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Approved baseline methodology

“Greenhouse Gas Emission Reductionsthrough Landfill Gas Capture and Flaring
wherethe Baselineis established by a Public Concession Contract”

Source

This methodology is based on Salvador da Bahia Landfill Gas Project by VEGA Bahia Tratamento de
Residuos S.A., Municipio de Salvador, Estado da Bahia, Brazil whose Basdline study, Monitoring and
Verification Plan and Project Design Document were prepared by ICF Consulting (version 03, June
2003). For more information regarding the proposal and its consideration by the Executive Board
please refer to case “"NM 0004: Salvador da Bahia Landfill Gas Project” on
http://cdm.unfccc.int/methodol ogies/approved.

Selected approach from paragraph 48 of the CDM modalities and procedures

“Emissions from a technology that represents an economically attractive course of action, taking into
account barriers to investment.”

Applicability

This methodology is applicable to landfill gas capture and flaring project activities where:

e Thereexists acontractua agreement that makes the operator responsible for all aspects of the
landfill design, construction, operation, maintenance and monitoring;

e The contract was awarded through a competitive bidding process,

» Thecontract stipul ates the amount of landfill gas (expressed in cubic meters) to be collected and
flared annually by the landfill operator;

» Thestipulated amount of landfill gasto be flared reflects performance among the top 20% in the
previous five years for landfills operating under similar social, economic, environmental and
technological circumstances; and

* No generation of electricity using captured landfill gas occurs or is planned.

It is assumed that the amount of landfill gas to be collected and flared under the terms of the contract
meets or exceeds any regulatory requirements. The landfill is also assumed to meet all other
environmenta regulations and conditions of its operating permit. The Designated Operational Entity
verifying the emission reductions achieved will need to check whether there have been changes to
environmental regulations that become effective during the crediting period and that increase the
required amount of landfill gasflaring. In the event of such changes to environmental regulations, the
basdine will need to be adjusted appropriately.

Emission Reduction

The greenhouse gas emission reduction achieved by the project activity is the difference between the
amount of methane actually destroyed and the amount of methane required to be flared under the
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terms of the contract. The greenhouse gas emission reduction is expressed in terms of CO, equivalents
using the approved Global Warming Potential value® for the relevant period.

Specifically, the greenhouse gas emission reduction (ERy) achieved by the project activity during a
given year (y) isequal to the methane emission reduction (ER_CH4,) due to the project activity during
that year multiplied by a conversion factor (CF) and by the approved Globa Warming Potentia value
for methane (GWP_CH4).

ER, =ER_CH4, * CF* GWP_CH4

ER, is the greenhouse gas emission reduction measured in tonnes of CO, equivalents (tonnes CO,€).
ER_CH4, is the methane emission reduction measured in cubic metres (m*(STP) CH,) of methane.
The conversion factor (CF) isthe tonnes of methane per cubic metre of methane at standard
temperature and pressure (0.000662 tonnes CH,/m3(STP) CH,). The Global Warming Potential
converts 1 tonne of methane to tonnes of CO, equivalents (tonnes CO.e/tonne CH,4). The approved
Global Warming Potentia value for methane for the first commitment period is 21 tonnes CO.e/tonnes
CH,. Thus, GWP_CH,4 = 21 until December 31, 2012.

The methane emission reduction (ER_CH4y) due to the project activity is calculated as the difference
between amount of methane actualy captured and flared less the amount of methane captured and
flared in the baseline, which isthe amount specified by the contract corrected for the quantity of waste
received.

ER_CH4y: CH4fIared,y - CH4baseIine,y

CH4y 40y 1S determined by monitoring the quantity of methane actually flared using the approved
monitoring methodology. CH4 ey is measured in cubic metres (Nm?).

CHA4pasiney 1S the quantity of methane required to be flared under the provisions of the contract
adjusted for the quantity of waste actually received and the actual methane content of the landfill gas
(these adjustments are discussed in the next section).

Basdline

It is assumed that the contract specifies both the quantity of waste projected to be disposed at the
landfill during each year (WASTEconracty) @nd the quantity of landfill gas (LFG) required to be flared
during each year. The amount of methane required to be flared each year (CH4conracty) 1S the quantity
of LFG required to be flared as per the contract multiplied by an appropriate methane content to give a
conservative baseline.

The quantity of methane projected to be generated during a given year (CH4ygjectedy) 1S €Stimated using
the following First Order Decay model for landfill gas generation.

CH4projected,y = k * LO * tho,y WAST Econtract,t * e_k(t_y)

! Global Warming Potential values used shall be those provided by the Intergovernmental Panel on
ClimateChange in its Second A ssessement Report (“1995 IPCC GWP values’).
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Where L, is the methane generation rate (Nms/tonne WASTE) and k isthe decay rate. These variables
vary with the circumstances of the landfill; L, depends upon the organic fraction of the waste that
entersthe landfill and k depends on the temperature and humidity of the landfill. The validation
process should ensure that values of L, and k appropriate to the landfill are used?

The quantity of landfill gas projected to be generated during a given year (LFGgrojectedy)is Cal cul ated
from the quantity of methane projected for that year and the methane content of the landfill gas
assumed by the contract (CH4/LFGeontract) -

LFGprojected,y = CH4projected,y / CHA/L FGoontract

The quantity of methane required to be flared during each year (CH4coniracty) as Specified in the
contract is calculated as follows:

CH4comract,y =L I:Gprojec'[ed,y * CHAI L FGcontract * I:Dy

Where FD, isthe fraction of landfill gas captured and flared as specified by the contract.

Note that to use this methodology, the project activity must demonstrate that the quantity of methane
required to be flared during each year (CH4conracty) reflects performance among the top 20% in the
previous five years for landfills operating under similar social, economic, environmental and
technological circumstances.

The baseline quantity of methane flared (CH4pasine,y) iS the quantity specified in the contract
(CH4conracty) adjusted for the quantity of waste actually received and the actual methane content of the
landfill gas.?

CH4base|ine,y = CH4oontract,y * (WASTEactuaI,y/WASTEcontract,y) * ([CH4/L FGactual]/[CH4/|— FGoontract])
Additionality

If the actual quantity of methane flared is greater than the baseline quantity flared, the project activity
isadditional. The emissions reductionswill be zero if the project activity is not additional .

Since the baseline quantity flared is determined by the contractual requirement, which is established
through a competitive bidding process the baseline reflects what would occur in the absence of the
project activity.

2 In the case of the Salvador daBahia Landfill project actvity the landfill receives waste with a high organic
content (about 60% food and green waste) yielding avalue of LO = 180 Nm3/tonne WASTE. Although the
landfill will be completely covered, Brazilian conditions are quite favorable to biodegradation kinetic, so avalue
of k =0.12 (ahaf lifetime of 6 years) was chosen. Note that plastic wastes are excluded in calculating the
values of LO and k. The values of Ly and k are assumed to remain fixed because the quantity of waste specified
in the contract is used to establish the baseline.

% In the case of the Salvador da Bahia Landfill the actual methane content of the landfill gasis57%
(CH4/LFG,a = 0.57) and the methane content of the landfill gas assumed in the contract is 50%
(CH4/LFGeontract = 0.50), so the last term is 1.14 (0.57/0.50).
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The project activity should also state whether there are any other additional economic considerations
to be taken into account (e.g. such as additional costsrelating to the project activity or that no
additional revenues are expected).

L eakage

The only source of |eakage is the emissions resulting from generating the electricity used to pump the
landfill gasin the additional collection equipment. The electricity emissions during a given year (EE))
are the project activity's share of the emissions associated with the el ectricity used for pumping during
the year (ER,).

EEy: [(CH4fIared,y - CH4base|ine,y)/CH4baseline,y] * EF)y * ECy/lOOO

Where EP, is the metered electricity use by the pumping equipment for the collection system during
the year in kWh and EC, is the emissions coefficient for the electricity used measured in kg
CO,e/lkWh.* The emissions coefficient needs to be estimated using an appropriate methodology given
the source of the eectricity supply.

“ Division by 1000 converts the emissions to metric tonnes of CO,e.
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Approved monitoring methodology

“Greenhouse Gas Emission Reductionsthrough Landfill Gas Capture and Flaring
wherethe Basdlineis established by a Public Concession Contract”

Source

This monitoring methodology is based on Salvador da Bahia Landfill Gas Project by VEGA Bahia
Tratamento de Residuos S.A., Municipio de Salvador, Estado da Bahia, Brazil whose Basdline study,
Monitoring and Verification Plan and Project Design Document were prepared by |CF Consulting
(version 03, June 2003). For more information regarding the proposal and its consideration by the
Executive Board please refer to case “"NM 0004: Salvador da Bahia Landfill Gas Project" on
http://cdm.unfccc.int/methodol ogies/approved.

Applicability

This monitoring methodology can be used for project activities that reduce greenhouse gas emissions
through Landfill Gas Capture and Flaring where the Baseline is established by a Public Concession
Contract.

Monitoring M ethodology

Monitoring methodology is based on direct measurement of the amount of landfill gas captured and
destroyed at the flare platform as shown in Figure 1. The monitoring plan provides for continuous
measurement of the quantity and quality of LFG burned. The main variables that need to be
monitored are the quantity of waste actually received at the landfill (WAST Eqcuay) and the quantity of
methane actually flared (CH4aeqy). They are monitored as follows:

Waste actually received: The amount of waste actually received at the landfill is monitored directly
at the weigh bridge. That measurement is already used for waste disposal activity invoicing.

Methane collected and flared: Asshown in Figure 1 the amount of methane actually flared will be

determined by monitoring the:

« amount of landfill gas collected [m? - using a continuous flow meter and monitoring of
temperature and pressure]

» percentage of landfill gasthat is methane [% - using a continuous anal yser]

« flare working hours [hours - using arun time meter]

In addition, the methane content of the flare emissions will be analysed quarterly.

To estimate |eakage the el ectricity used by the pumping equipment for the collection system needs to
be metered.
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Figure 1
Monitoring Plan

LF Air
M ethane content (lab | Emissions
analyse 4 times/year )
l LFG Nm® calculation and recording4

Continuous (33as flow | Temperature Pressure Flame Continuous

meter temperature control
v Flare

\\ J
LFG sample pre- |- Gas continuous LFG

treatment * analyser’

This monitoring methodology provides for direct and continuous measurement of the actua quantity
of landfill gas flared and of the methane content of the landfill gas flared using a continuous flow
meter and a continuous methane analyser. The continuous methane analyser isimportant because the
methane content of landfill gas captured can vary by more than 20% during a single day due to gas
capture network conditions (dilution with air at wellheads, leakage on pipes, c.).

The monitoring methodol ogy is commonly used on landfills with gas to energy plant whereit is
necessary to have a strict control of the fuel for the energy plant. The measurement equipment for gas
quality (humidity, particulate, etc.) is sensitive, so a strong QA/QC procedure for the calibration of
this equipment is needed.
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ID | Data Datavariable Data |[Measured (m),| Recording |Proportion| How will the | For how long Comment
type unit | calculated (c) | Frequency | of datato data be isarchived
or estimated be archived? data kept?
(e monitored |(electronic: e/
paper : p)
21 Waste |Annual waste [metric Daily: e Project lifetime [Measured at weigh bridge
disposa [landfilled tonnes] m Daily 100% |[Monthly: p
22 |LFG Amount of [t CH4] m Continuous 100% |Daily:e Project lifetime [Measured by continuous gas
methane flared Monthly : p quality analyzer and flow meter,
or complementary method ( %
CH4, Sm%h of LFG, LFG
temperature and pressure, flare
temperature, flare working hours
23 |LFG Total amount of [t CH4] c Daily n‘a Daily: e Project lifetime
methane flared Monthly : p
24 |LFG Amount of [t CH4] c Annually n‘a Annualy : e& |Project lifetime|Contractual amount adjusted by
methane flaring p real waste received and
requiredin predetermined methane content of
baseline the landfill gas
25 |LFG Amount of [t CH4] c Annually n‘a Annualy : e& |Project lifetime
methane collected p
in addition to
requirement
2.6 |[Emission/Annual Carbon [t CO2¢] c Annually n/a Annualy : e& [Project lifetime
Reductio |Dioxide Equivalent p

Avoided
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Data to be collected or used to monitor leakage, and how this data will be archived

3.1 [Electricit|{Total amount [kWh] Continuous | 100% |Daily: e Project lifetime
y electricity used for y Monthly : p
gas pumping
3.1 |[Emission|Greenhousegas kg CO.€/ core Annually n‘a Annualy : p  |Project lifetime|Emission factor will need to be
factor  |emissions per KWhkWh calculated using an approved
of eectricity used methodol ogy and may require

data from the electricity supplier
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Quality control (QC) and quality assurance (QA) procedur esto be undertaken for theitems monitored. (see tables above)

Appropriate quality control and quality assurance procedures are needed for the monitoring equipment and the data collected.

Data Uncertainty level of data Are QA/QC Outline explanation why QA/QC proceduresare or are not being planned.
(High/M edium/L ow) procedures planned
for these data?
21 Low yes Already included in Landfill ISO 9000/14000 certification. Specific procedure
for calibration
2.2 Low yes \Will be included in Landfill SO 9000 / 14000 certification. Specific procedure

to be devel oped for measurement equipment calibration and maintenance, as well
as for calculation module

2.3 Low (calculated ) yes \Will be included in Landfill 1SO 9000 / 14000 certification scope
2.4 Low (calculated ) yes \Will be included in Landfill 1SO 9000 / 14000 certification scope
25 Low (calculated ) yes \Will be included in Landfill 1SO 9000 / 14000 certification scope
2.6 Low (calculated ) es \Will be included in Landfill 1SO 9000 / 14000 certification scope
3.1 Low yes \Will be included in Landfill 1SO 9000 / 14000 certification scope
3.2 Medium (cal cul ated) yes \Will use an approved methodology for determining the emission factor for the

el ectricity consumed
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Baseline Data
The following tables provide data used to cal culate the emission reductions.
Factor Used for Converting M ethane to Carbon Dioxide Equivalents'
Factor used (CO,e/CH,) Period Applicable Sour ce
21 1996-2012 Revised 1996 IPCC Guidelines for
National Greenhouse Gas Inventories

! Thistable is updated as reporting guidelines are modified.

Conversion Factor?

Factor unit Period Applicable Description/Sour ce
0.000662 tonnes CH/m>(STP) default
CH,

! Thistable is updated as more scientific information becomes available or reporting guidelines are
modified.




