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\ A.l  Title of the project activity:

Terrestre Ambiental Landfill Gas Project
Version 4
20/09/2006

A.2. Description of the project activity:

The Terrestre Ambiental Landfill Gas Project’s (hereinafter TALGP) aim is to capture and flare
the landfill gas produced at CGR (Waste Management Center) Piacaguera to avoid emissions of
methane gas to the atmosphere. This landfill (class 11-A and 11-B*) is owned by Terrestre
Ambiental Ltda and located in Santos, State of Sdo Paulo, Brazil

Terrestre Ambiental Ltda is a society between Terracom ConstrucGes Ltda and ESTRE
(Empresa de Saneamento e Tratamento de Residuos Ltda).

ESTRE is presented in the main metropolitan centers of state of S8o Paulo (S&o Paulo
metropolitan region, Campinas metropolitan region, and Santos region). With the goal of
adequately dispose industrial and municipal waste produced in such regions, ESTRE has
already implemented five landfills.

CGR Piacaguera counts on the best management practices for such business. Modern
engineering has been applied during design, leachate is collected and sent for treatment, and all
the pertinent environmental variables are continuously monitored.

The landfill gas (biogas) is collected through a passive system, with no systematic and
monitored flare. Therefore, an extra-incentive is needed for Terrestre to make additional
investments and enhance its landfill gas collection rate and install appropriate facilities to
properly flare the methane produced at the site.

Landfill gas generation will be guaranteed throughout TALGP’s lifetime from various strategic
aspects CGR Piagaguera enjoys:

e CGR Piacaguera is located in Baixada Santista Region, in the coast of the State of S&o
Paulo, formed by 9 municipalities, which, in most cases, do not have feasible areas
where landfills could be developed because the region is surrounded by the Serra do
Mar State Park, an APP — Area de Preservacdo Permanente (Permanent Preserved
Area). In fact, all of those municipalities are both facing problems regarding their
rubbish dumps/landfills capacity or environmental demands by the environmental
agency in the state of S&o Paulo (CETESB), requiring the dumps’ areas to be recovered
and obliging the authorities to find proper destination to the waste generated.

e CGR Piagaguera receives waste from the two main cities of the region (Santos and
Cubatdo), among from the private companies located in the region. Considering these
clients, CGR Piagaguera receives around 1 200 tonnes of waste daily.

IResidues in Brazil are classified under standard NBR 1004, from ABNT, from November 2004. Class | residues are classified as
hazardous or present one of the following characteristics: flammability, power of corrosion, reactive properties, toxicity and
pathogenicity. Class Il residues are classified as non-hazardous residues and divided into 11-A Class — Non-Inerts, not classified as
Class | residues nor Class 11-B, might present the following characteristics: biodegradability, power of combustion or water
solubility. Class I1-B residues are inerts, not presenting constitutants when solubilized in standard above the potable water
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e Studies conducted by ESTRE show that landfill development and operation is only
feasible for waste disposition rates of at least 500 tonnes of waste per day. And
moreover, there are no potential feasible areas for landfill development in the region, as
the Serra do Mar State Park is protected by legislation.

TALGP will have a significant impact on sustainable development. First, while reducing
methane emissions that would enhance climate change, it will also minimize the risk that any
explosion occurs at the site — although CGR Piagaguera’s engineering and design specifically
aims at avoiding this type of accidents. Second, given the fact that initiatives of this type are
relatively new in Brazil, a significant technology transfer will be needed for the project’s
implementation and operation. Third, specialized operators will be needed for project operation,
which means a positive impact on employment and capacity-building. The aforementioned
elements concur in making the project extremely vital in the context of sustainable
development.

A.3.  Project participants:

Kindly indicate if the
Party involved wishes to
be considered as project

participant (Yes/No)

Name of Party involved Private and/or public entity(ies)
(*) ((host) indicates a host project participants (*) (as
Party) applicable)

e Terrestre Ambiental Ltda
(private entity)

¢ Econergy Brasil Ltda (private
entity)

Brazil (host) No

(*) 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 required.

A.4.  Technical description of the project activity:

CGR Piacgaguera in located in Morro das Neves neighbourhood, Doménico Rangoni Highway,
SP-055, Km 72, CEP: 11100-000, Santos (SP).

\ A4l Host Party(ies): \
Brazil
\ A4.1.2. Region/State/Province etc.: \
Sé&o Paulo
‘ A4.13. City/Town/Community etc: ‘
Santos
A.4.1.4. Detail of physical location, including information allowing

Figure 1 shows the location of Santos.
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CGR Piacaguera

The State of Sdo Paulo environmental agency — CETESB (Companhia de Tecnologia de
Saneamento Ambiental) — classifies the state’s landfills according to technology used,
management techniques and other criteria in its Landfill Quality Index (IQR — indice de
Qualidade de Aterros de Residuos). CGR Piacaguera was qualified with an IQR of 9.6 (range 0
to 10) in CETESB’s 2004 assessment of the state’s landfills®.

The technology to be employed will be the improvement of landfill gas collection and flaring,
through the installation of an active recovery system composed by a collection and
transportation pipeline network and a flaring system, as shown in Figure 2.

2 CETESB - Companhia de Tecnologia de Saneamento Ambiental. Inventario Estadual de Residuos
Solidos Domiciliares, 2004.
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Horinzontal gas
extraction system

Figure 2. Schematic situation of a landfill with active gas recovery (Source: WILHELM, 1991°%)

Following concrete examples from other landfill gas projects in the world, the TALGP may
involve the installation of wellheads at the existing concrete wells to avoid the emission of
methane to the atmosphere. An example of wellhead and the detail of its construction are shown
on Figure 3 and Figure 4.

(= r-.l-—r: WELLHEAD

LANDFILL COVER [

o OPTIONAL
MEMBRANE SEAL

1 — 50LID CASING

——soiL
BENTONITE PLUG

REFUSE
— PERFORATED PVC CASING

GRAVEL PACK

— BOREHOLE

__'_.__';_l_.___l_j

Figure 3. Eample of wellhead . .
(source: Biogas Ambiental®) Figure 4. Internal detail of a well and wellhead
The use of the existing wells represents a distinct advantage since they are already installed and
because at that location most of the gas flows to the atmosphere. However, some physical
barriers might interrupt the gas flow from the generation point to the well, so new wells might

need to be drilled.

A common practice all over the world is to use PVC equipment. It has the advantage to be more
flexible and more resistant to high pressure, if compared to metal or concrete equipment. The
disadvantage is represented by the high cost involved.

V. WILHELM:; Safety Aspects of the Planning, Construction and Operation of Landfill Gas Plants;
paper; Sardinia 91 Third International Landfill Symposium; S. Margherita di Pula, Cagliari, Italy; 14 - 18
October 1991

* Biogas Ambiental; available at < http://www.biogas-ambiental.com.br/instalacaorede.htm>; accessed on
Jan 31%, 2006.
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The wellheads are connected to a collecting pipeline. This pipeline transports the landfill gas to

the manifolds. The manifolds are equipment that can be connected with more than 10 wellheads
and transfer the collected gas to the transmission pipeline.

Figure 5. Example of manifold, connected with the transmission pipeline

The transmission pipeline is the last step of the collecting system. It transports the collected
landfill gas to the flare. The transmission pipeline might be connected with all manifolds around

the landfill. In order to preserve the operation of the equipment, a dewatering system might be
installed to remove the condensate.

P o

ige 6. Example of ransmission pipine

The collecting pipeline and the transmission pipeline are both usually in PVC, because this

material can support high pressures and is flexible. The transmission pipeline is finally
connected to the flare.
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Queimadores - Flare

Figure 7. xample of Iae (srce: Bogés biental)

This kind of technology is still not widely applied in Brazil. Very few landfills have already
installed equipment for improving the amount of landfill gas collected. Therefore, Terrestre will
need engineers and other specialists with experience in this area to advice the company while
implementing the project. These professionals will also train local operators and engineers on
operations and maintenance of the facilities.

Despite the fact that landfill gas projects can be of great potential in Brazil, the local market
does not have flare suppliers. Technology will have to come from abroad and mainly from the
United States and Europe. Technology transfer will hence occur from countries with strict
environmental legislative requirements and environmentally sound technologies.
Environmentally sound technologies are also needed for Terrestre to comply with its
environmental guidelines.

A.4.4. Brief explanation of how the anthropogenic emissions of anthropogenic

circumstances:

The project activity will burn all the landfill gas collected in a flare, applying procedures of
monitoring the flow and the amount of methane.

The current practice in CGR Piagaguera, as explained in A.4.3, is passive venting. With
TALGP’s new facilities, it will be possible to efficiently flare the landfill gas. By that, methane
that was previously released to the atmosphere will be flared and reduced to CO,, therefore
reducing the global warming effect, since methane is 21 times more powerful to the effect than
carbon dioxide.

Emission reductions would not occur in the absence of the TALGP because the improvement of
the landfill is not mandated by law and is not an economically attractive investment.
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A4.4.1. Estimated amount of emission reductions over the chosen

Years Annual_ estimation of emission
reductions in tonnes of CO2e
2007 88 924
2008 113 963
2009 136 619
2010 123 543
2011 111712
2012 101 006
2013 91320
Total estimated reductions
(tonnes of CO2e) 767086
Total Number of crediting years 7
Annual average over the crediting period of 109 583
estimated reductions (tonnes of CO2e)

The baseline methodology applied to TALGP is ACMO0001 - version 4: “Consolidated baseline
methodology for landfill gas project activities”.

B.1.1. Justification of the choice of the methodology and why it is applicable to

This methodology is applicable to TALGP because the baseline scenario is the partial or total
atmospheric release of the gas and the project activities is the capture of the gas through a
blower and the installation of a collecting system and the use of a flare to burn the methane.

With the implementation of the TALGP, methane that would be naturally released to the
atmosphere in the baseline scenario will be captured through the use of a collecting and flaring
system. Only a part of the methane is flared at the baseline due to safety and odor concerns.

As mentioned in A.4.3, a complete collecting network pipeline and a flaring system will be
installed in order do avoid the emission of methane to the atmosphere. Such a system ensures
that methane will be captured, transported and flared under controlled conditions, in a way that
it will be possible to measure the amount of methane flared on-site.

The description of formulae used to estimate emission reductions for the project activity is
indicated in D.2.4.of this document.
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B.3.  Description of how the anthropogenic emissions of GHG by sources are reduced

Application of the Tool for the demonstration and assessment of additionality of TALGP.

Step 0. Preliminary screening based on the starting date of the project activity

Since the TALGP will start its activities after the prompt-start date of 18/11/2004, the project
participants will not benefit from the crediting period starting prior to the registration of the
project activity.

Thus Step 0 is not applicable.

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

Sub-step 1la: Define alternatives to the project activity

Since the project activity will not deliver commercial goods or services (i.e. electricity
generation or thermal energy) and no other incentives will be obtained for the capturing and
flaring of the methane, and taking into account that there is no legislation that obligates the
landfill to destroy the methane, the landfill would continue with its core business (final disposal
of solid waste) and the methane would continue to be released to the atmosphere, continuing the
baseline scenario.

Sub-step 1b: Enforcement of applicable laws and regulations
The alternative, which is to continue with the business as usual situation before the decision of
implementing this CDM project activity is consistent with the applicable laws and regulations.

Step 2. Investment analysis

Sub-step 2a. Determine appropriate analysis method
As the TALGP generates no financial or economic benefits other than CDM related income, the
simple cost analysis scenario is applied.

Sub-step 2b. — Option 1. Apply simple cost analysis

As the baseline scenario is in accordance with national laws and regulations and as the project
activity will not receive income from the sale of electricity, the implementation of the project
activity will have no other benefits than the CDM revenues.

Step 4. Common practice analysis

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

According to the latest official statistics on urban solid waste in Brazil — Pesquisa Nacional de
Saneamento Basico 2000 (PNSB 2000) — the country produces 228 413 tons of waste per day,
which corresponds to 1.35 kg/inhabitant/day. And though there is a worldwide trend towards
reducing, reusing and recycling, therefore reducing the amount of urban solid waste to be
disposed in landfills, the situation in Brazil is peculiar. Most of the waste produced in the
country is sent towards open dumps which are, in most of the cases, areas without any sort of
proper infrastructure to avoid environmental hazards. Figure 8 shows the final destination of the
waste per municipality, according to PNSB 2000.
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m Open Dumps

m Corirollad Landil Waste Final Destination per Municipality (%)
@ Santary Landfll

O Special Waste Ladfll

| Composting 2 29% 5,24% 2186%

mRecycling 7,13% '

o Incineration

12,77%

53.28%

16,43%

Figure 8. Waste Final Destination per Municipality in Brazil (Source: PNSB, 2000°)

Only few of the existing Brazilian landfills have installed a collecting and flaring methane
system. The majority of landfills operate with natural emission of methane to the atmosphere,
through concrete wells.

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

As mentioned above, some landfills, such as Bandeirantes Landfill, Nova Gerar Landfill, Onyx
Landfill, Marca Landfill, Sertdozinho Landfill, Salvador da Bahia Landfill and ESTRE Paulinia
Landfill, operate with a forced methane extraction and destruction, using blowers, collection
system and flaring system.

This kind of project activity is not widely spread in Brazil and the landfills that operate this type
of project represent only a small portion of the total existing landfills.

Step 5. Impact of CDM registration

CDM registration will reduce the economic and financial barriers to the project activity. The
commercialization of the generated CERs represents the sole benefit of the project. Registration
will reduce investment risk and foster the project owners into expanding business activities.

The benefits and incentives mentioned in the text of the Tool for demonstration and assessment
of additionality, published by the CDM-EB, will be experienced by the project: anthropogenic
GHG reductions; financial benefits from the revenue obtained by selling CERs; and, likelihood
to attract new players and new technologies (currently there are companies developing new
technologies of biogas extraction and extra-efficient flares and the purchase of such equipment
is to be fostered by the CER sales revenue) thus reducing investor’s risk.

The project activity will take place in Centro de Gerenciamento de Residuos (CGR) Piagaguera,
Terrestre’s landfill located in Santos — SP. At that site, Terrestre receives waste from some
companies and from the municipalities of Santos, Guaruja, Cubatdo e Bertioga, important cities
from the Baixada Santista Region.

* IBGE - Instituto Brasileiro de Geografia e Estatistica. Pesquisa Nacional de Saneamento Bésico, 2000.
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The boundary is, in this case, the project activity site, where the landfill operations and LFG
emissions take place and where gas flaring will take place.

This baseline study was concluded on 20/09/2006, by Econergy, which is a Project Participant.
Contact information in Annex I.

‘ C.2.1. Renewable crediting period

\ C.2.1.1. Starting date of the first crediting period:

oioi2007

‘ C.21.2. Length of the first crediting period:

7yearsOmonths

‘ C.2.2. Fixed crediting period:

\ C.2.2.1. Starting date:

Left blank on purpose

\ C.222. Length:

Left blank on purpose

The methodology applied to TALGP is ACMO0001 — version 4. “Consolidated monitoring
methodology for landfill gas project activities”.

® It is expected that the project will start into operation on 01/01/2007.
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D.2.  Justification of the choice of the methodology and why it is applicable to the

This methodology is applicable to the TALGP because the baseline scenario is the partial or
total atmospheric release of the gas and the project activities is the capture of the gas through a
blower and the installation of a collecting system and the use of a flare to burn the methane.
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ID number Data Source of Data Measured (m), | Recording | Proportion | How will the Comment
(Please use | variable | data unit calculated (c) frequency | of datato | data be

numbers to or estimated be archived?

ease Cross- (e) monitored | (electronic/

referencing paper)

to D.3)

Left blank on purpose

D.2.1.2. Description of formulae used to estimate project emissions (for each gas, source, formulae/algorithm, emissions units
of CO, equ.)

Left blank on purpose

project boundary and how such data will be collected and archived :

ID number Data Source of Data Measured (m), | Recording | Proportion How will the data be Comment
(Please use | variable data unit calculated (c), | frequency | ofdatato archived? (electronic/

numbers to estimated (e), be paper)

ease Cross- monitored

referencing

to table

D.3)

Left blank on purpose
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of CO, equ.)

D.2.1.4. Description of formulae used to estimate baseline emissions (for each gas, source, formulae/algorithm, emissions units

Left blank on purpose

E).
D.2.2.1. Data to be collected in order to monitor emissions from the project activity, and how this data will be archived:
ID number Data variable Source of data Data unit Measured (m), Recording Proportion How will the Comment
(Please use calculated (c) frequency of data to be | data be archived?
numbers to or estimated monitored (electronic/
ease Cross- (e) paper)
referencing
to D.3)
Amourt of meter Data il be
2. LFGgiaey | landfill gas sent Flow meter m® m Continuously 100% Electronic i
aggregated monthly and
to flares
yearly.
< . (1) Continuous
. Continuously
Flare/combustion measurement of
. (2) Enclosed O
efficiency operation time of flare
. flares shall be .
determined by the : (e.g. with temperature)
operation hours . monltore(_j . (2) The enclosed flares
5. FE Flare fabricant % m/c yearly, with n/a Electronic
1) : shall be operated and
the first .
and the methane maintained as per the
: measurement e
content in the specifications
exhaust gas (2) o be_ made at prescribed by the
the time of
. . manufacturer.
installation.
. Measured by
Methane fraction m3CH4/ : ) ) )
0,
6. Wehay in the landfill gas Gas analyzer MLEG m Continuously 100% Electronic contlnl;?]l;Tygzaesr quality
7.T Temperature of Temperature °C m Continuously 100% Electronic Measured to determine
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the landfill gas sensor the density of methane
Dchi.
Pressure of the Pressure Measured to determine
8.p . Pa m Continuously 100% Electronic the Density of methane
landfill gas sensor D
CH4-
Total amount of Required to determine
Electricity Electricity CO2 emissions from
10. ELywp imported to meet | meter installed MWh m Continuously 100% Electronic use of electricity to
project in the blower operate the project
reguirement activity.
At the Required to determine
CO2 emission Calculated validation and CO2 emissions from
11. intensity of the using tCO,e/MWh c at renewal of a 100% Electronic use of electricity to
electricity ACMO0002. crediting operate the project
period. activity
At the Required for any
Regulatory S changes to the
4 validation and .
requirements Local adjustment factor (AF)
13. . . . test n/a at renewal of a 100% Paper .
relating to landfill regulations creditin or directly MDyqy. at
gas projects 1ting the renewal of the
period. e .
crediting period.

Obs 1: All data from the table above will be archived according to internal procedures, until 2 years after the end of the crediting period.
Obs 2: According with the Meth Panel’s recommendation AM_CLA_0028 and ACMO0001, when a landfill project only flares the methane, only one
flow-meter must be installed provided that the meter used is calibrated periodically by an officially accredited entity.

Note that for the “Simple Adjusted OM” as well as the “BM, was chosen a data vintage based on ex ante Monitoring. Thus, it will be required to recalculate
the combined margin at any renewal of a crediting period, using steps 1-3 in the baseline methodology ACM0002.

D.2.2.2. Description of formulae used to calculate project emissions (for each gas, source, formulae/algorithm, emissions units
of CO, equ.):
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> F,,COEF

> ;Fi,kyy.coa:i,k
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=4 D> GEN;,
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| D GEN
k

EF

OM ,simple _adjusted ,y

(tCO,e/GWh)

y
k.y

> F o, COEF

(tCO,e/GWh)

_ EFoy +EF,

EFectricity = BM. (tCO.e/GWh)

€

PE,=EC,.EF

Fijcor my IS the amount of fuel i (in a mass or volume unit)
consumed by relevant power sources j in year(s) y

j,m Refers to the power sources delivering electricity to the grid,
not including low-operating cost and must-run power plants, and
including imports4 from the grid

COEF;jormyy Is the CO2 emission coefficient of fuel i (tCO2 / mass
or volume unit of the fuel), taking intoaccount the carbon content
of the fuels used by relevant power sources j (or m) and the percent
oxidation of the fuel in year(s) y, a

GEN;(r m)y Is the electricity (MWh) delivered to the grid by source j
(or m)

EFeiectricity,y 1S the CO2 baseline emission factor for the electricity.
PE,: Are the project emissions during the year y in tons of CO,;
EC, are the electricity consumed by the blower during the year y, in
MWh

Obs: project emissions will be measured directly at the site.

According with ACMO0001, no leakage will be accounted for the project activity.

D.2.3.1. If applicable, please describe the data and information that will be collected in order to monitor leakage effects of the

project activity

ID number | Data Source of Data unit Measured (m), | Recording Proportion | How will the | Comment
(Please use | variable data calculated (c) | frequency of datato | data be

numbers to or estimated be archived?

ease Cross- (e) monitored | (electronic/

referencin paper)

g to table

D.3)
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equ.)

Left blank on purpose.

emissions units of CO, equ.)

The Methodology ACMOO0O01 states that greenhouse gas emission reduction achieved by the project activity during a given year “y” (ER,) is the
difference between the amount of methane actually destroyed/combusted during the year (MDproject, y) and the amount of methane that would have been
destroyed/combusted during the year in the absence of the project activity (MDyq ), times the approved Global Warming Potential value for methane
(GWPchy), plus the emission reductions of the net electricity fed to the grid (ELgx Lerc — ELimp) minus the emission reduction due to the replacement of
the fossil fuel used in the baseline, as follows:

ER, = (MD ~MD,,, Jx 21+ (ELg 1ore — ELyp )x CEF

ERy = emission reductions of the project activity in year y (tCO.g);

MDproject, y = quantity of methane destroyed at year y (tCH,);

MD,¢, y = methane that would have been destroyed during the year y in the absence of the project activity (tCH,);

GWPch4 = Global Warming Potential of Methane (tCO,e/tCH,);

ELex Lere = net quantity of electricity exported during year y, produced using landfill gas (MWh).

EL,vp = net incremental electricity imported, defined as difference of project imports less any imports of electricity in the baseline, to meet the project
requirements (MWh);

CEFeiectriciy = CO2 emissions intensity of the electricity displaced (tCO2e/MWh);

ET, = 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 (TJ);

CEFermar = CO2emissions intensity of the fuel used to generate thermal/mechanical energy, (tCO2¢/TJ);

— ET, xCEF el , Where:

project,y electricity

As the TALGP is not a project to produce and sell electricity to the grid and as the landfill did not consume fossil fuel for energy requirements in the
baseline, ELex, Lere =0 and ET, = 0.

So, the formulae is updated to:
ER, = (MD MD,,,, )x 21~ EL,,,, x CEF

projecty electricity
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The TALGP does not have any contractual obligations to burn methane; so MD,g, y is calculated based on the “Adjustment Factor”, a value estimated as
20% of total methane produced at the baseline that is flared due to odor and security concerns:

MD,,, , =0,2xMD

reg,y project,y

and

ER, = 0,8xMD,,ot, X 21— EL p x CEF

project,y electricity

The sum of the quantities fed to the flare, to the power plant and to the boiler must be compared annually with the total generated. The lowest value
must be adopted as MD prjecty. The following procedure applies when the total generated is the highest.

MD =MD +MD + MD

project,y flared,y electricity,y thermal ,y

As the project won’t produce electricity or replace a fossil fuel consumed in the baseline, the methane destroyed by the project activity MDpyoject, y during
year y is determined by monitoring only the quantity of methane actually flared:

MD =MD

and

I\/IDﬂared,y =LFG flared,y ><VVCH4 X DCH4 x FE

MDriareq, y = quantity of methane destroyed by flaring during year y (tCH,);
LFGrares,y = quantity of landfill gas flared during the year (NM®_eg);
Wehay, = Methane fraction of the landfill gas (Nm*CH./ Nm® rg);

Dch4 = methane density (0,0007168 tCH,/Nm3CHy, at 0°C and 1,013 bar);
FE = flare efficiency (%);

project,y flared,y

, Where

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format or font.



PROJECT DESIGN DOCUMENT FORM (CDM PDD) llwflj } 12

CDM - Executive Board

page 19

The estimative of the amount of landfill gas produced during year y is shown in E.4. The data used to determine the baseline scenario is presented in

Annex 3. In other words, ERy is equal to:

ER, = (0.8x LFG

flared,y

XWey,, % Dgyy. x FE x21)~EL,, x CEF

electricity

D.3. Quality control (QC) and quality assurance (QA) procedures are being undertaken for data monitored

Data

(Indicate table and
ID number e.g. 3.-
1,;3.2)

Uncertainty  level
(High/Medium/Low)

of data | Explain QA/QC procedures planned for these data, or why such procedures are not necessary.

2. LFGfiare.y Low Flow meters should be subject to a regular maintenance and testing regime to ensure accuracy.

5. FE Medium Regular maintenance should ensure optimal operation of flares. As it will be installed an enclosed flare,
flare efficiency should be checked yearly, with the first measurement to be made at the installation.

6. Wena.y Low Gas analyzer should be subject to a regular maintenance and testing regime to ensure accuracy

D.4 Please describe the operational and management structure that the project operator will implement in order to monitor emission

There will be a team assigned to monitor emission reductions from the project. They will be responsible for collecting and archiving the pertinent data
according to the monitoring plan.
The team and the operational and management structure and the responsibility of each member will be defined by the time of the project operation.

D.5 Name of person/entity determining the monitoring methodology:

This monitoring study was concluded on 20/09/2006, by Econergy Brasil, which is a Project Participant. Contact information in Annex I.
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‘ SECTION E. Estimation of GHG emissions by sources ‘

\ E.1.  Estimate of GHG emissions by sources: \
The only source of GHG project emissions is the CO, emissions due to the import of electricity.
It is calculated multiplying the grid’s Emission Factor (EF) by the amount of electricity
imported, in MWh, as presented on D.2.4.

As demonstrated on Annex 3, the EF for the S-SE-CO electric subsystem is equal to 0.2611
tCOe/MWh. Considering that the blower is estimated to need around 3 000 MWh/year, the
emission due to the import of electricity equals to 783 tCO,e/year. This data is determined ex-
ante.

E.2.  Estimated leakage:

According to ACMO0001, no leakage effects need to be accounted.

Thus, L, =0.

\ E.3. Thesum of E.1 and E.2 representing the project activity emissions: \

E.1+ E.2=0.2611x 3000+ 0 = 783 tCO.el/year

\ E.4.  Estimated anthropogenic emissions by sources of greenhouse gases of the baseline: \

GHG emissions by sources in the baseline were estimated using IPCC’s guidelines’. In the case
of TALGP, the derivative of first order decay model approach was used:

T
K x R, x L, XZZ[e_k(i_j)]

i=y j=y
QT,y —

F , Where:

- Qr,y = landfill gas produced during year T (M es);
- k = decay constant (1/year);

- Ry = amount of waste disposed on year y (kg);

- Lo = methane potential generation (m3CH4/Mgwa5te);
- T = actual year;

- y = year of waste disposal;

- F = fraction of methane at the landfill gas (%)

To summarize, relevant factors for landfill gas estimation are:

« Year the site opened,;

* Year the site closed;

» Amount of waste disposed at the site in a given year;
» Methane generation rate constant (k);

» Methane generation potential (Lo).

" Revised 1996 IPCC Guidelines for National Greenhouse Gases Inventory.
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Terrestre provided waste flow data from year 2003 to 2005 together with the estimative from
2006 to the end of the crediting period. The emission reductions estimative were calculated
considering the landfill’s closure year in 2009. It is important to note that the CGR Piagaguera
Environmental Impact Analysis considers the expansion of the landfill until 2010, but it has not
been considered in the Operation License yet.

According with USEPA?®, a collection efficiency for energy recovery between 75% and 85%
sounds reasonable “because each cubic foot of gas will have a monetary value to the
owner/operator”. A conservative value of 65% of collection efficiency was adopted for TALGP.
S0, LFGiarey is equal to 65% of total landfill gas emitted to the atmosphere at the baseline:

In other words, the amount of Methane destroyed by the project activity is calculated as follows:

T i
Kk x R, x Ly x ZZ[e_k(i_j)]

=0,8x0,65x Y X Weyy, X Dgyy, x FE x 21

project,y F

MD

or

T
kxR, xL,x ZZ[e_k(i_j)]

=0,52 % =y 15 X Weyy, X Dy, x FEx 21

project,y F

MD

E.5. Difference between E.4 and E.3 representing the emission reductions of the project

T .
kxR, xLyx ZZ[e_k('_’)]
ER, =| 0,52x I:y 1= X Wey, X Doy, x FEx21-EC, x EF

This equation has been used for estimation purposes only, as the real emission reductions will
be measured at the project site following the monitoring methodology for TALGP.

8 USEPA; Turning a Liability into an Asset: A Landfill Gas-to-Energy Project Development Handbook;
September 1996
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E.6. Table providing values obtained when applying formulae above:

Estimation of . . Estimation Estlm_atl_on of
roiect activit Estimation of the of leakage emission
Year eFr)ni;sion (tonnZs baseline emission (tonnes %f reductions
(tonnes of CO2¢) (tonnes of
of CO2e) CO2e) CO2e)
2007 783 89 708 0 88 924
2008 783 114 746 0 113 963
2009 783 137 402 0 136 619
2010 783 124 326 0 123543
2011 783 112 495 0 111712
2012 783 101 790 0 101 006
2013 783 92 103 0 91 320
Total
(tonnes of 5483 772 570 0 767 086
COze)

\ SECTION F. Environmental impacts

F.1.  Documentation on the analysis of the environmental impacts, including
transboundary impacts:

The possible environmental impacts are to be analyzed by the State Secretary of Environment
(SMA - Secretaria de Estado do Meio Ambiente), through DAIA - Environment Impact
Assessment Department (Departamento de Avaliacdo de Impacto Ambiental) and CETESB -
State of S&o Paulo Environmental Agency (Companhia de Tecnologia de Saneamento
Ambiental). Terrestre has all the pertinent licenses for CGR Piacaguera, and will carry out the
necessary process in order to obtain the working license for the flaring facility. From December-
2002 to June-2004, the landfill received 2 temporary Operational Licences, until the definitive
Operational Licence from 21 June 2004. The CGR Piagaguera’s Operation License is shown in
Figure 9 to 13.

There will be no transboundary impacts resulting from TALGP. All the relevant impacts occur
within Brazilian borders and will be mitigated to comply with the environmental requirements
for project’s implementation.
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Figure 9. CGR Piagaguera's Operation License (page 1 of 5)
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GOVERND DO ESTADO BE SAQ PAULO =
SECRETARIA [N} MEIO) AMBIENTE 02 -‘
CETESB - COMPANHIA DE TECNOLOGIA DE SANEAMENTO AMBIENTAL

LICENCA DE OPERACAO

EXIGENCIAS TECNICAS

I, CRONOGRAMA: Deverd ser apresentado, 4 CETESB, cronograma fisico detalhado dz implantacio dag obras
dhiv aterro samitanio de modo o permitic o acompanhamento pela equipe wenica de CETESR,

| 2. PROJETO: A ESTRE devera proceder os ajustes necessirios do projeto basice de fomm a adapta-lo ag wecho da
gleba de sua propriedade {arrendada da FIRPAVE), alteraghes estas relativas principalmente a estabilidade dos
taludes, drenagem de liquidos percolados, drensgem de mses drenagem de dguis pliviais As adapiagiies e
eveiiuas mdificacdes do projeto deverio ser submenidos i aprovacio de CETESR

1. PROJET: Apresentar, § CETESB, previsiio de vida itil do aterro sanitirio.

4. IMPERMEABILIZACAO DA FUNDAGAD E ASPECTOS HIDROGEOLOGICOS: Ffemar mma carictenizagio
hidrogealiyzice que permin im melhor conhecimento do comportamenta da pereolagio das fguns stravés das
Traturuy ¢ arcas planas, especialments nos com o5 depasitos sedimentares ¢ paredes de rocha fraturadas
A defimgio deste padidio de fluxo & importante para determinar a estabilidade do macico rochoss ¢ do lixe, bem
com para estahelecer medidas que evitem s contaiminagio das aguirs sublerrineas ¢ superficris

o

IMPERMEABILIZACAG DA FUNDACAO E ASPECTOS HIDROGEOLOGICOS: Parn a protecio da base.
deve ser adotado o sistema “triffisico” formado por argila - manta de PEAD fespessurs minina de 2 mm) - argila,

6. IMPERMEARILIZACAD DA FUNDACAO E ASPECTOS HIDROGEOLOGICOS: Nas framras das parodes
da encosta deverdo ser construidos drenos individusis mes zonas pouco fraturadas, com posterior aplicagio de
eancreln projetdo; seguido de muntas de PEAD, couforme evoluglio do aterra, Nas zonas inlensamente
frauradas, onde & praticamente invidvel 8 aplicacio de drenos individuais, deverd ser construide um dreno
comtinge, englobando toda a zona de fratisra.

T. IMPERMEABILIZACAC DA FUNDAGAO E ASPECTOS HIDROGEOLOGICOS: Definir um plano de
monitoramento detafiado para a drea do aterro, com éspectal atengio para possiveis eontarmpagics do aqiiifero
mfilirages pelas fraturas ¢ buse do aterro, o que incrementaria o volume de chorume

8. DRENAGEM DOS LIQUIDOS PERCOLADOS: Definiir 2 0 sistema de drenagem dos liguidos percolados,
intema do macico sanitirio, serd implantuds em todas as comadas de residues ou upenas aas cotas 30, 45 ¢ 50
metros, Caso a implantagho dos drenos sefa propoesta em todas as camadas, apresentar plantas ndividuus de cada
wma delas

9 TRATAMENTO DOS LIQUIDOS PERCOLADOS: Adotar sistenma de tratamento para o< liquidos percolados

10, TRATAMENTO DOS LIQUIDOS PERCOLADOS: Em neghuma hipdtese serd tolerade o langamento de
chomme bruto no corpe receptor.

TRATAMENTO DOS LIQUIDOS PERCOLADOS: Construir um tanque de scumulagio que contenha todo a
chomume gerido dutante o periodo necessirio para a entrada em regime do sistema de tatamento dos hguidos
percolados oo quando da ocorménein de falhas on paralisacho do sistermna

TRATAMENTO DOS LIQUIDOS PERCOLADOS: Nio poderd ser realizada o recireulagio dos liquidos
percalados, pata evitar prejuizos 4 estabilidade do atero sanitirio,

TRATAMENTO DOS LIQUIDOS PERCOLADOS: A vaziio dos liquidos percolados. esimada para o futuro
aerro sanighng deveri ser melbor determinada via realizagho de balango hidrico para a drea. Conforme o
resuliads, caso necessdrio, deverd ser reavaliado o dimensiomamento do sistema de coleta © fratamenta dos
liquidos percoladas.

e e e I B 1| 210672004

FNTIDADE Pag

Figure 10. CGR Piagaguera's Operation License (page 2 of 5)
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“atender s padroes de emissdo fixadas ao Ariigo 18 do Regulsmento da Lel v 997 4 31705 76, aprovado pelo.

Decremw o B468/76,

15, TRATAMENTO DOS LIQUIDOS PERCOLADOS: Uptando-sc pela disposigio ¢ mutaments dos Hquidos
percolidos em sisterma de tratamento de esgoto @niidrio, deverd arender os padedes de emissdo fixados 5o Artige
19-A do Regulamenio da Lei n” 397 de 31/05/76. aprovade pelo Decreto n® 8468/76, devendo ser solicindo, i
CETESB. o respective CADRI - Certificado de Aprovagio de Destinagio de Residueos

16 DRENAGEM DE AGUAS SUPERFICIATS: Detalhar ss eamadus do aterro contemplando o sistema de

drenagem de dguas superficiais provisino a ser implantado. O dimensionamento das caixas dizupadoras de
energia devern ser apresentado.

17 GEOMETRIA DO SUBATERRO: Definir s declividade da diltima camada de materinl de cobermura ¢ apresentar
planta especifica de cada camada o ser implantada, representando sua geometria e sisiemas de drenagem
{liquidos percolados. dguas pluviais o gases).

15 FECHAMENTO DO SUBATERRO: A camada de selomento devers ter uma declividade i ke 2% {dois
par cento parn garantic o bom escoamenmo das dgnss superficiais. Deverd ambém ser previst & drenppem da
canmds de term a ser colocadn sobre o manta de PEAD, para evilar a saturagio do solo superfical

19, JAZIDAS PARA EMPRESTIMO DE SOLO {(USO DE FOSFOGESSO) Eventual uso de losfogesso parn
coherma mtemediiia dos residuos dependera de prévia avaliscio dos drplos ambientass, inchusve CETESE.

N

DRENAGEM DE GASES: Implantar ¢ operar adequadamente o sistema de drenagem de pases gerados no aterro
sanitirm, ndo devendo neomer a percepglio de ensisslio ressdual de substineias odoriferas fora dos limites da drea
de propriedade do aterro,

21, REINTEGRACAO DA AREA DO ATERRO AQ ESPAGO LOCAL: Apesar da proposia ser satisfatdria,
recomenda-se o plantio de mudas cspocadas de 2 X 2 meros, para garantic bom adensamenio, assim comao a
utihizacko de espécies pioneiras, de crescimenta ripido.

22 MONITORAMENTO DO ATERRO SANITARICK: O Plano de Monitoramento das Aguas Subterriness e
Superfieris deverd ser implantade de acordo com a padronizacin adetsda peha CETESE, conforme os
parametros indicadores. de contammagio das dpuas sibterrineas ¢ as cond gdes gue scguem abaixo

PARAMETROS INDICADORES DE CONTAMINACAC DAS AGUAS SUBTERRANEAS

A amilise das dguas com a listagem complera deve ser efetunda na primeira Zeim & fepeind ente.
A andlise das dguas com a listagem minima seré realizada wimestralmente a partir da segunda amostragem, ¢ se
repetirh, por trés vezes. aié ser complementadn o ciclo de um ano, ocasidio em que serdo analisados os parimetros
da listagem complets.

Fsse procedimento se repetira pelo tempa necessirio, & ser estipulado pela CETESE.

O resultados obhidos serio submetidos & epreciacio da CETESE Gue, a sen entério, poderd allerir a
perindicidade e os parimetros das andlises.

LISTAGEM COMPLETA:

CARACTERISTICAS FISICAS E ORGANOLEPTICAS
I Conduvvidade elétrica,

2. Salidos weetars dhissolvidos,

3. Dureza total,

4. pH.

ENTIDADE

Figure 11. CGR Piagaguera's Operation License (page 3 of 5)
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TS Oloos € graxas,

o, {oe aparente,
T T urhiches:

COMPONENTES INORGANICOS
1. Alumimo,

2. Barin,

2. Cadmo,

4, Cobre,

3. Chumbao,

6. Uloretos

7. Unoeno tonal,

& Fetro total,

9. Fosfaio uotal,

Ik Magndsio,

11. Manganés iotal,

12. Mercino,

13, Mimogénio nitrio,
14, Nirogénio nitmito,
15, Mtrogénio kjeldahl,
16. Potssio,

17, Selénio,

1%, Sadio

19, Linco

COMPONENTES ORGANICOS
L. RTX,

2. Fennl,

1. Tncloroetileno,

4, Diciorometano

5. Clorete de metileno,

6. Cloreto de vinila

BACTERIOLOGICOS

L. Coliformes totans,

2, Coliformes fetas,

3. Peeudnmonas acruginosis,
4. Salmonella.

LISTAGEM MINIMA.:

|, Condutividade clétrica,
2. Bdlulos wtais dissolvidos
3. pH,

4. Oleos ¢ RRLXas,

5 Clometw,

6. Aluminio,

7. Cromo total,

8. Charrdba,

9. Mercino,

1 Cadmie,

I, Ferm,

12, Manganés,

13 BTX,

ENTIDADE
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Figure 12. CGR Piagaguera's Operation License (page 4 of 5)
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14, Diclorometans,
15 Tricloreetileno,

16 Cloreto de vinila,
17. Coliformes 1wiais,
18, Coliformes fecais

MONITORAMENTO DO ATERRO SANITARIO: Os pardmeiros a serem analisados para as amostras de
Aguas Superficiais, n serem caletadas em pontos situados § montante ¢ u jusamte da drea do alemo, nos corpos de
dgun superficiais proxinos ¢ nas caiwas de dienagem de dguas de nascentes linpas, o os mesmos estabelecidos
para as dguas subterrineas acrescidos de OD e DBO

MONITORAMENTO DO ATERRO SANITARIO: Apresentar Plano de Montoiamento do aierro apds O sew
encerramcnto, com duragio minima de 10 (dez) anos, sendo que os proprictirios do sterro samitirio
penmanecerio com esPponsiveis. mesmo transcomdo ssse penodn, por tedos os eventos que advenham desse
npade empreendimente,

MONTTORAMENTO DO ATERRO SANITARIO: Apreséntar relatorios anuais do plano de monnoramento do
aterre, conternplando quantidade, descrigdo e local de disposigho dos residuos, bem come os dados nesuliantes
do monitoramento geotécnicn e de fiuas subterrineas do aterrn.

ACOES: |

A presente Licenga dic Operaglio ¢ vilida pars o alerrd sanitirio CUR-Plagaguera, localizado no Sitio Sanm Rit
o Santa Cruz, Bairmo Morro das Weves, Rodovia Comegn Doménic, Rangond (SP-35), km 72, Sanws. Sio
Paulo, para a disposicho de residucs solidos domicilinees ¢ imdustrians Classe 1-A "Residuos Nao Perigosos
Nao Inertes”, conforme Norma Brasileira ARNT - 10,004 - Residuos Solidos - € Tassaticagin,

Esta Licenga foi reemitida em | 140872005, conforme Solicitacio de Alteragin de Documentos.

Eng™ T |
Gerenire da Ambierdad de Sanbos |
CREA i 154 =Reg: n* 1858040 {
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Figure 13. CGR Piagaguera's Operation License (page 5 of 5)

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format

or font.




PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02

-~

CDM - Executive Board page 28

F.2. If environmental impacts are considered significant by the project participants or

The CGR Piacaguera is one of the few landfills that has an Environmental Licence from
CETESB, showing Terrestre Ambiental is totally committed to environmental integrity in its
practices.

There are no significant environmental impacts in TALGP. The necessary infra-structure to flare
the gas and produce energy will not likely cause any significant impacts in the site.

Flaring gas, nevertheless, may cause gaseous emissions, such as volatile organic compounds
and dioxins that have to be controlled. During the environmental licensing procedures, all the
necessary measures will be taken to mitigate such impacts, as requested for issuance of the
working licence by the environmental agency.

SECTION G. Stakeholders’ comments ‘

G.1. Brief description how comments by local stakeholders have been invited and
compiled:

As required by the Interministerial Comission on Global Climate Change (CIMGC), the
Brazilian DNA - Designated National Authority, invitations must be sent for comments to local
stakeholders as part of the procedures for analyzing CDM projects and issuing letters of
approval. This procedure was followed by Terrestre to take its GHG mitigation initiative to the
public. Letters and the Executive Summary of the project were sent to the following local
stakeholders:

Prefeitura Municipal de Santos — SP / Municipal Administration of Santos — SP;
Secretaria Municipal do Meio Ambiente / Municipal Secretariat of Environment;
Camara dos Vereadores de Santos - SP / Municipal Legislation Chamber;

Secretaria Estadual do Meio Ambiente / Environmental Secretariat of Sdo Paulo State;
CETESB / State of Sdo Paulo Environmental Agency;

Rotary Club de Santos;

Ministério Publico do Estado de S&o Paulo / Public Ministry of Sdo Paulo State;
Forum Brasileiro de ONGs (FBOMS) / Brazilian NGO Forum.

G.2.  Summary of the comments received:

A comment from Férum Brasileiro de ONGs was received. According with the comment, the
entity expresses gratitude for the correspondence dispatched by Terrestre. FBOMS also
recognizes their role, as one of several institutions listed in the “Resolucdo n°® 1”, created by
CIMGC, that must invite for comments. They highlight their support in transparency
mechanisms of analysis process and approval of CDM projects. They mention the importance
of consulting local stakeholders for comments in order to improve of sustainability and the
quality of projects collaborating with the implementation of international climate exchange
regime. Furthermore, FBOMS affirms it is waiting for a Brazilian Federal Government
manifestation, by means of CIMGC, about how the comments and analysis made by FBOMS
integrants for CDM projects are considered into the final decision. Therefore, it emphasizes its
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interest in technical information evaluation, but a lack of a more detailed analysis of the project
does not mean their approval of the same.

It also suggests the application of sustainability criteria in order to evaluate the project’s real
impact on sustainable development.

G.3. Report on how due account was taken of any comments received:

Terrestre appreciated the comments from FBOMS. A letter was sent from Terrestre expressing
its gratitude for the considerations about the TALGP and availability of providing any necessary
additional information. Terrestre informed that they might study the adoption of a sustainability
criteria certification, but recognizes that the CDM verification procedures already include the
assessment of such criteria.
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CONTACT INFORMATION ON PARTICIPANTS IN THE PROJECT ACTIVITY

Project Participant -1:

CDM — Executive Board

Annex 1

Organization:

TERRESTRE AMBIENTAL LTDA.

Street/P.O.Box:

Avenida Presidente Juscelino Kubitschek, 7830 Torre 1V, 4° andar

Building: -

City: Séo Paulo
State/Region: Séo Paulo
Postfix/ZIP: 04543-9000
Country: BRAZIL
Telephone: 55-11-3706.8877
FAX: 55-11-3078.3355
E-Mail: estre@estre.com.br
URL: www.estre.com.br

Represented by:

Alex Schlosser

Title:

page 30

Salutation: Mr.

Last Name: SCHLOSSER

Middle Name: -

First Name: ALEX

Department: Environmental Management
Mobile: 55-11-7713.8562

Direct FAX: 55-11-3078.3355

Direct tel: 55-11-3706.8877

Personal E-Mail:

alex@estre.com.br
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Project Participant -2:
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Organization:

Econergy Brasil Ltda.

Street/P.O.Box:

Avenida Angélica, 2530 — conjunto 111

Building: Edificio Reynaldo Riucci

City: Séo Paulo

State/Region: SP

Postfix/ZIP: 01228-200

Country: Brazil

Telephone: + 55 (11) 3555-5700

FAX: +55 (11) 3555-5735

E-Mail: -

URL: http://www.econergy.com.br

Represented by:

Title: Mr./Mrs.

Salutation:

Last Name: Diniz Junqueira / Cerchia

Middle Name: Schunn / Maria

First Name: Marcelo / Francesca

Department: -

Mobile: +55 (11) 8263-3017 / + 55 (11) 8584-2228
Direct FAX: Same above

Direct tel: + 55 (11) 3555-5725 / + 55 (11) 3555-5729

Personal E-Mail:

junqueira@econergy.com.br / cerchia@econergy.com.br

Annex 2

INFORMATION REGARDING PUBLIC FUNDING

There is no public funding from Annex 1 involved in TALGP.

This template shall not be altered. It shall be completed without modifying/adding headings or logo, format

or font.

ovece
-~



PROJECT DESIGN DOCUMENT FORM (CDM PDD) - Version 02

CDM - Executive Board page 32

Annex 3
BASELINE INFORMATION

Table 1. Baseline determination information

DATA VALUE UNIT SOURCE
. . mcralk

L, (methane potential generation) 0.07 CH“e Gust USEPA?
k (decay constant) 0.1 1/year
Year of the landfill opening 2003
Year of the landfill closure 2009 Terrestre
Ry Variable twaste
EAF (Emission Adjustment Factor) 20 % ACMO0001

USEPA (1996) suggests values of k and L, to be applied to the model. Because of the
uncertainty in estimating Lo, gas flow estimates derived from the model should also be
bracketed by a range of plus or minus 50 percent. To make a conservativeness approach, L, was
assumed to be minus 50% of the lowest value of the range (2.25-2.88 ft*/Ib). Converting the
units to m3CH4/kgwaste, the value assumed for Ly is 0.07.

Although, the Baixada Santista Region is located in the coast of the State of Sdo Paulo and the
region has intensive rains during the whole year, conservatively, the value of k was estimated as
0.1/year.

Project Emissions due to electricity purchased were estimated through approved methodology
ACMO0002 “Consolidated methodology for grid-connected electricity generation from
renewable sources” Version 6.

ACMO0002 considers the determination of the emissions factor for the grid to which the project
activity is connected as the core data to be determined in the baseline scenario. In Brazil, there
are two main grids, South-Southeast-Midwest and North-Northeast, therefore the South-
Southeast-Midwest Grid is the relevant one for this project.

The method that will be chosen to calculate the Operating Margin (OM) for the electricity
baseline emission factor is the option (b) Simple Adjusted OM, since the preferable choice (c)
Dispatch Data Analysis OM would face the barrier of data availability in Brazil.

In order to calculate the Operating Margin, daily dispatch data from the Brazilian electricity
system manager (ONS) needed to be gathered. ONS does not regularly provide such
information, which implied in getting it through communicating directly with the entity.

The provided information covers years 2003, 2004 and 2005, and is the most recent information
available at this stage (At the end of 2005 ONS supplied raw dispatch data for the whole

% USEPA — United States Environmental Agency; Turning a Liability into an Asset: a Landfill Gas-to-
Energy Project Development Handbook; LMOP — Landfill Methane Outreach Program, 1996
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interconnected grid in the form of daily reports10 from Jan. 1, 2003 to Dec. 31, 2005, the most
recent information available at this stage).

Simple Adjusted Operating Margin Emission Factor Calculation

According to the methodology, the project is to determine the Simple Adjusted OM Emission
Factor (EFowm, simple adjusted, y)- Therefore, the following equation is to be solved:

z I:i,i,y'COEFi,j z Fi,k,y-COEFi,k

=(@1-2,)" + 1, K (tCOe/GWh)

EF
ZGEN” ’ zGENk,y
i k

OM ,simple _ adjusted , y

It is assumed here that all the low-cost/must-run plants produce zero net emissions.
> Fiyy COEF,,
i,k

Zk:GENk’y

=0 (tCO,e/GWh)

Please refer to the methodology text or the explanations on the variables mentioned above.

The ONS data as well as the spreadsheet data with the calculation of emission factors have been
provided to the validator (DOE). In the spreadsheet, the dispatch data is treated as to allow
calculation of the emission factor for the most three recent years with available information,
which are 2003, 2004 and 2005.

The Lambda factors were calculated in accordance with methodology requests. The table below
presents such factors.

Year Lambda
2003 0,5312
2004 0,5055
2005 0,5130

Electricity generation for each year needs also to be taken into account. This information is
provided in the table below.

Year Electricity Load (MWh)
2003 288.933.290
2004 302.906.198
2005 314.533.592

Using therefore appropriate information for F;;, and COEF;;, OM emission factors for each year
can be determined, as follows.

10 Acompanhamento Diéario da Operagéo do Sistema lterligado Nacional. ONS-CNOS, Centro Nacional
de Operacéo do Sistema. Daily reports on the whole interconnected electricity system from Jan. 1, 2003
to Dec. 31, 2005.
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Z F..;.200-COEF, |

- i
EFOM ,simple _ adjusted, 2003 (1 - 12003 ) GEN
z 1,2003
i

EFOM,simplefadjusted,2003 =0,4605 tCO/MWh

2 Fi i 200-COEF,

i

EFOM,simplefadjusted,2004 = (1= Ay004) = ZGEN EFOM’Simpledej-usted'zo()4 =0,4531 tCO,/MWh
§,2004
i
2 Fij 2005 COEF, |
EFOM,simple_adjusted,ZOOS = (1_ 12005) - ZGEN EFOMySimP|9_adJ'U3tedv2005 = 0’3937 tCOZ/MWh
1,2005
i

Finally, to determine the baseline ex-ante, the full generation weighted-average among the three
years is calculated, finally determining the EFom simple_adjusted-

* * *
EFOM,smple?adjusted,zooa ZGEN j,2003 + EFOM,smple?adjusted,zoozi ZGEN j,2004 + EFOM,5|mpleiadjusted‘2005 ZGEN j,2005
i i i

EF,,, . . =
OM ,simple _adjusted
SHPIe-2EUtEe 20032009 ZGENj,ZOOCi + ZGENLZOOA + ZGENj,zoos
i i i

According to the methodology used, a Build Margin emission factor also needs to be
determined.

> Fimy COEF, |

EFy, , ="
My > GEN,,,

Electricity generation in this case means 20% of total generation in the most recent year (2005),
as the 5 most recent plants built generate less than such 20%. If 20% falls on part capacity of a
plant, that plant is fully included in the calculation. Calculating such factor one reaches:

EFgy 2005 = 0,0872tCO,/MWh

Finally, the electricity baseline emission factor is calculated through a weighted-average
formula, considering both the OM and the BM, being the weights 50% and 50% by default.
That gives:

EF secricny 2005 2005 = 0:5*0,4349 + 0,5%0,0872 = 0,2611tCO,/MWh

The Brazilian electricity system has been historically divided into two subsystems: the North-
Northeast (N-NE) and the South-Southeast-Midwest (S-SE-CO). This is due mainly to the
historical evolution of the physical system, which was naturally developed nearby the biggest
consuming centers of the country.

The natural evolution of both systems continues to demonstrate that integration will happen in
the future. In 1998, the Brazilian government announced the first leg of the interconnection line
between S-SE-CO and N-NE. With investments of around US$700 million, the connection had
the main purpose, in the government’s view, at least, to help solve energy imbalances in the
country: the S-SE-CO region could supply the N-NE in case it was necessary and vice-versa.
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Nevertheless, even after the interconnection was established, technical papers continue to divide
the Brazilian system in three (Bosi, 2000)*":

‘... where the Brazilian Electricity System is divided into three separate subsystems:
(i The South/Southeast/Midwest Interconnected System;
(i) The North/Northeast Interconnected System; and
(iii) The Isolated Systems (which represent 300 locations that are electrically isolated from the
interconnected systems)”

Moreover, the ACMO0002 version 6 suggests using the regional grid definition, in large
countries with layered dispatch systems (e.g. state/provincial/regional/national), where DNA
guidance is not available. A state/provincial grid definition may indeed in many cases be too
narrow given significant electricity trade among states/provinces that might be affected, directly
or indirectly, by a CDM project activity.

Finally, one has to take into account that even though the systems today are connected, the
energy flow between N-NE and S-SE-CO is heavily limited by the transmission lines capacity.
Therefore, only a fraction of the total energy generated in both subsystems is sent one way or
another. It is natural that this fraction may change its direction and magnitude (up to the
transmission line’s capacity) depending on the hydrological patterns, climate and other
uncontrolled factors. But it is not supposed to represent a significant amount of each
subsystem’s electricity demand.

The Brazilian electricity system nowadays comprises of around 101.3 GW of installed capacity,
in a total of 1 482 electricity generation enterprises. From those, nearly 70% are hydropower
plants, around 10% are natural gas-fired power plants, 4.5% are diesel and fuel oil plants, 3.2%
are biomass sources (sugarcane bagasse, black liquor, wood, rice straw and biogas), 2% are
nuclear plants, 1.4% are coal plants, and there are also 8.17 GW of installed capacity in
neighboring countries (Argentina, Uruguay, Venezuela and Paraguay) that may dispatch
electricity to the Brazilian grid'2. This latter capacity is in fact comprised by mainly 5.65 GW of
the Paraguayan part of Itaipu Bi-national, a hydropower plant operated by both Brazil and
Paraguay, but whose energy almost entirely is sent to the Brazilian grid.

The approved methodology ACMO0002 asks project proponents to account for “all generating
sources serving the system”. In that way, project proponents in Brazil should search for, and
research, all power plants serving the Brazilian system.

However, information on such generating sources is not publicly available in Brazil. The
national dispatch center, ONS — National System Operator — argues that dispatching information
is strategic to the power agents and therefore cannot be made available. On the other hand,
ANEEL, the electricity agency, provides information on power capacity and other legal matters
on the electricity sector, but no dispatch information can be got through this entity.

In that regard, project proponents looked for a plausible solution in order to be able to calculate
the emission factor in Brazil in the most accurate way. Since real dispatch data is necessary after
all, the ONS was specifically contacted and the reason for data collection was explained. After
several months of talks, plants’ daily dispatch information was made available by ONS.

1 Bosi, M. An Initial View on Methodologies for Emission Baselines: Electricity Generation Case Study.
International Energy Agency. Paris, 2000.
12 \www.aneel.gov.br
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Project proponents, discussing the feasibility of using such data, concluded it was the most
proper information to be considered when determining the emission factor for the Brazilian grid.
According to ANEEL, in fact, ONS centralized dispatched plants accounted for 75 547 MW of
installed capacity by 31/12/2004, out of the total 98 848.5 MW installed in Brazil by the same
date™, which includes capacity available in neighboring countries to export to Brazil and
emergency plants, that are dispatched only during times of electricity constraints in the system.
Such capacity in fact is constituted by plants with 30 MW installed capacity or above,
connected to the system through 138 kV power lines, or at higher voltages. Therefore, even
though the emission factor calculation is carried out without considering all generating sources
serving the system, about 76.4% of the installed capacity serving Brazil is taken into account,
which is a fair amount if one looks at the difficulty in getting dispatch information in Brazil.
Moreover, the remaining 23.6% are plants that do not have their dispatch coordinated by ONS,
since: either they operate based on power purchase agreements which are not under control of
the dispatch authority; or they are located in non-interconnected systems to which ONS has no
access. In that way, this portion is not likely to be affected by the CDM projects, and this is
another reason for not taking them into account when determining the emission factor.

In an attempt to include all generating sources, project developers considered the option to
research for available, but non-official data, to supply the existing gap. The solution found was
the International Energy Agency database built when carrying out the study “Road-Testing
Baselines for Greenhouse Gas Mitigation Projects in the Electric Power Sector”, published in
October 2002. Merging ONS data with the IEA data in a spreadsheet, project proponents have
been able to consider all generating sources connected to the relevant grids in order to determine
the emission factor. The emission factor calculated was found more conservative when
considering ONS data only, as the table below shows the build margin in both cases.

IEA/ONS Merged Data Build Margin ONS Data Build Margin
(tCO,/MWNh) (tCO,/MWh)
0.205 0.0872

Therefore, considering all the rationale explained, the project developers selected to use ONS
information only, as it was capable of properly addressing the issue of determining the emission
factor and doing it in the most conservative way.

The fossil fueled plants efficiencies were also taken from the IEA paper. This was done
considering the lack of more detailed information on such efficiencies from public, reliable and
credible sources.

From the mentioned reference:

“The fossil fuel conversion efficiency (%) for the thermal power plants was calculated
based on the installed capacity of each plant and the electricity actually produced. For
most of the fossil fuel power plants under construction, a constant value of 30% was used
as an estimate for their fossil fuel conversion efficiencies. This assumption was based on
data available in the literature and based on the observation of the actual situation of those
kinds of plants currently in operation in Brazil. The only 2 natural gas plants in combined
cycle (totaling 648 MW) were assumed to have a higher efficiency rate, i.e. 45%.”

Therefore only data for plants under construction in 2005 (with operation start in 2003, 2004
and 2005) was estimated. All others efficiencies were calculated. To the best of our knowledge
there was no retrofit/modernization of the older fossil-fuelled power plants in the analyzed

13 \www.aneel.gov.br/arquivos/PDF/Resumo_Graficos_mai_2005.pdf
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period (2003 to 2005). For that reason project participants find the application of such numbers
to be not only reasonable but the best available option.

The aggregated hourly dispatch data received from ONS was used to determine the lambda
factor for each of the years with available data (2003, 2004 and 2005). The Low-cost/Must-run
generation was determined as the total generation minus the generation from fossil-fuelled
thermal plants generation, this one determined through daily dispatch data provided by ONS.
All this information has been provided to the validators, and extensively discussed with them, in
order to make all points crystal clear.

On the following pages, a summary of the analysis is provided. The Table 2 shows the
summarized conclusions of the analysis of the emission factor calculation and Figures 14, 15
and 16 present the load duration curves for the S-SE-CO subsystem. Finally, the Figure 17
shows the estimated generation of methane in the baseline scenario and the methane captured
and fired.

Table 2: Summary of the emission factor calculation

ovece
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Baseline {including imports) EF oy [tCO2MWWH] Load [Mvvh] LCMR [Myh] Imports [MWh]
0,9823 288.933.290 274 670644 459 586
09163 302.906.198 284.748.295 1.468.274
0,8086 314,533,592 296,690,687 3.535.252
Total {2003-2005) = 906.373.081 856.109.626 5.463.113
EF o, smpo-auiscas [1CO2MWH] EF gt a5 Lambda
0,4349 0,0872 Az
Weights Default weights 05312
e = 0,80 Weow = 08 A angs
W - 0,50 Wew - 0,8 0,48055
EF, [tCO2Mwh] Default £F , [tCO2/MAH] A 20m
0,2611 0,2611 0,5130
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Figure 14. Load duration curve for the S-SE-CO subsystem, 2003
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Figure 15. Load duration curve for the S-SE-CO subsystem, 2004
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Figurel6. Load duration curve for the S-SE-CO subsystem, 2005
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Figure 17. Methane estimative for TALGP
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Annex 4
MONITORING PLAN

As stated in section D of this document, the following variables need to be measured as to
determine and account for emission reductions due to TALGP.

- Temperature of the !
' combustion chamber; :
- Hours of flare operation; jmmmmmmmmmmmmmm---oooooooe

Flare

- Yearly methane content - Flow meter;
in the exhaust gas;

1
1
1
- Temperature meter; |
1
- Pressure meter; !
1
1
1
1
1

- CH4 meter

Landfill House

- Electricity consumption .
of the blower !

Figure 18. Scheme of the monitoring of TALGP

e The amount of landfill gas being sent to flares;
e The amount of methane in the landfill gas;
e The flares’ efficiencies:
a) Temperature of the combustion chamber;
b) Hours of .flare operation;
¢) Yearly analysis of methane content in the exhaust gas;
e The pressure of the biogas;
e The temperature of the biogas; and
e The electric consumption of the blower, in MWh.

Except from the flare efficiency, all other data need to be monitored continuously, through
proper meters or analyzers. The flare efficiency will be measured continuously (by the operating
hours of the flare and by the average temperature of the combustion chamber) and as TALGP
will install an enclosed flare system (it’s not defined how many flares will be installed), yearly
with the first measurement to be made at the time of installation through the percentage of
methane in the exhaust gas.

Case more than one flare will be installed, the following parameters will need to be monitored
for each flare: the amount of landfill gas being sent to each flare and the efficiency of each flare.
Considering TALGP’s facilities will have computer-based equipment and generate continuous
data, such equipment will be used for generating data relevant for the annual emission reduction
verification report. The summary table (Table 3) for such report will be filled in, with the
metered data provided as background.
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Table 3. Summary worksheet for TALGP

Total TALGP - Terrestre Ambiental Landfill Gas Project
D Cn;f:’m Temperature |Pressure C:ﬁ:f“ 4 | Methane grm Hectricity Consumed
) ) wbar) | vy (%%) ) from the Grid(MWh)
1/1/2007 | 24.000,0000 | 60,0000 360000 | 63870,4700 | 32,2 | 34380,0833
21172007 10,0000 10,0000
3172007 10,0000 10,0000
4/1/2007 10,0000 10,0000
5/1/2007 0,0000 0,0000
6/1/2007 0,0000 0,0000
71172007 0,0000 0,0000
8/1/2007 0,0000 0,0000
9/1/2007 0,0000 0,0000
10/1/2007 0,0000 0,0000
11/1/2007 0,0000 0,0000
12/1/2007 0,0000 0,0000
13/1/2007 0,0000 0,0000
14/1/2007 10,0000 10,0000
15/1/2007 10,0000 10,0000
16/1/2007 10,0000 10,0000
17/1/2007 0,0000 0,0000
18/1/2007 0,0000 0,0000
19/1/2007 0,0000 0,0000
20/1/2007 0,0000 0,0000
21/1/2007 0,0000 0,0000
22/1/2007 0,0000 0,0000
23/1/2007 0,0000 0,0000
24/1/2007 0,0000 0,0000
25/1/2007 10,0000 10,0000
26/1/2007 10,0000 10,0000
27/1/2007 10,0000 10,0000
28/1/2007 10,0000 10,0000
29/1/2007 10,0000 10,0000
30/1/2007 0,0000 0,0000
31/1/2007 0,0000 0,0000

Landfill gas into flares and methane content in the landfill gas are metered through a flow meter
and a gas analyzer installed at the facility and monitored electronically through a programmable
logic control system. After that, once the flow, as well as flares’ efficiencies, become inputs for
the sheet, the amount flared is calculated. The sum of both quantities is the total methane
destroyed. Discounting such number by 20% (Effectiveness Adjustment Factor), the emission
reductions from the project are determined.

There will be similar sheets for the three crediting periods. They will be presented to the verifier
as the collected and stored data for verification purposes. The workbook will also keep
electronic information on the flares’ efficiencies, as tests are carried out accordingly. The Table
4 shows how the flares’ data are to be archived.

Table 4. Flare efficiency data

_

As mentioned in D.2.2.1, the Emission Factor will be determined using the ex-ante approach. In
the renewal of the baseline, EF will be recalculated using the most appropriate methodology.

The calculation of emission reductions will be made using the following table:

3

A LFG sent to flares m

B Methane content on LFG Yomethane
C Pressure of the LFG bar

D Temperature of the LFG K
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E=Bx AL 213 | 0,0007168 | Methane collected e
D 1.013
F Flare Efficiency %
G=E.F Total methane destroyed tmethane
H CH, Global Warming Potential tCO,/tCH,
I=H.21 Total CO,e destroyed tCO.e
J=J.0.2 Total CO,e destroyed in the baseline tCO.e
K=J-1 CO,e destroyed by the TALGP tCO.e
L Total electricity imported MWh
M !Emission factor of the grid which the TALGP {CO,e/MWh
is connected
N=L.M Emissions due to the import of electricity tCO,e
O=J-N Emissions reductions due to the TALGP tCO.e

The CH,4 Global Warming Potential (variable H) will be monitored according with the most

recent version of IPCC’s Guidelines.
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