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1. Procedural background
1. The Supervisory Body of the mechanism established by Article 6, paragraph 4, of the Paris

Agreement (the Article 6.4 mechanism), at its fifteenth meeting,! approved its workplan for
2025 for the Methodological Expert Panel (MEP) and requested the MEP to initiate work
on the revision of Clean Development Mechanism (CDM) methodologies, methodological
tools, standards, and guidelines, including the CDM Tool “TOOLO06: Project emissions
from flaring” (hereinafter referred to as the approved CDM Tool?).

2. The MEP, at its eight meeting, considered a draft version of the “Methodological tool:
Project emissions form flaring™ and agreed to seek inputs from stakeholders. This draft
version of the methodological tool was prepared by incorporating revisions to the approved
CDM Tool to align with the requirements of Article 6.4 mechanism standards approved by
the SBM for the development of new mechanism methodologies.

3. The public consultation was open from 9 September to 30 September 2025, and no
comments were received.

2. Purpose

4, The purpose of this methodological tool is to provide the requirements, approaches and
guidelines to calculate project emissions (PE) from flaring of a residual gas, where the
component with the highest concentration is methane. The source of the residual gas is
biogenic (e.g., landfill gas or biogas from wastewater treatment).

3. Key issues and proposed solutions

5. This methodological tool was developed based on the approved CDM Tool,* but was
revised to align with the Article 6.4 mechanism framework and standards.

6. This methodological tool is applicable only to biogenic residual gases (e.g., landfill gas,
wastewater biogas) where methane is the main component. It excludes cases where
auxiliary fuels are required to sustain combustion.

7. This methodological tool establishes requirements to determine the methane destruction
efficiency for both open and enclosed flares as follows:

(a) Open flares: Assigned a default efficiency of 50 per cent;

1 See https://unfccc.int/sites/default/files/resource/A6.4-SBM015.pdf

2 See https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-06-v4.0.pdf/history view
3 See https://unfccc.int/sites/default/files/resource/A6.4-MEP008-A06.pdf

4 See https://cdm.unfccc.int/methodologies/PAmethodologies/tools/am-tool-06-v4.0.pdf/history view
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10.

11.

12.

(b) Enclosed flares: Activity participants may apply either a default efficiency (90 per
cent) or use continuously measured efficiency. Low-height enclosed flares must
apply a conservative deduction of 10 percentage points to efficiency.

This methodological tool incorporates guidance from the Intergovernmental Panel on
Climate Change (IPCC) on uncertainty analysis. Conservative adjustments (e.g.,
efficiency deductions, uncertainty factors) are applied to avoid underestimation of PE.

The table below provides a comparison of the key changes made to the approved CDM
tool:

Table Comparison of the main changes between the approved CDM Tool and the
proposed methodological tool
Approved CDM tool Proposed Methodological tool
No uncertainty was considered in the default Guidance on determining and incorporating
and monitored parameters uncertainties were included
Impacts

The approval of this methodological tool will allow the development of new Article 6.4
activities that capture and destroy methane contained in landfill gas or wastewater biogas.

Subsequent work and timelines

The MEP notes that this version of the methodological tool applies only to Article 6.4
projects and may be amended in the future to cover Article 6.4 activities at other scales
(e.g., programmes of activities, policies or sectoral approaches) once the adopted
standards for the development of mechanism methodologies (e.g., additionality standard,
baseline-setting standard) are revised to incorporate other scales.

Recommendations to the Supervisory Body

The MEP recommends the Supervisory Body to adopt this methodological tool.
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1. Introduction

1.1. Scope

1. This methodological tool establishes requirements, approaches and guidelines to
determine project emissions (PE) from flaring of a residual gas for which the component
with the highest concentration is methane. The source of the residual gas is biogenic (e.g.,
landfill gas or biogas from wastewater treatment).

2. The methodological tool is applicable to enclosed or open flares, and activity participants
shall document in the project design document (PDD) the type of flare used in the Article
6.4 activity.
3. This methodological tool establishes requirements to determine the following parameter:
Table 1. Parameters determined
Parameter Sl Unit Description
PEfiare,y tCOz2e Project emissions (PE) from flaring of the residual gas in year y

1.2. Entry into force and validity
4, This methodological tool enters into force on DD/MM/YYYY.

5. This methodological tool remains valid for five years, until DD/MM/YYYY, unless an earlier
date applies if the methodological tool is revised or withdrawn in accordance with the
“Procedure: Development, revision and clarification of methodologies and methodological
tools” (A6.4-PROC-METH-001).1

2. Definitions

2.1. General terms

6. The following general terms are applied to the methodological tool:
(a) "Shall" is used to indicate requirements that must be followed;
(b) "Should" is used to indicate that, among several options, one course of action is

recommended as particularly suitable;

(© "May" is used to indicate what is permitted.

2.2. Methodological terms and definitions

7. The following methodological tool terms and definitions are applied to the methodological
tool:

(a) Activity participant: A public or private entity that participates in an Article 6.4
activity;

(b) Auxiliary fuel: An additional fuel added to the residual gas to increase the calorific
value to the point where the mixture will sustain continuous combustion. Auxiliary

1 See https://lunfccce.int/sites/default/files/resource/A6.4-PROC-METH-001.pdf.
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10.
11.

fuel, where needed, is usually propane supplied from cylinders of gas or processed
natural gas from a gas pipeline;

(© Enclosed flare: A device where the residual gas is destroyed in a combustion
chamber, where the length of chamber is more than two times the diameter or side
of the enclosure. The device includes a burning system and an air intake system
based on natural or forced draft, and it must be operated within the ranges
specified by the manufacturer for an efficient combustion reaction;

(d) Exhaust gas (EG): The combustion gases emitted from the flaring of residual gas;

(e) Methane destruction efficiency: The methane destruction efficiency of the flare,
defined as one minus the ratio between the mass flow of methane in the exhaust
gas and the mass flow of methane in the residual gas to be flared (both referred to
on a dry basis and under reference conditions);

() Flare operating specifications: The manufacturer's specification for operating
the flare, which include: the minimum and maximum flow rate and heating value;
other minimum and maximum operating conditions; and the details for the
controlling devices;

(9) Low-height flare: An enclosed flare for which the combustion chamber has a
height between two and ten times the diameter of the combustion enclosure;

(h) Open flare: A device where the residual gas is burned in an open-air tip, with or
without auxiliary assistance, or a flare with a vertical cylindrical or rectilinear
combustion chamber, for which the combustion chamber is less than two times the
diameter of the enclosure;

0] Reference conditions: Conditions defined as 0°C (273.15 K, 32°F) and 1 atm
(101.325 kN/m?, 101.325 kPa, 14.69 psia, 29.92 in Hg, 760 torr);

)] Residual gas: A flammable gas containing methane that is to be flared as part of
the Article 6.4 activity;

(K) Residual gas component: The chemical molecules composing the residual gas
(CHa4, CO, COg, Oy, Hz, H2S, NHs, Ny).

Further definitions from the “Article 6.4 Glossary of Terms”, once adopted by the
Supervisory Body, shall also apply to this methodological tool.

Applicability

Mechanism methodologies intending to use this methodological tool shall include a
reference to this tool within the mechanism methodology and shall specify for which
residual gases it shall be applied.

This tool may be used by mechanism methodologies related to emission reductions.

This version of the methodological tool applies only to Article 6.4 projects and may be
amended in the future to cover activities at other scales (e.g., programmes of activities,
policies, sectoral approaches) once the adopted standards for the development of
mechanism methodologies (e.g., additionality standard, baseline-setting standard) are
revised to incorporate other scales.
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12.

13.

14.

15.

16.

17.

18.

19.

This methodological tool is applicable to the flaring of flammable greenhouse gases in the
project scenario where:

(@) Methane is the component with the highest concentration in the flammable residual
gas;

(b) The source of the residual gas is biogenic (e.g., biogas, landfill gas, or wastewater
treatment gas); and

(© Electric igniters in the flare are only used for start-up or flame recovery in case of
flame quenching.

This methodological tool is not applicable to the use of auxiliary fuels; therefore, the
residual gas must contain sufficient flammable gas to sustain combustion.

In the case of an enclosed flare, this methodological tool is applicable only if the flare is
operated in line with the operating instructions specified by the manufacturer.

The provisions in paragraphs 12 to 14 above shall be demonstrated in the PDD and
assessed at the validation. Moreover, the same provisions shall be demonstrated in each
monitoring report and be assessed at each verification.

The provisions in paragraph 14 above shall be demonstrated in each monitoring report
and assessed at each verification.

Mechanism methodologies may specify additional provisions for the application of this tool
in relation to the mitigation activity types they cover. Where the mechanism methodology
referring to this tool specifies approaches that differ from those described in this tool, the
requirements contained in the mechanism methodology shall take precedence.

Normative and informative references

The following normative document is indispensable for the application of this
methodological tool. The most recent version of the documents listed shall apply:

(@) “Methodological tool: Mass flow of a greenhouse gas in a gaseous stream”
(hereinafter referred to as “mass flow tool”).

The following informative documents provide supporting information that may assist in the
application of this methodological tool:

@) G. J. Van Wylen, R. E. Sonntag, and C. Borgnakke, Fundamentals of Classical
Thermodynamics, 4th ed. New York: John Wiley & Sons, 1994;

(b) UK Environment Agency, Guidance for Monitoring Enclosed Landfill Gas Flares
(LFTGNO5 v2). Bristol: UK Environment Agency, 2010;?

(© IPCC, 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse Gas
Inventories. Volume 1: General guidance and reporting. Chapter 3: Uncertainties.?

2 See https://www.gov.uk/government/publications/monitoring-enclosed-landfill-gas-flares-Iftgn-05.

3 See https://www.ipcc-nggip.iges.or.jp/public/2019rf/pdf/1 Volumel/19R V1 Ch03 Uncertainties.pdf.
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20.

21.

22.

5.1.

23.

24.

5.2.

25.

Methodological approaches

The calculation procedure in this methodological tool determines the PE from flaring the
residual gas (PErarey) based on the methane destruction efficiency (ffare,m) @and the mass
flow of methane to the flare (Fcrarem). The methane destruction efficiency is determined
for each minute m of year y based either on monitored data or default values.

Activity participants shall apply the following steps to determine the PE from flaring:
(@) Step 1: Determination of the methane mass flow of the residual gas;

(b) Step 2: Determination of the methane destruction efficiency;

(c) Step 3: Calculation of PE from flaring.

Activity participants may use the “Workbook: Project emissions from flaring”, made
available on the UNFCCC website,* to calculate project emissions in accordance with
Steps 1-3 of this tool. The workbook is provided as a supporting resource to assist in the
calculation, but its use is not mandatory.

Step 1. Determination of the methane mass flow in the residual gas

Activity participants shall determine the methane mass flow in the residual gas (Fcra,m)
using the mass flow tool as follows:

@) The flow of the gaseous stream sent to the flares shall be measured continuously;
(b) CHas is the greenhouse gas i for which the mass flow shall be determined;

(© The simplification offered for calculating the molecular mass of the gaseous stream
is valid (Equations (3) and (17) in the mass flow tool); and

(d) The time interval t for which mass flow shall be averaged is every minute m.

Fcram, Which is measured as the mass flow during minute m, shall then be used to
determine the mass of methane in kilograms fed to the flare in the minute m (Fcharem).
Fcram shall be determined on a dry basis. In cases where the determination is made under
different conditions (any of the conditions covered by the mass flow methodological tool),
the values shall be corrected to dry basis as per the guidance in the mass flow tool.

Step 2: Determination of methane destruction efficiency

The methane destruction efficiency depends on the type of flare, its combustion efficiency,
and the time that the flare is operating. To determine the methane destruction efficiency
of enclosed flares, activity participants shall choose to determine the efficiency based on
monitored data or apply a default value. For open flares, a default value shall be applied.
The time the flare is operating is determined by using a flame detector and, in the case of
enclosed flares, by additionally meeting the monitoring requirements provided in the
manufacturer’s operating specifications for operating conditions.

4 Currently published together with this methodological tool. However, once the tool is approved by the
Supervisory Body the workbook will be published separately.
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5.2.1. Open flare
26. In the case of open flares, the methane destruction efficiency in the minute m (7arem) IS

50 per cent when the flame is detected in the minute m (Flamen); otherwise, #arem iS O
per cent. Additional discount factors to the methane destruction efficiency shall be applied
if prescribed in the applicable mechanism methodology.

5.2.2. Enclosed flare

27. In the case of enclosed flares, activity participants may choose between the following two
options to determine the methane destruction efficiency for minute m (7fare,m) and shall
document in the PDD which option is selected:

(a) Option A: Apply a default value for methane destruction efficiency;
(b) Option B: Measure the methane destruction efficiency.

28. In case of missing data for parameters relevant to the measurement of the methane
destruction efficiency under Option B above, activity participants may follow the provisions
of Option A as a backup approach. The choice shall be documented in the PDD.

29.  Additional discount factors to the methane destruction efficiency shall be applied if
prescribed in the applied mechanism methodology.

5.2.2.1. Option A: Default value

30. The methane destruction efficiency for minute m (7sare,m) is 90 per cent when the following
two conditions are met to demonstrate that the flare is operating:

(a) The temperature of the flare (Tesm) and the flow rate of the residual gas to the flare
(Fre,m) are within the manufacturer’s operating specification for the flare (SPECiiare)
in minute m; and

(b) The flame is detected in minute m (Flamen).

31. Otherwise #arem IS O per cent.

32. For enclosed flares that are defined as low-height flares, the methane destruction
efficiency shall be adjusted, as a conservative approach, by subtracting 10 percentage
points.®

5.2.2.2. Option B: Measured methane destruction efficiency

33. The methane destruction efficiency in minute m is a measured value (#arem = Tfare,calc,m)
when the following conditions are met to demonstrate that the flare is operating according
to the manufacturer’s operating specifications:

(a) The temperature of the flare (Tes,m) and the flow rate of the residual gas to the flare
(Fre,m) are within the manufacturer’s operating specification for the flare (SPECiare)
in minute m; and

(b) The flame is detected in minute m (Flamen).

34. Otherwise 71are,m IS O per cent.

5 For example, the default value applied shall be 80 per cent rather than 90 per cent.
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35.

For the measurement of the methane destruction efficiency, activity participants may
choose one of the following options:

(@) Option B.1: The measurement is conducted by an accredited entity at least on a
biannual basis:®

(b) Option B.2: The methane destruction efficiency is measured in each minute.

Box 1. Non-binding best practice example 1: Flame detection (option B)

Activity participants may choose a flame detector that is appropriate and cost-effective for the
Article 6.4 activity, ensuring that emission reductions are not overestimated.

Example 1 - An Article 6.4 activity involves the installation and operation of a landfill gas
recovery and flaring system.

To monitor the operation of the flare, activity participants installed a fixed UV/IR detector, which
is sensitive to both ultraviolet and infrared wavelengths and detects flame by comparing signals
across both ranges. This detector operates continuously.

Example 2 - An Article 6.4 activity involves the installation and operation of a biogas recovery
and flaring system in an existing industrial facility.

To monitor the operation of the flare, activity participants installed a set of thermocouples,
which continuously measure temperature and therefore allow the detection of the presence or
absence of flame

5.2.2.2.1. Option B.1: Biannual measurement of the methane destruction efficiency

36.

37.

The calculated methane destruction efficiency Nfarecacm Shall be determined as the
average of at least two measurements of the methane destruction efficiency made in
year y (Nnarecaicy), adjusted by an uncertainty factor of 5 percentage points as follows:

1w FCH4 EG.t Equation (1)
nflare,calc,y - _Z F —0.05
n CH4,RG,t
t=1
Where:
Nflarecalc.y = Methane destruction efficiency in the year y
Feyagce = Mass flow of methane in the exhaust gas of the flare, on a dry basis at

reference conditions, in period t (kg)

Fenare,t = Mass flow of methane in the residual gas, on a dry or wet basis at
reference conditions, in period t (kg), determined based on Step 1

t = The two periods in year y during which the methane destruction
efficiency is measured, each lasting a minimum of one hour and
separated by at least six months

Fcraec: shall be measured in accordance with an appropriate national or international
standard. Fcra,re, Shall be calculated according to Step 1 and shall consist of the sum of
the methane flow in the minutes m that make up period t.

6 If the monitoring period is shorter than one year, measurements shall be taken at least twice during the
monitoring period, with a maximum interval of six months between each measurement.
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Box 2. Non-binding best practice example 2: Biannual measurement of methane
destruction efficiency (option B.1)

Activity participants may choose the approach for the measurement of the methane
destruction efficiency that is appropriate and cost-effective for the Article 6.4 activity, ensuring
that the emission reductions are not overestimated.

Example - An Article 6.4 activity involves the installation and operation of a small-scale
biogas recovery and flaring system.

The activity participants opted to conduct the measurement of the methane destruction
efficiency by an accredited entity on biannual basis. This accredited entity conducts two
measurements per year of the mass flow of methane in the residual gas (kg) and the mass
flow of methane in the exhaust gas of the flare (kg). Each measurement is conducted for a
minimum of one hour.

The methane destruction efficiency for year y is calculated based on the average of the two
measurements on a dry basis at reference conditions, with an uncertainty factor of 5
percentage points subtracted

5.2.2.2.2. Option B.2: Measurement of methane destruction efficiency in each minute

38.

39.

5.2.3.
40.

The methane destruction efficiency (Nnarecacm) iS determined based on monitoring the
methane content in the exhaust gas, the residual gas, and the air used in the combustion
process during minute m in year vy, as follows:

Fenaeem Equation (2)

Nflare,calem = 1- F
CH4,RGm

Where:

Nfiarecalcm = Methane destruction efficiency in minute m

Feragem = Mass flow of methane in the exhaust gas of the flare on a dry basis at
reference conditions in minute m (kg)

Feyarcm = Mass flow of methane in the residual gas on a dry or wet basis at
reference conditions in minute m (kg), determined based on Step 1

Fcrarem is calculated according to Step 1, and Fchaeem iS determined according to Steps
2.1 - 2.4 below.

Step 2.1: Determine the methane mass flow in the exhaust gas on a dry basis

The mass flow of methane in the exhaust gas is determined based on the volumetric flow
of the exhaust gas and the measured concentration of methane in the exhaust gas, as
follows:

Ferapem = Vegm X fCchaggm X 107° Equation (3)

Where:
Ferarem = Mass flow of methane in the exhaust gas of the flare on a dry basis at
reference conditions in minute m (kg)
Veem = Volumetric flow of the exhaust gas of the flare on a dry basis at reference
conditions in minute m (m3), determined based on Equation (4) below
fccnaeem = Concentration of methane in the exhaust gas of the flare on a dry basis

at reference conditions in minute m (mg/m3)
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5.2.4.
41.

5.2.5.
42.

5.2.6.

43.

Step 2.2: Determine the volumetric flow of the exhaust gas (Ves,m)

Determine the average volume flow of the exhaust gas in minute m based on a
stoichiometric calculation of the combustion process. This depends on the chemical
composition of the residual gas, the amount of air supplied for combustion, and the
composition of the exhaust gas. It is calculated as follows:

Veem = Qecm X Mpem Equation (4)

Where:

Veem = Volumetric flow of the exhaust gas on a dry basis at reference conditions
in minute m (m3)

Qecm = Volume of the exhaust gas on a dry basis at reference conditions per
kilogram of residual gas on a dry basis at reference conditions in
minute m (m3 exhaust gas/kg residual gas), determined based on
Equation (5) below

Mg m = Mass flow of the residual gas on a dry basis at reference conditions in
minute m (kg), determined based on Step 1

Step 2.3: Determine the mass flow of the residual gas (Mrg,m)

Activity participants shall determine this parameter using the mass flow tool, applying the
following requirements:

(a) CHas is the greenhouse gas for which the mass flow shall be determined;

(b) The simplification for an ideal gas is offered for calculating the molecular mass of
the gaseous stream (Equations (3) or (17) in the mass flow tool), otherwise i = CHa,
CO, COg, Oz, Hz, H2S, NHs, Nz;

(c) The mass flow should be calculated on a minute basis for each minute m in yeary.

Step 2.4: Determine the volume of the exhaust gas on a dry basis at reference
conditions per kilogram of residual gas (Qecm)

Qcec.m shall be determined as follows:

Qeem = Qoz,eem T On2.eem + Qcozecm Equation (5)
Where:
Qe m = Volume of the exhaust gas on a dry basis per kg of residual gas on a dry

basis at reference conditions in minute m (m3/kg residual gas)

Qoz.e6m = 0Oz volume in the exhaust gas per kg of residual gas on a dry basis at
reference conditions in minute m (m3/kg residual gas), determined based
on Equation (6) below

Qn2.56m = Nz volume in the exhaust gas per kg of residual gas on a dry basis at
reference conditions in minute m (m3/kg residual gas), determined based
on Equation (7) below

Qcoz.56m = €Oz volume in the exhaust gas per kg of residual gas on a dry basis at
reference conditions in minute m (m3/kg residual gas), determined based
on Equation (8) below
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with
Qo2,66,;m = No2,ec;m X VMyer Equation (6)
Where:

Qoz.6m = 0Oz volume in the exhaust gas per kg of residual gas on a dry basis at
reference conditions in minute m (m3/kg residual gas)

No2,E6.m = 0Oz (moles) in the exhaust gas per kg of residual gas flared on a dry basis
at reference conditions in minute m (kmol/kg residual gas), determined
based on Equation (9) below

VM,.r = Volume of one mole of any ideal gas at reference temperature and

pressure (m3/kmol)

Equation (7)

MFy r¢m (1 — Vo2,air

Qnz,ecm = VMper X { > X [FOZ,RG,m + nOZ,EG,m]}

2 X AMN vOZ,air
Where:

Qn2.56.m = N2 volume in the exhaust gas per kg of residual gas on a dry basis at
reference conditions in minute m (m%kg residual gas)

VM,cr = Volume of one mole of any ideal gas at reference temperature and
pressure (m3/kmol)

MFy rem = Mass fraction of nitrogen in the residual gas in minute m, determined
based on Equation (11) below

AMy = Atomic mass of nitrogen (kg/kmol)

Vo2.air = Volumetric fraction of Oz in air

Fozrem = Stochiometric quantity of moles of Oz required for complete oxidation of
one kg residual gas in minute m (kmol/kg residual gas), determined
based on Equation (10) below

No2EGm = 0Oz (moles) in the exhaust gas per kg of residual gas flared on a dry basis

at reference conditions in minute m (kmol/kg residual gas)

MF¢ ge, Equation (8)
QCOZ,EG,m = —= X VMref
AM,

Where:
QcozE6m = CO2zvolume in _the ex_hau;t gas per kg of re;idual gas on a dry basis at
reference conditions in minute m (m3/kg residual gas)
MF¢ rgm = Mass fraction of carbon in the residual gas in minute m, determined
based on Equation (11) below
AM, = Atomic mass of carbon (kg/kmol)
VM,cr = Volume of one mole of any ideal gas at reference temperature and

pressure (m3/kmol)
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_ V02,EGm Equation (9)
Noz2,EGm =
(1 - (Uoz,EG,m/ Uoz,air))
MF, MF, 1—v934i
x C,RGm + N,RGm +< 02,alr> x FOZ,RG,m]
AM, 2 X AMy Vo2,air
Where:
No2,E6.m 02 (moles) in the exhaust gas per kg of residual gas flared on a dry basis
at reference conditions in minute m (kmol/kg residual gas)
V02.EG.m Volumetric fraction of Oz in the exhaust gas on a dry basis at reference
conditions in minute m
Vo2.air Volumetric fraction of Oz in air
MF¢ pem Mass fraction of carbon in the residual gas in minute m, determined
based on Equation (11) below
AM, Atomic mass of carbon (kg/kmol)
MFy rem Mass fraction of nitrogen in the residual gas in minute m, determined
based on Equation (11) below
AMy Atomic mass of nitrogen (kg/kmol)
Fozrem Stochiometric quantity of moles of Oz required for complete oxidation of
one kg residual gas in minute m (kmol/kg residual gas)
F _ MFcrem , MFyrgm MForem Equation (10)
OZRGM ™ AM, 4AMy 24M,
Where:
Fozrem Stochiometric quantity of moles of Oz required for complete oxidation of
one kg residual gas in minute m (kmol/kg residual gas)
MF¢ rem Mass fraction of carbon in the residual gas in minute m, determined
based on Equation (11) below
AM, Atomic mass of carbon (kg/kmol)
MFp rem Mass fraction of oxygen in the residual gas in minute m, determined
based on Equation (11) below
AM, Atomic mass of oxygen (kg/kmol)
MFy rm Mass fraction of hydrogen in the residual gas in minute m, determined
based on Equation (11) below
AMy Atomic mass of hydrogen (kg/kmol)
44, Determine the mass fractions of carbon, hydrogen, oxygen, and nitrogen in the residual

gas using the volumetric fraction of componenti in the residual gas and applying the
equation below. Activity participants may choose to either:

(a) Use the measured volumetric fraction of each component i of the residual gas; or

(b) As a simplification, measure the volumetric fraction of methane and consider the
difference to 100 per cent as being nitrogen (N>).
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5.3.

45.

46.

5.4.

47.

The same equation applies in both cases:

ME; pom = 2iVircm X AMj X NA;; Equation (11)
Y MMggm

Where:

MF; r6m = Mass fraction of element j in the residual gas in minute m

Vj RG,m = Vqlumetric fraction of component i in the residual gas on a dry basis in

minute m

AM; = Atomic mass of element j (kg/kmol)

NA;; = Number of atoms of element j in component i

MMgg m = Molecular mass of the residual gas in minute m (kg/kmol)

j = Elements C, O,H and N

i = Component of residual gas. If Option (a) is selected to measure the

volumetric fraction, then i = CH4, CO, CO2, Oz, Hz, H2S, NHs, N2. If Option
(b) is selected, then i = CH4 and N2.

Step 3: Calculation of project emissions from flaring

PE from flaring are calculated as the sum of emissions for each minute m in year y, based
on the methane mass flow in the residual gas (Fcrsre,m) and the methane destruction
efficiency (Nfiarem), as follows:

525,600 Equation (12)
PEfiarey = GWPcpy X Z Ferarem % (1 - Tlflare,calc,m) x 1073
m=1
Where:
PEfigrey = Project emissions from flaring of the residual gas in year y (tCO2€)
GWPcys = Global warming potential of methane valid for the commitment period
(tCO2e/tCHa4)
Ferarem = Mass flow of methane in the residual gas in minute m (kg)
Nfiare,calc;m = Methane destruction efficiency in the minute m, determined based on

Equation (2) above

For enclosed flares defined as low-height flares, the methane destruction efficiency in
minute m (n5.4r.m) Shall be adjusted conservatively by subtracting 10 percentage points
from the efficiency. For example, if the measured value was 99 per cent, the value to be
used shall be 89 per cent.

Uncertainty determination

The uncertainty shall be determined by considering the uncertainty in data and
measurements of all required parameters, following the guidance in “2019 Refinement to
the 2006 IPCC Guidelines for National Greenhouse Gas Inventories,” Volume 1: General
Guidance and Reporting, Chapter 3: Uncertainties. The uncertainty shall be expressed as
the standard error of the mean and incorporated into the uncertainty calculations in the
mechanism methodology.
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5.5.

48. Parameters and data that are not monitored include the constants used in equations, as
listed in Table 1 below. The atomic masses and their uncertainties for C, H, N and O were

Data and parameters not monitored

sourced from the periodic table published by the International Union of Pure and Applied
Chemistry (IUPAC).” The molar mass of the substances (CH4, CO, CO3, O3, Hz, N2 and
NH3) were determined based on the number of atoms and their atomic masses, and the
uncertainties were calculated based on the error propagation method.

Table 1. Constants used in equations
Parameter | Sl Unit Description Value g/:)certamty
MMcha kg/kmol Molecular mass of methane 16.0430 +0.0137
MMco kg/kmol Molecular mass of carbon 28.0100 +0.0079
monoxide
MMcoz kg/kmol Molecular mass of carbon 44.0090 + 0.0064
dioxide
MMoz2 kg/kmol Molecular mass of oxygen 31.9980 +0.0063
MMh2 kg/kmol Molecular mass of hydrogen 2.0160 +0.0198
MMnz kg/kmol Molecular mass of nitrogen 28.0140 +0.0071
MMnH3 kg/kmol Molecular mass of ammonia 17.0310 + 0.0070
AMc kg/kmol (g/mol) Atomic mass of carbon 12.011 +0.0167
AMHu kg/kmol (g/mol) Atomic mass of hydrogen 1.0080 +0.0198
AMo kg/kmol (g/mol) Atomic mass of oxygen 15.999 +0.0063
AMn kg/kmol (g/mol) Atomic mass of nitrogen 14.007 +0.0071
Pret Pa Atmospheric pressure at 101,325 -
reference conditions
Ru Pa.m3/kmol.K Universal ideal gas constant 0.008314472 | -
Tret K Temperature at reference 273.15 -
conditions
VO2,air Dimensionless O:2 volumetric fraction of air 0.21 -
GWPch4 tCO2/tCH4 Global warming potential of 28 -
methane valid for the
commitment period
PcH4, n kg/m?3 Density of methane gas at 0.716 +0.0137
reference conditions
NAi, Dimensionless Number of atoms of elementj | - -
in component i, depending on
molecular structure
VMret m? / kmol Volume of one mole of any 22.4 -
ideal gas at reference
temperature and pressure

7 See https://iupac.org/what-we-do/periodic-table-of-elements/
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Data / Parameter table 1.

Data/parameter GWPcHa

Description Global warming potential of methane valid for the commitment period

Data unit tCO2e/tCH4

Equations referred (12)

Purpose of data [] Baseline emissions  [X] Project emissions [] Leakage emissions
Value(s) applied 28

Source of data [ ] Measured X Other sources

Choice of data or
measurement methods
and procedures

Default value from IPCC ARS5. Shall be updated according to any future CMA
decisions

Additional comments

Data / Parameter table 2.

Data/parameter SPEC:Hiare

Description Manufacturer’s flare operating specifications for temperature, flow rate and
maintenance schedule

Data unit Temperature: °C

Flow rate or heat flux: kg/h or mé/h
Maintenance schedule: number of days

Equations referred

Purpose of data

[] Baseline emissions  [X] Project emissions [] Leakage emissions

Value(s) applied

Document in the PDD the flare operating specifications set by the
manufacturer for the correct operation of the flare for the following
parameters:

(a) Minimum and maximum inlet flow rate, if necessary converted to flow
rate at reference conditions or heat flux;

(b) Minimum and maximum operating temperature; and
(c) Maximum duration in days between maintenance events

Source of data

] Measured X] Other sources

Choice of data or
measurement methods
and procedures

Operating specifications sourced from the flare manufacturer

Additional comments

Only applicable in case of enclosed flares. The maintenance schedule is not
required if Option A is selected to determine methane destruction efficiency
of an enclosed flare

6. Monitoring methodology

6.1. Data and parameters to be monitored

49. All monitored data shall be linked in time; that is, calculations shall be performed using
only data acquired within the same time interval in the case of continuous monitoring.
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Activity participants shall use a one-minute or smaller discrete time interval for reporting
purposes. The data and parameters to be monitored include:

Data / Parameter table 3.

Data/parameter Fchaeait

Description Mass flow of methane in the exhaust gas of the flare on a dry basis at
reference conditions in the time period t

Data unit kg

Equations referred D), (2), )

Purpose of data [] Baseline emissions X] Project emissions [] Leakage emissions

Measurement and | Biannual

updating frequency

Measurement methods | Measure the mass flow of methane in the exhaust gas according to an
and procedures appropriate national or international standard (e.g., UK Technical Guidance
LFTGNO5).

The time period t over which the mass flow is measured shall be at least one
hour.

The average flow rate to the flare during the time period t shall be greater than
the average flow rate observed over the previous six months

Entity/person Third-party accredited entity
responsible for the
measurement
Measuring Type of | >> As per UK Technical Guidance LFTGNO5
instrument(s) instrument
Accuracy | >> As per UK Technical Guidance LFTGNO5
class

Calibration | >>As per UK Technical Guidance LFTGNO5
requirements

Location | >>

QA/QC procedures According to the standard/guidance applied

Additional comment Monitoring of this parameter is required in the case of enclosed flares if
activity participants select Option B.1 to determine the methane destruction
efficiency

Data / Parameter table 4.

Data/parameter Teem
Description Temperature in the exhaust gas of the enclosed flare in minute m
Data unit °C

Equations referred -

Purpose of data [] Baseline emissions X] Project emissions [] Leakage emissions

Measurement and | Once per minute
updating frequency

Measurement methods | Measure the temperature of the exhaust gas in the flare using appropriate
and procedures temperature measurement equipment. Measurements outside the

18 of 24



A6.4-MEPO009-A04

Draft Methodological tool: Project emissions from flaring

Version 02.0
operational temperature specified by the manufacturer may indicate that the
flare is not functioning correctly and may require maintenance.
Flare manufacturers shall provide suitable monitoring ports for measuring the
temperature of the flare. These would normally be expected to be in the
middle third of the flare.
Where more than one temperature port is fitted to the flare, manufacturer shall
provide written instructions detailing the conditions under which each location
shall be used, and which port is most suitable for monitoring the operation of
the flare according to the manufacturer's operating specifications for
temperature
Entity/person Activity participants
responsible for the
measurement
Measuring Type of | Temperature measurement equipment
instrument(s) instrument
Accuracy | N/A
class
Calibration | As per QA/QC below

requirements

Location | Monitoring ports built on the flare (expected to be in the

middle third of the flare)

QA/QC procedures

Temperature measurement equipment shall be replaced or calibrated in
accordance with its maintenance schedule

Additional comment

Unexpected changes, such as a sudden increase or drop in temperature, can
occur for different reasons. These events shall be noted in the site records
along with any corrective action implemented.

Monitoring of this parameter is applicable in the case of enclosed flares.
Measurements are required to determine whether the manufacturer’s flare
operating specifications for operating temperature are met

Data / Parameter table 5.

Data/parameter Vi,RG,m

Description Volumetric fraction of component i in the residual gas on a dry basis in minute
m where i = CHas, CO, COz2, Oz, Hz, H2S, NHs, N2

Data unit -

Equations referred

(11)

Purpose of data

[] Baseline emissions X Project emissions [] Leakage emissions

Measurement and

updating frequency

As per the mass flow tool

Measurement methods
and procedures

As per the mass flow tool

Entity/person Activity participants

responsible for the

measurement

Measuring Type of | As per the mass flow tool
instrument(s) instrument
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Accuracy | As per the mass flow tool
class
Calibration | As per the mass flow tool

requirements

Location

QA/QC procedures

As per the mass flow tool

Additional comment

As a simplified approach under the mass flow tool, activity participants may
measure only the CH4 content of the residual gas and consider the remaining
part as Na.

Monitoring of this parameter is applicable in the case of enclosed flares and
continuous monitoring of methane destruction efficiency. The methane
content measurement shall be carried out close to a location in the system
where a biogas flow measurement takes place

Data / Parameter table 6.

Data/parameter FcHarem; FcHaRrat;

Description Fcharem: Mass flow of the methane on a dry basis at reference conditions in
minute m
Fcharat: Mass flow of the methane on a dry basis at reference conditions in
the time period t

Data unit kg

Equations referred Fcrarem: (12)
Fcharat: (1)

Purpose of data

[] Baseline emissions X Project emissions [] Leakage emissions

Measurement and

updating frequency

As per the mass flow tool

Measurement methods
and procedures

As per the mass flow tool

Entity/person Activity participants
responsible for the
measurement
Measuring Type of | As per mass flow tool
instrument(s) instrument
Accuracy | As per mass flow tool
class
Calibration | As per mass flow tool
requirements
Location | As per the mass flow tool

QA/QC procedures

As per the mass flow tool

Additional comment

Monitoring of this parameter is applicable for monitoring the methane
destruction efficiency in enclosed flares continuously (Fcha,re,m) or biannually
(FcHara ).
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Data / Parameter table 7.

Data/parameter Mre,m

Description Mgss flow of the residual gas on a dry basis at reference conditions in
minute m

Data unit Kg

Equations referred (4), (11)

Purpose of data

[] Baseline emissions  [X] Project emissions [] Leakage emissions

Measurement and

updating frequency

As per the mass flow tool

Measurement methods
and procedures

As per the mass flow tool

Entity/person Activity participants
responsible for the
measurement
Measuring Type of | As per mass flow tool
instrument(s) instrument
Accuracy | As per mass flow tool
class
Calibration | As per mass flow tool
requirements
Location | As per the mass flow tool

QA/QC procedures

As per the mass flow tool

Additional comment

Monitoring of this parameter is applicable in the case of enclosed flares and
continuous monitoring of methane destruction efficiency, and if activity
participants select, to monitor Mrem directly instead of calculating.

Monitoring of this parameter may also be necessary to confirm that the
manufacturer’s specifications for flow rate or heat flux are met. In this case,
the flow rate shall be measured in a kg/h basis

Monitoring of this parameter may also be necessary to confirm that the
manufacturer’s specifications for flow rate or heat flux are met. In this case,
the flow rate shall be measured in a kg/h basis

Data / Parameter table 8.

Data/parameter VO02,EG,m

Description Volumetric fraction of Oz in the exhaust gas on a dry basis at reference
conditions in minute m

Data unit -

Equations referred

)

Purpose of data

[] Baseline emissions  [X] Project emissions [] Leakage emissions

Measurement and

updating frequency

Continuously. Values to be averaged on a minute basis

Measurement methods

and procedures

Extractive sampling analysers with water and particulate removal devices, or
in situ analysers for wet-basis determination.
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The point of measurement (sampling point) shall be in the upper section of
the flare (80 per cent of total flare height)
Entity/person Activity participants
responsible for the
measurement
Measuring Type of | Gas analyser
instrument(s) instrument
Accuracy | N/A
class
Calibration | Analysers shall be periodically calibrated according to the

manufacturer’'s recommendation. A zero check and a typical
value check shall be performed by comparison with a
standard gas

requirements

Location | Sampling shall be conducted with appropriate probes

suitable for high-temperature levels (e.g., Inconel probes)

QA/QC procedures

See calibration requirements

Additional comment

Monitoring of this parameter is applicable only in the case of enclosed flares
and continuous monitoring of methane destruction efficiency

Data / Parameter table 9.

Data/parameter fCcha,eam

Description Concentration of methane in the exhaust gas of the flare on a dry basis at
reference conditions in the minute m

Data unit mg/m3

Equations referred (©)

Purpose of data

[] Baseline emissions  [X] Project emissions [] Leakage emissions

Measurement and

updating frequency

Continuously. Values shall be averaged on a minute basis

Measurement methods
and procedures

Extractive sampling analysers with water and particulate removal devices, or
in situ analysers for wet basis determination

Sampling shall be conducted with appropriate probes for high-temperature
levels (e.g., Inconel probes)

Entity/person Activity participants
responsible for the
measurement
Measuring Type of | Continuous gas analyser
instrument(s) instrument

Accuracy | N/A

class
Calibration | Analysers shall be calibrated periodically according to the

requirements | manufacturer’'s recommendations. A zero check and a typical
value check shall be performed by comparison with a

standard gas

Location | The point of measurement (sampling point) shall be in the

upper section of the flare (80 per cent of total flare height)

QA/QC procedures

See calibration requirements
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Additional comment

Monitoring of this parameter is only applicable in the case of enclosed flares
with continuous monitoring of methane destruction efficiency.

Measurement instruments may display ppmv or per cent values. To convert
from ppmv to mg/m3, multiply by 0.716. One per cent equals 10,000 ppmv

Data / Parameter table 10.

Data/parameter Flamem
Description Flame detection of flare in the minute m
Data unit “Flame on” or “Flame off”

Equations referred

Purpose of data

[] Baseline emissions X] Project emissions [] Leakage emissions

Measurement and

updating frequency

Once per minute

Measurement methods
and procedures

Measure using a fixed installation optical flame detector

Entity/person Activity participants
responsible for the
measurement
Measuring Type of | Ultra-Violet detector or Infra-Red, or both
instrument(s) instrument

Accuracy | N/A

class
Calibration | Equipment shall be maintained and calibrated in accordance
requirements | with manufacturer’'s recommendations
Location

QA/QC procedures

See calibration requirements

Additional comment

Detection of flame recorded as a minute that the flame was on, otherwise
recorded as a minute that the flame was off

Data / Parameter table 11.

Data/parameter Maintenancem
Description Maintenance events completed in year y
Data unit Calendar dates

Equations referred

Purpose of data

[] Baseline emissions X Project emissions [] Leakage emissions

Measurement and

updating frequency

Annual

Measurement methods
and procedures

Record the date that maintenance events were completed in year y.

Maintenance logs shall include all aspects of maintenance, including the
details of the person(s) undertaking the work, parts replaced or needing
replacement, source of replacement parts, serial numbers, and calibration
certificates
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Entity/person Activity participants
responsible for the
measurement
Measuring Type of | N/A
instrument(s) instrument

Accuracy | N/A
class

Calibration | N/A
requirements

Location | N/A

QA/QC procedures

Records shall be kept in a maintenance log for two years beyond the
operational life of the flare

Additional comment

Monitoring of this parameter is required for enclosed flares if the activity
participants select Option B to determine methane destruction efficiency.

These dates are required so that they can be compared to the maintenance
schedule to check that maintenance events were completed within the
minimum time between maintenance events specified by the manufacturer
(SPECfIare)
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