015 0.025 0.033 0.035
New Jersey 0.216 0.088 0.098 0.095 0.012 0.019 0.031 0.042 0.044
New Mexico 0.344 0.120 0.120 0.116 0.015 0.023 0.038 0.052 0.054
New York 0.177 0.072 0.081 0.078 0.010 0.015 0.026 0.034 0.036
North Carolina 0.277 0.124 0.125 0.121 0.015 0.024 0.040 0.053 0.056
North Dakota 0.182 0.080 0.079 0.077 0.010 0.015 0.026 0.034 0.036
Ohio 0.205 0.092 0.092 0.089 0.011 0.018 0.029 0.039 0.041
Oklahoma 0.303 0.150 0.133 0.129 0.017 0.026 0.043 0.058 0.060
Oregon 0.241 0.084 0.084 0.081 0.010 0.016 0.027 0.036 0.038
Pennsylvania 0.206 0.084 0.094 0.091 0.011 0.018 0.030 0.040 0.042
Rhode Island 0.201 0.082 0.091 0.088 0.011 0.018 0.029 0.039 0.041
South Carolina 0.311 0.140 0.140 0.136 0.017 0.027 0.045 0.060 0.063
South Dakota 0.203 0.089 0.089 0.086 0.011 0.017 0.029 0.038 0.040
Tennessee 0.268 0.120 0.121 0.117 0.015 0.023 0.038 0.052 0.054
Texas 0.345 0.171 0.152 0.147 0.019 0.030 0.049 0.066 0.069
Utah 0.277 0.097 0.096 0.093 0.012 0.019 0.031 0.041 0.043
Vermont 0.165 0.067 0.075 0.073 0.009 0.014 0.024 0.032 0.033
Virginia 0.230 0.103 0.103 0.100 0.013 0.020 0.033 0.044 0.046
Washington 0.247 0.086 0.086 0.083 0.011 0.017 0.028 0.037 0.039
West Virginia 0.207 0.084 0.094 0.091 0.011 0.018 0.030 0.040 0.042
Wisconsin 0.185 0.083 0.083 0.081 0.010 0.016 0.026 0.035 0.037
Wyoming 0.179 0.079 0.078 0.075 0.010 0.015 0.025 0.034 0.035
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Table B.3 — Methane emission factors (EF(T,S,St)) for anaerobic lagoon baseline manure
management systems (S) by livestock category (T) and State (St); (kg CH, - head™ - day™).

Market Market
Market Swine Swine Market
Dairy Dairy Feedlot Feedlot Swine 60-119 120-179 Swine Breeding

State Cow Heifer Steers Heifers <60 lbs. Ibs. lbs. >180 lbs. | Swine

Alabama 0.624 0.280 0.281 0.272 0.034 0.054 0.090 0.120 0.125
Alaska 0.510 0.178 0.177 0.171 0.022 0.034 0.057 0.076 0.080
Arizona 0.837 0.293 0.291 0.281 0.036 0.056 0.094 0.125 0.131
Arkansas 0.630 0.311 0.277 0.269 0.034 0.054 0.090 0.120 0.126
California 0.692 0.281 0.280 0.271 0.035 0.054 0.090 0.120 0.126
Colorado 0.560 0.246 0.244 0.236 0.030 0.047 0.079 0.105 0.110
Connecticut 0.567 0.231 0.258 0.249 0.031 0.049 0.082 0.110 0.115
Delaware 0.604 0.246 0.275 0.266 0.033 0.053 0.087 0.117 0.122
Florida 0.640 0.287 0.288 0.280 0.035 0.055 0.092 0.123 0.129
Georgia 0.622 0.279 0.280 0.272 0.034 0.054 0.089 0.119 0.125
Hawaii 0.814 0.285 0.283 0.273 0.035 0.055 0.091 0.122 0.128
Idaho 0.721 0.252 0.251 0.242 0.031 0.049 0.081 0.108 0.113
Illinois 0.591 0.264 0.266 0.258 0.032 0.051 0.084 0.113 0.118
Indiana 0.584 0.261 0.262 0.254 0.032 0.050 0.083 0.112 0.117
Towa 0.576 0.257 0.259 0.251 0.032 0.050 0.082 0.110 0.115
Kansas 0.625 0.275 0.273 0.264 0.034 0.053 0.088 0.118 0.123
Kentucky 0.602 0.270 0.271 0.263 0.033 0.052 0.086 0.116 0.121
Louisiana 0.641 0.316 0.282 0.273 0.035 0.055 0.091 0.122 0.128
Maine 0.517 0.210 0.235 0.227 0.029 0.045 0.075 0.100 0.105
Maryland 0.589 0.240 0.268 0.259 0.033 0.051 0.085 0.114 0.119
Massachusetts 0.561 0.228 0.255 0.247 0.031 0.049 0.081 0.109 0.114
Michigan 0.551 0.246 0.248 0.240 0.030 0.047 0.079 0.105 0.110
Minnesota 0.561 0.251 0.252 0.245 0.031 0.048 0.080 0.107 0.112
Mississippi 0.626 0.281 0.282 0.273 0.034 0.054 0.090 0.120 0.126
Missouri 0.610 0.272 0.274 0.266 0.033 0.053 0.087 0.117 0.122
Montana 0.553 0.243 0.241 0.233 0.030 0.047 0.078 0.104 0.109
Nebraska 0.600 0.264 0.262 0.253 0.032 0.051 0.084 0.113 0.118
Nevada 0.744 0.260 0.259 0.250 0.032 0.050 0.083 0.111 0.117
New Hampshire 0.535 0.218 0.243 0.235 0.030 0.047 0.077 0.104 0.108
New Jersey 0.587 0.239 0.267 0.258 0.033 0.051 0.085 0.114 0.119
New Mexico 0.785 0.275 0.273 0.264 0.034 0.053 0.088 0.118 0.123
New York 0.544 0.221 0.247 0.239 0.030 0.047 0.079 0.105 0.110
North Carolina 0.614 0.275 0.276 0.268 0.034 0.053 0.088 0.118 0.124
North Dakota 0.561 0.247 0.245 0.237 0.030 0.048 0.079 0.106 0.111
Ohio 0.574 0.257 0.258 0.250 0.031 0.049 0.082 0.110 0.115
Oklahoma 0.632 0.312 0.278 0.269 0.034 0.054 0.090 0.120 0.126
Oregon 0.707 0.247 0.246 0.238 0.030 0.048 0.079 0.106 0.111
Pennsylvania 0.575 0.234 0.261 0.253 0.032 0.050 0.083 0.111 0.117
Rhode Island 0.575 0.234 0.261 0.253 0.032 0.050 0.083 0.111 0.117
South Carolina 0.624 0.280 0.281 0.272 0.034 0.054 0.090 0.120 0.125
South Dakota 0.584 0.257 0.255 0.246 0.032 0.050 0.082 0.110 0.115
Tennessee 0.610 0.274 0.275 0.267 0.034 0.053 0.088 0.117 0.123
Texas 0.639 0.316 0.281 0.272 0.035 0.055 0.091 0.122 0.127
Utah 0.751 0.263 0.261 0.252 0.032 0.051 0.084 0.112 0.118
Vermont 0.527 0.214 0.240 0.232 0.029 0.046 0.076 0.102 0.107
Virginia 0.592 0.266 0.267 0.259 0.033 0.051 0.085 0.114 0.119
Washington 0.717 0.251 0.249 0.241 0.031 0.048 0.080 0.107 0.112
West Virginia 0.570 0.232 0.259 0.251 0.032 0.050 0.082 0.110 0.116
Wisconsin 0.560 0.250 0.251 0.244 0.031 0.048 0.080 0.107 0.112
Wyoming 0.554 0.244 0.241 0.234 0.030 0.047 0.078 0.104 0.109
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Table B.4 — Volatile solids production rates (VS(T,St)) by livestock category (T) and State (St)1
used for derivation of methane emission factors (EF(T,S,St)); (kg VS - day ™ - 1,000 kg™ animal
mass).

Dairy Dairy Feedlot Feedlot

State Cow Heifer Steers Heifers

Alabama 8.47 6.81 3.87 3.99
Alaska 10.87 6.81 3.82 3.95
Arizona 10.87 6.81 3.82 3.95
Arkansas 8.55 7.56 3.81 3.93
California 9.35 6.81 3.83 3.96
Colorado 8.64 6.81 3.81 3.94
Connecticut 8.41 6.13 3.87 4.00
Delaware 8.41 6.13 3.87 4.00
Florida 8.47 6.81 3.87 3.99
Georgia 8.47 6.81 3.87 3.99
Hawaii 10.87 6.81 3.82 3.95
Idaho 10.87 6.81 3.82 3.95
Illinois 8.51 6.81 3.88 4.00
Indiana 8.51 6.81 3.88 4.00
Towa 8.51 6.81 3.88 4.00
Kansas 8.64 6.81 3.81 3.94
Kentucky 8.47 6.81 3.87 3.99
Louisiana 8.55 7.56 3.81 3.93
Maine 8.41 6.13 3.87 4.00
Maryland 8.41 6.13 3.87 4.00
Massachusetts 8.41 6.13 3.87 4.00
Michigan 8.51 6.81 3.88 4.00
Minnesota 8.51 6.81 3.88 4.00
Mississippi 8.47 6.81 3.87 3.99
Missouri 8.51 6.81 3.88 4.00
Montana 8.64 6.81 3.81 3.94
Nebraska 8.64 6.81 3.81 3.94
Nevada 10.87 6.81 3.82 3.95
New Hampshire 8.41 6.13 3.87 4.00
New Jersey 8.41 6.13 3.87 4.00
New Mexico 10.87 6.81 3.82 3.95
New York 8.41 6.13 3.87 4.00
North Carolina 8.47 6.81 3.87 3.99
North Dakota 8.64 6.81 3.81 3.94
Ohio 8.51 6.81 3.88 4.00
Oklahoma 8.55 7.56 3.81 3.93
Oregon 10.87 6.81 3.82 3.95
Pennsylvania 8.41 6.13 3.87 4.00
Rhode Island 8.41 6.13 3.87 4.00
South Carolina 8.47 6.81 3.87 3.99
South Dakota 8.64 6.81 3.81 3.94
Tennessee 8.47 6.81 3.87 3.99
Texas 8.55 7.56 3.81 3.93
Utah 10.87 6.81 3.82 3.95
Vermont 8.41 6.13 3.87 4.00
Virginia 8.47 6.81 3.87 3.99
Washington 10.87 6.81 3.82 3.95
West Virginia 8.41 6.13 3.87 4.00
Wisconsin 8.51 6.81 3.88 4.00
Wyoming 8.64 6.81 3.81 3.94

'Data from Table A-158, Appendix 3.10, Inventory of U.S. Greenhouse Gas Emissions and Sinks: 1990-2004
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Table B.5 — Methane conversion factors (MCF s g) by baseline manure management system (S) and State (St)! used for derivation
of methane emission factors (EF(rss); (percent).

State Liquid/Slurry and Deep Pit Anaerobic Lagoon
Alabama 38.5 75.8
Alaska 13.8 48.3
Arizona 53.2 79.3
Arkansas 36.1 75.9
California 37.7 76.2
Colorado 22.2 66.7
Connecticut 23.9 69.4
Delaware 29.7 73.9
Florida 52.2 77.8
Georgia 38.3 75.6
Hawaii 59.7 77.1
Idaho 23.2 68.3
Illinois 26.9 71.5
Indiana 26.0 70.6
Towa 24.7 69.7
Kansas 31.9 74.5
Kentucky 304 73.2
Louisiana 46.1 77.2
Maine 19.5 63.3
Maryland 27.6 72.1
Massachusetts 23.2 68.7
Michigan 22.0 66.7
Minnesota 22.8 67.9
Mississippi 40.1 76.1
Missouri 30.4 73.8
Montana 21.1 65.9
Nebraska 26.7 71.5
Nevada 25.7 70.5
New Hampshire 21.0 65.5
New Jersey 26.4 71.9
New Mexico 32.6 74.4
New York 21.7 66.6
North Carolina 33.7 74.6
North Dakota 21.7 66.9
Ohio 24.8 69.5
Oklahoma 36.5 76.1
Oregon 22.8 67.0
Pennsylvania 25.2 70.4
Rhode Island 24.6 70.4
South Carolina 37.8 75.8
South Dakota 24.2 69.6
Tennessee 32.6 74.2
Texas 41.6 77.0
Utah 26.2 71.1
Vermont 20.2 64.5
Virginia 27.9 72.0
Washington 234 67.9
West Virginia 25.3 69.8
Wisconsin 22.4 67.7
Wyoming 21.3 66.0

'Data from Table A-165, Appendix 3.10, Inventory of U.S. Greenhouse Gas Emissions and Sinks:

1990-2004
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Table B.6 — Baseline annual GHG emissions for liquid slurry/pit storage manure management systems (S) by livestock category
(T) and state, assuming GWPpetnane = 21 and no solids separation; (metric tons CO,e per head per year).

Market Market
Market Swine Swine Market
Dairy Dairy Feedlot Feedlot Swine 60-119 120-179 Swine Breeding
State Cow Heifer Steers Heifers <60 lbs. Ibs. Ibs. >180 Ibs. | Swine
Alabama 243 1.09 1.09 1.06 0.13 0.21 0.35 0.47 0.49
Alaska 1.12 0.39 0.39 0.38 0.05 0.08 0.12 0.17 0.18
Arizona 431 1.51 1.50 1.45 0.18 0.29 0.48 0.64 0.68
Arkansas 2.30 1.13 1.01 0.98 0.13 0.20 0.33 0.44 0.46
California 2.62 1.07 1.06 1.03 0.13 0.21 0.34 0.46 0.48
Colorado 1.43 0.63 0.62 0.60 0.08 0.12 0.20 0.27 0.28
Connecticut 1.50 0.61 0.68 0.66 0.08 0.13 0.22 0.29 0.30
Delaware 1.86 0.76 0.85 0.82 0.10 0.16 0.27 0.36 0.38
Florida 3.29 1.48 1.48 1.44 0.18 0.28 0.47 0.63 0.66
Georgia 2.42 1.08 1.09 1.06 0.13 0.21 0.35 0.46 0.49
Hawaii 4.83 1.69 1.68 1.62 0.21 0.33 0.54 0.72 0.76
Idaho 1.88 0.66 0.65 0.63 0.08 0.13 0.21 0.28 0.29
Illinois 1.70 0.76 0.77 0.74 0.09 0.15 0.24 0.33 0.34
Indiana 1.65 0.74 0.74 0.72 0.09 0.14 0.24 0.31 0.33
lowa 1.56 0.70 0.70 0.68 0.09 0.13 0.22 0.30 0.31
Kansas 2.05 0.90 0.89 0.87 0.11 0.17 0.29 0.39 0.40
Kentucky 1.92 0.86 0.86 0.84 0.11 0.17 0.28 0.37 0.39
Louisiana 2.93 1.45 1.29 1.25 0.16 0.25 0.42 0.56 0.59
Maine 1.22 0.50 0.56 0.54 0.07 0.11 0.18 0.24 0.25
Maryland 1.73 0.70 0.79 0.76 0.10 0.15 0.25 0.33 0.35
Massachusetts 1.45 0.59 0.66 0.64 0.08 0.13 0.21 0.28 0.29
Michigan 1.39 0.62 0.63 0.61 0.08 0.12 0.20 0.27 0.28
Minnesota 1.44 0.65 0.65 0.63 0.08 0.12 0.21 0.28 0.29
Mississippi 2.53 1.13 1.14 1.10 0.14 0.22 0.36 0.49 0.51
Missouri 1.93 0.86 0.87 0.84 0.11 0.17 0.28 0.37 0.39
Montana 1.36 0.60 0.59 0.57 0.07 0.12 0.19 0.26 0.27
Nebraska 1.72 0.76 0.75 0.72 0.09 0.15 0.24 0.32 0.34
Nevada 2.08 0.73 0.72 0.70 0.09 0.14 0.23 0.31 0.33
New Hampshire 1.31 0.53 0.60 0.58 0.07 0.11 0.19 0.25 0.27
New Jersey 1.65 0.67 0.75 0.73 0.09 0.14 0.24 0.32 0.34
New Mexico 2.64 0.92 0.92 0.89 0.11 0.18 0.30 0.39 0.41
New York 1.36 0.55 0.62 0.60 0.08 0.12 0.20 0.26 0.28
North Carolina 2.12 0.95 0.96 0.93 0.12 0.18 0.31 0.41 0.43
North Dakota 1.40 0.61 0.61 0.59 0.08 0.12 0.20 0.26 0.28
Ohio 1.57 0.70 0.71 0.68 0.09 0.14 0.22 0.30 0.31
Oklahoma 2.32 1.15 1.02 0.99 0.13 0.20 0.33 0.44 0.46
Oregon 1.85 0.65 0.64 0.62 0.08 0.12 0.21 0.28 0.29
Pennsylvania 1.58 0.64 0.72 0.69 0.09 0.14 0.23 0.31 0.32
Rhode Island 1.54 0.63 0.70 0.68 0.09 0.13 0.22 0.30 0.31
South Carolina 2.38 1.07 1.07 1.04 0.13 0.21 0.34 0.46 0.48
South Dakota 1.56 0.68 0.68 0.66 0.08 0.13 0.22 0.29 0.31
Tennessee 2.06 0.92 0.93 0.90 0.11 0.18 0.30 0.39 0.41
Texas 2.65 1.31 1.16 1.13 0.14 0.23 0.38 0.50 0.53
Utah 2.12 0.74 0.74 0.71 0.09 0.14 0.24 0.32 0.33
Vermont 1.26 0.51 0.58 0.56 0.07 0.11 0.18 0.24 0.26
Virginia 1.76 0.79 0.79 0.77 0.10 0.15 0.25 0.34 0.35
Washington 1.89 0.66 0.66 0.64 0.08 0.13 0.21 0.28 0.30
West Virginia 1.58 0.64 0.72 0.70 0.09 0.14 0.23 0.31 0.32
Wisconsin 1.42 0.63 0.64 0.62 0.08 0.12 0.20 0.27 0.28
Wyoming 1.37 0.60 0.60 0.58 0.07 0.12 0.19 0.26 0.27
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Table B.7 — Baseline annual GHG emissions for anaerobic lagoon manure management systems
(S) by livestock category (T) and state, assuming GWP Methane =21 and no solids separation;
(metric tons CO, per head per year).

Market Market
Market Swine Swine Market
Dairy Dairy Feedlot Feedlot Swine 60-119 120-179 Swine Breeding

State Cow Heifer Steers Heifers <60 lbs. Ibs. Ibs. >180 Ibs. | Swine

Alabama 4.78 2.15 2.15 2.09 0.26 0.41 0.69 0.92 0.96
Alaska 391 1.37 1.36 1.31 0.17 0.26 0.44 0.59 0.61
Arizona 6.42 2.24 2.23 2.16 0.28 0.43 0.72 0.96 1.01
Arkansas 4.83 2.38 2.12 2.06 0.26 0.41 0.69 0.92 0.96
California 5.30 2.16 2.15 2.08 0.26 0.42 0.69 0.92 0.97
Colorado 4.29 1.89 1.87 1.81 0.23 0.36 0.60 0.81 0.85
Connecticut 435 1.77 1.98 1.91 0.24 0.38 0.63 0.84 0.88
Delaware 4.63 1.88 2.10 2.04 0.26 0.40 0.67 0.90 0.94
Florida 4.91 2.20 2.21 2.14 0.27 0.42 0.70 0.94 0.99
Georgia 4.77 2.14 2.15 2.08 0.26 0.41 0.68 0.92 0.96
Hawaii 6.24 2.18 2.17 2.10 0.27 0.42 0.70 0.93 0.98
Idaho 5.53 1.93 1.92 1.86 0.24 0.37 0.62 0.83 0.87
Illinois 4.53 2.02 2.04 1.97 0.25 0.39 0.65 0.87 0.91
Indiana 4.47 2.00 2.01 1.95 0.25 0.39 0.64 0.86 0.90
lowa 4.42 1.97 1.98 1.92 0.24 0.38 0.63 0.84 0.88
Kansas 4.79 2.11 2.09 2.02 0.26 0.41 0.67 0.90 0.95
Kentucky 4.62 2.07 2.08 2.02 0.25 0.40 0.66 0.89 0.93
Louisiana 491 2.43 2.16 2.09 0.27 0.42 0.70 0.94 0.98
Maine 3.96 1.61 1.80 1.74 0.22 0.35 0.57 0.77 0.80
Maryland 4.51 1.84 2.05 1.99 0.25 0.39 0.65 0.87 0.91
Massachusetts 4.30 1.75 1.96 1.89 0.24 0.37 0.62 0.83 0.87
Michigan 4.23 1.89 1.90 1.84 0.23 0.36 0.60 0.81 0.85
Minnesota 4.30 1.92 1.93 1.88 0.24 0.37 0.61 0.82 0.86
Mississippi 4.80 2.15 2.16 2.10 0.26 0.42 0.69 0.92 0.97
Missouri 4.68 2.09 2.10 2.04 0.26 0.40 0.67 0.89 0.94
Montana 4.24 1.86 1.85 1.79 0.23 0.36 0.60 0.80 0.84
Nebraska 4.60 2.02 2.01 1.94 0.25 0.39 0.65 0.87 0.91
Nevada 5.70 2.00 1.98 1.92 0.24 0.38 0.64 0.85 0.89
New Hampshire 4.10 1.67 1.86 1.80 0.23 0.36 0.59 0.79 0.83
New Jersey 4.50 1.83 2.05 1.98 0.25 0.39 0.65 0.87 0.91
New Mexico 6.02 2.11 2.09 2.02 0.26 041 0.67 0.90 0.94
New York 4.17 1.70 1.90 1.83 0.23 0.36 0.60 0.81 0.85
North Carolina 4.70 2.11 2.12 2.05 0.26 0.41 0.68 0.90 0.95
North Dakota 4.30 1.89 1.88 1.81 0.23 0.37 0.61 0.81 0.85
Ohio 4.40 1.97 1.98 1.92 0.24 0.38 0.63 0.84 0.88
Oklahoma 4.84 2.39 2.13 2.06 0.26 0.42 0.69 0.92 0.97
Oregon 5.42 1.90 1.88 1.82 0.23 0.37 0.61 0.81 0.85
Pennsylvania 4.41 1.79 2.00 1.94 0.24 0.38 0.64 0.85 0.89
Rhode Island 441 1.79 2.00 1.94 0.24 0.38 0.64 0.85 0.89
South Carolina 4.78 2.15 2.15 2.09 0.26 0.41 0.69 0.92 0.96
South Dakota 4.48 1.97 1.95 1.89 0.24 0.38 0.63 0.84 0.88
Tennessee 4.68 2.10 2.11 2.04 0.26 0.40 0.67 0.90 0.94
Texas 4.90 2.42 2.15 2.09 0.27 0.42 0.70 0.93 0.98
Utah 5.75 2.01 2.00 1.93 0.25 0.39 0.64 0.86 0.90
Vermont 4.04 1.64 1.84 1.78 0.22 0.35 0.58 0.78 0.82
Virginia 4.54 2.04 2.04 1.98 0.25 0.39 0.65 0.87 0.91
Washington 5.49 1.92 1.91 1.85 0.24 0.37 0.61 0.82 0.86
West Virginia 4.37 1.78 1.99 1.92 0.24 0.38 0.63 0.85 0.89
Wisconsin 4.29 1.92 1.93 1.87 0.23 0.37 0.61 0.82 0.86
Wyoming 4.25 1.87 1.85 1.79 0.23 0.36 0.60 0.80 0.84
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Verification of ex ante baseline emissions calculation:
Baseline Practice:

The verifier shall confirm through records searches and site inspection the baseline practice at
the facility as liquid/slurry, deep pit or anaerobic lagoon.

Flare Efficiency:

For projects wishing to demonstrate combustion efficiency for flared biogas greater than 90%,
the verifier shall confirm and document evidence demonstrating the higher efficiency.

Calculation:

In order to verify the correctness of the calculation, the verifier shall confirm average livestock
populations for the reporting period through a document search; confirm the use of the
appropriate emission factor by state or country, solid separation factor, manure proportion and

number of days in the period. Further the verifier shall confirm the appropriate use of the solid
separation correction factor in the calculation.
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Appendix 9.1 C Protocol for Measuring, Recording, and Verifying Coal Mine Methane
Capture and Use

l. Introduction

Methane, a potent greenhouse gas, is contained in coal seams throughout the United States
(U.S.). Currently in the U.S., coal mines account for approximately 10 percent of all manmade
methane emissions. Methane presents a safety hazard for operators of gassy mines because it is
explosive at concentrations from 5 to 15 percent in air. Gassy underground coal mines are
designed and operated in such a way that methane liberated during the extraction of coal is
removed from the mine through powerful ventilation fans, which are part of a system that
ensures safe working conditions in the mine. For particularly gassy mines, operators may employ
additional methane drainage systems to supplement their ventilation systems in order to maintain
a safe working environment.

Gas may be recovered and pumped to the surface in the process of removing gas via an
underground drainage system, but utilization of recovered methane is not currently a typical
operational practice at underground coal mines. Methane is most often vented to the atmosphere.
Methane is the principle component of natural gas, and gas that is recovered from coal mines of
sufficiently high methane concentrations can be used for its energy content. Because of this, any
coal mine methane (CMM) captured by active mines or abandoned mines could be used in the
same way as natural gas (e.g., through pipeline injection of high-quality gas or as fuel for
electricity generation from mid-quality gas). Companies that engage in such project activities can
prevent methane from being emitted to the atmosphere.

The purpose of this protocol is to address the measurement and verification of methane emission
reductions resulting from the utilization of CMM and abandoned mine methane (AMM) gas for
the Chicago Climate Exchange (CCX).

1. Definitions

Abandoned mine methane (AMM): Methane that is produced from coal mines designated as
abandoned according to U. S. Mine Safety and Health Administration (MSHA) or equivalent
non-U.S. mining regulatory agency rules.

Coalbed methane (CBM): Methane that resides within coal seams. For the purposes of this
protocol, coalbed methane refers to methane produced from coal seams unrelated to mining
activities.

Coal mine methane (CMM): As coal mining proceeds, methane contained in the coal and
surrounding strata may be released. This methane is referred to as coal mine methane since its

liberation resulted from mining activity. In some instances, methane that continues to be released
from the coal-bearing strata once a mine is closed and sealed may also be referred to as coal
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mine methane (or abandoned mine methane) because the liberated methane is associated with
past coal mining activity.

Gob: A fractured rubble zone behind the mining face that is caused by the removal of the coal
and the subsequent collapse of the mine roof and heaving of the mine floor.

Mine gas: The post-mine drainage gas that contains CMM but also contains various levels of
other components, such as nitrogen, oxygen, carbon dioxide, hydrogen sulfide, and heavier
hydrocarbons.

Mine Safety and Health Administration (MSHA): Federal enforcement agency responsible for
the health and safety of U.S. miners.

Pre-mining drainage: Methane extraction from vertical surface wells (CBM) or horizontal
underground boreholes in the mine prior to mining activities. This methane would have been
emitted during mining activities had it not been previously drained. When CBM wells are mined
around or through, the previously extracted methane is then considered CMM that has been
captured and used.

Post-mining drainage: Methane extraction after completion of the mining process from vertical
surface gob wells, underground inclined or horizontal boreholes, gas drainage galleries, or other
gob gas capture techniques, including drainage of sealed areas in the mine (for safety reasons).

Ventilation air methane (VAM): CMM that is mixed with the ventilation air in the mine that is

circulated in sufficient quantity to dilute the methane to low concentrations (typically below 1
percent) for safety reasons.

I11. Applicability

This protocol applies to methane liberated as a result of coal mining activities (CMM) from
either active or abandoned coal mines as defined by MSHA or equivalent non-U.S. mining
regulatory agencies. Active coal mines include mine works that continue to be actively ventilated
by the coal mine operator. This could also include MSHA designated “non-producing” or “idle”
coal mines. Abandoned coal mines are declared “abandoned” from the date when ventilation
activities cease to exist.

This protocol applies to methane recovered from active and abandoned coal mines using the
following extraction techniques:

e Pre-mining drainage wells (from the surface or underground) associated with mining
activities at active coal mines;

e Post-mining drainage wells (from the surface or underground) associated with mining
activities including from sealed mine areas; and
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V.

Ventilation air methane from ventilation fans.

Eligibility

To be eligible, any methane-extraction technique used at active coal mines must be approved for
use by MSHA or equivalent non-U.S. mining regulatory agency rules. CCX eligibility
requirements for methane to be included for registration are as follows:

Methane produced from pre-drainage wells will be limited to wells drilled after January
1, 1999.

Methane produced from pre-drainage wells will only be eligible after the well is mined
around or through.

All methane produced from pre-drainage wells from within a -50 meter to +150 meter
vertical range of the mined coal seam will become eligible when the well is mined around
or through.

Methane produced outside the established vertical range can become eligible if the
candidate project(s) demonstrate sufficient analytical evidence, consistent with IPCC Tier
3 Methodology, which connects methane generated outside the established vertical range
to the mined seam in question.

All methane produced from abandoned coal mines will be eligible.

CCX requirements for crediting methane recovery from coal mines as emission offsets include
the following:

Phase I registration & trading
0 Pre-Mining Activities:
= CMM collected from wells drilled after January 1, 1999, and mined
around or through after January 1, 2007, can be registered and traded on
CCX.
0 Post-Mining Activities:
= CMM from any wells drilled after January 1, 1999, and collected after January 1,
2003,can be registered and traded on the CCX.
= CMM from any well drilled prior to January 1, 1999 and collected after January 1, 2003,
which is: 1) processed/refined through a low quality gas facility, constructed after
January 1, 1999, or 2) utilized in a low quality combustion process (i.e. reciprocating
engine, boiler, flare), constructed after January 1, 1999, can be registered and traded on
the CCX.
=  CMM from any well drilled prior to January 1, 1999 and collected after January 1, 2003,
which is not 1) processed/refined through a low quality gas facility, constructed after
January 1, 1999, or 2) utilized in a low quality combustion process (i.e. reciprocating
engine, boiler, flare), constructed after January 1, 1999, cannot be registered and traded
on the CCX.
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V. Protocol for Measuring, Recording, and Verifying Methane Capture
and Use

The purpose of this protocol is to establish a methodology to accurately determine the amount of
methane captured and utilized and/or sold in a coal mine methane emission reduction project.
The methane may be used at numerous locations within a project from compressors used to bring
the gas from underground to the surface at individual well bores. It may also be used in
intermediate compression sites that gather gas from several different sources such as wells or
mines which then ship the gas to a sales point or various end use facilities such as boilers, power
generators or simple flares. Wherever there is a change in flow volume related to usage or gas
composition related to the blending of different gas streams there must be measurement devices
to determine the quantity of methane from that point to the next downstream device. Because
methane is the valued product the accounting of this product must meet commercial standards
similar to those used in the natural gas industry.

The measuring and recording system should be setup such that there is a “master meter” from
which various flow streams can be allocated. This will allow quality checking of the other meters
on the system and also allow volumes to be calculated in the case of a measuring device being
out of service or not functioning properly for a period of time. This master meter should have
some type of continuous monitoring and data accumulation of the total gas volume and the
methane concentration of the gas over given period of time. Spot sampling (as opposed to
continuous monitoring) of the methane content from locations upstream of the master meter can
be conducted for use in allocating the methane destroyed to the various end use devices both
upstream and downstream of the master meter location.

CCX members shall employ the emission monitoring, reporting methods, and procedures
described in this section. The prescribed emissions monitoring methods are based on the
calculation tools contained in the World Resources Institute’s “Corporate GHG Accounting and
Reporting: Corporate Inventory Module” and/or the United Nations Framework Convention on
Climate Change consolidated methodology (ACMO0008) developed for CMM projects.

Methane capture and utilization (or destruction) amounts are determined primarily by the
measurement of gas flow rates, methane concentration, and combustion efficiencies of end-
utilization technologies. Measurements of additional parameters, such as gas sales, electricity
production, and gas composition, are also required. Because this methodology applies to CMM
recovered from both drained mine gas and VAM from active mines, as well as AMM from
abandoned mines, the measurement protocols applied may require different levels of rigor
depending on the source of the gas and the number of end uses.

All natural gas measurements shall be performed within the protocols established by the
American Gas Association (AGA), or similar international protocols, and documented in report
number 3 (Orifice Metering of Natural Gas) and report number 8 (Compressibility Factors of
Natural Gas), or equivalent formats. It is anticipated that the majority of equipment used to
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measure natural gas flow will be orifice meters complete with electronic flow measurement
computers (EFM), and on-line methanometers, which record methane concentrations in
conjunction with the EFM. Other methods such as physical sampling and gas chromatograph
analysis may also be used for determining methane concentration over time intervals of interest.

A. Carbon Offset Conversion Factors

The standard CCX carbon offset conversion factor of 18.25 shall be applied to all CMM projects,
regardless of end utilization. This includes, but is not limited to the following types of CMM
projects: gas sales to pipelines or local industry, electric and thermal power generation, gas
boilers, liquefied or compressed gas, or gas flaring,

B. CMM Flow Rate Measurements

Equipment

The most common types of flow meters measure gas flow by sensing differential pressure. CCX
recommends that gas flow through a pipe should be performed by AGA (or equivalent)
methodologies using an orifice plate and recording temperature and pressure differential. These
flow meters measure flow using a standard mathematical formula without the need to modify the
result based on proprietary device-specific information. Most EFMs will have an instantaneous
flow read out and will save the data in a non-volatile memory, or the flow meter may be read
using the flow readout device on the flow computer.

The flow meter should be installed in accordance with AGA report number 3 along a straight
section of pipe sufficient to establish laminar gas flow, because turbulent flow resulting from
bends, obstructions, or constrictions in the pipe can cause interference with flow measurements
(which rely on differential pressure across an orifice plate).

Because VAM flows through ductwork and not pressurized pipe, VAM flow measurement will
require an alternative measurement method and different types of equipment. CCX will include
VAM-specific guidelines in the future.

Performance Standard
The following information regarding flow-meter performance must be maintained and are
required by CCX to be included in Project Reports:

e Manufacturer specifications of flow-meter accuracy should be +/-2% of reading;
e Proof of initial calibration;

e Capability to record flow every 15 minutes; and

e Means to correct for temperature and pressure.

Instrument Maintenance and Periodic Check of Flow Meter Accuracy

Installed flow meters should be inspected, cleaned, and checked quarterly for accuracy (or as
prescribed by the instrument manufacturer). The flow accuracy should be checked using an
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alternative, portable instrument (such as a pitot tube) to measure the flow velocities along a
traverse of the header pipe. The velocity measurements are then used to calculate a flow rate,
which is typically accurate to within 2 percent in larger pipes (greater than 4 inches in diameter).

Frequency of Recording
Gas-flow measurements of CMM must be recorded continuously. This is a standard operating
procedure when using an EFM

Recordkeeping
The following records of CMM flowing to the end utilization/destruction are to be kept in order
to verify methane emissions reductions:

e Name of CMM project;

¢ Type of flow meter;

e Date and location of flow meter installation;

e Dates and results of flow meter calibration;

¢ Copies of charts or diskettes on which flow rates were recorded;

e Monthly tabulations of unadjusted total daily gas flow to the control device (in actual
cubic feet per day);

¢ Copies of field data used for flow measurement calibration;

e Monthly tabulations of daily mine gas flow rate standardization calculations and results
(in standard cubic feet per day);

e Monthly tabulations of number of hours end utilization/destruction was shut down?®;

e Information on the portable instrument and procedures used to check the installed flow-
meter accuracy, including field measurements and flow calculations; and

¢ Records of third-party verification of flow measurements and procedures.

The above-listed records need to be kept readily accessible and on-site (or with the local field
office responsible for the site) for at least 2 years after the date that annual methane emissions
reductions for the site have been recorded at the CCX. These records may be required in Project
Reports by CCX.

C. Methane Concentration Measurements

Equipment

A methanometer or gas chromatograph is acceptable for measuring CMM. An online
methanometer or gas chromatograph can be used in conjunction with an EFM to accurately
calculate the methane volume of the CMM.

% No offsets will be issued by CCX for periods during which the methane utilization/destruction equipment is not
operated and methane was vented to the atmosphere.
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For smaller CMM projects where online methanometers may not be justified, methane
concentration measurements can be taken directly by connecting the sampling tube to a sampling
port in the pipeline and using a hand-held methanometer. Alternatively, the gas sample can be
collected in a Tedlar bag or Summa canister or any other AGA- or EPA-approved sampling
method and then sent to an approved lab for testing.

Downstream of compression equipment, collection systems can be installed that physically
accumulate small samples of gas in a pressure canister every few minutes for a period of time
(e.g. month). The resulting gas volume will represent the methane content of the gas for that time
period. This gas can be analyzed with a gas chromatograph so that other components of the gas
can be determined.

Because methane concentrations in VAM flows range from 0.1 — 1.0 percent, measurements of
methane concentrations will require an alternative measurement method and different types of
equipment. CCX will include VAM-specific guidelines in the future.

Performance Standards
The following performance standards are recommended for current measurements for the
calculation basis of Exchange Methane Offsets:

e Precision: Methane measurements are to be to the nearest 0.1 percent (weight or
volume).

e Accuracy: Methane measurement accuracy decreases with increasing methane
concentration but should be within +/- 2.0 percent of reading for on-line equipment, and
within +/- 5.0 percent for hand-held devices. Alternate instruments, including gas
chromatographs or thermal conductivity detectors, must meet similar standards.

Instrument Calibration Procedures
For portable units, the gas analyzer instrument shall be calibrated against a gas sample with a
known methane concentration prior to each day of use. Online gas chromatographs shall be
calibrated according to AGA procedures or the manufacturer’s calibration procedures, including
instrument adjustments. A calibration gas with a methane concentration close to the
concentration expected in the field (i.e., 40 to 90 percent methane) is optimal.

Frequency of Recording

If an online chromatograph is used, methane concentrations shall must be measured and recorded
daily. Methane concentration measurements taken of CMM gas samples using a gas
chromatograph or handheld meter shall be conducted daily for active mine CMM projects where
the gas composition is subject to constant variation. If methane variation is demonstrated to be
less than +2 percent, CCX will accept weekly methane concentration measurements. For AMM
projects where the methane concentrations typically remain relatively stable, CCX will accept
measurement intervals no greater than monthly.
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Recordkeeping
The following records of measured methane concentrations are to be kept in order to
verify the methane emissions reductions:

e Name of CMM project;

¢ Type of instrument;

e Dates and results of instrument calibration;

e Dates and results of methane measurement;

e Monthly tabulations of measured methane concentrations; and

e Records of third-party verification of methane measurements and
procedures.

The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual emissions reductions for the site have been registered with CCX and may be
required by CCX to be included in Project Reports.

D. Integrated Flow and Concentration Measurements

Although not required, CCX recommends the use of integrated flow and concentration meters for
use with larger, long-term CMM offset projects. The integrated flow and concentration metering
system is composed of three units: (1) a methane analyzer to determine the concentration of
methane in the mine gas stream, (2) a flow meter that is temperature and pressure compensated
to measure the flow rate of mine gas at standard conditions, and (3) a flow data processor to
compute the mass flow rate of methane and to integrate the flow rate over time to yield a
cumulative mass flow rate of methane between two points of time.

The integrated methane flow and concentration meters provide a cumulative measure of the
quantity of methane that has passed through the meter, in units of metric tons. A flow metering
system includes the capability to download the continuous methane flow measurements on
computers or data storage devices such as CD-ROMs.

E. Measurement Locations

A master meter with continuous methane concentration data accumulation combined with
volumetric flow should be placed upstream of the final end use devices or gas sales point. The
methane content of the gas downstream of this meter will not change before it is used in any of
the end use devices. The total gas volume and destruction efficiency of the end use device will
therefore determine the volume of the methane destroyed. Sampling of the methane content of
the gas upstream of the master meter will allow the back allocation of the methane destroyed to
devices using the CMM prior to the master meter.

Flow Meters
If a CMM blower (suction pump) or other compression equipment is being powered by the
CMM, there should be a flow meter upstream and downstream of the blower such that the
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methane concentration can be recorded at one of those locations and the destruction of the
methane documented. A fuel meter may be installed at the pump or compressor in lieu of the
upstream full gas flow meters.

A single flow meter is acceptable for gas being sent to multiple-end uses providing they are of
the same equipment type. For example, if the CMM pipeline is manifold to reach a set of
multiple gas-fired electric gensets, only one flow meter is required. The methane content of the
gas being measured by the flow meter must be known either upstream or downstream of that
meter.

If the CMM is sent to various end uses, such as gas boilers, electric gensets, and flares, a separate
flow meter should be installed upstream of each device with the methane content of the gas
measured by the flow meter known. If CMM is being sold and used off-site, a flow meter should
be installed at the exit or gas sales point.

Methane Concentration

A recovery project may draw from more than one coal mine or different areas of a coal mine
with differing methane concentrations. A separate flow meter and methane concentration
measurement can be taken from each CMM source before the gas is blended together for project
management purposes, but this is not required for documenting methane destruction. The
methane concentration and flow rate of any CMM must be known before it is combusted by on-
site equipment, such as blowers or compressors, which are located upstream of the ultimate end-
utilization technology. Methane concentrations must be taken again before the end-utilization
equipment if a side-stream of gas is blended with the gas downstream of methane utilization by
on site equipment

Example Locations
Figure 1 shows the appropriate locations for monitoring and measuring gas flow and methane
concentrations as described above. The example uses three different type end-use technologies
as well as recovering methane from two coal mines, one active and one abandoned.

Using Figure 1 as an example, it can be seen that the difference in volume between F1 and F2
multiplied by the fraction of methane in the gas downstream of pump station 1 will be the
methane used at pump station 1. It can also be seen that the sum of the volume of methane at F2
and F4 should equal the methane at the master meter. Because the master meter has the most
rigorous measurement and calibration standards it is considered to be the true volume of methane
at that point. Using the following formulas an allocation factor can be determined.

Allocation Factor = CH4 volume at the master meter + (F2 X %CH4 + F4 X %CH4)

This allocation factor multiplied by the methane volumes at the upstream measuring points will
more accurately assign methane volumes to the upstream utilization devices. This is standard
practice in oil and gas fields where well flow rates are measured only periodically. Allocation
schemes also provide a quality check of the measurement devices throughout the system. A large
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allocation factor indicates a problem either with the master meter of with meters elsewhere in the
system.

The master meter can also be used to allocate volumes to downstream devices. For example in
Figure 1 the meters F5, F6 and F7 should sum to the master meter. The ratio of the master meter
to the sum of these meters will provide an allocation factor to or accurately apportion the
methane to the various end uses shown.

Figure 1 — Location of Monitoring Equipment to be Used by CCX Member CMM/AMM Emission
Offset Projects
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Missing Data Contingency Plans
Typically, flow meters are extremely reliable and also the least expensive unit in the monitoring
metering system. Since there may not be a convenient back-up flow measurement alternative of
equal accuracy, it is recommended that a spare flow meter be kept in the mine inventory at all
times. Replacement of the unit is quick and easy, requiring the temporary shutdown of the
pipeline flow. Because the pipeline is shut down during replacement, there will be a negligible
amount of unmeasured methane flow.
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Alternative 1:
However, should a flow meter fail and a spare unit not be available, other flow meters (if located
on the same CMM pipeline network) could be temporarily used to calculate the failed unit’s gas
flow. Using the master meter and other meters in system as shown in Figure 1 the methane flow
at the failed location can be calculated until a replacement can be installed.

Alternative 2:
Energy recovery facilities that use CMM as a fuel to generate electricity should keep detailed
records of electrical generation rates in kilowatt-hours (kW-hr) over time, so that they can be
used to calculate methane combustion rates. Information on the heat rate of the combustion unit
in BTUs/kW-hr can be used to calculate BTUs of combusted methane. Typically, the high
heating value of methane (1,012 BTUs per cubic foot) is used to convert to a methane flow rate.
The calculation can be summarized using the following equation™:

Methane recovery (ft’) = [kW-hr of electricity produced from the CMM fuel] x [heat rate
in BTU/kW-hr] / [1012 BTU/ft’ (HHV of methane)]

The heat rate used in the calculation should be from the most recent source test for the
combustion device. If no source test information is available, the heat rate per the manufacturer’s
specifications should be used.

Gas consumed by compression units used throughout the project can be calculated in a similar
manner based on the performance specifications of the equipment and run-time. The following
information regarding the measurement of methane combustion from methane-fueled equipment
must be maintained and may be required by CCX to be included in the Project Reports:

¢ Type, make, and model number of combustion unit(s);

e Number of combustion units that exclusively use CMM as fuel,

¢ Heat rate of combustion device(s) per manufacturer’s specifications;

¢ Copy of a summary table from the most recent source test showing the measured heat
rate of combustion device(s);

e Summary tables showing kW-hr of electricity produced (or thermal energy)  from
CMM per month over the annual period;

¢ Type of electrical metering device; and

e Accuracy, precision, and calibration information on the metering device per
manufacturer.

The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual methane emissions reductions for the site have been recorded at the CCX
and may be required by CCX to be included in Project Reports.

2% Assumes no other hydrocarbons present in gas stream. NMHCs need to be accounted for as addressed in Section
I
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F. Electrical Output Measurements

It is a common practice for electrical generator manufacturers to provide watt meters on their
units. These meters report the total quantity of electricity generated in units of kW-hr. The watt
meters, usually provided as standard equipment of engine-electrical generator sets, have
accuracies of no less than +/-1 percent. The manufacturers use solid-state watt meters that are
calibrated at the factory and do not require recalibration during their normal life. However, if a
watt meter fails, they are not considered repairable and are normally replaced. The generator
manufacturers keep replacement meters in stock and can ship them immediately via express
shipping services. Replacement of a failed meter is a simple operation that does not require
special tools or skills and can be performed by mine staff.

The electrical output of each generator will be monitored each day. Any time that the electricity
production is abnormal, with respect to the quantity of the gas that has been consumed during the
same period, it should be reported to the manager responsible for the project. During any period
when a watt meter is temporarily out of service, the electricity production can be calculated using
the following equation that is based on the assumption that the thermal efficiency of the engine is
constant over the period of the missing electrical data:

GENy = MgLgcy X GENm / MgLEC-m

where:
GEN, = electricity produced during the period of missing data
MErEC-y = gas consumed by the engine during the period of missing data
GEN,, = electricity produced by the engine during a past month
MELEC-m = gas consumed by the engine during a past month

G. Gas Sales Measurements

Equipment
Gas flow meters (EFMs) and BTU analyzers (online chromatographs) are typically used as gas
sales meters by the gas industry. Typically, these devices operate continuously throughout the
life of a project. When BTU analyzers are used in lieu of methanometers, additional gas
composition analyses should be periodically performed to determine the methane portion of the
gas sales.

Often, mine gas can contain 1 to 2 percent non-methane hydrocarbons (NMHCs), which will
affect the BTU recordings at the sales meter. NMHCs are not considered to be greenhouse gases;
thus, their volume needs to be backed out of the gas sales to verify the amount of methane gas
sold. Section J of this document addresses the measuring of NMHCs.

Performance Standards
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Equipment must meet performance standards defined by the American Petroleum Institute, the
AGA, or other gas industry regulation for interstate sales of natural gas for the calculation basis
of Exchange Methane Offsets:

e Precision: Methane measurements are to be to the nearest 0.1 percent.

e Accuracy: Methane measurement accuracy decreases with increasing methane
concentration but should be within +/- 2 percent of reading, as specified by the
manufacturer. Alternate instruments, including gas chromatographs or thermal
conductivity detectors, must meet similar standards.

Instrument Calibration Procedures
CCX members will follow the manufacturer’s details on the calibration procedures, including
instrument adjustments.

Frequency of Recording
Gas sales contracts generally require continuous measurement of gas flow and BTU
concentrations.

Recordkeeping
The following records of measured methane concentrations are to be kept in order to verify
methane emissions reductions:

e Name of CMM project,

¢ Type of instrument,

e Dates and results of instrument calibration,

e Dates and results of methane measurement,

¢ Monthly tabulations of measured methane concentrations, and

e Records of third-party verification of methane measurements and
procedures.

The above-listed records need to be kept readily accessible and on-site for at least 2 years after
the date that annual emissions reductions for the site have been registered with CCX and may be
required by CCX to be included in Project Reports.

H.  Flaring of CMM

The flaring of CMM requires monitoring and measurements different from those of end-
utilization technologies. Because no electrical output or gas sales are recorded, flame detectors
and run-time meters are necessary to validate the methane’s destruction. The flares will be
equipped with flame detectors and run-time meters that document the temperature conditions in
the flare. During proper operation, the temperature of the enclosed flare will be between 750 and
1,000 °C.
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Flame Detector
A simple and reliable flame detector for this application is a thermocouple. Thermocouples are
manufactured by various companies, with typical accuracies of +/- 2 ° C, or less. Thermocouples
have no moving parts and are expected to perform reliably for many years. They are calibrated a