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\ A.l  Title of the project activity: |
>>
Proactiva Tijuquinhas Landfill Gas Capture and Flaring project, January 2007, version 4

\ A.2.  Description of the project activity: |
>>

The project involves landfill gas capture and flaring at the Tijuquinhas municipal solid waste
landfill site in Biguagu in the state of Santa Catarina in Brazil. The Tijuquinhas Landfill started
to receive waste in 1991. The landfill is used for disposal of the waste generated by the 950 000
inhabitants of 21 municipalities in the county of Florianopolis.

LTt e -

Figure 1: view of gas wells at the boarder of zone 2

The landfill is currently owned and operated by Proactiva Brasil. Proactiva Brasil, the project
developer, is the Brazilian subsidiary of Proactiva Medio Ambiente, a Spanish company
headquartered in Madrid. Proactiva Medio Ambiente is a leading environmental service provider
in South America, offering waste management to water and wastewater services. Proactiva was
created in 1996 when its two 50% shareholders Fomento de Construcciones y Contratas, S.A.
(FCC) and Veolia Environnement decided to join forces to establish their environmental services
activities in South America. Both companies are international references.

Proactiva provides waste management services to 7,100 industrial clients and 90 municipalities
that account for 26 millions people. To offer integrated solutions to its clients, Proactiva has
developed advanced know-how and capabilities covering the full spectrum of waste management
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activities: municipal solid waste collection, industrial waste recycling, landfill construction and
operation, waste final disposal, urban cleaning, hospital waste collection and treatment and
operation of waste transfer plants.

Present in 6 countries in South America, Proactiva operates 13 landfills that treated 5.5 million
tonnes of waste in 2005. All of these landfills are equipped with safe and modern systems for
treatment and final disposal of solid waste: liner systems, stormwater drainage, leachate
collection and treatment, best practices for passive landfill gas venting, monitoring of surface
and groundwater.

Proactiva acquired the landfill and commenced operation in 2002. It provides adequate solution
to dispose an average of 240,000 tonnes of household waste per year.

The environmental management of the Tijuquinhas landfill is recognised to be one of the best in
the state of Santa Catarina. In a recent study, mandated by the Public Minister of the Santa
Catarina State, the ABES' classified the State’s landfills according to area’s characteristics,
existing infrastructures and management techniques. This evaluation results in an aggregated
index of quality for the landfills ranging from 0 to 10. Tijuquinhas landfill was qualified with an
index of 9 that stands for sanitary landfills with excellent management conditions.

Project objective:

The project objective is to maximise the capture of landfill gas (LFG) from the landfill site and
to flare it. In addition to reducing the potential local impacts of odours and explosion or fire
hazard associated with landfill gas, the project is aimed at reducing the fugitive emissions of
methane, a greenhouse gas which contributes to global warming and climate change.

Project activity:

The project activity includes the installation of enhanced landfill gas extraction and flaring
equipment for the destruction of the landfill methane that will be collected from the existing and
future disposal areas instead of releasing it to the atmosphere.

The extraction system will consist of a network of HDPE gas wells connected to a main
collector. The gas will be driven to the flare thanks to a blower and then flared. The flare will be
enclosed allowing the full combustion of methane at high temperature.

The project will have several sustainable development benefits.
Environmental Benefits:

The project activity will contribute to enhanced environmental improvements by providing
infrastructure to reduce greenhouse gas emissions from the landfill site.

! Source: ABES (Associagio Brasileira de Engenharia Sanitaria e Ambiental) on request of the Public Minister of
the Santa Catarina State. Relatorio do Projeto de Verificacdo da Sustentabilidade do Programa Lixo Nosso de
Cada Dia, do Ministério Publico do Estado de Santa Catarina, April 2006.



CDM — Executive Board
page 5

The implementation of a CDM project at the Tijuquinhas landfill will continue the
environmental improvements and will make a positive contribution to the global issue of climate
change by reducing greenhouse gas emissions.

In addition, flaring of the collected LFG does not only destroy methane, but will also destroy
compounds in the LFG such as volatile organic compounds and ammonia. This project will
prevent the following risks associated with landfill gas at uncontrolled landfills:

Risk of explosion

Risk of fire

Unpleasant odours nuisances
GHG emission effects

Potential atmospheric pollution
Damage to vegetation by asphyxia

Technology transfer:

Besides improving overall management of landfill, the project will support efforts aimed at
facilitating the dissemination of design and operational experience gained at Tijuquinhas landfill
for possible use throughout the country or region.

Social benefit:
Social benefits of the project will be diversified. The expected effects are :
e cffects in terms of enhancing human resources through introduction of new
technology and trainings
e cffects in terms of employments creation.

Recovering and flaring landfill gas with an active system will not only contribute to the
mitigation of climate change, but also to the improvement of health and quality of life in the
neighbouring area. Beyond environmental benefits, this project will also support the local
economic development thanks to technology transfer and local employment conditions.

Indeed, the implementation of the project and its operation over 21 years will create direct and
indirect jobs. A technician will be required in order to look after the landfill gas network and
flare. This technician will be trained in advanced landfill operation techniques in order to
optimize the landfill gas collection system on a daily basis.

In addition, indirect activities will be created in Brazil for the implementation and the control of
the project, leading to more employment.

Taking into account the improvements in social, economic, environmental and technological
well-being that the project activity is potentially able to offer, the project participants Proactiva
Brasil, Proactiva Medio Ambiente and Veolia Propreté are convinced of the positive and long-
term contribution of the CDM to sustainable development in Santa Catarina State and, more
widely, in Brazil.

) PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFLC "
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A3

>>

Project participants are described below. For full contact details, please, refer to Annexe 1 of this

document.

Name of Party involved (*)

Private and/or public entity(ies),

Kindly indicate if the party

((host) indicates a host|project participant (*) involved wishes to be

party) (as applicable) considered as a project
participant (Yes/No)

Brazil (Host Country) Proactiva Brasil No

Spain Proactiva Medio Ambiente No

France Veolia Propreté No

required.

(*) In accordance with the CDM modalities and procedures, at the time of making the CDM-
PDD public at the stage of validation, a Party involved may or may not have provided its
approval. At the time of requesting registration, the approval by the Party(ies) involved is

A4,

‘ A4l Host Party(ies): |
>>
Brazil

\ A4.1.2. Region/State/Province etc.: |
>>
Santa Catarina

\ A4.13. City/Town/Community etc: |
>>
Tijuquinhas

A4.l4. Detail of physical location, including information allowing the

>>

The landfill associated with the project activity is located in the municipality of Biguagu, around
30 km northwest of Floriandpolis on the continental side of the Santa Catarina coast, as shown in
figure 2. The site access is by BR 101, km 177.6. The landfill area is delimited by the following
coordinates: 732;734 East and 6970;6972 South. Land occupation around the site is characterised
by the predominance of rural activities as there is no urban centre within 8 km from the landfill.

The landfill operation covers an area of approximately 200,000 m”.



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. HM.

page 7

binhas

1 antoGrande
_. L 3
ek

Governadar

vigiras

| I
oeira do Bo

E200E Mithzoft Corp. i 45 30
Figure 2: detail on the landfill physical location




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFLC "

page 8

\ A.4.2. Category(ies) of project activity: |

>>

The Tijuquinhas landfill can be described in 3 distinct zones based on the existing and proposed
landfill gas collection system infrastructure. Zone 1 and 2 have been filled with waste. Zone 3 is
the future lined disposal area being constructed above the existing filled zones. Figure 3 below
shows a cross section of the landfill:

Figure 3: Cross section of the Tijuquinhas landfill

Zone 1 and 2 are areas that have already received waste. Filling at the site began in 1991.
Approximately 2 million tonnes of waste have been landfilled to date.

Zone 3 overlies zones 1 and 2 and is the future disposal area. It is expected to landfill up to 1.8
million tonnes of waste in zone 3 until 2013.

A liner and leachate collection system will be installed at the base of zone 3 covering the older
filled portions of the site.

Each of these 3 zones will be equipped with landfill gas collection systems as follows:

Zone 1: Horizontal collection trenches will be installed in advance of the placement of the Zone
3 liner system. This trench system will be interconnected to the existing vertical wells. The
trenches will be spaced at 25 meters and will run the entire length of the zone.

Zone 2: Vertical concrete wells have been installed during landfill operations. These wells are
currently acting as passive vents. At times, the emitted gas from the vents is ignited to reduce
onsite odours.
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A serie of horizontal trenches will also be installed in this zone prior to liner placement. The
existing vertical wells and the horizontal trenches will be connected to the active extraction
system.

Zone 3: Horizontal collection trenches will be installed in the active filling areas as landfilling
progresses. This modern technique allows to improve gas collection by collecting landfill gas
during operation and prior the cell completion. This technique should prevent a large amount of
gas to be released to the atmosphere. In addition, vertical concrete wells will be installed as
landfilling progresses.

Figure 4 : Final elevation level of the Tijuquinhas site
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Figure 5: Installation of geomembrane on top of zone 1

Below is a brief summary of the equipment and technology proposed for this project:

Lateral collection drains

Lateral collection drains will be placed at regular distance as landfilling progresses. The
horizontal trenches will be installed every 5 meters in depth and spaced every 25 meters. They
will consist of piping surrounded by gravel or other suitable drainage material.

Vertical wells

Verticals wells may also be drilled into the landfill once areas reach their final elevation and
final cover has been applied. The vertical wells consist of a pipe perforated in its lower part,
placed in a drilled borehole in the waste, backfilled with gravel and sealed at the surface.

Vertical wells advanced during filling will also be used. They will consist of cylindrical wire
mesh baskets filled with stone and constructed with central concrete pipe.

Both well types will be equipped with wellheads that enable monitoring of gas flow and quality.
Also valves are provided to allow adjustment of the available vacuum at each well.

Leachate pumping systems

In some cases, leachate can prevent proper collection of landfill gas. Consequently, leachate
collection will be improved by enhancing the quality of the drainage layer and, if necessary,
installing submersible leachate pumps in the LFG extraction wells. Pumping of the accumulated
leachate will enhance LFG well collection efficiency.

Collection piping

A high-density polyethylene (HDPE) collection piping system will be installed to convey the
landfill gas from the well network to the blower and flare system. The layout of the future
systems will be implemented in order to minimise the low points which could disturb or prevent
the gas collection (due to condensate blockages).

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. IE@’
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The landfill gas combustion system consists of the following equipment:

Enclosed flare

The project entails the installation of flaring units for the destruction of the captured LFG. The
flare will be enclosed and provide a retention time above 0,3 second. Flare will be temperature
controlled, at high temperature above 700°C, in order to assure methane destruction rate close to
100%.

Controls
The flare will be equipped with automatic safety and monitoring controls.

Blower

A blower will be used to create the required vacuum in the collection network to extract the
LFG. The number of blowers will be adjusted in function of the quality and quantity of gas to be
collected.

By implementing these technology approaches at Tijuquinhas Landfill, Proactiva, in partnership
with Veolia Propreté, will transfer its expertise and experience with these systems to the local
team who install and operate them. Numerous training programs have been and will be provided
to our local staff. Technical support is always available to help resolve any difficulties.

>>
It is estimated that the enhanced collection and flaring capacity envisioned by the project activity
will result in the yearly capturing and combustion of approximately 70% of the produced LFG
for Zone 3. A conservative estimate has been used for the collection efficiency for Zones 1 and
2, collection efficiency for Zone 1 and Zone 2 has been estimated to 30%. The estimate of total
emission reductions to be realised are 918 361 tCO,.q over the first crediting period starting the
1** May 2008 ending the 30™ April 2015 included. Expected Emission Reductions are described
in the table below:

) PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFLC "
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Annual estimation of
Year emission reductions in tonne
of CO,,
2008 8 months 54 656
2009 12 months 110 830
2010 12 months 104 338
2011 12 months 123 830
2012 12 months 143 670
2013 12 months 174 969
2014 12 months 158 318
2015 4 months 47 750
Total estimated reductions (tonnes of CO,,) 918 361
Total number of crediting years 7 years
Annual average over the crediting period of
estimated reductions (tonnes of CO,.) 131194

Table 1: Annual estimation of emission reductions in tonnes of COy

The project developer aims to renew the crediting period for 2 additional 7-year crediting
periods. The expected emission reductions from these 2 periods are described in the tables
below:

Annual estimation of
Year emission reductions in tonne
of CO,,
2015 8 months 95 501
2016 12 months 129 619
2017 12 months 117 284
2018 12 months 106 124
2019 12 months 96 024
2020 12 months 86 886
2021 12 months 78 618
2022 4 months 23713
Total estimated reductions (tonnes of CO,,) 733769
Total number of crediting years 7 years
Annual average over the crediting period of
estimated reductions (tonnes of CO,,) 1o

Table 2 : Estimation of the emission reductions for the second 7-year crediting period
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Annual estimation of
Year emission reductions in tonne
of CO,,
2022 8 months 47 426
2023 12 months 64 367
2024 12 months 58 241
2025 12 months 52 698
2026 12 months 47 685
2027 12 months 43 146
2028 12 months 39 041
2029 4 months 11 775
Total estimated reductions (tonnes of CO,,) 364 379
Total number of crediting years 7 years
Annual average over the crediting period of
estimated reductions (tonnes of CO,,) 52054

Table 3: Estimation of the emission reductions for the third 7-crediting period

Consequently, the project should be able to generate, over the 21-year period, 2,016,509 tCOx.

>>
None



) PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFULE "

CDM - Executive Board
page 14

SECTION B. Application of a baseline and monitoring methodology

>>

“Consolidated baseline methodology for landfill gas project activities” — ACMO0001 / version 05
will be used in conjunction with the “Consolidated monitoring methodology for landfill gas
project activities” — ACMO0001 / version 05.

According to the recommendation of this methodology, the Version 4 of the “Tool for the
demonstration and assessment of additionality” and the Version 1 of the “Tool to determine
project emissions from flaring gases containing methane” will be used.

B.2.  Justification of the choice of the methodology and why it is applicable to the project activity:

>>

This methodology is applicable to LFG capture project activities, where the baseline scenario is
the atmospheric release of the landfill gas and the project activity includes the following
situations:

e The gas is captured and flared.

e There is no legal or contractual requirement to burn landfill gas.

The approved monitoring methodology ACMO0001 / version 5 (“consolidated monitoring
methodology for landfill gas project activities”) will be used in conjunction with this baseline
methodology.

Since the project aims to install and operate a gas collection and flaring unit on landfill, located in
Brazil, a non-Annex 1 country, who has ratified the Kyoto protocol on the 23™ of August 2002,
and where there is no legal or contractual requirements to do so, the conditions for use of the
methodology ACMO0001 / version 5 are met.

B.3.  Description of the sources and gases included in the project boundary

>>
Incl . . .
Source Gas | ¢ 191ded Justification / Explanation
The emissions of CO; are neutral per convention since
COz No . . .

o they are coming from the degradation of organic waste
5 Landfill

B CH,4 Yes

s N,O No

Existing CO, No No active extraction system is in place to date
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extraction CHy No
system N,O No
The emissions of CO; are neutral per convention since
COz No . . .
they are coming from the degradation of organic waste
Landfill CH,4 Yes |Remaining fugitive emissions from methane
N,O No
Extraction CO, Yes From d.isplaced emi'ssion due to electricity
system consumption from the grid.

(energy CH,4 No

blower) N,O No

No fossil fuel will be used to ignite the flare
CO, No Emissions of CO, generated by the waste fermentation
are not taken into account

Project Activity

Flare

emissions -
CH4 Yes Unburnt methane, if any

NzO No

B.4. Description of how the baseline scenario is identified and description of the identified
baseline scenario:

>>
The baseline scenario has been defined as the atmospheric release of the landfill gas produced by
waste in anaerobic conditions after reviewing:

e Other alternatives

e Legal and contractual obligation (existing and forthcoming)

e Current practice of waste management sector in Brazil

e Current practice on site

Identification of alternative scenario

Alternative 1: Current situation on site, most common practice in Brazil
Landfill gas within a landfill is vented into the atmosphere, with occasional passive flaring.
Landfill gas is not recovered for energy production onsite, or externally.

Alternative 2: Implementation of landfill gas collection flaring system, without the CDM
revenue

The second option is to install an active gas collection and flaring system to burn the landfill gas
without considering the CDM revenue. This alternative is unlikely to happen since the system
represents a significant investment and no revenue, outside the sale of CERs, will be generated.
The site has no incentive to modify its operational methods since there is no contractual or legal
requirement to do so.

Alternative 3: Production and sale of electricity or heat from landfill gas

oveee A
e ’
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This alternative consists of the recovery of the landfill gas to produce either thermal energy or
electricity and sale this energy to a customer.

The alternative scenario consisting of producing electricity from landfill gas is not a plausible
solution for reasons linked to the lack of maturity of this technology in Brazil, insufficient
financial incentive.

It is common practice to first install an active LFG capture and flaring system, to ensure that the
quality, the stability and the quantity of landfill gas are compatible with the electricity generation.
This first stage is as well necessary in order to train the landfill gas technician on the collection,
capture and flaring technology.

In addition, current accessible electricity selling price in Brazil is very low (within the range of
$0.029/kWh). Considering the small amount of electrical energy the site could produce over a 10-
year period (a maximum 2 MW unit), this type of project is not feasible.?

Alternative 4: Collect landfill gas and sale the raw gas to a final customer
This alternative consists of investing into a gas collection system and selling the gas collected to
a nearby final user.

No final users have been identified close to the site. Consequently this alternative will not be
implemented.

Consequently, alternative 1, the continuation of actual practice on site, is the only remaining
plausible alternative.

Current practice of waste management sector in Brazil:

According to the official statistics on urban solid waste in Brazil’ — Pesquisa Nacional de
Saneamento Basico 2000 (PNSB 2000) — 58% of Municipal Solid Waste is disposed at
uncontrolled open localities (“lixdes”) or landfills with minimal form of control, and 36% in
engineered landfills®, where waste is disposed in contained cells and leachate is controlled.

According to the same study, the situation in 2000 in the State of Santa Catarina was similar to in
the rest of Brazil, where 45% of the waste was still disposed of in inappropriate sites. Active
landfill gas collection and flaring was not practised on any site.

Since 2001, through the program called “Lixo Nosso de cada dia”, the focus of the state authority
has been to fight against uncontrolled dump sites, where no leachate control system exists. The

? Similar findings and statements can be found in the 'The Landfill Gas-to-Energy Initiative for Latin
America and the Caribbean’, published by the World Bank

? IBGE — Instituto Brasileiro de Geografia e Estatistica.

* In Brazil even in engineered landfill active gas collection system and flaring system is not practised.

ONFeee
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ABES” audited 18 licensed landfills that where considered to be the most advanced in terms of
environmental control. They concluded that 41% of these sites did not have sufficient
management practices and controls.

Active landfill gas collection and flaring is not required and is not implemented at any landfill
within the State of Santa Catarina. The priority has been given to close uncontrolled landfills
within the State. Implementation of landfill gas control system is not the priority. Consequently,
the situation is unlikely to change in the near future.

Legal and contractual Obligation:
There is no legislation to enforce active landfill gas flaring in Brazil at National level, or at state
level. The only requirement is to vent the landfill gas to avoid the risk of explosion.

Considering the current practice in Brazil, the focus of the waste management policy is above all
tackling the problem of illegal dumping and capturing of leachate. Capturing and flaring of LFG
is not yet a priority. It is unlikely that legislation will be modified to enforce landfill gas flaring in
the coming years since financial assistance is already lacking to operate and comply with the
basic waste disposal practice such as monitoring, groundwater contamination prevention,
leachate treatment, etc.

Current practice on site:

In the case of Tijuquinhas Landfill, there are no legal or contractual obligations to collect and
combust landfill gas. Passive gas venting is the only mean used on site to collect landfill gas.
Passive flaring is practised by igniting gas wells in order to diminish on site odour. As there is no
suction applied on the wells, the efficiency of the actual gas collection is very low. In addition,
passive flaring cannot be maintained and often the flame extinguishes itself after few minutes or
few hours depending on the wells. Consequently, it has been estimated that less than 10% of the
landfill gas is collected and burnt at the moment.

The improvements of the gas collection and combustion conditions are directly linked to
investment for landfill collection, abstraction and flaring systems. Without the revenue generated
by the sale of the CER’s, the situation will not change since there is no expected commercial
usage of landfill gas nor any forthcoming new laws or policies.

B.5.  Description of how the anthropogenic emissions of GHG by sources are reduced below those
that would have occurred in the absence of the registered CDM project activity (assessment and
demonstration of additionality):

>>
The installation of the collection and flaring equipment will require increased costs without any
expected additional revenues. Therefore, the approval and registration of the project as a CDM

> Source: ABES (Associagio Brasileira de Engenharia Sanitaria e Ambiental) on request of the Public Minister of
the Santa Catarina State. Relatério do Projeto de Verificagdo da Sustentabilidade do Programa Lixo Nosso de
Cada Dia, do Ministério Publico do Estado de Santa Catarina, April 2006.
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project will offer an economic incentive to the project participants from the revenue generated by
the CER’s which will encourage the implementation of the project.

As recommended by the methodology ACMO0001 / version 5, the Tool for the demonstration and
assessment of additionality” version 4 has been used.

The following steps describe the methodology used to assess the project additionality.
According to the project schedule, the project crediting period will start after the registration date,
which is due to be completed prior 1* September 2007.

Step 1: Identification of alternatives to the project activity consistent with current laws and
regulations

Step la: Define alternatives to the project activity

The 4 alternatives described within the section B.4 are identical to the demonstration of the
baseline scenario.

As demonstrated in section B.4, alternative 1, the continuation of actual practice on site, is the
only remaining plausible alternative.

Step 1b: Enforcement of applicable laws and regulations:

The Brazilian national and state legislation does not require landfill operators to flare or to burn
LFG. The operation at Tijuquinhas site complies with all applicable legal requirements.

There is no legal requirement in Brazil which compels to implement any other alternatives or
which will make them unlawful.

There are no regulations governing flaring and/or combustion of landfill gas and no
regulation is expected over the next decade.

Step 2: Investment analysis

Sub-step 2a. : Determine appropriate analysis method

No commercial use of landfill gas will be made. An active LFG collection and flaring system is
only implemented for environmental purposes. As the project activity does not generate any
financial or economical benefits other than CDM related income, option I (sub-step2b) will be
used.

Sub-step 2b. : Apply simple cost analysis
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In order to implement the CDM project activity, Proactiva will have to invest into additional gas
wells and collection system. An abstraction and flaring facility will also be purchased. All the
equipments, described in section A.4.3 are dedicated to the CDM project. The table below shows
the nature and the level of the main investment and operation that Proactiva expects to invest into
the CDM project.

INVESTMENT
Gas collection system 1 540 300 US$
Landfill gas abstraction and flaring system 643 000 USS$

OPERATION AND MAINTENANCE
10% of the investment + Monitoring and| 258 330 US$/an
verification costs

The project only goal is the destruction of the methane contained within the LFG for
environmental purposes. The only revenue generated by the project will be from the sale of
CER’s.

The installation of the enhanced extraction system will maximize LFG capture.

The result of the cost analysis clearly shows that the implementation of the project activity is not
the economically most attractive course of action.

Sub-step 2¢ and sub-step 2d

Not applicable

Step 3: Barrier analysis

For the purpose of demonstration of the additionality, step 2 of the ‘Tool for the demonstration
and assessment of additionality’ has been used.

Step 4: Common practice analysis

Sub-step 4a. Analyze other activities similar to the proposed project activity.

Landfill gas emission is very particular situation that cannot be compared with other activities.
The main reasons of such specificities are:
* Production of a significant volume of GHG’s

» Emissions are not concentrated in a stack, but are surface emissions from the area of
the landfill.

ONFeee
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* Emissions are not directly linked with the economical activity of the site, i.e. even if
the activity stops, emissions continue, as organic matter degradation occurs over 10 to
20 years

As a consequence, there is no activity similar to landfill gas capture and flaring.

Sub-step 4b. Discuss any similar options that are occurring.

As explained in section B.4, 96% of the waste in Brazil are landfilled with at best passive venting
and flaring as it is the case actually at Tijuquinhas landfill site. Some others project activities of
the same nature are under development in Brazil, but all of them are linked to CDM.

The registration of the project activity will allow to finance the enhancement of the gas collection
system. As demonstrated previously, the project does not generate any revenue. Consequently,
the sale of the CER’s will allow to finance the implementation of the project activity.

The registration of the project will contribute to reduce greenhouse gas emission from the landfill
site by capturing and burning the fatal methane produced by the anaerobic fermentation of
biomass contained within the waste.

Consequently, the project is additional.

B.6.  Emission reductions:

B.6.1. Explanation of methodological choices:

>>

The project will not produce electricity for commercial purpose nor for internal use.
Consequently, only the emission reductions due to the destruction of methane are claimed for.
The paragraph below describes how the methodology ACMO0001 / version 5 and its equations
will be applied to the project activity:

According the ACMO0001 / version 5, emission reductions should be calculated from the
following equations:

ER, =(MD - MD *GWP, +EL, *CEF — ET, *CEF,

reg,y)

project,y electricity,y hermal,y
Eq:1
Where:
ERy is emission reductions, in tonnes of CO2 equivalents (tCOze).
M Dprojecty the amount of methane that will be destroyed/combusted during the year by
the project activity, in tonnes of methane (tCHa4)
MDregy the amount of methane that would have been destroyed/combusted during
the year in the absence of the project, in tonnes of methane (tCHa4)

oveee A
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GWPcHa4 Global Warming Potential value for methane for the is 21 tCO2e/tCH4
ELy net quantity of electricity exported during year y, in megawatt hours
(MWh).
CEPFelcctricity,y CO: emissions intensity of the electricity displaced, in tCO2e/MWh. This

can be estimated using either ACMO0002 or AMSID, if the capacity is
within the small-scale threshold values, when grid electricity is used or
displaced.

ETy incremental quantity of fossil fuel, defined as difference of fossil fuel used
in the baseline and fossil use during project, for energy requirement on site
under project activity during the year y, in TJ.

CEFthermaty CO:2 emissions intensity of the fuel used to generate thermal/mechanical
energy, in tCO2e/TJ

Since no electricity is exported, the equation (1a) of ACMO0001 / version 5 is equivalent to

EL, =—EL,,

y

Where:

ELivp Net incremental electricity imported, defined as difference of project imports
less any imports of electricity in the baseline, to meet the project
requirements, in MWh

Since no fossil fuel will be used or saved, the parameter ETy, is null.

As MDyegy is not given or defined, this parameter will be calculated as explained within the
methodology ACMO0001 / version 5, using the equation below:

MD,.,, = MD e, * AF Eq: 2
Where,
AF Adjustment factor

According to the equation (3) and (4) of the ACMO0001 / version 5 and considering the project
will not generate any electricity, MDpriect,y can be calculated as follows:

= (LFG W *D )_(M) Eq: 3
flare,y CH4,y CH4 GWPCH4

MD

project,y

LFGrare,y Quantity of landfill gas flared during the year measured in cubic meters (m°)

Weha,y Average methane fraction of the landfill gas

oveee A
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Dcha Methane density expressed in tCH4/m3CH4
PEfiarey Emissions from flaring of the residual gas stream in year y
GWPcHa Global Warming potential of CHy

PEfiare,y 1 calculated according to “the tool to determine project emissions from flaring gases
containing methane”.

GWP
PE =>»TM *1- * —__ CH4
flare,y Z RG,h ( nflare,h) 1000
Where
PEflare,y tCOx Project emissions from flaring of the residual gas
stream in year y
TMRG Kg/h Mass flow rate of methane in the residual gas in the
hour h
GWPcua tCO,/tCH4 Global Warming Potential

Nnaren 18 the hourly efficiency of the flare. Since the project activity will use an enclosed flare and
continuous monitoring the flare efficiency will be monitored as follows :

e 0% if the temperature of the exhaust gas of the flare (Tqar) is below 500 °C during more
than 20 minutes during the hour h.

e determined as follows in cases where the temperature of the exhaust gas of the flare
(Tfiare) is above 500 °C for more than 40 minutes during the hour h :

" 11— ™ FG,h
flare,h —
™ RG,h
Where:
Variable | SI Unit Description
Nflare.h - Flare efficiency in the hour h
TMEG,n kg/h Methane mass flow rate in exhaust gas averaged in a period of time t
(hour, two months or year)
TMrép ke/h Mass flow rate of methane in the residual gas in the hour h

oveee A
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In case of the continuous system is unavailable for maintenance, or failure, the following
methods will be used:

o 0% if the temperature in the exhaust gas of the flare (Tqar) is below 500 °C for more than
20 minutes during the hour h .

e 50%, if the temperature in the exhaust gas of the flare (Tiare) is above 500 °C for more
than 40 minutes during the hour h, but the manufacturer’s specifications on proper
operation of the flare are not met at any point in time during the hour h.

e 90%, if the temperature in the exhaust gas of the flare (Tiare) is above 500 °C for more
than 40 minutes during the hour h and the manufacturer’s specifications on proper
operation of the flare are met continuously during the hour h.

TMEgh and TMggy Will be calculated applying the equations below:

TVn,FG,h * fVCH4,FG,h
1000000

™ FG,h —

_ * *
TM g, =FVeg fVCH4,RG,h PcH, n

TMFrGn kg/h Mass flow rate of methane in the exhaust gas of the flare in dry
basis at normal conditions in the hour h

TVinrGh m’/h  exhaust | Volumetric flow rate of the exhaust gas in dry basis at normal

gas conditions in hour h

fVemaron | mg/m’ Concentration of methane in the exhaust gas of the flare in dry
basis at normal conditions in the hour h

TMRrGn kg/h Mass flow rate of methane in the residual gas in the hour h

FVrGh m>/h Volumetric flow rate of the residual gas in dry basis at normal
conditions in the hour h

fvcmargn | - Volumetric fraction of methane in the residual gas on dry basis in
hour h (NB: this corresponds to fvi,RG,h where i refers to
methane).

PCH4.n kg/m3 Density of methane at normal conditions (0.716)

Considering that the mass fraction of carbon, hydrogen, oxygen and nitrogen of the residual gas
(fm; ;) can be calculated as follows:

Z fv., * AM; *NA;

fm. =
- MMRG,h
Where:
Variable | SI Unit Description

fm;y, - Mass fraction of element j in the residual gas in hour h
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fvin - Volumetric fraction of component i in the residual gas in the hour
h
AM,; kg/kmol Atomic mass of element |
NA;; - Number of atoms of element j in component |
MMgGn kg/kmol Molecular mass of the residual gas in hour h
] The elements carbon, hydrogen, oxygen and nitrogen

i

The components CHs, CO,, O,, Nj

TVuran is calculated as follows:

*
TVn,FG,h :\/n,FG,h FM RG,h

Where:

Variable | SI Unit Description

TVinrGh m>/h Volumetric flow rate of the exhaust gas in dry basis at normal

conditions in hour h

Viurch m’/kg residual | Volume of the exhaust gas of the flare in dry basis at normal
gas conditions per kg of residual gas in hour h

FMRrGan kg  residual | Mass flow rate of the residual gas in the hour h
gas/h

Vn,FG,h =V co,n T Vv n0,h T Vn,Nz,h

Where:

Variable | SI Unit Description

VhFGh m3/kg residual | Volume of the exhaust gas of the flare in dry basis at normal
gas conditions per kg of residual gas in the hour h

Vi.cozn m3/kg residual | Quantity of CO, volume free in the exhaust gas of the flare at
gas normal conditions per kg of residual gas in the hour h

ViNon m3/kg residual | Quantity of N, volume free in the exhaust gas of the flare at
gas normal conditions per kg of residual gas in the hour h

Vi,02h m’/kg residual | Quantity of O, volume free in the exhaust gas of the flare at
gas normal conditions per kg of residual gas in the hour h

Vn,Oz,h = n02,h * Mvn

Where:

Variable | SI Unit Description

Vi.02.h m3/kg residual | Quantity of O, volume free in the exhaust gas of the flare at
gas normal conditions per kg of residual gas in the hour h

no2h kmol/kg Quantity of moles of O, in the exhaust gas of the flare per kg of

residual gas

residual gas flared in hour h

UvFoe
-~




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFLC "

CDM — Executive Board

page 25
MV, m’/kmol Volume of one mole of any ideal gas at normal temperature and
pressure (22.4 L/mol)
VnN2h _Mvn*{ mejh +(1 MFOZJ*[Fh-i_nO h]}
T 200AM MF,, >
Where:
Variable Sl Unit Description
ViN2h m’ /kg Quantity of N, volume free in the exhaust gas of the flare at
residual gas | normal conditions per kg of residual gas in the hour h
MV, m’/kmol Volume of one mole of any ideal gas at normal temperature and
pressure (22.4 m’/Kmol)
fmy - Mass fraction of nitrogen in the residual gas in the hour h
AM, kg/kmol Atomic mass of nitrogen
MFq, - O, volumetric fraction of air
Fh kmol/kg Stoichiometric quantity of moles of O, required for a complete
residual gas | oxidation of one kg residual gas in hour h
no2h kmol/kg Quantity of moles O; in the exhaust gas of the flare per kg residual
residual gas | gas flared in hour h
fm
Vncoz,h = Al\;: *MV
Where:
Variable Sl Unit Description
Vi.cozn m3/kg residual gas | Quantity of CO: volume free in the exhaust gas of the
flare at normal conditions per kg of residual gas in the
hour h
fmc - Mass fraction of carbon in the residual gas in the hour h
AMc kg/kmol Atomic mass of carbon
MV, m’/kmol Volume of one mole of any ideal gas at normal
temperature and pressure (22.4 m’/Kmol)
N L, *[ fme, , fm, {IMFOZJ*FJ
(1= (to, /MRy )) | AM.  2AM MF,,
Where :
Variable SI Unit Description
No2h kmol’kg  residual | Quantity of moles of O, in the exhaust gas of the flare
gas per kg of residual gas flared in hour h
to2.n - Volumetric fraction of O, in the exhaust gas in the hour
h
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MFq, - Volumetric fraction of O, in the air (0.21)
Fh kmol/kg residual | Stochiometric quantity of moles of O, required for a
gas complete oxidation of one kg of residual gas in hour h
fm; - Mass fraction of element j in the residual gas in hour h
AM,; kg/kmol Atomic mass of element |
] The elements carbon (index C) and nitrogen (index N)
Cfmg,  fm,,  fmg,
" AM. 4AM, 2AM,
Where:
Variable | SI Unit Description
Fn kmol  Ou/kg | Stoichiometric quantity of moles of O, required for a complete
residual gas oxidation of one kg residual gas in hour h
fm; ) Mass fraction of element j in the residual gas in hour h
AM; kg/kmol Atomic mass of element |

i

The elements carbon (index C), hydrogen (index H) and oxygen
(index O)

And FMgg, will be calculated as follows:

_ *
FM RG.h — PRG,nh FVRG,h

Where:
Variable | SI Unit Description
FMRrGn kg/h Mass flow rate of the residual gas in hour h
PRG.n.h kg/m3 Density of the residual gas at normal conditions in hour h
FVrGnh m>/h Volumetric flow rate of the residual gas in dry basis at normal
conditions in the hour h
p i
RG,n,h —
R, .

MM RG,h
Where:
Variable | SI Unit Description
PRG.nh kg/m3 Density of the residual gas at normal conditions in hour h
Pn Pa Atmospheric pressure at normal conditions (101 325)
Ru Pa.m’/kmol.K | Universal ideal gas constant (8 314)
MMggGn kg/kmol Molecular mass of the residual gas in hour h
Tn K Temperature at normal conditions (273.15)

UvFoe
-~
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MM go = Z(fvi,h * MMi)
Where:
Variable | SI Unit Description
MMgzGh kg/kmol Molecular mass of the residual gas in hour h
fvin - Volumetric fraction of component i in the residual gas in the hour
h
MM; kg/kmol Molecular mass of residual gas component i
i The components CHs, CO», O,, N;

Applying the above to the equation 1, the ex ante estimate of emissions reductions can be
calculated following the below equation:

ER, =|LFG e, *Wera, * Dy J¥[(1- AF)*GWP,,, ]~ EL,,» * CEF

electricity,y —

PE, . *(-AF)

flare,y flare,y

Eq: 4

CEFelectricityy has been calculated according to the methodology for small-scale project AMS.I.D.

B.6.2. Data and parameters that are available at validation: |

Data / Parameter: Factor Used for Converting Methane to Carbon Dioxide Equivalents

Data unit: tCO,/tCH4

Description: Regulatory requirements relating to landfill gas projects.

Source of data used: | Revised 1996 IPCC Guideline for National Greenhouse Gas Inventories
21

Value applied:

Justification of the| Parameter defined within the methodology ACMO0001 / version 5.
choice of data or
description of
measurement methods
and procedures
actually applied:

Any comment:

Data / Parameter: Methane density

Data unit: tCH4/m3CH4

Description: Conversion factor

Source of data used: | ACMO0001 / version 5
0.0007168

Value applied:

Justification of the | Parameter defined within the methodology ACMO0001 / version 5.
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choice of data or
description of
measurement methods
and procedures
actually applied:

This factor will be adjusted depending the on-site pressure and
temperature conditions.

Any comment:

At standard temperature and pressure (0 degree Celsius and 1.013 bar).

Data / Parameter:

CO, emissions intensity if electricity imported

Data unit: tCO2e¢/MWh

Description: Conversion factor

Source of data used: | Mine and Energy Ministry
Value applied: 0.2677 tCO5/MWh

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

The small scale methodology 1.D, version 10 has been used to estimate
the CEF. Referring to section 10 b, of this methodology, the weighted
average emissions of the current generation mixed has been used. The
emission factors from dispatch centres are not publicly available.

Data on fuel type, fuel emission factor are sensitive data and consequently
not available to us for each of the 1599 power stations referenced by
ANEEL (National Agency of Electric Energy
http://www.aneel.gov.br/aplicacoes/capacidadebrasil/capacidadebrasil.asp
).
Consequently, the 2006 IPPC Guidelines for National Greenhouse Gas
Inventories has been used in conjunction with the latest data, provided by
the Ministry of Mine and Energy (2005 figures, 2004 and 2003), for the
consumption of primary and secondary energy sources consumed for
electricity  production  (http://www.mme.gov.br). Calculation are
explained in Annexe 3. The value obtained is 0.0751 tCO2/MWh.

However, in order to be conservative, the highest value of the CEF used
within the registered PDDs in Brazil, applying the methodology
ACMO0001, has been applied.

This conservative value of 0.2677 tCO,./MWh, defined ex-ante, will be
used through the crediting period.

Any comment:

Data / Parameter:

Pn: Atmospheric pressure at normal conditions

Data unit:

Pa

Description:

Atmospheric pressure at normal conditions

Source of data used:

“tool to determine project emissions from flaring gases containing
methane”

Value applied:

101325 Pa

Justification of the
choice of data or
description of
measurement methods

Physical constant

UNFOCC
~y
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and procedures
actually applied:

Any comment:

Data / Parameter:

Ru: Universal ideal gas constant

Data unit:

Pa.m’/kmol.K

Description:

Universal ideal gas constant

Source of data used:

“tool to determine project emissions from flaring gases containing
methane”

Value applied:

8314.472 Pa.m’/kmol.K

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

Physical constant

Any comment:

Data / Parameter:

T,: Temperature at normal conditions

Data unit:

K

Description:

Temperature at normal conditions

Source of data used:

“tool to determine project emissions from flaring gases containing
methane”

Value applied:

273.15K

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

Physical constant

Any comment:

Data / Parameter:

AM;: Atomic Mass of element j

Data unit:

kg/mol

Description:

Atomic mass of element j (j= Carbon or hydrogen, oxygen and nitrogen)

Source of data used:

Mendeleiev table

Value applied:

AM¢ = 12.00 kg/mol
AMp = 16.00 kg/mol
AMy = 1.01 kg/mol

AMy = 14.01 kg/mol

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

Physical constant

Any comment:

UNFOCE
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Data / Parameter:

MV,: Volume of one mol of any ideal gas at normal conditions

Data unit:

m°/kmol

Description:

Volume of one mol of any ideal gas at normal conditions

Source of data used:

“tool to determine project emissions from flaring gases containing
methane”

Value applied:

22.414 m’/kmol

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

Physical constant

Any comment:

Data / Parameter:

MM;: Molecular mass of component i

Data unit:

Kg/kmol

Description:

Molecular mass of component 1 (i = methane, carbon dioxide, oxygen,
hydrogen or nitrogen)

Source of data used:

“tool to determine project emissions from flaring gases containing
methane”

Value applied:

MMCH4 =16.04 kg/kmol
MMco2 =44.01 kg/kl’l’lOl
MMo; = 32 kg/kmol
MMy; = 28.02 kg/kmol

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

Physical constant

Any comment:

Data / Parameter:

MFo,: Oxygen volumetric fraction of air

Data unit:

Dimensionless

Description:

Oxygen volumetric fraction of air

Source of data used:

“tool to determine project emissions from flaring gases containing
methane”

Value applied:

MF02 = 0.21

Justification of the
choice of data or
description of
measurement methods
and procedures
actually applied:

Physical constant

Any comment:

UNFOCE
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B.6.3. Ex-ante calculation of emission reductions: |

>>
As described in section B.6.1, the emission reductions of the project correspond to the amount of
methane actually destroyed by a flare. The quantity of methane that can be produced by a tonne
of deposited waste can be estimated using a first order decay model. This fraction is depending
on the waste quality and also on the way the site has been engineered and operated.

At the Tijuquinhas site, it has been estimated that 30% of the methane is recoverable from Zone
1 and 2 whereas, the newly engineered Zone 3 shall reach a collection rate of 70%.

The paragraph below explains how the ex-ante emission reductions are estimated.

Estimation of Methane Generated From Landfill

The first order decay model defined within the IPCC Good Practice Guidance and Uncertainty
Management in National Greenhouse Gas Inventories issued in 2000 was used to estimate
methane emissions from Tijuquinhas landfill. The model is as follows:

* g k(t=y) Eq: 5

contract ,y

Ak
CH 4. geces t_ (Mjk * L0 * ZWASTE

k y=o

Where:

CH4rojccted,t 1S the quantity of methane estimated to be generated during the year t (m3 )

k is the methane generation rate constant (1/yr)

L, is the methane generation potential (m3 CH,4 / t Waste)

Wastecontractsy 1S the waste input at year y

t is the year where methane production is calculated

y is the year where the waste was input to the landfill

Assumption of k

The estimation of methane generated from the landfill at a given year is highly sensitive to the
assumption of the methane generation rate constant value, k. The k value depends on the overall
moisture content in the landfill, temperature in the anaerobic zone, pH, and nutrient availability.
According to the IPCC Good Practice Guidance and Uncertainty Management in National
Greenhouse Gas Inventories issued in 2000, values of k should be assumed to be between 0.2

and 0.03. Due to high level of precipitation, around 1500 mm, the degradation is accelerated.
The k value has then been estimated to be 0.1.
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Estimation of Methane Generation Potential (L)

According to IPCC guidelines, methane generation potential is estimated from the following
equation:

Lo = MCF*DOC cys*F*(16/12) Eq: 6

Where:
Lo is the methane generation potential of the waste (t CH, / t Waste)

MCF is the methane correction factor

DOCcp4 is the degradable organic carbon in the waste (t CHy / t Waste)
F is the fraction of CHy in the landfill gas

16 is the molar weigh of methane (CHy)

12 is the molar weight of carbon (C)

Estimating MCF

According to [IPCC, MCF is assumed according to the types of sites shown in table 4.

Type of Site Methane Correction Factor
(MCF)
Managed Landfill 1
Unmanaged — deep (> 5Sm waste) 0.8
Unmanaged — shallow (< 5m 0.4
waste)
Default value — uncategorized 0.6
SWDSs

Table 4: Methane Correction Factor

MCF was assumed to have a value of 1 since the landfill is a well-managed landfill. According
to IPCC guidelines, well-managed landfills should have controlled placement of waste and a
degree of control of scavenging activities and control of fires should be in place. Tijuquinhas
landfill satisfies these criteria for the following reasons:

e Placement of waste is well planned in specifically designed cells. The cells are lined with
compacted clay.

e The landfill access is controlled; no scavenging activities are allowed inside the landfill.

e After the placement of each layer of waste (5 m), the waste is covered by a 30 to 40 cm of
soil which prevents any possible self-ignition of the waste and rainwater to penetrate the
cell.
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Estimating DOCcha

Degradable organic fraction (DOC) is based on the composition of the waste. DOC is estimated
from a weighted average of the carbon content of various components of the waste stream. This
value depends on the waste type and also humidity. A waste characterisation was carried out for
the municipality of Florianopolis which included moisture content for various waste types. These
results are presented in table 5, shown below:

Percent DOCcpq by
Waste Stream Weight
A. Paper and textiles 17%
B. Garden and park waste, and other 15%
(non-food) organic and Food waste

Table 5: Degradable Organic Carbon into methane for Major Waste Streams

If the composition of the percentage of each type of waste is known, the weighted average of the
degradable organic carbon can be estimated as follows:

% DOCcps (by weight) = 0.17(A) + 0.15(B) Eq: 7

Where:
A is the percent paper and textiles in the waste
B is the percent garden and park waste, and other organic waste such as food waste

Table 6, shown below, presents the composition of waste in the county of Florianopolis. This
composition was used to estimate the degradable organic fraction of the waste.

Composition (%humid waste)
Rural and semi-
Urban Waste Urban waste
A: Paper, cardboard, textile 26.8% 32.4%
B: Food and green waste

and wood 45.9% 34.5%

Inerts 27.3% 33.1%

Total 100% 100%

Table 6: Composition of Brazilian waste

The weighted average for the degradable organic carbon was estimated as follows:
% DOCcns = 0.17*A + 0.15*B

Applying this equation, the %DOCcp4 value for the urban waste is 0.1136
Applying this equation, the % DOCcn4 value for the rural and semi-urban waste is 0.107

) PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFLC "
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In order to assess the baseline scenario, the most conservative assumption of %DOCch4 value is
the one for urban waste. This value will then be used to establish the baseline scenario.
Estimating F

F was assumed at 55%.

Estimating L,

Based on the estimation of different parameters needed, methane generation potential was
estimated as follows:

Lo = MCF*DOC cys*F*(16/12) Eq: 8

Lo=1%0.1136*0.55*(16/12) = 0.0832 Mg CH, / Mg Waste

This value can be converted in a volume using the density of methane in the normal conditions
of pressure and temperature :

Lo = 0.0832/0.0007168 = 116 m’ CH, / t Waste

IPCC guidelines states that the value of Lo may range from less than 100 to over 200 m®> CHy / t
Waste. This shows that the estimated values are within acceptable range.

Estimation of Waste Quantities

As previously mentioned, Tijuquinhas landfill has received waste since 1991. The quantity of
waste already landfilled has been measured by a weighbridge. Projected waste inputs have been
estimated based on those received in the previous year with an assumed growth of 2%. Table 7
presents the amount of solid waste that is projected to be disposed within the site. It has been
estimated that the site cease accepting waste on 31% December 2013.

PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1. UNFLC "



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 03.1.

ovRe
-~

CDM — Executive Board

Waste Quantity
Year (Tonnes)
1991 16 179
1992 64 085
1993 69 525
1994 72 336
1995 82 731
1996 93 690
1997 103 529
1998 121 115
1999 126 466
2000 141 175
2001 141 093
2002 181 949
2003 190 430
2004 188 980
2005 236 212
2006 240 936
2007 245 755
2008 250 670
2009 255 683
2010 260 797
2011 266 013
2012 271 333
2013 276 760

Table 7: Projected Municipal Solid Waste Disposed in Tijuquinhas landfill during Project Lifetime

page 35
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Total Quantity of Methane Recoverable

Applying the approved model using the estimated parameters, the total quantity of methane
generated from Tijuquinhas landfill can be assessed as described below.

Estimation of the production of methane from the landfill

25000000

20000000 /\

15000000 r
10000000
5000000 - \\’\‘\‘\:

2006 2011 2016 2021 2026

m3 of CH4 / year

Figure 6 : estimation of the production of methane from the landfill

The total amount of methane recoverable has been adjusted in accordance with the operation
planning. Landfilled waste will be connected to the network after a necessary delay. Landfill gas
can only be collected in a safe manner when a minimum quantity of waste has been deposited
and when truck movements on the landfill will not interfere with landfill gas collection.

Ex-ante emission reductions considering operation
contraints

250 000

200 000

150 000 AN
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Figure 7: Integration of the operation constraints into the ex-ante emission reductions from the project
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Ex —ante estimation of Emission reductions

As described in section B.6.1, the amount of methane that would be destroyed by the project
activity (ER,) should be calculated from the following equation:

ERY = [LFG * WCH 4,y * DCH4 J* [(1 - AF) * C‘IVVPCH4]_ EI-IMP * CEFeIectricily,y - PE flare,y (1 - AF)
Where,

LFGriare,y Quantity of landfill gas flared during the year measured in cubic meters (m’)
Wehay Average methane fraction of the landfill gas

Dcha Methane density expressed in tena/m  cra

ELivp Net incremental electricity imported, defined as difference of project

imports less any imports of electricity in the baseline, to meet the project
requirements, in MWh

CEFeIectricity,y

CO: emissions intensity of the electricity displaced, in tCO2e/MWh. This
can be estimated using either ACMO0002 or AMSILD, if the capacity is
within the small-scale threshold values, when grid electricity is used or
displaced.

GWPcha Global Warming Potential value for methane 21 tCO2e/tCH4
AF Adjustment factor
PEflarey Emissions from flaring of the residual gas stream in year y in tCO»,

For the purpose of the ex-ante estimation of the emission reductions of the project, the value of
the parameters have been set as described below:

LFGriare,y Refer to figure 7
Wehay 50% Value in accordance with the model
Dcha 0.0007168 Value in accordance with the model
tCHy/ 1’Il3CH4
PEflarey 0 Expected greenhouse gas emissions after the
combustion of landfill gas
ELivwp 7Wh/m’ LFG Expected electricity consumption of the blower.
CEPFelectricity,y 267.7 kgCO2./MWh Refer section B.6.2
GWPch4 21
AF 10%

ovRe
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Electricity will be imported to run the blower which will create the vacuum within the landfill.
The electricity consumption has been estimated to be 7Wh/ m® of landfill gas treated.

The estimated emissions of CO; linked to the electricity consumption of the gas abstraction
system are described in the table below:

Ex-ante CO, emission link
Year to th‘e electricity .

consumption of the project

(tCO2/year)
2008 8 months 15
2009 12 months 31
2010 12 months 29
2011 12 months 34
2012 12 months 40
2013 12 months 48
2014 12 months 43
2015 12 months 39
2016 12 months 36
2017 12 months 33
2018 12 months 29
2019 12 months 26
2020 12 months 24
2021 12 months 21
2022 12 months 19
2023 12 months 18
2024 12 months 16
2025 12 months 15
2026 12 months 13
2027 12 months 12
2028 12 months 11
2029 4 months 3
| Total 21 years | 555 |

Table 8: CO, emissions associated with the electricity consumption of the project

Leakage:

As part of the methodology no leakage shall be accounted for.

Ex-ante emission reductions
Using the data, the ex-ante emission reductions can be estimated as follows:
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Vear Ex-ante emission reductions

of the project (tCO2/year)
2008 8 months 54 656
2009 12 months 110 830
2010 12 months 104 338
2011 12 months 123 830
2012 12 months 143 670
2013 12 months 174 969
2014 12 months 158 318
2015 12 months 143 251
2016 12 months 129 619
2017 12 months 117 284
2018 12 months 106 124
2019 12 months 96 024
2020 12 months 86 886
2021 12 months 78 618
2022 12 months 71 139
2023 12 months 64 367
2024 12 months 58 241
2025 12 months 52 698
2026 12 months 47 685
2027 12 months 43 146
2028 12 months 39 041
2029 4 months 11775
Total 21years | 2 016 509 |

Table 9: Ex-ante emission reductions of the project
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B.6.4. Summary of the ex-ante estimation of emission reductions:

>>
: . . : : Estimation of Estimatipn of

Estimation of project Estimation of Emission

Year activity emissions (tonnes | baseline emission Leakage Reductions
of CO,e) (tonnes of CO,e€) (tonnes of CO, &) (tonnez)of Co,
2008 8 months 94 303 148 959 - 54 656
2009 12 months 145 460 256 290 - 110 830
2010 12 months 133 550 237 888 - 104 338
2011 12 months 134 861 258 691 - 123 830
2012 12 months 137 100 280 770 - 143 670
2013 12 months 145 485 320 454 - 174 969
2014 12 months 131 641 289 959 - 158 318
2015 4 months 39 705 87 455 - 47 750

Total (tonnes of CO, €e) 962 105 1 880 466 - 918 361

Table 10: Summary of the ex-ante estimation of emission reductions for the first crediting period
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| B.7

Application of the monitoring methodology and description of the monitoring plan:

\ B.7.1 Data and parameters monitored:

Data / Parameter:

Data unit:

2. LFG flare.y
1’1’13

Description:

Total amount of landfill gas captured

Source of data used:

Measured by a flow meter. Data to be aggregated monthly and
yearly.

Value of data applied for the
purposed of calculating
expected emission reductions
in B.6

Refer to figure 7

Description of measurements
methods and procedures to
be applied:

A Flowmeter will be used.
Data will automatically and continuously be monitored and
recorded.

Data will be checked each business day by the landfill gas
manager.

QA/QC procedures to be
applied:

Flowmeter will be calibrated as per manufacturer
recommendations, at least annually per an officially accredited
entity. Flowmeters will be subject to a regular maintenance, testing
and calibration regime in accordance with manufacturer
specifications to ensure accuracy.

Any comment:

purposed of calculating
expected emission reductions
in B.6

Data / Parameter: 5. PEfarey

Data unit: tCO2

Description: Project emissions from flaring of the residual gas stream in year y
Source of data used: Calculated

Value of data applied for the | 0 tCO,

Description of measurements
methods and procedures to
be applied:

The parameters used for determining the project emissions from
flaring of the residual gas stream in year y (PEfaey) will be
calculated as per the “Tool to determine project emissions from
flaring gases containing Methane”. The parameters used for the
determination of PEfjrey are LFGparey, Wcnay, fVin, fVvenargn and
to2 .

QA/QC procedures to be
applied:

Regular maintenance will ensure opti