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1. Introduction
Biogas Energia Ambiental implemented the Bandeirantes Landfill Gas to Energy
Project (hereinafter BLFGE), according with the Project Design Document version 2B
of December 2005, validated by DNV as the project number 2005-0387 on December,
2005. The project was approved by the Brazilian DNA on September, 2005 and
registered at the UNFCCC’s web site on 20" February 2005, with the CDM
Registration Reference Number 0164.

2. OBJECTIVE

The purpose of this report is to quantify the volume performed of Greenhouse Gas
Emission Reductions (ER), in tonnes of carbon dioxide equivalent, to be certified by the
Designated Operational Entity as per The Kyoto Protocol and CDM Modalities
Procedures requirements (Decision 17.CP7).

3. GENERAL DESCRIPTION OF THE PROJECT

BLFGE is a project designed to explore the landfill gas produced in Bandeirantes
landfill, one of the biggest landfills in Brazil. This landfill is located in the metropolitan
region of S&o Paulo, Brazil’s biggest city and financial center of the country. With an
estimated population of around 10 million citizens in 2000, S&o Paulo generates nearly
15.000 tons of waste daily. BLFGE’s goal is to explore the gas produced in
Bandeirantes landfill, using it to generate electricity.

Bandeirantes landfill is divided into 5 cells, named AS-1, AS-2, AS-3, AS-4 and AS-5.
The former 3 are the oldest ones, which operated from 1978 until 1995. BLFGE has
since its start been extracting gas from the newest cells, where there is still waste being
disposed. Two main units can be detached: the degassing installations and the power
plant.

The degassing installations are responsible for extracting the landfill gas from the
landfill and transport it to the gas engines in the power plant. During the transportation,
the gas goes through a treatment to allow its use as fuel for energy generation. Other
functions of the degassing installations are: drying landfill gas by gas coolers; and
measuring and analyzing the quantity and quality of the landfill gas for safety, process
and operating purposes.

The landfill gas cools down when transported from the landfill, resulting in a
condensate. This is drained to condensate shafts, placed nearby the gas pipes. Once in
the degassing installations, the landfill gas has to be cooled again to remove moisture.
This is a very important step in the gas treatment process, since the condensate, which
contains silicium components, could block the gas pipes and also damage the gas
engines, due to the silicium. After this step, the gas is heated again through a second
heat exchanger, or economizer, to a temperature of around 25°C, far enough from the
dew point of 4°C to avoid further condensation.

Considering demoisturing is fundamental for the energy generation, as per the reasons
mentioned in the previous paragraph, a demister has been installed for extra-safety
reasons. The demister is a stainless steel high density filter which separates liquid
particles (small amounts of condensate) from the landfill gas. This liquid is to be
drained off to a condensate shaft as well.



The blowers are used for transportation of the landfill gas from the landfill to the gas
engines, under correct suction and pre-pressure. Capacity and pressure are adjusted
through frequency controlled electromotors. Moreover, the blowers are equipped with
all the necessary safety equipment, including a noise reducing housing.

On the pressure side of the degassing installation, all kinds of gas analyzing and gas
measuring instruments are present. These instruments are very important for safety,
process and operating purposes. After the described treatment, analyzing and
measurement, the landfill gas is transported as a fuel to the gas engines. These drive
electrical generators in order to generate electrical power. An occasional surplus of the
landfill gas can be burned off by the flares.

The whole process is controlled by an electrical control system. This control system is
provided with a PLC (Programmable Logical Controller). All the measured process
signals are processed by the PLC to output signals for the gas-coolers, blowers, flares
and gas-engines. Also the system counts on a SCADA system (process visualization on
a personal computer). With this system it is possible to control and monitor the
installation at a distance, including through the internet.

For electricity generation, a total of 24 Caterpillar engines, nominal capacity of 925 kW,
model 3516 A were installed. They will burn the gas and generate energy, which is to
be sent to Eletropaulo’s — the electricity distributor supplying Sdo Paulo metropolitan
region — grid. This electricity will in fact not be commercialized directly; it will supply
Unibanco’s branches over Sdo Paulo state.

BLFGE is the biggest biogas power plant in the world. Mankind has not been able to
presence any circumstance where such scale could be put into practice for a landfill gas
to energy initiative until BLFGE was up and running. In Brazil, this kind of project has
never been fully accepted since technology was not considered to be proven, legislation
does not require landfill gas to be flared, and the electricity market was state-regulated,
which did not allow the existence of independent power producers. Moreover, and
maybe more important, the country electricity culture has been focused on big
hydropower plants, with this sort of electricity generation thought to be the only
plausible alternative for the country’s demand.

Therefore, one would not think such a landfill gas to energy initiative would happen if
there were no technology transfer in place. This means not only supplying equipment,
but also training engineers on how to implement such projects and how they could, in
turn, train operators to take care of the various meters and softwares necessary for
project operation. In the case of BLFGE, project implementation and operation
capabilities were part of the work of Van der Wiel — worldwide known Dutch firm
acting in the transport, infrastructure and environmental technique — and Arcadis,
engineering, project management and consultancy Netherlands-based firm with a branch
in Brazil (ArcadisLogos Engenharia), responsible for landfill gas capture engineering
design. Equipment used in this project are mainly imported — engines for electricity
generation, flow meters, gas analyzer, and flares are all imported. Both companies have
been working under strict environmental regulations, and project’s implementation and
operation happen under such circumstances. Thus, it can be clearly seen a very



important environmentally safe technology transfer operation has been put in place with
BLFGE.

4. BASELINE METHODOLOGY

Methodology used:
ACMO0001: “Consolidated baseline methodology for landfill gas project activities”

Baseline determination:

The Methodology ACMO0O001 states that greenhouse gas emission reduction achieved by
the project activity during a given year “y” (ERy) is the difference between the amount
of methane actually destroyed/combusted during the year (MDproject, y) @nd the amount of
methane that would have been destroyed/combusted during the year in the absence of
the project activity (MDyeg y), times the approved Global Warming Potential value for
methane (GWPcha), as follows:

ERy = (MDproject,y — MDreg,y)X 21+ EGy X CEFeIectricity,y , Where:

ERy = emission reductions of the project activity in year y (tCOze);

MDyroject, y = quantity of methane destroyed at year y (tCHa);

MD¢g, 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,);

EGy = Net quantity of electricity displaced on year y;

CEFelectricity, y = CO2 emissions intensity of the electricity displaced (tCO,e/MWh)

As the BLFGE does not have any contractual obligations to burn methane, MDyeg, 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,., x21+EG, xCEF

project,y electricity,y

The methane destroyed by the project activity MDyyoject, y during year y is determined by
monitoring the quantity of methane actually flared:

MD =MD +MD

and

MD = LFG flared,y

I\/IDeIectricity,y — LFGeIectricity,y X VVCH4 X DCH4

MDriared, y = quantity of methane destroyed by flaring during year y (tCHa);
LFGriared, y = quantity of landfill gas flared during the year (m3LFG);

MDelectricity, y = quantity of methane sent to produce electricity during year y (tCH.);
LF3Ge|ectricity, y = quantity of landfill gas sent to produce electricity during the year
(M°Lre);

Wcha,y,= Methane fraction of the landfill gas (M*CH./ m® rc);

project,y flared ,y electricity,y

flared ,y ><\NCH4 X DCH4 x FE

where



Dcra = methane density (tCH4/m3CH,);
FE = flare efficiency (%);

Emission reductions from the displacement of electricity were calculated using the
emission factor of the S-SE-CO grid. According with ACMO0002, for the years 2002-
2004 the Emission Factor (CEFeiectricity, y) Was 0,2677 tCO,/MWh and

5. MONITORING METHODOLOGY

Methodology used:
ACMO0001: “Consolidated baseline methodology for landfill gas project activities”

The parameters to be monitored are, according with ACMO0001:
- total landfill gas captured;
- landfill gas sent to flares;
- landfill gas sent to produce electricity;
- pressure of the landfill gas;
- temperature of the landfill gas;
- flare efficiency;
- methane content on landfill gas;
- electricity fed to the grid,;
- regulatory requirements;

The measure of the amount of landfill gas collected, the pressure, the temperature and
the percentage of methane will be made after the degassing installation. Next, the
amount of landfill gas sent to flares will be measured in the entrance of the flares and
the difference between these two values will be the amount of landfill gas sent to
produce electricity. The electricity dispatched to the grid will be measured at the power
house.
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From 1% January 2004 to 12" September 2004, all the measures were registered
manually, by the operators, 4 times a day. From 13" September on, all measures have
been registered automatically by the flow-meter and updated at each 5 minutes. The

equipments are:

Before the installation of the flow-meter

Variable Measured Instrument Fabricant Model (Ii;’rozr) Uncertainity
Velocity Digital anemometer Schiltknecht MiniAir Junior | 5,000 -
Temperature Temperature transmitter | Endress - Hauser TST10 0,200
Pressure Pressure transmitter Endress - Hauser PMC41 0,200
cerabar
Methang Panel analyzer Emerson BINOS 100 1,000
concentration
Total error + 6,400 %
uncertainity
After the installation of the flow-meter
'\\/I/:;;i?:; Instrument Fabricant Model Error (+/-%) | Uncertainity
Total flow Flow Meter Instromet SM-RI X K 0,600
Temperature Tempergture Instromet model 333 0,010 -
transmitter
Pressure Pressure transmitter Instromet model 333 0,010 0,015
Methang Panel analyzer Emerson BINOS 100 1,000 -
concentration
Total error + 1,635 %
uncertainity
6. CER VOLUME REQUIRED
The CER volume required for the period is 1.188.421,09 tCO.e
Calculation Memo, from 01/01/2004 to 28/02/2006
VARIABLE UNIT QUANTITY
BEFORE FM AFTER FM
Total Methane Captured Nm° 28.020.348 69.677.563
Total methane to flares Nm’ 14.525.503 18.573.850
Methane destroyed at the flares | Nm® 14.513.883 18.558.991
Total methane to electricity Nm’ 13.494.845 51.103.713
Total methane destroyed Nm® 28.008.728 69.662.704
Total electricity produced MWh 43.400 150.837




7. Monitoring Sheet

Before the installation of the Flow-meter
DAY

1/1/2004
2/1/2004
3/1/2004
4/1/2004
5/1/2004
6/1/2004
7/1/2004
8/1/2004
9/1/2004
10/1/2004
11/1/2004
12/1/2004
13/1/2004
14/1/2004
15/1/2004
16/1/2004
17/1/2004
18/1/2004
19/1/2004
20/1/2004
21/1/2004
22/1/2004




23/1/2004
24/1/2004
25/1/2004
26/1/2004
27/1/2004
28/1/2004
29/1/2004
30/1/2004
31/1/2004
1/2/2004
2/2/2004
3/2/2004
4/2/2004
5/2/2004
6/2/2004
71212004
8/2/2004
9/2/2004
10/2/2004
11/2/2004
12/2/2004
13/2/2004
14/2/2004
15/2/2004
16/2/2004
17/2/2004
18/2/2004
19/2/2004
20/2/2004
21/2/2004




22/2/2004
23/2/2004
24/2/2004
25/2/2004
26/2/2004
271212004
28/2/2004
29/2/2004
1/3/2004
2/3/2004
3/3/2004
4/3/2004
5/3/2004
6/3/2004
7/3/2004
8/3/2004
9/3/2004
10/3/2004
11/3/2004
12/3/2004
13/3/2004
14/3/2004
15/3/2004
16/3/2004
17/3/2004
18/3/2004
19/3/2004
20/3/2004
21/3/2004
22/3/2004




23/3/2004
24/3/2004
25/3/2004
26/3/2004
27/3/2004
28/3/2004
29/3/2004
30/3/2004
31/3/2004
1/4/2004
2/4/2004
3/4/2004
4/4/2004
5/4/2004
6/4/2004
71412004
8/4/2004
9/4/2004
10/4/2004
11/4/2004
12/4/2004
13/4/2004
14/4/2004
15/4/2004
16/4/2004
17/4/2004
18/4/2004
19/4/2004
20/4/2004
21/4/2004




22/4/2004
23/4/2004
24/4/2004
25/4/2004
26/4/2004
27/4/2004
28/4/2004
29/4/2004
30/4/2004
1/5/2004
2/5/2004
3/5/2004
4/5/2004
5/5/2004
6/5/2004
7/5/2004
8/5/2004
9/5/2004
10/5/2004
11/5/2004
12/5/2004
13/5/2004
14/5/2004
15/5/2004
16/5/2004
17/5/2004
18/5/2004
19/5/2004
20/5/2004
21/5/2004




22/5/2004
23/5/2004
24/5/2004
25/5/2004
26/5/2004
27/5/2004
28/5/2004
29/5/2004
30/5/2004
31/5/2004
1/6/2004
2/6/2004
3/6/2004
4/6/2004
5/6/2004
6/6/2004
7/6/2004
8/6/2004
9/6/2004
10/6/2004
11/6/2004
12/6/2004
13/6/2004
14/6/2004
15/6/2004
16/6/2004
17/6/2004
18/6/2004
19/6/2004
20/6/2004




21/6/2004
22/6/2004
23/6/2004
24/6/2004
25/6/2004
26/6/2004
27/6/2004
28/6/2004
29/6/2004
30/6/2004
1/7/2004
2/7/2004
3/7/2004
4/7/2004
5/7/2004
6/7/2004
7/7/2004
8/7/2004
9/7/2004
10/7/2004
11/7/2004
12/7/2004
13/7/2004
14/7/2004
15/7/2004
16/7/2004
17/7/2004
18/7/2004
19/7/2004
20/7/2004




21/7/2004
22712004
23/7/2004
24/7/2004
25/7/2004
26/7/2004
27/7/2004
28/7/2004
29/7/2004
30/7/2004
31/7/2004
1/8/2004
2/8/2004
3/8/2004
4/8/2004
5/8/2004
6/8/2004
7/8/2004
8/8/2004
9/8/2004
10/8/2004
11/8/2004
12/8/2004
13/8/2004
14/8/2004
15/8/2004
16/8/2004
17/8/2004
18/8/2004
19/8/2004




20/8/2004
21/8/2004
22/8/2004
23/8/2004
24/8/2004
25/8/2004
26/8/2004
27/8/2004
28/8/2004
29/8/2004
30/8/2004
31/8/2004

1/9/2004

2/9/2004
3/9/2004
4/9/2004
5/9/2004
6/9/2004
7/9/2004
8/9/2004
9/9/2004
10/9/2004
11/9/2004

DATA READINGS AND STORAGE

The readings were made by the operators, 4 (four) times a day.
Data collected from:

- biogas temperature;

- pressure;

- gas velocity;

- methane and oxygen concentration
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Total methane destroyed during the period
Total errors of the conservative measurements
Total methane corrected

Density of Methane at the STPC

Total weight of methane destroyed

CO; equivalency

Total equivalent carbon

Baseline

Total Liquid Carbon

Total electricity produced

Emission Factor

Total COze from the energy production
TOTAL CREDITS DURING THE PERIOD

28.008.728
6,4
26.216.169
0,000714
18.718

21
393.085,25
20
314.468,20
43.399,75
0,2677
11.618,11
326.086,31

Nm?®

%

Nm?®
ton/Nm?®

t
tCO,/tCH,
t

%

tCO,
MWh
tCO.e/MWh
tCO,
tCO,



After the installation of the Flow-meter

| 13/9/2004 |

13/9/2004




12/10/2004
13/10/2004
14/10/2004
15/10/2004
16/10/2004
17/10/2004
18/10/2004
19/10/2004
20/10/2004
21/10/2004
22/10/2004
23/10/2004
24/10/2004
25/10/2004
26/10/2004
27/10/2004
28/10/2004
29/10/2004
30/10/2004
31/10/2004
1/11/2004
2/11/2004
3/11/2004
4/11/2004
5/11/2004
6/11/2004
7/11/2004
8/11/2004
9/11/2004
10/11/2004
11/11/2004
12/11/2004
13/11/2004
14/11/2004
15/11/2004




16/11/2004
17/11/2004
18/11/2004
19/11/2004
20/11/2004
21/11/2004
22/11/2004
23/11/2004
24/11/2004
25/11/2004
26/11/2004
27/11/2004
28/11/2004
29/11/2004
30/11/2004
1/12/2004
2/12/2004
3/12/2004
4/12/2004
5/12/2004
6/12/2004
7/12/2004
8/12/2004
9/12/2004
10/12/2004
11/12/2004
12/12/2004
13/12/2004
14/12/2004
15/12/2004
16/12/2004
17/12/2004
18/12/2004
19/12/2004
20/12/2004




21/12/2004




25/1/2005




1/3/2005
2/3/2005
3/3/2005
4/3/2005
5/3/2005
6/3/2005
7/3/2005
8/3/2005
9/3/2005
10/3/2005
11/3/2005
12/3/2005
13/3/2005
14/3/2005
15/3/2005
16/3/2005
17/3/2005
18/3/2005
19/3/2005
20/3/2005
21/3/2005
22/3/2005
23/3/2005
24/3/2005
25/3/2005
26/3/2005
27/3/2005
28/3/2005
29/3/2005
30/3/2005
31/3/2005
1/4/2005
2/4/2005
3/4/2005
4/4/2005




5/4/2005




10/5/2005




14/6/2005




19/7/2005




23/8/2005




27/9/2005




1/11/2005




6/12/2005




10/1/2006




14/2/2006
15/2/2006
16/2/2006
17/2/2006
18/2/2006
19/2/2006
20/2/2006
21/2/2006

22/2/2006
23/2/2006
24/2/2006
25/2/2006
26/2/2006
27/2/2006
28/2/2006

DATA READINGS AND STORAGE

The readings were made by the flow-meter and corrected to Nm® . The readings of methane concentration were made by the
operators hourly and registered by the system each 5 minutes
Data collected from:

- biogas temperature;

- pressure;

- gas flow;

- methane and oxygen concentration



>

Total methane destroyed during the period
Total errors of the conservative measurements
=A.(1-B) Total methane corrected

Density of Methane at the STPC

Total weight of methane destroyed

CO; equivalency

Total equivalent carbon

Baseline

=G.(1-H) Total Liquid CO.e

= I O MmO @
i 1
m @]
M O

J Total electricity produced

K Emission Factor

L=J.K Total CO,e from the energy production
M=1+L TOTAL CREDITS DURING THE PERIOD

Consolidated table

69.662.704 Nm3
1,635 %
68.523.719 Nm®
0,000714 ton/Nm®
48.925,94 t
21 tCO,/tCH4
1.027.444 t
20 %
821.955,71 tCO;
150.837 MWh
0,2677 tCO.e/MWh
40.379,07 tCO,
862.334,78 tCO;

VARIABLE

BEFORE FM | AFTER FM

Total CO,e from the destruction of methane (tCO.e)

314.468,20 |  821.955,71

Total CO.e from the production of electricity (tCO.e)

11.618,11 40.379,07

TOTAL CREDITS (tCO4¢)

326.086,31 | 862.334,78

TOTAL CREDITS FROM 01/01/2004 TO 28/02/2006 (tCO2e)

1.188.421,09




