ARTICLE 6.4 MECHANISM

A6.4-AMT-007

Methodological tool

Emissions from electricity generation and
consumption

Version 02.0

&’ \\’ United Nations
\\/l C ‘\} Framework Convention on
\=7

Climate Change



A6.4-AMT-007
Methodological tool: Emissions from electricity generation and consumption

Version 02.0

TABLE OF CONTENTS

1 INTRODUCGTION ... iiieeier e e e e e e e me e s sessmme e s e me e e e s mme e e e mme e e e s emmn e e e e smmnenean
PR P oo o - SR SRSUTRRI
1.2. Entryinto force and validity .........c.ooooiiiiiiiii e
2 DEFINITIONS ...t s s e e
2.1, GeNEral tEIMS. ..o i
2.2.  Methodological terms and definitions. ...,
R T N o 2 (037N = I [ R
4. NORMATIVE AND INFORMATIVE REFERENCES ... eeeeeeenas
5. METHODOLOGICAL APPROACHES ..........ccoiiiirr s sss s s
5.1.  Step 1: Identify all relevant electricity generation and consumption
sources s in relation to the Article 6.4 project or CP..........cccoiviiiiiiiiiceennen.
5.2.  Step 2: Determine, for each electricity generation or consumption
source s, whether electricity is consumed from or fed into an electricity
system, or whether it is consumed from or avoids power generation by
fossil-fuel fired captive power plant(s)..........ccccvviieieiiiicccie e
5.3.  Step 3: Identify the relevant electricity system(s), where applicable.............
5.4.  Step 4: Determine whether applying a higher or a lower value for
emissions from electricity generation and/or consumption is more
CONSEIVALIVE ...ttt e e e
5.5.  Step 5: Determine the amount of electricity generation and/or
LoT0] 0 1=T0 0 g1 o] (o o PR
5.6.  Step 6. Determine which emission factor is applicable ..............cccccceeerennes
5.7.  Step 7: Determine the emission factor of the electricity system, where
=T o] ][ Te= | ][RR
5.7.1. Option A: Calculate the combined margin emission factor of
the electricity SYyStem ...
5.7.2. Option B: Use a conservative default emission factor..................
5.8.  Step 8: Determine the emission factor for electricity sourced from

captive fossil fuel power plant(s), where applicable ..........ccccceevcieviiicenens
5.8.1. Option A: Calculate the actual emission factor of the fossil

fuel fired captive power plant(S).......ccccoveireiieeiiciiee e
5.8.2. Option B: Use a conservative default emission factor..................

2 of 63

U

QD
«Q

(1]

0 0 N o o o o » b

12

14
15

15

15
33

35

35
38



A6.4-AMT-007
Methodological tool: Emissions from electricity generation and consumption
Version 02.0

5.9. Step 9. Determine the transmission and distribution losses from the
electricity system, where applicable...............cccoi i

5.10. Step 10. Determine the emissions from electricity generation and/or
LoTe] o 1=10 0 g1 o] (o o PR PURRPR

5.11.  Uncertainty determination ............c.cooeviiiiiiiii e
6. MONITORING METHODOLOGY ......cciririrnirisnrsiesssssssssssssssssssssssssssssssssssssssssssnses

APPENDIX 1. FLOWCHARTS ILLUSTRATING THE APPLICATION OF THE
METHODOLOGICAL STEPS TO SCENARIOS A, B AND C AS
DESCRIBED IN SECTION 5.2.......cccconimirrnesnnes s s ssss e s

APPENDIX 2. VALUES FOR THE PARAMETERS Fom,simpLe; Fom,ave AND Fgw .........

3 of 63

38

39
42
43

55
58



A6.4-AMT-007
Methodological tool: Emissions from electricity generation and consumption

Version 02.0

1. Introduction

1.1. Scope

1. This methodological tool provides options for activity participants to estimate baseline,

activity, and leakage emissions associated with the generation and/or consumption of
electricity ', which are referred to as emissions from electricity generation and/or
consumption throughout the tool, under a proposed Article 6.4 project or component
project (CP). These options aim to provide flexibility to activity participants, while ensuring
that the estimation of emission reductions is conservative. Some options rely on
conservative default factors or conservative simplifications, whereas other options require
more data to produce estimates.

This methodological tool establishes requirements to determine the parameters provided
in table 1. The tool includes approaches to determine, for each parameter, the mean value
(noting that the mean value includes some degree of conservativeness due to the use of
conservative default values or conservative assumptions), as well as the upper and the
lower bounds of uncertainty for the value at 95 per cent confidence level.

Table 1. Parameters determined

Parameter Sl Unit Description

BEgg, t CO2 Baseline emissions from electricity generation in year y

BEgc, t CO2 Baseline emissions from electricity consumption in year y

AEgg, t CO2 Activity emissions from electricity generation in year y

AEgc, t CO2 Activity emissions from electricity consumption in year y

LEgGpyy t CO2 Leakage emissions from electricity generation in the activity
scenario in year y

LEgpLy t CO2 Leakage emissions from electricity generation in the baseline
scenario in year y

LEgcpy,y t CO2 Leakage emissions from electricity consumption in the
activity scenario in year y

LEgcpLy t CO2 Leakage emissions from electricity consumption in the
baseline scenario in year y

EFgg/cpLsy |t CO2/MWh Emission factor for electricity generation or consumption by
electricity generation or consumption source s in the baseline
scenario (case 2) in year y

EFggicpysy |t CO2/MWh Emission factor for electricity generation or consumption by
electricity generation or consumption source s in the activity
scenario (case 1) in year y

' Note that this version of the tool does not include procedures to account for the effects of contracts
between actors in electricity markets, such as power purchase agreements between specific entities.
The tool may be updated in the future to reflect such contracts based on evolving developments in
relevant fora or under relevant regulatory frameworks. Further note that the tool currently does not
include provisions for integrating off-grid power plants in the calculation of the emission factor for the
electricity system and that this issue may be addressed in future revisions to this methodological tool.
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Parameter Sl Unit Description
EFgg/cpLsn | t CO2/MWh Emission factor for electricity generation or consumption by

electricity generation or consumption source s in the baseline
scenario (case 2) in hour h

EFgg/cpysn | t CO2/MWh Emission factor for electricity generation or consumption by
electricity generation or consumption source s in the activity
scenario (case 1) in hour h

1.2. Entry into force and validity
3. This version of the methodological tool enters into force on 9 October 2026.

4. This version of the methodological tool remains valid for five years, until 8 October 2031,
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).2

2. Definitions

2.1. General terms

5. 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; and

(c) "May" is used to indicate what is permitted.

2.2. Methodological terms and definitions
6. The following methodological terms and definitions are applied to the methodological tool:

(a) Connected electricity system: An electricity system that is connected by
transmission lines to the project electricity system;

(b) Dispatch area: An electricity system or a part of the electricity system controlled
by a dispatch centre. An electricity system can be controlled by several dispatch
centres that are organized as layered dispatch areas or by a single dispatch centre.
An example of a layered dispatch area is one in which regional dispatch centres
are required to comply with orders of a higher-level dispatch centre (e.g., a national
or transboundary dispatch centre);

(c) Dispatch centre: An entity responsible for maintaining synchronization of the
electricity system within its dispatch area. The dispatch centre’s responsibilities
include scheduling generation and dispatching electricity from power plants to
customers and, where applicable, to connected electricity system(s);

(d) Electricity consumption source: The electric equipment (e.g., pumps, electric
motors, blowers, etc.) and/or electric appliances that consume electricity from an
electricity system and/or from captive power plant(s)/unit(s);

2 See https://unfccc.int/sites/default/files/resource/A6.4-PROC-METH-001.pdf.
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(e)

(n)

Electricity consumption source depending on intermittent generation: An
electricity consumption source where the pattern of electricity consumption from
the electricity system or a third party depends on the availability of intermittent
electricity supply;®

Electricity generation source: The power plant(s)/unit(s) that are connected to
an electricity system or operate as captive power plant(s)/unit(s) in the baseline or
in the activity scenarios;

Intermittent electricity generation source: A renewable energy power plant/unit
where the pattern of electricity generation depends on natural, uncontrollable, and
variable inputs such as sunlight, wind, tides, or wave action. This typically applies
to wind, solar, tidal, and wave power plants, etc.;

Must-run power plant/unit: A power plant/unit dispatched independently of the
daily or seasonal electricity consumption load and the operation of intermittent
electricity generation sources in the electricity system (e.g., because the plant has
low marginal electricity generation costs);

Net electricity generation: The difference between the total quantity of electricity
generated by a power plant/unit and the auxiliary electricity consumption (also
known as parasitic load) of the power plant/unit (e.g., for pumps, fans, control
systems, efc.);

Non-intermittent electricity generation source: An electricity generation source
where electricity generation can be ramped up or down by the operators of the
power plant, regardless of external conditions such as sunlight, wind, or wave
action;

Power plant/unit: A facility that generates electric power. Several power units at
one site comprise one power plant, whereas a power unit is characterized by the
fact that it can operate independently from other power units at the same site.
Where several identical power units (i.e., with the same capacity, age and
efficiency) are installed at one site, they may be considered as a single power unit;

Project electricity system: The spatial extent of the power plants and electricity
end-users that are physically connected through transmission and distribution lines
with the Article 6.4 project or CP (e.g., a renewable power plant or the consumers
that are either being served with or saving electricity) and that are covered by either
a single or a layered dispatch area;

Top-level dispatch centre: The dispatch centre that is at the highest level within
a layered dispatch area or the single dispatch centre in a situation without a layered
dispatch area; and

Transmission and distribution losses: The fraction of electrical energy lost
during the transmission and distribution of electricity from power plants to end-
users.

3 For example, this may apply to a facility that purchases electricity from a specific wind power plant
through a dedicated electricity line and therefore draws a high load from the electricity system during
periods of low wind power availability.
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10.

11.

12.

13.

Further definitions from the “Glossary: Article 6.4 mechanism terms”
(A6.4-GLOS-GOV-001) and the definitions and terms in the methodological tool(s)
referred to in section 2 shall also apply.

Applicability

This version of the methodological tool is applicable to Article 6.4-projects and Article 6.4
programmes of activities (Article 6.4 PoAs), jointly referred to as Article 6.4 activities,
where its use is explicitly referenced in the applicable mechanism methodology.

This methodological tool may be used to determine baseline, activity, and leakage
emissions from:

(a) The generation of electricity that is supplied to an electricity system or to captive
consumers, which may or may not be connected to an electricity system; and/or

(b) The consumption of electricity from an electricity system or from captive fossil fuel
power plant(s)/unit(s).

This methodological tool also provides approaches and options to determine the
respective emission factors for electricity generation and consumption in the baseline
scenario and/or activity scenario.

This version of the methodological tool is not applicable to Article 6.4 projects or CPs
where a captive renewable power plant is installed at the site of the Article 6.4 project or
CP.

This version of the methodological tool does not include procedures for estimating the
following emission sources:

(a) Upstream emissions associated with electricity generation/consumption; and
(b) Greenhouse gas (GHG) emissions other than CO,.

This methodological tool is only applicable where mechanism methodologies include a
reference to this methodological tool and specify:

(a) Which sources of baseline, activity, and leakage emissions, and from which
electricity generation or consumption sources, are to be calculated using this
methodological tool;*

(b) How the amount of electricity generated or consumed is determined for each
relevant electricity generation or consumption source s;

(c) Whether any specific options provided in this methodological tool shall be applied
by activity participants;

(d) Which scenarios (A, B, or C, as specified in section 5.2) apply to each electricity
generation or consumption source s, or how activity participants shall determine
which of these scenarios apply; and

4 For example, in the case of a landfill gas utilization project, one electricity generation source s may be
the power generation equipment utilizing the landfill gas, while electricity consumption sources may
include equipment used to operate the landfill gas capture system and other auxiliary equipment.
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14.

15.

17.

(e) How the uncertainty of the emission factor, the quantification of the amount of
electricity generated or consumed, and the transmission and distribution losses
shall be considered in the emission reduction calculation.

Where a standardized baseline is developed using this methodological tool, all provisions
pertaining to the preparation of the project design document (PDD), the generic
component of the programme of activities design document (PoA-DD) and the component
project design document (CP-DD), and monitoring reports, as specified in this tool, shall
be documented in the submission of the proposed standardized baseline.

Where the mechanism methodology referring to this methodological tool specifies
approaches that differ from those described in this methodological tool, the requirements
contained in the mechanism methodology shall take precedence.

Normative and informative references

This normative document is indispensable for the application of this methodological tool.
The most recent version of this document shall apply: Intergovernmental Panel on Climate
Change (2019). 2019 Refinement to the 2006 IPCC Guidelines for National Greenhouse
Gas Inventories.®

Methodological approaches

Activity participants shall determine emissions from electricity consumption and/or
generation through the steps listed below. Flowcharts are included in appendix 1
illustrating the application of these steps for the different scenarios discussed under
step 2.

(a) Step 1: identify all relevant electricity generation and consumption sources s in
relation to the Article 6.4 project or CP (see section 5.1);

(b) Step 2: determine, for each electricity generation or consumption source s,
whether electricity is consumed from or fed into an electricity system, or whether it
is consumed from or avoids power generation by fossil-fuel fired captive power
plant(s) (see section 5.2);

(c) Step 3: identify the relevant electricity system(s), where applicable (see section
5.3);

(d) Step 4: determine whether applying a higher or a lower value for emissions from
electricity generation and/or consumption is more conservative (see section 5.4);

(e) Step 5: determine the amount of electricity generation and/or consumption (see
section 5.5);

() Step 6: determine which emission factor is applicable (see section 5.6);

(9) Step 7: determine the emission factor of the electricity system, where applicable
(see section 5.7);

(h) Step 8: determine the emission factor for electricity sourced from captive fossil-
fuel fired power plants, where applicable (see section 5.8);

5 See https://www.ipcc-nggip.iges.or.jp/public/2019rf/index.html.
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5.1.

18.

19.

5.2.

20.

(i) Step 9: determine the transmission and distribution losses in the electricity system,
where applicable (see section 5.9); and

() Step 10: determine the emissions from electricity generation and/or consumption
(see section 5.10).

Step 1: Identify all relevant electricity generation and consumption sources s
in relation to the Article 6.4 project or CP

Activity participants shall identify all electricity generation and consumption sources s in
relation to the Article 6.4 project or CP in the PDD or in the CP-DD, respectively, in
accordance with the methodology referring to this methodological tool. This may include
electricity generation and consumption sources which may occur in the activity scenario
or baseline scenario. It may also include electricity generation, and consumption sources
classified as leakage sources, where these are considered in accordance with the
mechanism methodology referring to this methodological tool. Note that any net “positive
leakage” shall not be accounted for, in accordance with the provisions of the “Standard:
Addressing leakage in mechanism methodologies” (A6.4-STAN-METH-005, hereinafter
referred to as the “Leakage Standard”).®

For each identified electricity generation or consumption source s, activity participants
shall, in the PDD or CP-DD:

(a) Assign a unique number to the identified source;
(b) Describe the electricity generation or consumption source and its location;

(c) Classify an electricity generation source as either intermittent or non-intermittent,
and an electricity consumption source as either depending on or not depending on
intermittent electricity supply;

(d) Specify how electricity generation or consumption is quantified for that source; and

(e) Specify whether the electricity generation or consumption source occurs in the
activity scenario, the baseline scenario, or both, including in relation to any leakage
sources.

Step 2: Determine, for each electricity generation or consumption source s,
whether electricity is consumed from or fed into an electricity system, or
whether it is consumed from or avoids power generation by fossil-fuel fired
captive power plant(s)

Activity participants shall identify, for each electricity generation or consumption source s
identified in section 5.1, which of the following scenarios applies:

(a) Scenario A: electricity is consumed from or fed into an electricity system only;

(b) Scenario B: electricity is consumed from or avoids power generation by fossil-fuel
fired captive power plant(s) only; or

(c) Scenario C: a combination of scenarios A and B, i.e., the electricity is consumed
from or fed into an electricity system and is consumed from or avoids power
generation by fossil fuel-fired captive power plant(s).

6 See https://unfccce.int/sites/default/files/resource/A6.4-STAN-METH-005.pdf.
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21.

22.

23.

24.

5.3.

25.

Scenario A applies where:

(@)

(b)

The electricity generation or consumption source is connected only to an electricity
system and not to any fossil-fuel fired captive power plant; or

The electricity generation or consumption source is connected to both an electricity
system and fossil-fuel fired captive power plant(s); however, the implementation of
the Article 6.4 project or CP affects only the quantity of electricity consumed from
or fed into the electricity system and does not affect the operation of the fossil-fuel
fired captive power plant(s). This applies, for example, where:

(i) At all times during the monitored period, the total electricity demand at the
site of the fossil-fuel fired captive power plant(s) is greater than the electricity
generation capacity of the fossil-fuel fired captive power plant(s) in both the
activity scenario and the baseline scenario; or

(i)  The fossil-fuel fired captive power plant(s) are operated continuously (apart
from maintenance) and feed any excess electricity into the electricity system
because revenues from feeding electricity into the electricity system exceed
the plants’ operation costs; or

(i)  The fossil-fuel fired captive power plant(s) are centrally dispatched, and their
dispatch is therefore outside the control of the activity participants.

Scenario B applies where:

(@)

(b)

The electricity generation or consumption source is connected only to fossil-fuel
fired captive power plant(s) and not to an electricity system; or

The implementation of the Article 6.4 project or CP is clearly demonstrated to affect
only the quantity of electricity generated by the fossil-fuel fired captive power
plant(s) and does not affect the quantity of electricity consumed from or fed into
the electricity system. This applies, for example, where, at all times during the
monitored period, the total electricity demand at the site of the fossil-fuel fired
captive power plant(s) exceeds the quantity of electricity that can physically be
supplied by the electricity system in both the activity scenario and the baseline
scenario.

Scenario C applies in all other cases where the electricity generation or consumption
source is connected to both an electricity system and fossil-fuel fired captive power
plant(s).

Activity participants shall document, in the PDD or CP-DD and in monitoring reports, which
scenario applies, justify why the scenario applies, and provide relevant evidence.
Scenario C shall be selected, as a conservative approach, where it is not possible to
clearly classify the circumstances as scenario A or scenario B.

Step 3: Identify the relevant electricity system(s), where applicable

This step is applicable only where:

(a)
(b)

Scenario A or scenario C applies; and

Option A (calculate the combined margin emission factor of the electricity system),
as specified in section 5.7.1 is applied.
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26.

27.

28.

29.

Activity participants shall delineate the project electricity system and any connected
electricity system(s) and shall transparently document the geographical boundary of the
project electricity system and any connected electricity system(s) in the PDD or CP-DD.
When doing so, activity participants shall also identify the relevant dispatch centres.

An electricity system (i.e., the project electricity system or any connected electricity
system(s)) shall be delineated as follows:

(a) Where available, use the delineation of electricity systems published by the DNA
of the host country or by a group of DNAs covering the host country as well as
other countries. Where a delineation is provided by a group of DNAs, the same
delineation shall be used by all activity participants applying this methodological
tool in those countries; or

(b) Where a delineation by the DNA or by a group of DNAs is not available, determine
the delineation of electricity systems as follows:

(i) Identify the dispatch areas covered by the respective dispatch centres;

(i)  Where a dispatch area is controlled by more than one dispatch centre (i.e.,
a layered dispatch area), the higher-level area shall be considered the top-
level dispatch area;’

(i) Assess whether any transmission constraints exist between the top-level
dispatch areas identified in subparagraph (ii); and

(iv) Identify the relevant electricity system as the area covered by all top-level
dispatch centres between which no transmission constraints exist.

The assessment of whether transmission constraints exist between two top-level dispatch
centres shall be conducted for a period of one calendar year, using the most recent
calendar year for which data is available.

It shall be determined that no transmission constraints exist if any one of the following
criteria is met:

(a) In the case of electricity systems with spot electricity markets, the difference in
electricity prices (excluding transmission and distribution costs) between the two
top-level dispatch centres is less than five per cent during at least 90 per cent of
the hours within the assessment period;

(b) The transmission line(s) between the two top-level dispatch centres are operated
at 75 per cent or less of their rated capacity during 90 per cent or more of the hours
within the assessment period. This shall be determined as follows:

(i) Determine the maximum load capacity of the transmission line(s) between
the two top-level dispatch centres based on official information (e.g., from the
system operator). Where more than one transmission line operates between
the two top-level dispatch centres, the total load capacity of the transmission
line(s) shall apply;

7 For example, where regional cross-boundary dispatch centres are required to comply with dispatch
orders of a national dispatch centre, the area controlled by the national dispatch centre shall be used to
delineate the project electricity system.
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30.

31.

32.

5.4.

33.

34.

(i) Determine the operated load of the transmission line(s) between the two top-
level dispatch centres in each hour and assess whether they are operated at
75 per cent or less of their rated capacity during that hour;

(i) Determine whether the cumulative number of hours in which the condition in
subparagraph (ii) is met accounts for 90 per cent or more of the hours within
the assessment period. If this condition is met, it shall be determined that no
transmission constraints exist; otherwise, a transmission constraint is
deemed to exist.8 or

(iv) The transmission capacity of the transmission line(s) between the two
independent dispatch centres exceeds 10 per cent of the installed power
generation capacity of the smaller of the two independent dispatch centres.

In addition, in cases involving an international interconnection (i.e., transmission lines
between different countries), it shall be further confirmed that no legal restrictions on
international electricity exchange exist in order to determine that no transmission
constraints exist.

The assessment of whether transmission constraints exist shall be updated at the renewal
of the crediting period.

For the purposes of this methodological tool, the reference system is the project electricity
system. Accordingly, electricity transfers from connected electricity system(s) to the
project electricity system are defined as electricity imports, while electricity transfers from
the project electricity system to connected electricity system(s) are defined as electricity
exports.

Step 4: Determine whether applying a higher or a lower value for emissions
from electricity generation and/or consumption is more conservative

This step serves to determine whether applying a higher or a lower value for emissions
from electricity generation and/or consumption represents the more conservative
approach. For this purpose, this methodological tool defines two cases:

(a) Case 1: situations in which a higher value for emissions from electricity generation
and/or consumption is more conservative. This case applies to the determination
of the parameters AEggy, AEcc,y, LEEcrsy and LEEcpyy in Table 1 above; and

(b) Case 2: situations in which a lower value for emissions from electricity generation
or consumption is more conservative. This case applies to the determination of the
parameters BEcg,, BEEec,y, LEEg s,y and LEecs,y in Table 1 above.

Activity participants shall determine and justify, for each electricity generation or
consumption source s, whether case 1 or case 2 applies. This determination shall be
based on the specific circumstances of the Article 6.4 activity and its corresponding
baseline. Table 2 provides examples for instances where case 1 and case 2 applies,
including for intermittent and non-intermittent electricity generation sources and for

8 For example, if two transmission lines are operated between two independent dispatch centres and each
has a maximum load capacity of 100 MW, then count the number of hours during which the total
operating capacity of these two lines is lower than 150 MW. If the number of hours during which the total
operating capacity is lower than 150 MW exceeds 7884 in a non-leap year and 7902 in a leap year, it
shall be considered that no transmission constraints exist between the two independent dispatch centres
in that year.
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electricity consumption sources depending on, or not depending on, intermittent
generation, noting that some instances may apply in very specific circumstances only.

project or CP, delivered electricity to
the electricity system

Table 2. Examples of activities where case 1 or case 2 applies
Case 1 Case 2
Non- An Article 6.4 project or CP uses An Article 6.4 project or CP
intermittent electricity from a pre-existing fossil installs a biomass power plant that
electricity fuel power unit that, prior to the delivers electricity to the electricity
generation implementation of the Article 6.4 system

Intermittent

An Article 6.4-project or CP uses

An Atrticle 6.4 project or CP

electricity electricity from a pre-existing installs a wind power plant that
generation renewable power unit that, prior to delivers electricity to the electricity
the implementation of the Article 6.4 | system
project or CP, delivered electricity to
the electricity system
Electricity An Article 6.4 project or CP involves | An Article 6.4 project or CP

consumption
not depending
on intermittent
generation

the flaring of landfill gas and
consumes electricity for the purpose
of collecting the landfill gas and
operating the flare

reduces the electricity
consumption of households for
lighting purposes through the use
of efficient lamps

Electricity
consumption
depending on
intermittent
generation

An Article 6.4 project or CP
produces hydrogen through
electrolysis. It mainly consumes
electricity from a specific wind power
plant and consumes electricity from
the electricity system when the wind
power plant is not operating at full
load

An Atrticle 6.4-project or CP
reduces the electricity
consumption of electric cooking
devices that are exclusively used
for preparing lunch meals in a
country with significant solar
generation

35. Where an Article 6.4 project or CP covers multiple electricity generation or consumption
sources s for which electricity is consumed from or fed into the same electricity system
and/or is consumed from or avoids power generation by the same fossil-fuel fired captive
power plant(s), the net total electricity generation and/or consumption from all sources
may be netted for each hour covered by the monitoring period. Where case 1 applies to
some hours within a monitoring period and case 2 applies to the remaining hours of the
same monitoring period, activity participants shall apply the corresponding emission factor
for the respective hours. Alternatively, activity participants may determine emissions
separately for each electricity generation or consumption source s, by applying the

13 of 63



A6.4-AMT-007
Methodological tool: Emissions from electricity generation and consumption
Version 02.0

corresponding emission factor to each source s, depending on whether case 1 or case 2
and whether scenario A, B, or C applies to the respective source s.°

36. Where either case 1 or case 2 applies to all electricity generation and consumption

sources s throughout the monitoring period of the Article 6.4 project or CP, activity
participants shall identify the relevant case and apply it consistently in the determination
of the emission factor. This approach may also be applied where one of the two cases
accounts for less than one per cent of the amount of electricity generation and/or
consumption compared to the other case.

5.5. Step 5: Determine the amount of electricity generation and/or consumption

37. Activity participants shall specify in the PDD or CP-DD how the amount of electricity

generated or consumed shall be determined for each electricity generation or consumption
source s identified in step 1. The period for aggregating the amount of electricity
generation or consumption shall align with the period used to determine the emission
factor, as specified in sections 5.7 and 5.8.

38. The electricity generated or consumed shall either be directly monitored by activity

participants, in accordance with the provisions of section 6 below, or be determined using
any of the simplified and conservative options provided in paragraphs 39 and 40. These
simplified and conservative options may be applied to the entire monitoring period or to
any specific interval during which data are missing.

39. Where case 1 applies, activity participants shall apply the following simplified and

conservative options:
(a) For electricity generation:
(i) Identify the nominal capacity (in MW) of the respective power plant/unit;

(i)  Multiply the nominal capacity by the actual operating hours of the power plant
or by 8,760 hours/year.

(b) For electricity consumption:

(i) Identify the rated power or capacity of the electricity consumption source s;
and

(i)  Determine the electricity consumed by the electricity consumption source s
as the product of (i) the rated power or capacity of the electricity consumption
source s and (ii) the actual operating hours of the electricity generation or
consumption source s or 8,760 hours per year.

For example, in the case of a grid-connected landfill gas recovery project, activity participants may
choose between two approaches to determine the applicable case: (1) Activity participants may calculate
the hourly net electricity supplied to or consumed from the electricity system. If there is net consumption
of electricity from the electricity system during a given hour, case 1 applies. The emission factor for
case 1 shall be applied to the net consumption for that hour to calculate AEcc,. If there is a net supply
of electricity to the electricity system during a given hour, case 2 applies. The emission factor for case 2
shall be applied to the net generation for that hour to calculate BEgg,. (2) Alternatively, activity
participants may calculate the emissions separately for all electricity generation sources (e.g., the landfill
gas generator) and for all electricity consumption sources (e.g., auxiliary consumption of the generator,
flare, and lighting). The emission factor for case 1 shall be applied exclusively to the total electricity
consumption to calculate AEecy. The emission factor for case 2 shall be applied exclusively to the total
electricity generation to calculate BEkgg,,.
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40.

5.6.
41.

42.

43.

44,

5.7.

45.

46.

5.71.
47.

Where case 2 applies, activity participants shall, as a simplified and conservative
approach, apply a value of zero to the electricity generation or consumption of the
respective source s.

Step 6. Determine which emission factor is applicable

The determination of the emission factor for an electricity generation or consumption
source s depends on which of the three scenarios (A, B, or C) and which of the two cases
(case 1 or case 2) apply to that source.

Where scenario A applies, the emission factor shall be determined as the emission factor
of the electricity system to which the Article 6.4 project or CP is connected, under case 1
and case 2, respectively, applying the procedure set out in section 5.7.

Where scenario B applies, the emission factor shall be determined as the emission factor
of the fossil fuel fired captive power plant(s), under case 1 and case 2, respectively,
applying the procedure set out in section 5.8.

Where scenario C applies, the emission factor shall be determined by:

(a) Applying the respective emission factor for scenario A and scenario B separately,
where the amount of electricity generated and/or consumed under each scenario
is available (i.e., applying the emission factor of the electricity system to the amount
identified for scenario A and applying the emission factor of the fossil-fuel fired
captive power plant(s) to the amount identified for scenario B); or

(b) Applying a conservative approach, as follows:

(i) For case 1, using the higher value between the emission factor of the
electricity system and the emission factor of the fossil fuel fired captive power
plant(s); and

(i) For case 2, using the lower value between the emission factor of the
electricity system and the emission factor of the fossil fuel fired captive power
plant(s).

Step 7: Determine the emission factor of the electricity system, where
applicable

This step is applicable where step 6 confirms that the emission factor of the electricity
system shall be used.

Activity participants shall determine the emission factor of the electricity system by
choosing one of the following two options and shall document their choice in the PDD or
CP-DD:

(a) Option A: calculate the combined margin emission factor of the electricity system,
as set out in section 5.7.1; or

(b) Option B: use a conservative default emission factor, as set out in section 5.7.2.

Option A: Calculate the combined margin emission factor of the electricity system

The emission factor of the electricity system shall be determined as the “combined margin”
(CM) emission factor, which is the result of a weighted average of two emission factors
pertaining to the electricity system: the “operating margin” (OM) emission factor and the
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“build margin” (BM) emission factor. The OM emission factor aims to represent the
emissions intensity of existing power units whose electricity generation is affected by the
Article 6.4 project or CP. The BM emission factor aims to represent the average emissions
intensity of new power units that would likely be built in the absence of the Article 6.4
project or CP.

48. For both cases (case 1 and case 2), the emission factor of the electricity system shall be
determined based on the following sub-steps:
(a) Sub-step a: determination of the OM emission factor (EFowu,);
(b) Sub-step b: determination of the BM emission factor (EFsum,); and
(c) Sub-step c: determination of the CM emission factor (EFcu,y).

5.71.1. General requirements applicable to different sub-steps

5.71.1.1. Consideration of power plants or units

49. For simplicity, section 5.7 refers only to power units. Whether power units or power plants
shall be considered in the calculation depends on the operational roles of the power units
at the site of the power plant. Power units shall be considered separately in the calculation
where any features relevant for the calculation differ among them, such as fuel type,
efficiency, or must-run status (e.g., where a power plant includes a mix of must-run and
non-must-run units). Otherwise, several power units may be aggregated into one power
plant and considered together in the calculation.

5.7.1.1.2. Treatment of electricity imports and exports

50. Any net electricity imports from a connected electricity system to the project electricity

system during the relevant period shall be treated as a power unit p supplying electricity
to the project electricity system. The must-run status of net electricity imports shall be
determined in accordance with paragraphs 60 and 61, as applicable. The emission factor
for the connected electricity system that is exporting electricity to the project electricity
system shall be determined for the relevant period (either the calendar year y of the
crediting period or the hour h within the calendar year y of the crediting period) using one
of the following options:

(a) Use the combined margin emission factor of the connected electricity system,
determined in accordance with this section (section 5.7.1); or

(b) Use the conservative default emission factors set out in section 5.7.2 for the
exporting electricity system; or

(c) Where the amount of net electricity imports is smaller than 5 per cent of electricity
generation in the project electricity system during the relevant period, one of the
following options may be used:

(i) The simple OM emission factor of the exporting electricity system,
determined as described in section 5.7.1.2.2, where the conditions for this
method, as described in paragraph 72, apply to the exporting electricity
system; or

(i)  The simple adjusted OM emission factor of the exporting electricity system,
determined as described in section 5.7.1.2.3, where the conditions for this
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(i)

method, as described in paragraph 83, apply to the exporting electricity
system; or

The average OM emission factor of the exporting electricity system,
determined as described in section 5.7.1.2.4, where the conditions for this
method, as described in paragraph 89, apply to the exporting electricity

system.

51.  Any net electricity exports from the project electricity system to a connected electricity
system shall not be accounted for in the application of this methodological tool.

5.7.1.1.3. General requirements for determining CO; emission factors of power units

52. This section sets out how activity participants shall determine the CO, emission factors of
power units p. The section applies to the calculation of both the BM and the OM emission

factor.

53. The CO; emission factor of each power unit p (EFe. ) shall be determined as follows:

(a) Option 1: if, for a power unit p, data on fuel consumption and net electricity
generation are available, the emission factor shall be determined as follows:

(i)

Where:
EFEL,p,t

FCip:
NCV;,

EFcoz,it
EGp’t

(ii)

Where the power unit is not a cogeneration unit:

EFEL,p,t =

Where

Zi FCi,p,t X NCVi’t X EFCOZ,i,t Equation (1)
EGy,

CO2 emission factor of power unit p in period ¢t (t CO2/ MWh)

Amount of fuel type i consumed by power unit p in period t
(Mass or volume unit)

Net calorific value (energy content) of fuel type i in period t
(GJ / mass or volume unit)

CO2 emission factor of fuel type i in period t (t CO2/ GJ)

Net quantity of electricity generated and delivered to the electricity
system by power unit p in period { (MWh)

All relevant power units serving the electricity system in period t as per
the method used for determining the OM or BM emission factor

All fuel types combusted in power unit p in period t

The relevant period used for determining the emission factor

the power generation unit is a cogeneration unit, by allocating the

emissions of the power unit p to heat and power by assuming that, in the

17 of 63



A6.4-AMT-007

Methodological tool: Emissions from electricity generation and consumption

Version 02.0
absence of cogeneration, the heat would be generated in a boiler using the
same type(s) of fossil fuel as those used in the power unit:
HG Equation (2)
[Zi(FCi,p,t X NCV;;) — ?"t]
EFEL ot = Nboiler
i EGy,;
2iFCipe X NCVie X EFcopit
Zi FCi,p,t X NCVi,t
Where:

EFept = COz2 emission factor of power unit p in period t (t CO2 / MWh)
FCipe = Amount of fuel type i consumed by power unit p in period ¢

(Mass or volume unit)
NCVi¢ = Net calorific value (energy content) of fuel type i in period ¢

(GJ / mass or volume unit)
HGp: = Heat co-generated in power plant p in period { (GJ)
Npoiler = Efficiency of the boiler assumed to generate heat in the absence of

cogeneration
EFcozit = CO:2 emission factor of fuel type i in period ¢ (t CO2/ GJ)
EGp: = Net quantity of electricity generated and delivered to the electricity

system by power unit p in period t (MWh)
p = All relevant power units serving the electricity system in period t as per

the method used for determining the OM or BM emission factor
t = The relevant period used for determining the emission factor

(b) Option 2: if, for a power unit p, only data on the fuel type(s) used is available, the
emission factor shall be determined using one of the following two approaches:

(i)

Where:
EFEL,p,t

EFcozp,t

Np,e

(ii)

Based on the CO2 emission factor of the fuel type used and the efficiency of
the power unit, as follows:

EFgrpe =

_ EFCOZ,p,t X 3.6 Equation (3)

Np,t

CO:2 emission factor of power unit p in period t (t CO2 / MWh)

Average CO:2 emission factor of the fuel used in power unit p in period ¢
(tCO2/GJ)

Average net energy conversion efficiency of power unit p in period ¢
(ratio)

All relevant power units serving the electricity system in period t as per
the method used for determining the OM or BM emission factor

The relevant period used for determining the emission factor

As a simple and conservative approach, using the default values in.
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Table 3. Default values for the emission factor of power units (t CO, / MWh)'°
Fuel type Case 1 Case 2
Coal 1.3 0.7
Oil 0.9 0.54
Natural gas 0.7 0.3
54. Where biomass or biomass-derived fuels are consumed by a power unit p, use, for case 1,

the higher value within a plausible range of emission factors, assuming that the biomass
is not renewable, and use for case 2 an emission factor of zero."

55. Where hydrogen or hydrogen-derived fuels are consumed by a power unit p, use, for

case 1, the higher value within a plausible range of emission factors, assuming that the
hydrogen is produced from fossil fuels without carbon capture and storage, and use, for
case 2 an emission factor of zero, unless other approaches are provided by the
mechanism methodology referring to this tool.

56. Where several fuel types are consumed by a power unit p and the data required for

option 1 are not available, use the fuel type with the highest emission factor for case 1
and the fuel type with the lowest emission factor for case 2.

5.71.2. Sub step a: Determination of the OM emission factor

57. The OM emission factor (EFowm:) shall be determined based on one of the following

methods:'2

(a) Dispatch data OM, as described in section 5.7.1.2.1;

(b) Simple OM, as described in section 5.7.1.2.2;

(c) Simple adjusted OM, as described in section 5.7.1.2.3; or
(d) Average OM, as described in section 5.7.1.2.4.

58. Table 4 summarizes the applicability conditions for the different methods to determine the

OM emission factor and specifies the uncertainty deemed to be associated with each
method. This uncertainty shall be used when determining the overall uncertainty of the
emission factor for the electricity system. For all methods, the data necessary to apply the
method must be available.

10

11

12

The values in the table were calculated based on the higher and the lower estimates of power plant
efficiencies and CO2 emission factors for the relevant fuel types. The CO2 emission factors were taken
from the 2006 IPCC Guidelines for National Greenhouse Inventories. Power plant efficiencies were
collected from various sources, including manufacturer information for the upper end of the efficiency
range.

The MEP is currently working on the development of a methodological tool for activity and leakage
emissions from biomass. This tool may be applied to determine these emissions once it is adopted by
the Supervisory Body.

The MEP may consider further methods in the future. In addition, activity participants may also submit
proposals for a revision of this tool to include other methods. For example, in some instances an
electricity consumption source that depends on intermittent generation may only depend on one form of
intermittent generation (e.g. only wind power). The effect of such an instance on the electricity system
could be reflected through a more refined method in the future.
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Table 4.

Applicability conditions (other than data availability) and associated
uncertainty for different methods to determine the OM emission factor’®

Method

Applicability conditions

Associated method
uncertainty at a 95 per
cent confidence level
(per cent)

Dispatch
data OM

Power units in the electricity system are
dispatched in a defined order subject to
technical, spatial, temporal, and security
constraints

5

Simple OM

For case 1: no conditions

For case 2: one of the following conditions is

met:

a) The number of hours in a calendar year in
which at least one of the following two
conditions apply is smaller than 100:

i. Renewable electricity generation is
curtailed because available output
exceeds what the electricity system
could absorb; or

ii. The electricity system operates solely
based on renewable, nuclear, and/or
storage power units; or

b) The share of electricity generation from
renewable and nuclear power units in the
relevant period t does not exceed 30 per cent

Simple
adjusted
OM

This method includes two options:

a) Option 1: no conditions

b) Option 2: applicable only to non-intermittent
electricity generation sources and electricity
consumption sources not depending on
intermittent generation

Average
OoM

Only applicable to case 2 and to non-intermittent
electricity generation sources and electricity
consumption sources not depending on
intermittent generation

59. Where activity participants choose the simple OM method or the simple adjusted OM
method, they shall determine, for each power unit in the electricity system, whether it is a
must-run power unit. Activity participants shall document the designation for each power
unit in the PDD, CP-DD, or monitoring reports, as applicable, specify the data sources
used, and provide an appropriate justification.

13 The uncertainties in this table are based on expert judgements by the MEP. The uncertainty estimates
for the simple OM and simple adjustment OM are informed by a comparison between the dispatch data
OM emission factor and the simple OM emission factor for a limited set of data. The MEP aims to gather
additional data and may update these values in a future revision of the tool. Under the conditions in which
the average OM emission factor may be applied, its use is conservative. Therefore, the value for the
uncertainty is set to zero.
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60.

61.

62.

A power generation unit shall be designated as a must-run power unit if it meets one or
more of the following conditions:

(a) Fulfilment of non-power generation obligations: the operation of the power
generation unit is determined by obligations not related to electricity production
(e.g., the provision of essential heat or steam from a cogeneration power unit);

(b) Low marginal electricity generation costs: the power unitis a hydro, wind, solar,
tidal, or geothermal power generation unit, noting that such units usually have low
marginal electricity generation costs; or

(c) Steady operation and constant load: the power unit has operated during the
most recent three years for more than 7,500 full load hours per year. Full load
hours shall be calculated by dividing net electricity generation by the installed
capacity.

Activity participants shall include, in the cohort of power units used to calculate the OM
under the applicable method, all power units that are:

(a) Registered as Article 6.4 projects;
(b) Included as CPs in an Article 6.4 PoA,; or
(c) Registered under other carbon crediting programs.

Where activity participants can demonstrate that the simple OM emission factor is
consistently higher (for case 1) or consistently lower (for case 2) than the dispatch data
OM emission factor for the relevant period, then activity participants may, instead of the
uncertainty values for the simple OM or simple adjusted OM method, use the uncertainty
value for the dispatch data OM method in Table 4 above for the calculation of the overall
uncertainty, given that in these instances the use of simple OM or simple adjusted OM is
a conservative method. In other instances, the uncertainties method indicated in Table 4
above shall be used.™

5.7.1.21. Method (a): Dispatch data OM

63.

64.

The dispatch data OM emission factor (EFowm,op,t) shall be determined based on the power
units in the electricity system that are actually dispatched at the margin during each hour h
in which the Article 6.4 project or CP is displacing electricity in, or consuming electricity
from, the electricity system. Accordingly, the dispatch data OM emission factor shall
always be determined ex-post for the relevant monitoring period.

The emission factor may be applied for both case 1 and case 2. It may also be applied to
any type of electricity generation or consumption source, including intermittent and non-
intermittent electricity generation sources and electricity consumption sources depending
on, or not depending on, intermittent generation. However, it shall be applied only where
power units in the electricity system are dispatched in a defined order subject to technical,

4 For example, in some instances, data on the dispatch data OM emission factor may be available but the

activity participants may not wish to use it since it would require them to account for electricity generation

or consumption on an hourly basis.
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65.

66.

spatial, temporal, and security constraints '* and data on the dispatch order are available.
This usually applies where:

(a) The electricity system has an established spot market; or
(b) Power units are centrally dispatched by a dispatch centre.

Activity participants shall document and justify, in the PDD or CP-DD, or monitoring
reports, as applicable, that the conditions in paragraph 64 above are fulfilled and shall
specify the data sources used to demonstrate this.

The dispatch data OM emission factor (EFowm,pp,n) shall be calculated for each hour h of a
period t (e.g., the monitoring period), using one of the following approaches:

(a) Based on hourly fuel consumption data, where available, as follows:

EF _ Zi,p FCi,p,h X NCVi,t X EFCOZ,i,t Equation (4)
OM,DD,h =
T Zp EGp,h
Where:
EFompph = Dispatch data OM emission factor during hour h within period ¢
(t CO2 / MWh)
FCipp = Amount of fuel type i consumed by power unit p in hour h
(Mass or volume unit)
NCV;, = Net calorific value (energy content) of fuel type i in period ¢
(GJ / mass or volume unit)
EFcozit = CO2 emission factor of fuel type i in period t (t CO2 / GJ)
EG,p = Net electricity generated and delivered by power unit p to the electricity
system in hour h (MWh)
p = Power units in the electricity system that operate within the top of the
dispatch order in hour h (as defined below)
i = Fuel types combusted in power unit p in period t
h = Hours in period t in which the Article 6.4 project or CP is displacing
electricity in, or consuming electricity from, the electricity system
t = Period for which emissions from displacing electricity in, or consuming

electricity from, the electricity system are quantified

(b) Based on the net electricity generation of each power unit p and a CO, emission
factor for each power unit p, as follows:

EF. _ 2pEGyp X EFgp ¢ Equation (5)
OM,DD,h —
YpEGpp

5 The order is usually based on increasing marginal costs of electricity generation; however, other
considerations may also play a role, such as the availability of water for irrigation purposes in the case
of hydro power plants.
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Where:

EFompph = Dispatch data OM emission factor during hour h within period ¢
(t CO2/ MWh)

EG,p = Net electricity generated and delivered by power unit p to the
electricity system in hour h (MWh)

EFg . = COz2 emission factor of power unit p in period ¢ (t CO2 / MWh)

p = Power units in the electricity system that operate within the top
of the dispatch order in hour h (as defined below)

h = Hours in period t in which the Article 6.4 project or CP is
displacing electricity in, or consuming electricity from, the
electricity system

t = Period for which emissions from displacing electricity in, or
consuming electricity from, the electricity system are quantified

67. The CO; emission factor of the power units p (EFeLp,) shall be determined in accordance
with the provisions of section 5.7.1.1.3.

68. To determine the set of power units p, activity participants shall obtain from the relevant
dispatch centre:

(a) The electricity system dispatch order of operation for each power unit in the

electricity system, including power units from which electricity is imported; and

(b) The amount of electricity (MWh) dispatched from all power units connected to the

electricity system during each hour h in which the Article 6.4 project or CP is
displacing or consuming electricity.

69. For each hour h, activity participants shall stack electricity generation from each power
unit in accordance with the dispatch order. The group of power units p at the margin shall
comprise the units accounting for the top x per cent of the total electricity dispatched
during hour h; i.e., the power units dispatched last within the dispatch order.

70. The value of x shall be equal to the greater of:

(a) 10 per cent, where, if 10 per cent falls on part of the generation of a power unit, the
generation of that power unit is fully included in the calculation; or

(b) The quantity of electricity displaced or consumed by the Article 6.4 project or CP
during hour h, divided by the total electricity generation by all power units in the
electricity system during that hour.

5.7.1.2.2. Method (b): Simple OM

71.

72.

The simple OM emission factor (EFowmsimpey) shall be determined as the generation-
weighted average CO. emission factor per unit of net electricity generation from all power
units serving the electricity system that are not designated as must-run power units.

The simple OM emission factor shall be applied only where the necessary data are
available. It may be applied to any type of electricity generation or consumption source,
including intermittent and non-intermittent electricity generation sources and electricity
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73.

74.

consumption sources depending on, or not depending on, intermittent generation. In
addition, the conditions below apply for case 1 and case 2:

(a) For case 1, no further conditions apply; and

(b) For case 2, the simple OM shall be applied only if one of the following conditions
is met:

(i)  The number of hours in a calendar year in which at least one of the following
two conditions apply is smaller than 100:

a. renewable electricity generation is curtailed because available output
exceeds what the electricity system could absorb'é; or

b. the electricity system operates solely based on renewable, nuclear,
and/or storage power units; or

(i)  The share of electricity generation from renewable and nuclear power units
in the relevant period t does not exceed 30 per cent."”

Activity participants shall document and justify, with appropriate evidence, in the PDD or
CP-DD, or monitoring reports, as applicable, that the conditions in paragraph 72 are
fulfilled.®

The simple OM emission factor shall be determined for each calendar year of the crediting
period. Activity participants shall use one of the following two options to determine the
simple OM emission factor and shall apply the selected option throughout the crediting
period:

(a) Ex-ante option: Activity participants shall calculate the emission factor based on
historical data available at the time of submission to the DOE for validation of the
PDD or CP-DD. A three-year generation-weighted average emission factor shall
be used. The emission factor shall then be adjusted during monitoring for each
calendar year y of the crediting period to account for the vintage of data; however,
the data underlying the calculation of the emission factor shall not be updated; or

(b) Ex-post option: the emission factor shall be updated ex-post during monitoring
for each calendar year y of the crediting period. Activity participants shall specify
in the PDD or CP-DD whether the emission factor is determined based on data
from the calendar year y of the crediting period or based on data from a historical
calendar year v. Where a historical year v is chosen, activity participants shall
apply a fixed time difference between year y and year v throughout the crediting
period, shall specify this time difference in the PDD or CP-DD, and shall not change

6 Such curtailment may occur, for example, due to interventions by the operator of the electricity system
to ensure a safe operation of the system or due to renewable electricity producers limiting generation in
response to market signals, such as negative electricity prices. In some countries, data on hours with
negative electricity prices is available and may be used as a proxy for the hours in which renewable
electricity generation is curtailed.

7 The value of 30 per cent was derived from an analysis of the share of renewable electricity generation
and the number of hours in which electricity prices were negative or close to zero for several countries.

It was found that with a share of renewable electricity generation of up to 30 per cent, the number of

hours with negative or close to zero electricity prices are commonly less than 100 in a calendar year.

18

For instance, this may include power generation curves or operational statistics for the project electricity

system released by regulatory agencies or system operators.
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it during the crediting period.® The time difference shall be as recent as possible,
taking into account when the necessary data usually become available.?®

75. The simple OM shall be calculated using one of the following two approaches:

76.

77.

78.

(a) Approach A: based on the net electricity generation of each power unit not
designated as must-run power unit and a CO; emission factor for that power unit;
or

(b) Approach B: based on the total net electricity generation of all power units serving
the electricity system that are not designated as must-run power units and the fuel
types and total fuel consumption of these power units. Approach B shall only be
used if:

(i)  The necessary data for approach A is not available; and

(i)  Only nuclear and renewable power generation units are designated as must-
run power units, and the quantity of electricity supplied to the electricity
system by these power units is known.

Under approach A, the simple OM emission factor shall be calculated based on the net
electricity generation of each power unit not designated as must-run power unit and an
emission factor for that power unit as follows:

EFomsimpter. = 2pEGp: X EFgp 4 Equation (6)
’ ’ YpEGp;

Where:

EFoum simplet = Simple OM COz emission factor in period t (t CO2/MWh)

EGy,, = Net quantity of electricity generated and delivered to the electricity

system by power unit p in period { (MWh)
EFgppe = COz2 emission factor of power unit p in period t (t CO2/MWh)
p = Power units not designated as must-run power units delivering electricity

to the electricity system in period ¢

t = Relevant period: under the ex-ante option the most recent three historical
calendar years for which data are available at the time of submission to
the DOE for validation of the PDD or CP-DD; under the ex-post option,
the calendar year y of the crediting period or the historical year v

The CO; emission factor of the power units p (EFeLp,) shall be determined in accordance
with the provisions of section 5.7.1.1.3.

Under approach B, the simple OM emission factor shall be calculated based on the total
net electricity generation of all power units serving the electricity system that are not

9 For example, the emission factor for 2025 may be calculated based on data from 2023, the emission
factor for 2026 based on data from 2024, and so on.

20 For example, if the annual data required to calculate the emission factor for year y are usually available
only more than six months after the end of year y, the historical year v may correspond to year y-1. If the
data are usually available only 18 months after the end of year y, the historical year v may correspond
to year y-2.
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79.

80.

designated as must-run power units and the fuel types and total fuel consumption of these
power units, as follows:

2iFCi¢ X NCV; ¢ X EFgpa,it Equation (7)

EFOM,simple,t = EG

t
Where:

EFom simpiet = Simple OM CO2 emission factor in period t (t CO2 / MWh)

FCi, = Amount of fuel type i consumed by power units that are not designated
as must-run power units in period t (mass or volume unit)

NCV;, = Net calorific value (energy content) of fuel type i in period t
(GJ / mass or volume unit)

EFcosit = COz2 emission factor of fuel type i in period ¢ (t CO2/ GJ)

EG, = Net electricity generated and delivered to the electricity system by all
power units serving the electricity system that are not designated as
must-run power units in period t (MWh)

i = All fuel types combusted in power units serving the electricity system
that are not designated as must-run power units in period ¢

t = Relevant period: under the ex-ante option the most recent three

historical calendar years for which data are available at the time of
submission to the DOE for validation of the PDD or CP-DD; under the
ex-post option, the calendar year y of the crediting period or the
historical year v

Where data from the calendar year y of the crediting period are used, the emission factor
from equation (6) and equation (7) shall be used as the emission factor for the respective
Calendar year y (le, EFOM’simp/e,y = EFOM’simp/e,t).

Where data from a calendar year prior to calendar year y of the crediting period are used
(i.e., under the ex-ante option or where a historical year v is used under the ex-post
option), the simple OM emission factor derived from historical data shall be adjusted to
account for data vintage, noting that, in many electricity systems, the average emissions
intensity of existing power units declines over time due to an increasing share of renewable
energy power units, the use of more efficient power units, and the use of less GHG-
intensive fuels, as follows:

EFOM,simple,y = EFOM,simple,t X [1 - FOM,simple X (y - t)] Equation (8)

Where:
EFoum simple.y = Simple OM CO:2 emission factor in year y (t CO2/ MWh)
EFoum simplet = Simple OM COz emission factor in period ¢ (t CO2/ MWh)
Fom simpte = Factor accounting for the likely annual decrease of the simple OM
emission factor over time
y = Calendar year of the crediting period for which emission reductions are

determined
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t = Period for which the simple OM emission factor is calculated: under the
ex-post option, the historical year v; under the ex-ante option, the central
calendar year of the three-year period used to calculate the emission
factor
81. For case 1, a value of zero shall be applied to the parameter Fou simpie, @s a simplified and

reasonably conservative approach. For case 2, activity participants shall use either the
global value or the respective country-specific value provided in appendix 2.

5.7.1.2.3. Method (c): Simple adjusted OM

82.

83.

84.

85.

86.

The simple adjusted OM emission factor (EFowm,aq;t) is @ variation of the simple OM, with
an adjustment for periods in which either (i) renewable electricity generation is curtailed
because available output exceeded what the electricity system could absorb or (ii) the
electricity system operates solely based on renewable, nuclear, and/or storage power
units.

The simple adjusted OM emission factor shall be applied only where the necessary data
are available. It may be applied to both case 1 and case 2 and to any type of electricity
generation or consumption source, including intermittent and non-intermittent electricity
generation sources and electricity consumption sources depending on, or not depending
on, intermittent generation.

This methodological tool provides two options for calculating the simple adjusted OM
emission factor:

(a) Option 1: based on (i) hourly data on the electricity generation or consumption
from all sources s, (ii) hourly data indicating whether renewable electricity
generation is curtailed because available output exceeded what the electricity
system could absorb, (iii) hourly data indicating whether the electricity system
operates solely based on renewable, nuclear, and/or storage power units, and (iv)
annual data used to calculate the simple OM emission factor; or

(b) Option 2: based on annual data on electricity generation or consumption from all
sources s and aggregated information on the number of hours in which the
renewable electricity generation is curtailed because available output exceeded
what the electricity system could absorb and/or the electricity system operates
solely based on renewable, nuclear, and/or storage power units.

Option 1 may be applied in all situations. Option 2 shall be applied only to non-
intermittent electricity generation sources or electricity consumption sources not
depending on intermittent generation. Furthermore, option 1 shall be determined using
the ex-post option, as described for the simple OM emission factor in section 5.7.1.2.2.
Option 2 may be determined using either the ex-ante option or the ex-post option, as
described for the simple OM emission factor in section 5.7.1.2.2.

Under both options, the simple adjusted OM emission factor shall be determined by
applying an adjustment to the simple OM emission factor, as follows:

(a) Option 1: an emission factor of zero shall be applied for each hour hin which either
(i) renewable electricity generation in the electricity system is curtailed because
available output exceeded what the electricity system could absorb or (ii) the
electricity system operates solely based on renewable, nuclear, and/or storage
power units. In all other hours h, the annual simple OM emission factor shall be
applied. This is expressed through the term S;, which shall be equal to zero for
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hours in which either renewable electricity generation is curtailed because
available output exceeded what the electricity system could absorb or the
electricity system operates solely based on renewable, nuclear, and/or storage
power units and equal to one for all other hours:

EFomaajn = Sh X EFom simpley Equation (9)

Option 2: the simple adjusted OM emission factor shall be determined for calendar
year y by adjusting for the fraction of time in which renewable electricity generation
is curtailed because available output exceeded what the electricity system could
absorb and/or the electricity system operates solely based on renewable, nuclear,
and/or storage power units, as follows:

EFomaajy = (1 = Ay) X EF om simple,y Equation (10)
Where:
EFomadjy Simple adjusted OM CO: emission factor in year y (t CO2 / MWh)

Sh

EFOM,simple,y

Ay

Binary parameter indicating whether during hour h renewable electricity
generation in the electricity system is curtailed because available output
exceeded what the electricity system could absorb and/or the electricity
system operates solely based on renewable, nuclear, and/or storage
power units (S, = 0 in this case; otherwise Sy = 1)

Simple OM CO2 emission factor in year y (t CO2 / MWh)

Fraction of time in year y during which renewable electricity generation
in the electricity system is curtailed because available output exceeded
what the electricity system could absorb and/or the electricity system or
the electricity system operates solely based on renewable, nuclear,
and/or storage power units

Calendar year of the crediting period for which emission reductions are
determined

87. For the purpose of determining whether the electricity system operates solely based on
renewable, nuclear, and/or storage power units, the parameters S, and A, shall be
determined differently depending on which case applies, as follows:?’

(a)

(b)

Where case 1 applies, this shall refer to the fraction of time during which only the
following types of power units operate: hydro, solar, wind, tidal, wave, geothermal
nuclear, and hydro or battery storage power units; and

Where case 2 applies, this shall refer to the fraction of time during which only the
following types of power units operate: hydro, solar, wind, tidal, wave, geothermal,

21 This differentiation is preliminary. Further work may be undertaken on this matter, pending the
development of other methodological tools under the Article 6.4 mechanism. Biomass may originate from

renewable or non-renewable resources. As a conservative and simplified approach, in this version of the
methodological tool biomass is considered non-renewable under case 1 and renewable under case 2.
Similarly, the emissions impact of power generation based on hydrogen depends on how the hydrogen
is produced. As a conservative and simplified approach, hydrogen is treated as a fuel associated with
emissions under case 1 and as a zero-emission fuel under case 2.
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nuclear, biomass or biomass-derived fuels, hydrogen or hydrogen-derived fuels,
and any type of storage power units.

5.71.2.4. Method (d): Average OM

88.

89.

90.

The average OM emission factor (EFomavg,y) shall be determined as the generation-
weighted average CO, emission factor per unit of net electricity generation from all power
units in the electricity system.

The average OM method shall be applied only where the necessary data are available.
Moreover, it shall be applied only:

(a) To non-intermittent electricity generation sources and electricity consumption
sources not depending on intermittent generation; and

(b) Where case 2 applies.

The average OM emission factor (EFomavgy) shall be calculated as the generation-
weighted average emission factor of all power units serving the electricity system, using
the same approaches as for the simple OM emission factor, but also including power units
designated as must-run in all equations. The emission factor shall be determined for each
calendar year y of the crediting period. As for the simple OM emission factor, either the
ex-ante option or the ex-post option may be used, and approach B shall be used only
where the necessary data for approach A are not available. To account for data vintage,
the respective value for Fom,avg in appendix 2 shall be used instead of the value of Fomsimple-
The relevant provisions in section 5.7.1.2.2 shall apply.

5.7.1.3. Sub-step b: Determination of the BM emission factor (EFgm,)

91.

92.

93.

The BM emission factor (EFsu,y) shall be determined based on the generation-weighted
average emissions intensity of new power units that started supplying electricity to the
electricity system during a reference period. Where the necessary data are available, the
reference period shall reflect the period in which the Article 6.4 project or CP starts
operation (hereinafter referred to as the “concurrent reference period”). Where the
relevant data are not available at the time of calculating the BM emission factor, a
“historical reference period” may be used. In the case of a historical reference period,
the average emissions intensity of new power units shall be adjusted to account for data
vintage, noting that, in many electricity systems, the average emissions intensity of new
power units declines over time due to an increasing share of renewable energy power
units, the use of more efficient power units, and the use of less GHG-intensive fuels.

Activity participants shall include the following power units p in the calculation of the BM
emission factor:

(a) Where case 1 applies and the electricity generation source is intermittent, or the
electricity consumption source depends on intermittent generation, include only
non-intermittent electricity generation sources; or

(b) In all other situations, include all power units.

Activity participants shall determine the reference period for calculating the BM emission
factor as follows:

(a) Determine the calendar year in which the Article 6.4 project or CP started
operation, hereinafter referred to as year x;
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94.

(b)

Determine the most recent calendar year for which data are available on new
power units that started supplying electricity to the electricity system, hereinafter
referred to as year z;

Determine an initial three-year reference period, either as a concurrent or historical
reference period, as follows:

(i)  Concurrent reference period: where z = x+1, determine the initial reference
period as the three-year period covering the calendar year before, during,
and after the start of operation of the Article 6.4 project or CP (i.e., the period
covering the calendar years x-1, x and x+17); or

(i)  Historical reference period: where z < x+1, determine the initial reference
period as the most recent three-year period for which data are available (i.e.,
the period covering the calendar years z-2, z-1 and z);

Identify the total installed capacity of all power units in the electricity system (MW)
at the end of the initial reference period, hereinafter referred to as Pe. totar;

Identify all power units p that started supplying electricity to the electricity system
during the initial reference period and determine their total installed capacity (MW),
hereinafter referred to as Pey referiod; and

Where at least five power units have been identified under sub-paragraph (e) and
PeL refperiod = 0.05 % Pgp 11, US€ the initial three-year period determined under sub-
paragraph (c) as the reference period. Otherwise, determine a five-year reference
period, either as a concurrent or historical reference period, as follows:

(i) Concurrent reference period: where z = x+2, determine the reference
period as the five-year period covering the two calendar years before the
start of operation of the Article 6.4 project or CP, the calendar year during
start of operation of the Article 6.4 project or CP, and the two calendar years
after the start of operation of the Article 6.4 project or CP (i.e., calendar years
x-2, x-1, x, x+1, and x+2); or

(i)  Historical reference period: where z < x+2, determine the reference period
as the most recent five-year period for which data are available (i.e., the
calendar years z-4, z-3, z-2, z-1, and z).

Activity participants shall determine the BM emission factor as the generation-weighted

average emission factor (t CO. / MWh) of all power units p during the period ¢, calculated
as follows:

(a)

For a concurrent reference period:

2pEGp: X EFgy Equation (11)
Zp EGy:

EFBM,y =

For a historical reference period:

EG,, X EF, Equation (12
Zp g’tEG L X[1=Fgy X (x—71)] d 12)
pEYpt

EFBM,y =
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Where:

EFgum,y = BM COz2 emission factor in year y (t CO2/ MWh)

EG,, = Net quantity of electricity generated and delivered to the electricity
system by power unit p in period t (MWh)

EFg ¢ = CO2 emission factor of power unit p in period t (t CO2 / MWh)

p = Power units included in the BM

y = Calendar year of the crediting period for which emission
reductions are determined

t = Period from the start of the reference period up to the most recent
calendar year for which electricity generation data are available??

Fgy = Factor accounting for the likely annual decrease of the BM
emission factor over time

X = Calendar year in which the Article 6.4 project or CP starts
operation

T = Central year within the historical reference period (i.e., z-1 for a
three-year historical reference period and z-3 for a five-year
historical reference period)

z = Most recent calendar year for which data are available on new
power units that started supplying electricity to the electricity
system

95. For case 1, a value of zero shall be applied to the parameter Fgy, as a simplified and

96.

97.

reasonably conservative approach. For case 2, activity participants shall use either the
global value or the respective country-specific value provided in appendix 2.

In the calculation of the BM emission factor, activity participants shall:

(a)
(b)

Exclude capacity additions resulting from retrofits of existing power units; and
Include power units that are:

(i)  Registered as Article 6.4 projects;

(i)  Included as CPs in an Article 6.4 PoA; or

(i) Registered under other carbon crediting programs.

For the first crediting period, the BM emission factor shall be updated for each calendar
year as follows:

(a)

Where data to determine the BM emission factor for a concurrent reference period
are not yet available, the BM emission factor shall be updated for each calendar
year using the same historical reference period and the same set of power units p,
but updating data on electricity generation and emission factors of the power

22 For example, the reference period may start on 1 January 2022. If an Article 6.4 project or CP determines
the emission factor for the year 2029, the most recent available data may be available for 2027. In this
case, period t corresponds to the six-year period from 1 January 2022 to 31 December 2027. If a power

unit p included in the BM calculation started operation on 1 July 2023, the electricity generation data for

that power units shall cover the period from 1 July 2023 until 31 December 2027. If another power unit p

included in the calculation started operation on 15 November 2024, the electricity generation data for

that power unit shall cover the period from 15 November 2024 until 31 December 2027.
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98.

99.

100.

units p by extending the period t to the most recent calendar year for which data
are available; and

(b) Once data become available to determine the BM emission factor for a concurrent
reference period, the BM emission factor shall be updated using the concurrent
reference period and a new set of power units p. In subsequent calendar years,
the BM emission factor shall be updated for each calendar year of the crediting
period using the same concurrent reference period and same set of power units p,
while extending period t to the most recent calendar year for which data are
available.

For the second and third crediting periods, the BM emission factor shall be determined
once ex-ante and shall not be updated for each calendar year of the crediting period. It
shall be determined for the concurrent reference period and the set of power units p
identified for that period, in accordance with the provisions in paragraph 93, using data on
electricity generation from the power units p covering the period from the start of the
concurrent reference period up to the most recent calendar year for which data are
available at the time of renewal of the crediting period.

The CO; emission factor of the power units p (EFeLp,) shall be determined in accordance
with the provisions in section 5.7.1.1.3.

For the purpose of quantifying the uncertainty of the BM emission factor, the uncertainty
associated with the BM method, in particular the assumption that the Article 6.4 project or
CP would displace the construction of the same type and composition of power units as
those included in the BM, shall be assumed to be 10 per cent of the calculated BM
emission factor.

5.7.1.4. Sub step c: Determination of the CM emission factor (EFcmy or EFcu,n)

101.

The CM emission factor shall be calculated as follows:

EFcme = EFom,e X Wom + EFpy e X Wpy Equation (13)

Where:

EFcy e = CM COz2 emission factor in period t (t CO2 / MWh)

EFoum: = OM CO2 emission factor in period f (t CO2 / MWh)

EFpy = BM CO2 emission factor in period t (t CO2 / MWh)

Woum = Weighting factor of the OM emissions factor (unitless)

Wgym = Weighting factor of the BM emissions factor (unitless)

t = Period for which the emission factor of the electricity system is

determined (either the calendar year y of the crediting period or the
hour h within the calendar year y of the crediting period)??

23 Note that the BM emission factor is always calculated for a calendar year y of the crediting period. Where
the OM emission factor is determined on an hourly basis, the annual value of the BM emission factor
may be applied to each hour h.
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102. The default values in Table 5 shall be used for woy and wauy, unless the mechanism
methodology referring to this methodological tool specifies other values.?* Activity
participants shall use the more conservative approach, which results in a higher emission
factor for case 1 and a lower emission factor for case 2, between (i) using the lower value
for wom combined with the upper value for wey or (ii) using the upper value for the woum
combined with the lower value for wgwy, such that the sum of wow and waw is equal to one.

Table 5. Default values for wom and wan?®

Wowm WBwm

Type of electricity generation or consumption
source Lower | Upper | Lower | Upper

value value value value

¢ Intermittent electricity generation sources
e Electricity consumption sources depending on 0.25 0.75 0.25 0.75
intermittent generation

¢ Non-intermittent electricity generation sources
e Electricity consumption sources not depending on 0.125 0.375 0.625 0.875
intermittent generation

103. The values for won and waw shall be fixed for the duration of a crediting period.

5.7.2. Option B: Use a conservative default emission factor

104. Where case 1 applies and the electricity generation source is not intermittent, or the
electricity consumption source does not depend on intermittent generation, activity
participants shall apply one of the following default emission factors and justify the choice
in the PDD or CP-DD, or monitoring reports, as applicable:

(a) 0.44 t CO2eq/ MWh if there is high confidence that the share of electricity
generation from renewable (excluding solar and wind) and nuclear energy in the
electricity system exceeds 67 per cent in the period for which the emission factor
is determined;Z or

(b) Otherwise 0.87 t CO.eq/MWHh if there is high confidence that the share of
electricity generation from renewable (excluding solar and wind) and nuclear
energy in the electricity system exceeds 33 per cent in the period for which the
emission factor is determined;?” or

24 Mechanism methodologies may, for example, specify more narrow ranges of the values for specific
technologies or circumstances, such as different ranges for different types of renewable power
generation technologies (e.g. wind power, solar PV, wind power, reflecting their likely) or different
circumstances (e.g. availability of solar radiation or the share of renewable electricity generation).

25 These values are based on an expert judgment by the MEP which is informed by an assessment of the
‘capacity value’ of different types of power units based on the literature. The ‘capacity value’ reflects
contribution a generation resource makes to grid reliability. It is here assumed that non-intermittent power
units have a higher capacity value and therefore affect the BM emission factor more strongly.

26 Calculated as 1.3t CO2/ MWh x 1/3.
27 Calculated as 1.3 t CO2eq / MWh x 2/3.
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(c) Otherwise 1.3 t COzeq/ MWh.%

105. Where case 1 applies and the electricity generation source is intermittent, or the electricity

consumption source depends on intermittent generation, activity participants shall apply a
default value of 1.3 t CO2eq / MWh.?°

106. Where case 2 applies, activity participants shall apply one of the following default

emission factors and justify the choice in the PDD or CP-DD, or monitoring reports, as
applicable:

(a) 0.2 tCO2eq/ MWh if there is high confidence that the share of electricity
generation from renewable energy (including solar and wind) and nuclear energy
in the electricity system is less than 33 per cent in the period for which the emission
factor is determined;%° or

(b) Otherwise 0.1t COzeq / MWh if there is high confidence that the share of electricity
generation from renewable energy (including solar and wind) and nuclear energy
in the electricity systems is less than 67 per cent in the period for which the
emission factor is determined;*' or

(c) Otherwise 0.03 t CO.eq / MWh .32

107. For determining the emission factor applied under case 1, the data used to identify the

share of electricity generation from renewable energy (excluding solar and wind) and
nuclear energy in the electricity system may be determined either ex-ante, based on the
average data from the most recent three years at the time of submission, or ex-post for
period t for which the emission factor is determined. For case 2, the share of renewable
and nuclear energy (including solar and wind) in the electricity system shall be determined
ex-post for period t for which the emission factor is determined.

108. Under option B, uncertainty associated with the emission factor is already addressed

through the use of these conservative values and does not need to be considered in
calculating the combined uncertainty in section 5.11.

28

29

30

31

32

This value represents a conservative (i.e. higher end) value for the emission intensity of coal power
generation (see Table 3).

Where case 1 applies and the electricity generation source is intermittent, or the electricity consumption
source depends on intermittent generation, the default values in paragraph 106 are not necessarily
conservative. This is illustrated through the following example: an electricity system consists of 40 per
cent hydro power, 10 per cent wind power, and 50 per cent coal power generation. A hydrogen production
plant mainly uses electricity from a dedicated wind power plant and complements this by electricity
generation from the electricity system when wind power is not available. In this configuration it is likely
that the electricity consumed mostly stems from coal power generation. However, the applicable
emission factor of 0.87 t CO2eq / MWh is calculated based on the assumption that at least one third of
the electricity consumed is from renewable or nuclear power plants and may not be conservative if all
electricity is consumed from coal power plants. Therefore, a conservative value of 1.3 t CO2eq/ MWh is
used in this case under Option B.

Calculated as 0.3 t COz2eq / MWh x 2/3. The value of 0.3 t CO2eq / MWh represents a conservative (i.e.
lower end) value for the CO2 emissions intensity of a natural gas power plant (see Table 3).

Calculated as 0.3 t COz2eq / MWh x 1/3.

This value is based on upstream emissions from solar PV power plants as reported in Life Cycle
Greenhouse Gas Emissions from Concentrating Solar Power, published by the National Renewable
Energy Laboratory (NREL).
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5.8.

109.

110.

5.8.1.

111.

112.

Step 8: Determine the emission factor for electricity sourced from captive
fossil fuel power plant(s), where applicable

This step is applicable if step 6 confirms that the emission factor for electricity sourced
from captive fossil fuel power plant(s) shall be used.

Activity participants shall determine the emission factor for electricity sourced from captive
fossil fuel power plant(s) by choosing one of the following two options and shall document
their choice in the PDD or CP-DD:

(a) Option A: calculate the actual emission factor of the fossil fuel fired captive power
plant(s), as set out in section 5.8.1; or

(b) Option B: use a conservative default emission factor, as set out in section 5.8.2.

Option A: Calculate the actual emission factor of the fossil fuel fired captive power
plant(s)

The emission factor for electricity generation shall be determined based on the CO2
emissions from fuel combustion and the electricity generation of the fossil-fuel fired captive
power plant(s) identified in step 2. In the case of plants that co-generate heat and power
(cogeneration plants), activity participants may:

(a) Ignore, as a conservative assumption, the heat generation for activities under
case 1; or

(b) Allocate the emissions of the fossil fuel fired captive power plant to heat and power
by assuming that, in the absence of cogeneration, the heat would be generated in
a boiler using the same type(s) of fossil fuel as those used in the captive power
plant(s). This option requires determining the quantity of heat generated by the
captive power plant(s).

Where none of the fossil-fuel fired captive power plants is a cogeneration plant, or where
heat generation is ignored in accordance with the conditions outlined in paragraph 111,
the emission factor of the captive power plant(s) shall be calculated as follows:

Zi FCi,p,t X NCVl"t X EFCOZ,i,t Equation (14)
EFBE/PE/LE,p,t =
EGy,
Where:
EFgg/pE/LEpt = Emission factor of captive power plant p in the period t (t CO2eq / MWh)
FCipt = Quantity of fossil fuel type i fired in captive power plant p in period ¢
(mass or volume unit)
NCV;, = Average net calorific value of fossil fuel type i used in period t
(GJ / mass or volume unit)
EFcozit = Average CO2 emission factor of fossil fuel type i used in period ¢
(t CO2eq/ GJ)
EG,: = Quantity of electricity generated in captive power plant p in period t
(MWh)
p = Fossil fuel fired captive power plants identified in step 2
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t = Period for which the emission factor for electricity generation is
determined (see paragraph 114)
113. In other cases, the CO, emission factor for electricity generation shall be calculated by

114.

115.

allocating fuel consumption between electricity and heat generation, as follows:

HG,; Equation (15)
[Zi(FCp0 X NCVi) = 2225 x EFon
EFBE/PE/LEp t = fodter
o EGy:
Where:

EFgg pE/LE yt = Emission factor of captive power plant p in period t (t CO2eq / MWh)

FCip: = Quantity of fossil fuel type i fired in captive power plant p in the period ¢
(mass or volume unit)

NCV;, = Average net calorific value of fossil fuel type i used in period t
(GJ / mass or volume unit)

HG,, = Quantity of heat co-generated by captive power plant p in the period t
(GJ)

Npoiler = Efficiency of the boiler assumed to generate heat in the absence of
cogeneration

EFcozpe = Average CO:2 emission factor of fossil fuels fired in captive power plant p
in period t (t CO2/ GJ)

EGy,, = Quantity of electricity generated by captive power plant p in period ¢
(MWh)

p = Fossil fuel fired captive power plants identified in step 2

= Period for which the emission factor for electricity generation is
determined (see paragraph 114)

The period t shall correspond to:
(a) The monitored period (e.g., the year y) for:

(i) Determining project and leakage emissions of electricity consumption
source S; or

(i)  Determining baseline emissions where existing or new captive power
plant(s) are operated at the site of the electricity generation or consumption
source s during the monitored period; or

(iii) The most recent three historical years prior to the implementation of the
Article 6.4 project or CP for determining baseline emissions where no captive
power plant is operated at the site of the electricity generation or
consumption source s during the monitored period.

The average CO2 emission factor of the fossil fuels fired in fossil-fuel fired captive power
plant p (EFcozp,) shall be determined as follows:

(a) Where a fossil-fuel fired captive power plant has used only a single fuel type since
the start of operation (except for a small amount of start-up fuel), use the CO
emission factor of that fuel type (i.e., EFcozp, = EFco2,); or
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(b) Where a fossil-fuel fired captive power plant has used multiple fuel types since the
start of operation, apply one of the following options:

(i) For case 1, use the fuel type with the highest CO, emission factor (EFco2,i:)
among the fuel types from the start of the operation of the Article 6.4 project
or CP to the end of the monitored period in question;

(i) For case 2, use the fuel type with the lowest CO» emission factor (EFco2,it)
among the fuel types from the start of the operation of the Article 6.4 project
or CP to the end of the monitored period in question, or where the fossil-fuel
fired captive power plant would only operate in the baseline scenario, use
the fuel type with the lowest CO; emission factor among the fuel types used
in the most recent three years prior to the implementation of the Article 6.4
project or CP; or

(c) Calculate an average CO-, emission factor for period f, provided that the decision
on the fuel mix is outside the control of the activity participants (e.g., for leakage
electricity consumers, or where the fuel mix is fixed by regulation or determined by
a centralized dispatch authority), as follows:

2iFCipe X NCVie X EFcopit Equation (16)

EFcoz,p,t =

2iFCpie X NCVi¢

Where:

EFcozpe = Average CO2 emission factor of the fossil fuels fired in captive power

plant p in period t (t CO2/ GJ)

FCip: = Quantity of fossil fuel type i fired in captive power plant p in period t

(mass or volume unit)
NCV;, = Average net calorific value of fossil fuel type i used in period t
(GJ / mass or volume unit)
EFcozit = COz2 emission factor of fossil fuel type i used in period t (t CO2/ GJ)
i = Fossil fuel types fired in captive power plant p in period ¢
D = Fossil fuel fired captive power plants identified in step 2
t = Period for which the emission factor for electricity generation is
determined (see paragraph 114)

(d) Calculate the average CO, emission factor, in accordance with equation (14), for
(a) the most recent three years prior to the implementation of the activity and (b)
the monitored period in question, and activity participants shall use the higher value
for case 1 and lower value for case 2.

116. The selected approach shall be documented in the PDD or CP-DD and shall not be

117.

changed during the crediting period.

Under option A, uncertainty associated with the emission factor shall be addressed in
accordance with the requirements in section 5.11.
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5.8.2.
118.

119.

5.9.

120.

121.

Option B: Use a conservative default emission factor

The default values provided in table 3 in section 5.7.1.1.3 shall be applied for each
specified type of fossil fuel-based power plant. Where multiple fossil fuel types are
consumed, or where the fuel type cannot be determined, the higher emission factor shall
be used for case 1 and the lower emission factor shall be used for case 2.

Under option B, uncertainty associated with the emission factor dees—is already
addressed through the use of these conservative values and does not need to be
considered in calculating the combined uncertainty in section 5.11.

Step 9. Determine the transmission and distribution losses from the
electricity system, where applicable

This step is only applicable where scenario A or scenario C applies and where electricity
is consumed from the project electricity system in the activity scenario and/or the baseline
scenario. This step is not applicable where electricity is supplied to the project electricity
system in the activity scenario and/or baseline scenario.

Activity participants shall determine transmission and distribution losses from the
electricity system using one of the following two options:

(a) Option 1. determine the transmission and distribution losses for the specific
circumstances of the Article 6.4 project or CP, taking into account the relevant
parameters such as the geographical region and the voltage level at which
electricity is consumed from the electricity system, based on transmission and
distribution loss data from sources such as electricity wholesale or retail
companies. This option may be applied either (i) ex-post for the calendar year for
which emission reductions are determined, or (ii) ex-ante for the crediting period,
using average transmission and distribution losses from the most recent three
years for which data are available at the time of submission to the DOE for
validation of the PDD or CP-DD. The following conditions apply:

(i) For case 1, the data used may include or exclude losses from electricity
pilferage. Accordingly, data may be used even if no information is available
on whether losses from electricity pilferage are included; and

(i)  For case 2, the data shall include physical losses only and shall exclude any
losses from electricity pilferage; or

(b) Option 2: apply the appropriate default value from Table 6 for transmission and
distribution losses, based on the voltage level at which electricity is consumed and
depending on whether case 1 or case 2 applies.

Table 6. Default transmission and distribution losses by voltage level and case
Vol_tage level at whlch_e_lectrlmty is Voltage range Case 1 Case 2
delivered to the electricity consumption 33

(kV) (per cent) (per cent)
source s
High and extra high voltage (HV) >35 7 2
Medium voltage (MV) <35and>1 11 4

33 Source: IEC 60038:2009 - IEC standard voltages.
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Voltage level at which electricity is

- g . Voltage range Case 1 Case 2
delivered to the electricity consumption 33
source s (kV) (per cent) (per cent)
Low and extra low voltage (LV) <1 16 8

5.10. Step 10. Determine the emissions from electricity generation and/or
consumption

122. Baseline, activity and/or leakage emissions from generation and/or consumption shall be
calculated based on the quantity of electricity generation and/or consumption, the
applicable emission factor for electricity generation or consumption, and, where relevant,
a factor to account for transmission and distribution losses, as follows:

(a) Annual determination: where electricity generation and/or consumption and
emission factors are determined on an annual basis for each calendar year y of
the crediting period, emissions shall be calculated as follows:

Equation (17
BEgg,y = Z EGsy X EFgg pLs,y d (17)
S

1 Equation (18)

BEEC,y = Z ECS,y X EFEC,BL,S,_’Y X 1 — F
< TDL,s,y

Equation (19
AEEG,y == Z EGS,y X EFEG,P],s,y q ( )
s

1 Equation (20)

AEEC,y = 2 ECS,y X EFEC,P],S,y X —1 — F
3 TDL,s,y

Equation (21
LEgGpLy = § EGsy X EFggpLs,y . 1)
S

1 Equation (22)
LEgcpLy = E ECsy X EFgcpyLsy X 1—F
- TDLS,y

Equation (23
LEEG,P],y = Z EGs,y X EFEG,P],s,y a (23)
s

1 Equation (24)

LEEC,P],y == Z ECS,y X EFEC,P],S,y X —1 — F
3 TDL,s,y
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Where:
BEgg, = Baseline emissions from electricity generation in year y (t CO2)
BEgc,, = Baseline emissions from electricity consumption in year y (t CO2)
AEgg = Activity emissions from electricity generation in year y (t CO2)
AEgc,, = Activity emissions from electricity consumption in year y (t COz2)
LEgG g1y = Leakage emissions from electricity generation in the baseline scenario in
year y (t CO2)
LEgc gLy = Leakage emissions from electricity consumption in the baseline scenario
in year y (t CO2)
LEgG pry = Leakage emissions from electricity generation in the activity scenario in
year y (t COz2)
LEgcp;y = Leakage emissions from electricity consumption in the activity-scenario in
year y (t CO2)
EGs,, = Electricity generation by the electricity generation source s in year y
(MWh)
ECs, = Electricity consumption by the electricity consumption source s in year y
(MWh)
EFgc pLsy = Emission factor for electricity generation by electricity generation
source s in the baseline scenario in (case 2) year y (t CO2 / MWh)
EFgcprsy = Emission factor for electricity consumption by electricity consumption
source s in the baseline scenario in (case 2) year y (t CO2 / MWh)
EFgprsy = Emission factor for electricity generation by electricity generation
source s in the activity scenario in (case 1) year y (t CO2 / MWh)
EFgcpysy = Emission factor for electricity consumption by electricity consumption
source s in the activity scenario in (case 1) year y (t CO2 / MWh)
FroLsy = Factor to account for transmission and distribution losses applicable to
electricity generation or consumption source s in year y
s = Relevant electricity generation or consumption sources
(b) Hourly determination: where electricity generation and/or consumption and

emission factors are determined on an hourly basis for each hour h of the calendar
year y of the crediting period, emissions shall be calculated as follows:

8,760 Equation (25)
BEggy =) ) EGonX EFggpmn
s h=1
8,760 1 Equation (26)

BEgcy = Z Z ECsn X EFgcpLsn | X 1= Frpiey
h=1 4

N

8,760 Equation (27)
AEggy = z Z EGspn X EFggpysh
h=1

N
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8,760 1 Equation (28)
AEgc,y = Z Z ECspn X EFgcpysn | X 1T—F
3 h=1 TDL,s,y
8,760 Equation (29)
LEgGBLy = z z EGgp X EFgg rsh
s h=1
8,760 1 Equation (30)
LEgcpLy = 2 Z ECsn X EFgcpiprsh | X 1T—F
=\ &= TDL,s,y
8,760 Equation (31)
LEgGp)y = Z Z EGgn X EFggpysh
s h=1
8,760 1 Equation (32)
LEgcpyy = 2 2 ECsn X EFgcpysn | X 1T—F
=\ &= TDL,S,y
Where:
BEgg,, = Baseline emissions from electricity generation in year y (t CO2)
BEgc, = Baseline emissions from electricity consumption in year y (t CO2)
AEgg, = Activity emissions from electricity generation in year y (t COz2)
AEgc,, = Activity emissions from electricity consumption in year y (t CO2)
LEgG gLy = Leakage emissions from electricity generation in the baseline scenario
in year y (t CO2)
LEgc gLy = Leakage emissions from electricity consumption in the baseline
scenario in year y (t COz2)
LEgGp)y = Leakage emissions from electricity generation in the activity scenario
in year y (t CO2)
LEgc pyy = Leakage emissions from electricity consumption in the activity scenario
in year y (t CO2)
EG, = Electricity generated by the electricity generation source s in hour h
(MWh)
ECsp = Electricity consumed by the electricity consumption source s in hour h
(MWh)
EF6 gL s = Emission factor for electricity generated by the electricity generation
source s in the baseline scenario in hour h (t CO, / MWh)
EFgcpLsh = Emission factor for electricity consumed by the electricity consumption

source s in the baseline scenario in hour h (t CO, / MWh)
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EFgcprsn = Emission factor for electricity generated by the electricity generation
source s in the activity scenario in hour h (t CO, / MWh)

EFgcpysn = Emission factor for electricity consumed by the electricity consumption
source s in the activity scenario in hour h (t CO, / MWh)

FrpLsy = Factor accounting for transmission and distribution losses applicable to
sources s in year y

s = Relevant electricity generation or consumption sources

h = All hours within the calendar year y

y = Calendar year of the crediting period for which emission reductions are

determined

5.11. Uncertainty determination

123.

124.

125.

Activity participants shall determine the uncertainty of the emissions or emission factors
from electricity generation and/or consumption, unless otherwise specified by the
mechanism methodology referring to this tool. The determined uncertainty shall then be
used in the calculations, as specified by the mechanism methodology.

The uncertainty shall be determined by considering the uncertainty associated with the
methods, assumptions, data, and measurements used, following the guidance of
Volume 1, Chapter 3 of the 2019 Refinement of the 2006 IPCC Guidelines. The
uncertainty shall be expressed as the standard error of the mean and incorporated into
the uncertainty calculations as specified by the mechanism methodology. For both case 1
and case 2, the upper and the lower bound of the uncertainty at a 95 per cent confidence
interval shall be specified.

Specifically, the following sources of uncertainty shall be considered in the quantification
of uncertainty:

(a) Uncertainty of input data, including the uncertainty associated with
measurements or default values (unless the default values explicitly represent
conservative default values) used in the calculations. Such data include:

(i) Data related to power units in the electricity system and/or fossil-fuel fired
captive power plants, such as the amount of fuel consumed, net calorific
values, emission factors of fuels, electricity generation, and conversion
efficiency of power plants;

(i)  Data used to determine transmission and distribution losses, such as total
electricity generation and consumption within the electricity system; and

(iii) Measurements of electricity generation and/or consumption by equipment
operated under the activity scenario or in the baseline scenario; and

(b) Uncertainty associated with methods and assumptions, including the
weighting of the OM and BM in determining the CM emission factor, as specified
in this methodological tool. This includes uncertainties associated with the specific
methods chosen to determine the OM and BM emission factors (dispatch data OM,
simple OM, simple adjusted OM, average OM and BM), as well as the uncertainty
associated with the weighting used to combine them into a single CM emission
factor, as detailed in 5.7.1.2, 5.7.1.3 and 5.7.1.4 (sub-step c).

42 of 63



A6.4-AMT-007
Methodological tool: Emissions from electricity generation and consumption
Version 02.0

126.

127.

128.

When applying conservative default values provided in this tool (i.e., values that are
explicitly specified as conservative and for which no uncertainty range is indicated,
including conservative default values based on IPCC data that are set at the upper or
lower bound of the uncertainty range at a 95 per cent confidence interval), no further
uncertainty analysis for these specific values is required. Accordingly, these values shall
not be considered to contribute to uncertainty in the quantification of overall emission
reductions.

Monitoring methodology

Some parameters listed in this section shall either be monitored continuously during the
crediting period or calculated only once for the crediting period, depending on the data
vintage selected. This shall be done in accordance with the methodological approaches
set out in section 5, and with the guidance on measurement and updating frequency
and additional comments provided in this section, including the relevant
data/parameter tables, as applicable.

The calculation of the OM and BM emission factors shall be documented electronically in
a spreadsheet that shall be attached to the PDD or CP-DD and, where applicable, to
monitoring reports. All data shall be presented in a manner that enables reproduction of
the calculation of the OM and BM emission factors. This shall include all data used to
calculate the emission factors, including:

(a) The following information for each power plant or power unit:

(i) Information to clearly identify the plant;

(i)  The date of commissioning;

(i) Installed capacity (MW);

(iv) Fuel type(s) used;

(v) The quantity of net electricity generation in the relevant year(s);

(vi) Where applicable, the fuel consumption of each fuel type in the relevant
period(s);

(vii) Where the simple OM or simple adjusted OM is applied, an indication of
whether the plant or unit is designated as must-run plant;

(viii) Net calorific values used;

(ix) CO2 emission factors used;
(x) Plant efficiencies used,;
(

xi) Identification of the power plants or units included in the BM and OM during
the relevant period(s).

(b) Where the simple OM or simple adjusted OM is applied, the hours during which
renewable electricity generation in the electricity system is curtailed because
available output exceeded what the electricity system could absorb and/or the
project electricity system operates solely based on renewable, nuclear, and/or
storage power units, as applicable; and
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129.

(c) Where the dispatch data OM is applied, for each hour h in which the Article 6.4
project or CP displaces electricity in, or consumes electricity from, the electricity

system:

(i)  The dispatch order of all power plants connected to the electricity system;

(i)  The total electricity generation of the electricity system;

(i)  The quantity of electricity displaced or consumed by the Article 6.4 project or

CP.

(d) Identification of the power plants operating at the margin and, for each such plant,
information on electricity generation and, where hourly fuel consumption data are
available, the types and quantities of fuels consumed during that hour.

The period for aggregating the amount of electricity generation or consumption shall align
with the period used to determine the emission factor.

Data / Parameter table 1.

Data/parameter EG,, ; EGgsp

Description EG,,: Electricity generated by the electricity generation source s
in year y
EG,: Electricity generated by the electricity generation source s
in hour h

Data unit EGg,: MWh in year y

EGgp: MWh in hour h

Equations referred

Purpose of data

X] Baseline Scenario  [X] Activity X Leakage
Scenario

Measurement and
updating frequency

EG,,: Continuous measurement and at least monthly recording
EG,y: Continuous measurement and at least hourly recording

Measurement methods
and procedures

Direct measurement or calculation based on measurements from
more than one electricity meter

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of Electricity-meter(s)
instrument
Accuracy class If electricity meters are regulated: in

accordance with the specifications of the
meter supplier and/or with the requirements
set by the operators of the electricity system
or national requirements.

If electricity meters are not regulated: at least

accuracy class 0.5, or in accordance with the

specifications of the meter supplier or national
requirements
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Calibration
requirements

If electricity meters are regulated: in
accordance with national standards or
requirements set by the meter supplier or by
the operators of the electricity system,
including the frequency of calibration.

If electricity meters are not regulated: every
three years or in accordance with national
standards or requirements set by the meter
supplier, including the frequency of calibration

Location Scenario A and C: electricity system interface,

where applicable,

Scenario B and C: entrance to the electricity
consuming facility, where applicable

QA/QC procedures

In cases where electricity meters are regulated (e.g., the electricity
is supplied by the electricity system — scenario A), the electricity
meter shall be subject to regular maintenance and testing in
accordance with the stipulation of the meter supplier and/or with
the requirements set by the operators of the electricity system or
national requirements.

In cases where electricity meters are not regulated (e.g., electricity
is supplied by fossil-fuel fired captive power plants — scenario B),
the electricity meter shall be subject to regular maintenance and
testing in accordance with the stipulation of the meter supplier or
national requirements.

The electricity generation (gross or net) shall be cross-checked
with records of electricity sale (e.g., sales receipts)

Treatment of
uncertainties

Uncertainties are determined based on the measuring instruments

Additional comment

If the electricity is exported to the electricity system using a one-
way electricity meter, EGs, and EG; are calculated as the
difference between (a) the quantity of electricity supplied by the
activity power plant/unit to the electricity system and (b) the
quantity of electricity consumed by the activity power plant/unit
from the electricity system

Data / Parameter table 2.

Data/parameter ECs, ; ECsp

Description ECj,: Electricity consumed by the electricity consumption
source s in year y
EC,,: Electricity consumed by the electricity consumption
source s in hour h

Data unit ECgy: MWh in year y

ECgp: MWh in hour h

Equations referred

Purpose of data

X Activity
Scenario

X] Baseline Scenario X Leakage

Measurement and
updating frequency

EC,: Continuous measurement and at least monthly recording
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EC;: Continuous measurement and at least hourly recording

Measurement methods
and procedures

Direct measurement or calculation based on measurements from
more than one electricity meter

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of Electricity-meter(s)
instrument

Accuracy class | If electricity meters are regulated: in accordance
with the specifications of the meter supplier
and/or with the requirements set by the
operators of the electricity system or national
requirements.

If electricity meters are not regulated: at least

accuracy class 0.5, or in accordance with the

specifications of the meter supplier or national
requirements

Calibration If electricity meters are regulated: in accordance
requirements with national standards or requirements set by
the meter supplier or by the operators of the
electricity system, including the frequency of
calibration.

If electricity meters are not regulated: every
three years or in accordance with national
standards or requirements set by the meter
supplier, including the frequency of calibration

Location Scenario A and C: electricity system interface,
where applicable,

Scenario B and C: entrance to the electricity
consuming facility, where applicable

QA/QC procedures

In cases where electricity meters are regulated (e.g., the
electricity is supplied by the electricity system — scenario A), the
electricity meter shall be subject to regular maintenance and
testing in accordance with the stipulation of the meter supplier
and/or with the requirements set by the operators of the electricity
system or national requirements.

In cases where electricity meters are not regulated (e.g., the
electricity is supplied by fossil-fuel fired captive power plants —
scenario B), the electricity meter shall be subject to regular
maintenance and testing in accordance with the specifications of
the meter supplier or national requirements.

The electricity consumption shall be cross-checked with records
of electricity purchased (e.g., purchase receipts)

Treatment of
uncertainties

Uncertainties are determined based on the measuring instruments

Additional comment

Data / Parameter table 3.

Data/parameter

FCi,p,t ;FCi,p,h

46 of 63




A6.4-AMT-007
Methodological tool: Emissions from electricity generation and consumption

Version 02.0
Description FC;p,.: Amount of fuel type i consumed by power unit p in period ¢
FC;,,: Amount of fuel type i consumed by power unit p in hour h
Data unit FC;,,: Mass or volume unit at reference conditions®* in period t

FC;, »: Mass or volume unit at reference conditions3* in hour h

Equations referred

Purpose of data

X Activity
Scenario

X] Baseline Scenario X Leakage

Measurement and
updating frequency

FC;,,: Continuous measurement and at least monthly recording
FC;,,: Continuous measurement and at least hourly recording

Measurement methods
and procedures

Use either mass or volume meters.

In cases where fuel is supplied from small daily tanks, rulers can
be used to determine mass or volume of the fuel consumed, with
the following conditions: the ruler gauge must be part of the daily
tank, be calibrated at least once a year, and have a control logbook
for recording the measurements (on a daily basis or per shift).

Accessories such as transducers, sonar, and piezoelectronic
devices are accepted if they are properly calibrated with the ruler
gauge and subject to reasonable maintenance. In the case of using
daily tanks with pre-heaters for heavy oil, calibration shall be
performed with the system at typical operational conditions

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of
instrument

Mass or volume meters, ruler gauge (that is part
of daily tanks), transducers, sonar and
piezoelectronic devices

Accuracy class | N/A

Calibration Ruler gauge: at least once a year.

requirements | Transducers, sonar and piezoelectronic devices:
calibrated with the ruler gauge and subject to
reasonable maintenance

Location N/A

QA/QC procedures

The consistency of metered fuel consumption quantities should be
cross-checked annually using an energy balance on purchased
quantities and stock changes.

Where purchased fuel invoices can be identified specifically for the
Article 6.4 project or CP, the metered fuel consumption quantities
should also be cross-checked with available purchase invoices
from financial records

Treatment of
uncertainties

Uncertainties are determined based on the measuring instruments

Additional comment

Article 6.4 projects or CPs that face data gaps due to meter failure
or other unforeseen reasons may estimate the quantity of fuel

34 Conditions defined as 0°C (273.15 K, 32°F) and 1 atm (101.325 kN/m2, 101.325 kPa, 14.69 psia, 29.92
in Hg, 760 torr).
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using the following option, provided that the gap period does not
exceed 30 consecutive days within six consecutive months:

The purchased fuel or energy invoices/bills, where the purchased
fuel can be identified specifically for the Article 6.4 project or CP.

For Article 6.4 activities under scenario A or scenario C, this
parameter needs to be updated at the renewal of the crediting
period if activity participants choose to determine the OM or BM
ex-ante.

Data / Parameter table 4.

Data/parameter NCV;,
Description Net calorific value of the fuel type i in period t
Data unit GJ/mass unit or GJ/volume unit

Equations referred

Purpose of data

X Activity
Scenario

X] Baseline Scenario X Leakage

Measurement and
updating frequency

Option 1: At each fuel delivery;
Option 2: At each fuel delivery;

Option 3: Annually;
Option 4: Update based on future revisions of the IPCC Guidelines

Measurement methods
and procedures

Option 1: Values provided by the fuel supplier (preferred source),
in line with national or international fuel standards;

Option 2: Measurements by activity participants undertaken in line
with national or international fuel standards (if supplier-provided
values provided are not available);

Option 3: Regional or national default values (if supplier-provided
values are not available and only for liquid fuels). Values shall be
reviewed annually;

Option 4: Upper bound for case 1 and lower bound for case 2, at a
95 per cent confidence interval, from IPCC default values provided
in Table 1.2 of Chapter 1 of Vol. 2 (Energy) of the 2019 Refinement
to the 2006 IPCC Guidelines on National GHG Inventories (if
supplier-provided values are not available). Update based on
future revisions of the IPCC Guidelines

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of N/A
instrument

Accuracy class | N/A
Calibration N/A
requirements
Location N/A

QA/QC procedures

The laboratories in option 1 or option 2 shall have ISO17025
accreditation or shall justify compliance with equivalent quality
standards
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Treatment of
uncertainties

Verify whether the values under options 1, 2 and 3 fall within the
uncertainty range of the IPCC default values as provided in Table
1.2, Vol. 2 of the 2019 Refinement to the 2006 IPCC Guidelines. If
the values fall outside of this range, collect additional information
from the testing laboratory to justify the outcome or conduct
additional measurements

Additional comment

For Article 6.4 activities under scenario A or scenario C, this
parameter shall be updated in accordance with the provisions in
section 5.7.1.2 at the renewal of the crediting period if activity
participants choose to determine the OM emission factor ex-ante

Data / Parameter table 5.

Data/parameter EFco2i:
Description CO2 emission factor of fuel type i in period ¢
Data unit t CO2/GJ

Equations referred

Purpose of data

X Baseline Scenario  [X] Activity Scenario [X] Leakage

Measurement and
updating frequency

Option 1: At each fuel delivery;
Option 2: At each fuel delivery;

Option 3: Annually;

Option 4: Updated based on future revisions of the IPCC
Guidelines

Measurement methods
and procedures

Option 1: Values provided by the fuel supplier (preferred source), in
line with national or international fuel standards;

Option 2: Measurements by activity participants undertaken in line
with national or international fuel standards (if supplier-provided
values are not available);

Option 3: Regional or national default values (if supplier-provided
values are not available and only for liquid fuels). Values shall be
reviewed annually;

Option 4: Upper bound for case 1 and lower bound for case 2, at a
95 per cent confidence interval, from IPCC default values provided
in the 2019 Refinement to the 2006 IPCC Guidelines on National
GHG Inventories (if supplier-provided values are not available).
Update based on future revisions of the IPCC Guidelines

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of N/A
instrument

Accuracy class | N/A
Calibration N/A
requirements
Location N/A

QA/QC procedures

Laboratories in Options 1 and 2 shall have ISO17025 accreditation,
or justify compliance with equivalent quality standards
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Treatment of
uncertainties

Verify whether the values under options 1, 2, and 3 fall within the
uncertainty range of the IPCC default values as provided in table
1.2, Vol. 2 of the 2019 Refinement to the 2006 IPCC Guidelines. If
the values fall outside of this range, collect additional information
from the testing laboratory to justify the outcome or conduct
additional measurements

Additional comment

For option 1, if the fuel supplier provides both the NCV and CO:
emission factor on the invoice and these values are based on
measurements for the specific fuel delivered, the provided CO2
emission factor shall be used. If another source is used for the CO2
emission factor, or no CO2 emission factor is provided, Options 2,
3, or 4 shall be used.

For Article 6.4 activities under scenario A or scenario C, this
parameter shall be updated in accordance with the provisions in
section 5.7.1.2 at the renewal of the crediting period if activity
participants choose to determine the OM emission factor ex-ante

Data / Parameter table 6.

Data/parameter

EG,,, EG,;

Description

EG,,: Net quantity of electricity generated and delivered to the
electricity system by power plant p in period ¢ or, where
applicable, the quantity of electricity generated by fossil-fuel fired
captive power plant p in period t.

EG, ,: Net quantity of electricity generated and delivered to the
electricity system by power plant p in hour h or, where applicable,
the quantity of electricity generated in fossil-fuel fired captive
power plant p in hour h

Data unit

EG,.: MWh in period ¢
EG,: MWh in hour h

Equations referred

Purpose of data

X Activity
Scenario

[X] Baseline Scenario X] Leakage

Measurement and
updating frequency

EG,,: Continuous measurement and at least monthly recording
EG, ;: Continuous measurement and at least hourly recording

Measurement methods
and procedures

Direct measurement or calculation based on measurements from
more than one electricity meter

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of Electricity-meter(s)

instrument

Accuracy At least accuracy class 0.5, or in accordance with

class the specifications of the meter supplier or
national requirements

Calibration Every three years or in accordance with national

requirements | standards or requirements set by the meter
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supplier, including the required calibration
frequency

Location Entrance of the captive consumer, where

applicable

QA/QC procedures

The electricity meter shall be subject to regular maintenance and
testing in accordance with the stipulation of the meter supplier or
national requirements.

The electricity generation (gross or net) shall be cross-checked
with records of electricity sale (e.g., sales receipts)

Treatment of uncertainty

Uncertainties are determined based on the measuring instruments

Additional comment

For Article 6.4 activities under scenario A or scenario C, this
parameter shall be updated in accordance with the provisions in
section 5.7.1.2 at the renewal of the crediting period if activity
participants choose to determine the OM emission factor ex-ante

Data / Parameter table 7.

Data/parameter HG,,
Description Quantity of heat co-generated by fossil-fuel fired captive power
plant p in the period t
Data unit GJ in period t
Equations referred
Purpose of data [X] Baseline Scenario  [X] Activity X Leakage
Scenario

Measurement and
updating frequency

Continuous measurement, aggregated at least annually

Measurement methods
and procedures

Determined as the difference between the enthalpy of the steam
or hot water generated and the enthalpy of the feedwater and any
condensate return. The respective enthalpies shall be determined
based on the mass (or volume) flows, the temperatures, and, in
case of superheated steam, the pressure.

Steam tables or appropriate thermodynamic equations may be
used to calculate the enthalpy as a function of temperature and
pressure

Entity/person
responsible for the
measurement

Activity participants

Measuring instrument(s)

Type of N/A
instrument
Accuracy N/A
class

Calibration N/A
requirements
Location N/A

QA/QC procedures

Cross-check measurement results with records for sold heat and
other relevant energy measurements, where applicable
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Treatment of uncertainty

Uncertainties are determined based on the measuring instruments

Additional comment

Data / Parameter table 8.

Data/parameter Nboiler

Description Efficiency of the boiler in which heat is assumed to be generated in
the absence of a fossil-fuel fired captive cogeneration plant

Data unit Per cent

Equations referred

Purpose of data

X Activity
Scenario

X] Baseline Scenario X] Leakage

Measurement and
updating frequency

If option 1 below is chosen: once at the start of the Article 6.4
project or CP.

If option 2 below is chosen: not applicable

Measurement methods
and procedures

Option 1: Measurement of the efficiency where a heat-only boiler is
installed and operated at the site of the fossil-fuel fired captive
power plant(s), using relevant national or international standards;
or

Option 2: Assume a default value of 100 per cent for case 1 and
60 per cent for case 2

Entity/person
responsible for the
measurement

If option 1 is chosen: activity participants.
If option 2 is chosen: not applicable

Measuring instrument(s)

Type of instrument | N/A
Accuracy class N/A
Calibration N/A
requirements

Location N/A

QA/QC procedures

Treatment of uncertainty

If option 1 is chosen: Uncertainties shall be determined based on
the measuring instruments.

If option 2 is chosen: Not applicable

Additional comment

Data / Parameter table 9.

Data/parameter Mpe

Description Average net energy conversion efficiency of power unit p in the
project electricity system in period ¢

Data unit Per cent

Equations referred

Purpose of data

X Activity
Scenario

X] Baseline Scenario X] Leakage
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Measurement and
updating frequency

Once for the crediting period

Measurement methods
and procedures

Option 1: Documented manufacturer’s specifications provided that
the efficiency of the plant is not significantly increased through
retrofits or rehabilitations); or

Option 2: For power plants connected to the electricity system:
data from the utility, the dispatch centre, or official records,
provided that such data can be deemed reliable; or

Option 3: Use the following default values:

Fuel type Case 1 (per cent) Case 2 (per cent)
Coal 30 45
Oil 30 50
Natural gas 30 65
Entity/person Activity participants
responsible for the
measurement
Measuring instrument(s) | Type of N/A
instrument
Accuracy class N/A
Calibration N/A
requirements
Location N/A
QA/QC procedures N/A
Treatment of N/A
uncertainties
Additional comment -
Data / Parameter table 10.
Data/parameter FrpLsy
Description Factor to account for transmission and distribution losses
applicable to the electricity generation or consumption source s in
year y
Data unit Per cent

Equations referred

Purpose of data

X1 Activity
Scenario

[X] Baseline Scenario X] Leakage

Measurement and
updating frequency

If option 1 below is chosen: once at the start of the Article 6.4
project or CP or updated annually.

If option 2 below is chosen: not applicable

Measurement methods
and procedures

Option 1: Data sourced from electricity wholesale or retail
companies, including data on transmission and distribution losses
for different voltage levels;

Option 2: Default values provided in the methodological tool
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Entity/person If option 1 is chosen: Electricity wholesale or retail companies.
responsible for the If option 2 is chosen: N/A
measurement

Measuring instrument(s)

Type of N/A
instrument
Accuracy N/A
class

Calibration N/A
requirements
Location N/A

QA/QC procedures

Treatment of uncertainty

If option 1 is chosen: Uncertainty values, where available, as
provided by the electricity wholesale or retail companies;

If option 2 is chosen: not applicable

Additional comment

If option 1 is chosen: for case 1, the data used may include or
exclude losses from electricity pilferage; for case 2, the data shall
only be used if it includes only physical losses and excludes any
losses from electricity pilferage
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Appendix 1. Flowcharts illustrating the application of the
methodological steps to scenarios A, B and C
as described in section 5.2

Figure 1. Flowchart to calculate the emissions from electricity consumption and/or generation
for energy sources falling under scenario A

STEP 2
Determine for each source STEP 4
= whether the eleciricity is Determine whether STERS
consumed from or fed info

STEP1 STEP 3

Identity all relevant Identify the relevant

B lectricity system, or Par?
electricity generation and e p b electricity systemi(s), — -
ST EET whether it is consumed B emissions from electricity

from or avoids power generation or consumption
generation by captive is more conservative
power plant(s)

SCENARIO A Identty the elecricity Case 1: PE. , PEcc, .
system LEcq pyyand LEzpy

applying a higher or a

lower value for the Determine the amount of

electricity generation or

STEP 10 STEP 9 STEP & STEPT W
— Determine the Determine the emission
fgﬁegl“;:;x;:&:f'm transmission and factor for electricity Dy ine fhe emission e o SLE:'? ST
P distribution losses from sourced from captive fossil factor of the electricity l Tactor is applicable
consumption the electricity system, fuel power plants, where sysiem, where applicable
where applicable applicable

CASE 1 — OPTION 1:
Calculate PEzcy, LEgcs) Consider relevant
BEgcy and LEgc g parameters (pilferage is
optional)

CASI 10N 2;
Conservative default values

55 of 63



A6.4-AMT-007

Methodological tool: Emissions from electricity generation and consumption

Version 02.0

Figure 2.

for energy sources falling under scenario B

STEP1
Identify all relevant
electricity generation and
consumption source s

D

STEP 10
Determine the emissions
from electricity generation
andior
consumpfion

~

—

Calculate PEzc,, LEzcruy
BEgcy and LEgcg

STEP 2

Determine for each source

s whether the electricity is

consumed from or fed into
an electricity system, or
whether it is consumed

from or avoids power
generation by captive
power plant(s)

- @

STEP9
Determine the
transmission and

distribution losses from

the electricity system,
where applicable

STEP3
Identify the relevant

electricity system(s),
where applicable

STEP &
Determine the emission
factor for electricity
sourced from captive fossil
fuel power plants, where
applicable

~

ey

OPTION A: Calculate the
actual emission factor

e 4

OPTION B: Conservative
default emission factor

Flowchart to calculate the emissions from electricity consumption and/or generation

STEP 4
Determine whether
applying a higher or a
lower value for the
emissions from electricity
generation or consumption

STEP 5
Determine the amount of
electricity generation or
consumption

is more conservative

Determine Determine EC.,
EG., EG.,and EC.,

BEey and LEzgpq,

S —_

56 of 63

STEPT
Determine the emission

STEP G
D ine which
factor is applicable

factor of the electricit
system, where applicable




A6.4-AMT-007

Methodological tool: Emissions from electricity generation and consumption

Version 02.0

Figure 3.

for energy sources falling under scenario C
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Appendix 2. Values for the parameters Fowm,simple, Fom,avg and

Fem

Table 1 sets out values to be used for the parameters Fow,simple, Fomavg @and Feu. In
accordance with paragraphs 81 and 95 of the main part of the methodological tool,
activity participants shall use either the global value indicated in the first line or the
relevant country-specific value.’

The values in Table 1 were computed based on a regression analysis of how the carbon
dioxide intensity of electricity generation changed over the most recent ten-year period
for which data is available (2015 to 2024). All countries for which data was available were
considered in the analysis. An uncertainty analysis was conducted, and the lower
confidence value was used here to account for uncertainty. The uncertainty was
estimated using the standard error of the slope derived from the linear regression
analysis. A 95 per cent confidence interval was calculated for the regression coefficient,
and the lower bound of this interval was applied to ensure a conservative estimate. Data
provided by Ember was used for this purpose.? Note that paragraph 81 of the tool
specifies that activity participants shall either use the global value or a respective country
specific value. For some countries, sufficient data was not available to compute a value.
In these instances, table 1 therefore provides both global and country-specific values for
Fomsimple, Fomavg @and Fau, and identifies where the global value applies because no
country-specific value could be determined.

Table 1. Global and country-level values for Fow,simple, Fom,avg and Feu® as a percentage
Country Fow,simple Fom,avg Fsu
Global 0.23 1.46 9.21
Afghanistan 1.28 272 0.00
Albania Use global value | 0.12 6.30
Algeria 0.01 0.14 21.49
Angola 1.05 14.29 105.17
Antigua and Barbuda 0.30 1.05 Use global value
Argentina 0.42 3.22 14.06
Armenia 0.00 0.29 13.82
Australia 0.17 4.00 58.87

1

In the case of electricity systems involving more than one country, an average value, weighted by

electricity generation, from the relevant countries, shall be used instead of a country-specific value.

2 Ember’'s country-level electricity dataset (annual power sector CO, emissions, annual electricity
generation by source, and annual capacity additions by technology), downloaded directly from the
Ember data visualizer (2024 release) was used for the analysis. See https://ember-energy.org/data/.

3 The values contained in this table are calculated using a specific data set and methodological approach
applicable only within the context of this tool. They do not constitute official factors, benchmarks, or
standardized reference values and shall not be used or cited beyond the implementation of this
methodological tool unless explicitly adopted through a separate decision of the Supervisory Body.
Where permitted under this tool, proponents retain the option to apply the prescribed global default
values instead of the country-specific values listed herein.
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Country Fow,simple Fowm,avg Fsm
Austria 3.15 6.48 16.92
Azerbaijan 0.00 0.81 2713
Bahamas 0.06 0.19 0.36
Bahrain 0.01 0.05 Use global value
Bangladesh 0.02 0.00 0.00
Barbados 0.03 1.11 Use global value
Belarus 0.07 6.50 34.80
Belgium 1.48 8.16 12.69
Belize 2.95 0.00 Use global value
Benin 1.86 2.28 Use global value
Bhutan Use global value | 0.00 Use global value
Bolivia (Plurinational State of) 0.05 3.53 20.21
Bosnia and Herzegovina 0.09 2.53 84.84
Botswana 0.24 0.31 Use global value
Brazil 0.36 8.63 16.07
Brunei Darussalam 0.19 0.19 11.06
Bulgaria 1.05 8.09 34.14
Burkina Faso 0.13 1.45 0.17
Burundi 2.23 0.00 Use global value
Cabo Verde 0.25 2.73 0.26
Cambodia 0.50 5.62 29.73
Cameroon 0.17 2.93 Use global value
Canada 1.06 2.26 0.70
Central African Republic Use global value | Use global value | Use global value
Chad 0.53 0.65 Use global value
Chile 1.20 8.47 48.48
China 0.35 2.14 10.04
Colombia 0.00 4.47 22.42
Comoros 1.59 1.59 Use global value
Congo 0.1 0.00 0.00
Cook Islands 7.16 16.54 Use global value
Costa Rica 5.12 12.08 46.20
Cote d'lvoire 0.20 3.53 125.80
Croatia 5.52 5.82 23.87
Cuba 0.07 0.20 27.25
Cyprus 0.01 2.50 112.18
Czechia 0.76 4.19 55.01
Democratic People's Republic of 0.00 6.67 18.73
Korea
Democratic Republic of the Congo | 0.00 1.83 2.30
Denmark 1.37 12.34 21.76
Djibouti 0.00 7.75 Use global value
Dominica 0.72 1.37 Use global value
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Country Fow,simple Fowm,avg Fsm

Dominican Republic 0.00 1.11 2418

Ecuador 0.26 14.66 0.70

Egypt 0.07 0.81 26.51

El Salvador 0.13 15.70 39.14

Equatorial Guinea 0.19 0.00 26.31

Eritrea 0.24 3.00 6.15

Estonia 0.03 7.39 46.17

Eswatini 0.00 8.60 Use global value
Ethiopia Use global value | 0.65 40.02

Fiji 0.38 5.69 85.04

Finland 1.55 13.35 31.36

France 3.51 7.06 32.86

Gabon 0.79 3.86 Use global value
Gambia 0.09 0.09 Use global value
Georgia 0.10 1.56 80.63

Germany 2.03 5.21 42.54

Ghana 0.09 0.00 31.35

Greece 4.38 8.58 58.90

Grenada 0.84 0.84 Use global value
Guatemala 1.24 9.54 65.14

Guinea 0.34 7.90 86.34
Guinea-Bissau 1.74 1.74 Use global value
Guyana 0.1 0.47 0.61

Haiti 0.25 2.57 Use global value
Honduras 0.13 5.64 30.31

Hungary 3.68 6.68 42.18

Iceland Use global value | 0.03 7.38

India 0.06 1.05 15.70

Indonesia 0.00 0.36 3.30

Iran (Islamic Republic of) 0.00 0.25 0.84

Iraq 0.00 0.00 1.00

Ireland 2.98 6.51 74.88

Israel 1.66 2.62 23.42

Italy 2.20 4.42 9.43

Jamaica 0.72 1.74 272

Japan 0.00 2.11 5.26

Jordan 0.13 4.14 67.48
Kazakhstan 0.00 0.67 35.34

Kenya 0.14 8.23 26.88

Kiribati 0.00 7.52 Use global value
Kuwait 0.00 0.39 16.13
Kyrgyzstan 0.38 3.41 97.24

Lao People's Democratic Republic | 0.00 11.34 80.51
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Country Fow,simple Fowm,avg Fsm

Latvia 0.10 8.37 19.57

Lebanon 0.01 10.24 40.01

Lesotho Use global value | 1.00 Use global value
Liberia 0.50 9.48 Use global value
Libya 0.01 0.01 9.60

Lithuania 1.05 10.93 29.05
Luxembourg 0.00 11.26 19.15
Madagascar 0.00 0.00 92.07

Malawi 5.23 12.12 87.52

Malaysia 0.12 1.49 24.70

Maldives 0.07 0.90 Use global value
Mali 0.14 0.02 17.98

Malta 2.84 3.35 99.19
Mauritania 0.05 1.08 Use global value
Mauritius 0.72 0.68 53.51

Mexico 0.63 2.50 7.10

Mongolia 0.23 1.29 23.97
Montenegro 0.04 443 9.80

Morocco 0.00 1.64 96.23
Mozambique 0.02 6.19 Use global value
Myanmar 0.32 0.00 25.33

Namibia 0.39 5.14 39.95

Nauru 0.00 0.00 Use global value
Nepal Use global value | 0.92 0.90
Netherlands 4.35 9.32 63.17

New Zealand 0.00 4.01 38.69

Nicaragua 0.05 5.69 73.62

Niger 0.83 0.90 3.69

Nigeria 0.00 0.73 18.24

North Macedonia 2.68 2.84 22.71

Norway 0.08 2.60 11.33

Oman 0.01 0.70 32.52

Pakistan 0.00 3.20 17.61

Panama 1.43 9.09 46.37

Papua New Guinea 0.07 0.00 36.74

Paraguay Use global value | 0.00 Use global value
Peru 0.27 3.46 30.07
Philippines 0.00 0.00 18.29

Poland 1.30 4.07 28.92

Portugal 7.16 15.28 26.05

Qatar 0.00 0.00 Use global value
Republic of Korea 0.94 3.33 14.37

Republic of Moldova 0.08 1.28 Use global value
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Country Fow,simple Fowm,avg Fsm
Romania 1.87 591 31.24
Russian Federation 0.00 0.56 20.51
Rwanda 0.02 5.95 63.78
Saint Kitts and Nevis 0.72 0.61 Use global value
Saint Lucia 0.32 0.95 Use global value
Saint Vincent and the Grenadines | 0.65 0.66 Use global value
Samoa 0.93 4.96 Use global value
Sao Tome and Principe 2.97 4.90 Use global value
Saudi Arabia 0.00 0.22 22.27
Senegal 0.34 2.90 32.69
Serbia 0.72 2.10 17.47
Seychelles 0.35 2.89 4.06
Sierra Leone 0.00 34.46 67.95
Singapore 0.00 0.26 25.27
Slovakia 4.57 8.98 29.61
Slovenia 0.86 5.44 94.95
Solomon Islands 0.36 2.29 Use global value
Somalia 0.35 3.49 Use global value
South Africa 0.24 1.39 22.34
South Sudan 0.25 1.53 0.70
Spain 4.82 10.41 30.52
Sri Lanka 0.20 5.58 87.27
State of Palestine 0.57 5.35 61.16
Sudan 0.02 7.03 85.85
Suriname 0.19 7.74 0.45
Sweden 0.58 2.72 25.61
Switzerland 0.00 4.77 5.49
Syrian Arab Republic 1.00 1.43 Use global value
Tajikistan 1.44 0.00 175.03
Thailand 0.38 1.15 1.23
Timor-Leste 0.00 0.00 Use global value
Togo 2.36 2.60 Use global value
Tonga 0.59 2.51 Use global value
Trinidad and Tobago 0.00 0.00 Use global value
Tunisia 0.09 0.20 30.37
Tarkiye 0.00 1.94 26.96
Turkmenistan 0.00 0.01 0.01
Uganda 2.22 2.41 70.87
Ukraine 0.79 8.54 25.49
United Arab Emirates 0.02 5.74 40.71
United Kingdom 521 8.51 12.36
United Republic of Tanzania 2.21 2.94 14.61
United States of America 1.85 3.35 19.39
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Country Fow,simple Fowm,avg Fsm
Uruguay 0.50 1.25 13.22
Uzbekistan 0.40 0.13 23.34
Vanuatu 0.77 5.29 Use global value
Venezuela (Bolivarian Republic of) | 0.00 13.86 3217
Viet Nam 0.00 1.61 12.02
Yemen 1.10 4.26 18.55
Zambia 0.00 4.93 62.12
Zimbabwe 0.05 9.39 0.00
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