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FOREWORD

This edition of the Business Focus Series provides a report on the Characterization ofLandfill
Sites in Brazil for Landfill Gas Recovery. It was prepared by the Energy Technology Innovation
Project (ETIP) under contract to the USAID Office of Energy, Environment and Technology
(USAID/G/ENVIEET) of the Center for Environment, Bureau for Global Programs, Field
Support, and Research.

The authors gratefully acknowledge the extensive guidance, review, and support provided by
Mr. Jefferson Seabright, Dr. Samuel Schweitzer, and Ms. Christine Wegman, USAID/G/EET;
Mr. Edward Kadunc, Jr. and Mr. Augusto Juca, USAID Mission, American Embassy, Brasilia;
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Assuntos de Meio Ambiente, Ministerio Do Meio Ambiente, Dos Recursos Hidricos e Da
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specific, or focused on a particular sector. To obtain more information about Business Focus
Series reports, please contact the USAID Global Bureau's Office of Energy, Environment and
Technology at (703) 875-4203.



SUMMARY

The rapid industrialization of Brazil has resulted in an alarming increase in the urban population
of the country. Large cities such as Sao Paulo, have a daytime population which is as much as
25 percent greater than the fIxed population of the city, predominantly due to daily migrant
workers taking advantage of enhanced employment opportunities in the city. There has also
been a steady migration of workers from the rural areas to the major cities over the last three
decades. Currently, over 75 % of Brazil's population is centered in its main urban cities. This
influx of population from the rural to the urban areas has created severe demands on the cities'
infrastructure, energy supply, and municipal services. With increased employment opportunities,
an enhanced quality of life, and gre~ter disposable income, the urban population in Brazil is
showing characteristics typical of other major metropolitan areas in the world which include
greater consumption of water and energy, enhanced use of transportation and communication
facilities, and generation of municipal solid waste. In addition, the location of large industrial
facilities in and around major cities is generating significant quantities of industrial wastes.
Therefore, among many of its responsibilities, the Federal government, states, and municipalities
are faced with a major challenge for the collection, recycling, and disposal of both municipal
and industrial wastes.

Recycling experiments are being introduced in a number of cities. Also, many city governments
are actively implementing sewage and wastewater treatment projects as well as sanitation and
cleanup initiatives. Many urban homes have a waste collection service on an ongoing basis, and
huge open-air landfIlls are still the final destination of most of the collected waste, including
hazardous substances. Some of the cities are also experimenting with composting of municipal
waste and incineration of hazardous, toxic, and medical waste.

Brazil has a total of 4,974 municipalities. Of these 3,611 or 72.6 percent of the municipalities
have less than 20,000 inhabitants and have a total population of approximately 23 million.
Twenty one of the largest municipalities, with population greater than 600,000 inhabitants, have
a combined population of approximately 34 million. The average production of municipal solid
waste in Brazil is approximately 0.5 kg per capita per day. In large cities such as Sao Paulo,
however, the average municipal waste production per capita per day can be as high as 0.85 kg.

A considerable amount of the municipal solid waste generated by the 4,974 municipalities is
dumped illegally into scattered and unauthorized dump sites or water streams. The Instituto
Brasileiro de Geografia e Estatistica (lBGE) has estimated that approximately 76 percent of the
total municipal waste generated in all of Brazil's municipalities is dumped in illegal dumping
areas; 13 percent of the waste is delivered to controlled landfills; 10 percent is delivered to
sanitary landfills; 0.9 percent is used for composting; and 0.1 percent is incinerated (primarily
hospital waste).

The responsibility for the collection and disposal of all solid waste is at the municipality or city
level. The municipalities are responsible for selecting landfill sites, arranging for the collection
of all the waste (either themselves of through a private contractor), and disposal of the waste in
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environmentally sound ways. Also, the municipalities must ensure that the landfill sites are
designed and operated in full compliance with the federal and local environmental laws and
regulations with respect to the collection, monitoring, and disposal of all waste including
hazardous and toxic waste, sewerage, and industrial waste. Many of the smaller municipalities,
however, are unable to address the environmental problems caused by the municipal waste. This
lack of effective municipal solid waste management is due to a number of factors including (i)
a lack of specific waste management policy at the local level, (ii) budgetary constraints faced
by many small and medium-sized municipalities, many of which do not have any collection fees
or other revenue streams to justify the cost of solid waste management, (iii) a lack of availability
of skilled and trained environmental and sanitary engineers and technicians, especially within
small municipalities, (iv) a lack of appropriate monitoring, control, and treatment technologies,
and (vi) absence of any programs for control, enforcement, and penalties for illegal dumping.
The chemical composition of the municipal waste in the 21 largest municipalities is very similar.
The analysis of the waste collected in Sao Paulo, the largest city in Brazil, producing
approximately 9,000 tons of municipal waste per day, shows that the waste is approximately 60
percent organic in content, starting in 1993.

Recently there has been a decline in the organic content and a steady increase in the paper, glass
and metal content in the municipal waste in Sao Paulo. This is indicative of the change in the
urban economies including the introduction of paper and plastic products, packaged foods, and
the use of glass bottles and cans for beverages. The waste composition data for the City of Sao
Paulo, are indicative of the waste composition in other major cities such as Rio, Belo Horizonte,
Salvador, Curitiba, Porto Alegre, Florian6polis, Goiania, etc.

In most of the major cities the process for the collection and management of the municipal solid
waste is organized in one of the following ways: (i) the landfill is owned and operated by the
municipality, (ii) the landfill is owned by the municipality but is operated by a private entity
under contract with the municipality, or (iii) the landfill is owned and operated by the private
sector. The most common pattern in Brazil appears to be the ownership of the landfill by the
municipality and operation by a private contractor. There are only two landfill sites in Brazil
that are wholly owned and operated by the private sector.

Recognizing (i) the urgent need for mitigating many of the environmental, health, and safety
effects of LFG, (ii) the potential for the use of LFG as a marketable resource, producing
revenues for the municipalities and states, (iii) the need for more skilled technicians, engineers,
and managers to manage the landfill sites, and (iv) the availability of technology from the U.S.
for the recovery and utilization of methane from LFG, the U. S. Agency for International
Development (USAID) in Brasilia requested assistance from the USAID-funded Energy
Technology Innovation Project (ETIP) to assemble a team of experts to visit key landfill sites
in Brazil, assess the site conditions and the potential for LFG recovery and utilization, and make
specific technical and policy recommendations for the development of a comprehensive LFG
program for Brazil.
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In December 1996, ETIP organized a team of U.S. and Brazilian experts to select and visit key
landfill sites throughout Brazil which offer the greatest promise for (i) accruing environmental
health and safety benefits, and (ii) the commercial scale recovery and utilization of LFG. The
team visited Brazil during the first two weeks of December and conducted site assessments at
thirteen major landfill sites in Brazil. In addition, members of the team also visited several
state, municipal, and Federal government officials and held discussions on policy, financial, and
institutional issues linked to a more effective management of the country's landfill sites and the
recovery and sale of LFG.

The study objectives were as follows:

1. Identify and characterize candidate landfill sites that are representative of major
population centers and high secondary growth areas in Brazil.

2. Identify commercial potential, potential markets, and economic benefits of LFG
recovery and utilization.

3. Develop options for private participation in this sector, thereby reducing the
burden on the cities and municipalities, increasing efficiency, and generating
employment.

4. Identify policy and institutional barriers and make recommendations for policy
and institutional changes that will facilitate LFG recovery and commercial
utilization.

Based on data on population, amount of waste generated and disposed at the landfill sites, and
geographical considerations, ETIP selected the following 13 landfill sites in 12 of Brazil's major
cities. They are listed here in alphabetic order.

• Bandeirantes Landfill, Sao Paulo, Sao Paulo
• Belo Horizonte Landfill, Belo Horizonte, Minas Gerais
• Biguacu Landfill, Florian6polis, Santa Catarina
• Caximba Landfill, Curitiba, Parana
• Delta I Landfill, Campinas, Sao Paulo
• Goiania Landfill, Goiania, Gohis
• Gramacho Landfill, Duque de Caxias, Rio de Janeiro
• Joinville LandfIll, Joinville, Santa Catarina
• Joquei Landfill, Brasilia, Distrito Federal
• Lara Landfill, Mau:!, Sao Paulo
• Santa Barbara Landfill, Campinas, Sao Paulo
• Sao Joao Landfill, Sao Paulo, Sao Paulo
• Zona Norte Landfill, Porto Alegre, Rio Grande do SuI
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The total population of all the states visited by the team is approximately 92 million persons, or
58% of Brazil's population. The total population of cities where the selected sites were located
is approximately 33.2 million persons. The total municipal solid waste produced in the country
is estimated at 241,614 metric tons per day. The total municipal solid waste produced in the
twelve cities covered by the thirteen selected sites is estimated at 142,697 metric tons per day
which is approximately 59% of the total municipal waste in the country.

In addition to visiting the landfill sites the ETIP team also visited Brasilia and held discussions
with senior energy, environmental, and planning officials in the Federal government. These
discussions included current and planned policies for municipal solid waste management, the
institutional sector, and financing of solid waste management collection, treatment and disposal
projects. During these discussions the team explored the potential for active participation by the
private sector in both municipal solid waste management and the production and utilization of
LFG as an energy resource, especially in view of the government's recently enacted Concession
Law and the IPP regulations.

The following are the key issues common to all of the landfill sites visited by the teams and are
representative of the waste management practices throughout Brazil:

1. Most of the legal landfill sites are managed by city/municipality officials.
Generally, the collection and transportation of solid waste to the sites as well as
all operations at the sites are managed by city employees. In the case of some
of the larger waste management sites such as the Bandeirantes site in Sao Paulo
and the Gramacho site in Rio de Janeiro, the collection and operation of the sites
is carried out by private Brazilian contractors. The Lara Site in Maua and the
Biguacu Site in Florianpolis are wholly owned and operated by private Brazilian
companies. However, these are sporadic and unusual cases.

2. While the topography of the sites varied considerably, the climatology was
generally similar, with minor differences in temperatures, total rain falls, etc.
The slopes of the various sites are consistent with those found in other countries,
typically 2-3 horizontal and 1 vertical, and the use of compacted clay for final
cover as well as liners is commonly practiced at most of the sites. Also, the
medium sized landfills such as Lara and Sao loao, were located in close
proximity to heavily populated areas, posing health and safety risks to these
populations.

3. All of the sites are actively engaged, to varying degrees, in site layering and
remediation on a regular basis and most of them have top soil, dirt, and concrete
available on the sites for intermediate and final covers.
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4. All sites have generally poor systems for the collection and treatment of leachate.
A considerable amount of leachate was found at virtually all the sites which poses
significant hazards to on-site workers and neighboring populations. In some
cases, such as the Bandeirantes site, leachate was collected in ponds, pumped into
trucks, and transported to a leachate treatment facility. This operation is also in
need of significant improvement.

5. Only one site, the Bandeirantes Landfill is engaged in composting of appreciable
quantities of municipal solid waste. Currently it is composting 2,500 tons of
waste per day, producing approximately 600 tons per day of raw compost for
commercial applications. This site has an active plan under consideration to
double its composting production within one year.

6. There was no evidence of any organized pre-sorting of waste (recyclable materials
such as plastic, paper, glass, and metals) at any of the sites. However, there is
considerable presorting activities similar to that found in many other countries.
Preliminary estimates indicate that at some of the larger sites such Bandeirantes
and Gramacho, that recyclable materials in value exceeding US $5,000 per day
could be recovered through the development of an organized pre-sorting system.

7. There was a general absence of incineration of hospital wastes at most of the
sites. Only one site visited had an on-site microwave incineration system treating
approximately 8 tons of hospital waste per day. This system was being operated
with U.S. technology by a private Brazilian contractor.

8. The system for the collection of LFG varied from site to site and was not
sufficiently comprehensive. Flaring of LFG was common to all sites and there
was virtually no organized collection and treatment of LFG for commercial uses.
Also, none of the sites utilized the LFG for steam and/or power generation.
Given the climate in Brazil and the presence of more than 60% organic waste at
most of the sites, Brazilian landfill sites produce an abundant amount of LFG.
Therefore, the recovery and utilization of LFG for commercial applications offers
the cities and municipalities an attractive opportunity not only to reduce
environmental, health, and safety risks of LFG, but also partially offset the
operations cost of the landfills through the recovery of revenues from commercial
sales of LFG and/or LFG based power.

In addition to the technical rmdings at the landfill sites, the teams also reviewed existing policy,
legislative frameworks, and institutional practices pertaining to municipal solid waste
management in the country and explored the potential for extensive private participation in this
sector. The following are the teams' key findings:
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1. There are a large number of Federal agencies, committees, semi-government
institutes, state ministries, municipal agencies and departments, all of which are
involved in one or more aspects of the overall municipal solid waste management
in the country. Although as a matter of general policy, the responsibility for the
management and collection of solid waste lies with the municipalities/cities, there
is considerable overlap in policy formulation, regulations development, permitting
and licensing processes, site inspections, and monitoring and enforcement among
the various entities. In addition, there appears to be a lack of coordination among
the various entities, especially in the area of policy formulation, standards
development, and project planning.

2. In recent years, the Federal and state governments in Brazil have enacted
legislation and published a large number of rules and regulations specific to the
collection, transportation, treatment, monitoring, and disposal of municipal solid
waste. Yet, a large portion of the country's municipal solid waste (close to 75 %)
continues to be dumped in illegal dump sites. Despite the various regulations and
policies, the government faces the difficulty to control the illegal dumping as well
as monitoring and enforcing legally allowed penalties.

3. Currently, the municipalities must bear the entire cost of waste collection,
transportation, treatment, disposal, and site operations. The main source of
revenue to the municipalities is the dumping fee which varies from US $8 per ton
to US $20 per ton based on a variety of factors (waste content, truck size, repeat
volume, etc.). Other potential sources of revenue such as income from the sale
of recyclable materials, composting of organic waste, and recovery and utilization
of LFG as an energy resource are largely untapped. At the same time, the states
and the municipalities are faced with the requirements of expansion of existing
landfIlls, development of new landfills, closure and reclamation of landfills at
total capacity, and management of leachate and toxic and hazardous wastes by
using environmental technologies in compliance with new stricter standards, all
of which continue to add significant pressure to their already constrained budgets.

4. With the passage of the Concession Law and the potential for profits from the
utilization of the waste and LFG for commercial products (compost, recyclables,
and LFG) a number of private Brazilian firms are actively pursuing opportunities
with the states and municipalities for turnkey landfill site management contracts.
For example, SLU and ENTERPA, two of the existing contractors for the Sao
Joao Landfill and the Joquei Landfill in Brasilia respectively, are actively
pursuing opportunities for new contracts with the municipalities. However, a
number of regulatory and financial constraints continue to exist which need to be
rationalized prior to these and other Brazilian firms taking an active interest in the
waste management sector.
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5. Except for the largest sites, there is a dearth of trained technicians, planners, and
managers for waste management and landfill site operations in the country. Also,
budgetary constraints have prevented the municipality/city from deploying new
cost-effective technologies (incineration, source separation, anaerobic process for
composting, etc.) for the treatment of waste, as well as leachate. In the case of
many of the sites there was considerable evidence of LFG leakage and exposure
to nearby populations creating health hazards. In order for Brazil to implement
its environmental standards and ensure health and safety of its population,
particularly those located in close proximity to the landfill sites, the government
will need to utilize more advanced and cost effective technologies. Accordingly,
there is a considerable need for the transfer of technology from the U.S. to Brazil
in this sector.

6. The bold policy moves made by the Brazilian government, particularly the
privatization policy, the Concession Law, the IPP regulations, the new
environmental standards, and the country's historical commitment to the use of
alternative, cleaner technologies, provide the framework for active private sector
involvement and technology transfer to address the increasing problems of
municipal solid waste management. While the government has articulated its
policies in sufficient detail, considerable work is needed in streamlining the
process for eligibility criteria, bidding and financing procedures, permitting and
licensing, and contracting.

The Instituto Brasilerio de Geografia e Estatistica has estimated that a total of 241,614 tons of
municipal solid waste is generated in Brazil every day in all of its 4,974 municipalities. Of this
amount, approximately 76 percent or 183,627 tons of waste per day is dumped in illegal,
unorganized dumps. Approximately 10 percent of the waste goes to sanitary landfills; 0.9
percent is used for composting; 0.1 percent is incinerated; and the remaining 13 percent or
31,409 tons per day is disposed in controlled landfills. The total waste transported and dumped
at the 13 sites visited by the team is estimated at 28,425 tons per day. Of this amount,
approximately 11 percent is used for composting, sanitary landfill, and incineration. The
remaining 25,298 tons per day is covered at the 13 landfills and is attributable to the generation
of LFG. Thus, the amount of waste directly attributable to the generation of LFG at the thirteen
sites visited by the team is approximately 80.5 percent of the total waste collected and
transported to legally controlled and operated landfill sites.

Furthermore, the composition of the waste is generally the same from site to site, especially the
organic waste content which is estimated to be in the range of 50-90 percent, with the average
being around 60 percent, high enough to generate significant amounts of LFG. The 12 cities
where the 13 sites are located have a population of approximately 33 million. The total urban
population of the 46 major cities/municipalities in Brazil with a population greater than 300,000
residents is estimated to be approximately 42 million.
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Thus, the population of the sample cities selected for this study represents approximately 78.5
percent of the total urban population in the country which generates not only more per capita
waste but also the majority of the waste in Brazil.

Accordingly, the 13 sample sites selected for the study are quite representative of the municipal
waste management practice in Brazil. In addition, the sites are also representative of the waste
management patterns in the country -- wholly owned and operated by the city/municipality;
owned by the city and operated by a private contractor; and wholly owned and operated by the
private sector. Furthermore, the selected sites are located in 8 of Brazil's 12 most populated
states and are geographically reflective of the country's waste generation, collection,
transportation, and disposal pattern.

Given the sample of the 13 sites selected for the study is representative of the country as a
whole, it can be concluded that the opportunities for technical, policy, and institutional
enhancements at these sites would also be applicable to other sites in the country. Specifically,
the technologies for the recovery and separation of methane from LFG, leachate collection and
treatment, composting, incineration, and LFG-based energy recovery applicable to the 13 sample
sites can also be applied to other sites throughout the country. In terms of waste disposal
practices, private sector participation, ownership/management patterns, concession and bidding
procedures, fmancing approaches, and public-private partnership, any conclusions reached for
these 13 sample sites may also be applicable to other sites in Brazil.

The U.S. Environmental Protection Agency (U. S. EPA) Landfill Air Emission Estimation Model
(DOS Model, Version 2.0) was used to estimate landfill gas generation potential at each of the
13 Brazilian landfill facilities. Table 1 provides a summary of the estimated methane generation
potential at each site. The Table presents the team's estimates for methane generation for the
year 1996 and for the 20-year period from 1997 through 2016. Methane generation estimates
are presented for two scenarios -- a low methane generation scenario and a high methane
generation scenario.

The low-generation scenario estimates are based on a methane generation decay rate of 0.04 per
year, which is typical for sites in the U.S. where the average rainfall exceeds 635 millimeters
per year. The high methane generation scenario estimates are based on a methane generation
decay rate of 0.1 per year. Because the sites report average annual precipitation rates that
exceed 635 millimeters per year, the higher decay rate is used to estimate an upper-end methane
generation potential. Site-specific methane generation decay rates, which can be measured in
the field, are recommended for methane generation estimates at sites where landfill gas collection
system development is under consideration. For the year 1996, the total methane generation
potential for the low-generation scenario is estimated at 303.7 million cubic meters. The high
generation scenario, potentially more applicable to the sites in Brazil due to the country's high
average rainfalls, yields an estimate of potential methane generation at 578 million cubic meters
per year.
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1996 METHANE
GENERATION

ESTIMATE
(Million Cubic MetersNr)

TABLE 1
ESTIMATED METHANE GENERATION POTENTIAL

POTENTIAL
1997 ·2016
METHANE
RESERVES

(Million Cubic Meters)

Low Generation High Generation Low Generation High Generation
SITE I (k=O.04Nr) (k=O.10Nr) (k=O.04Nr) (k=O.10Nr) COMMENTS

Bandeirantes Landfill 67.7 131.7 2,009.3 3,000.8 High methane generation potential (1). Favorable M:A ratio (2).

Belo Horizonte Landfill 28.5 51.8 662.5 896.0 Medium methane generation potential.

Biguacu Landfill 1.4 3.4 110.2 196.9 current low methane generation potential. Large disposal capacity. Waste receipts will increase.

Favorable M:A ratio (2)

Caximba Landfill 10.8 23.5 345.0 532.2 Medium methane generation potential.

~
IDelta I Landfill 5.0 11.3 98.2 141.9 Low methane generation potential.

Goiania Landfill 9.0 18.3 356.6 564.4 Medium methane generation potential.

Gramacho Landfill 102.7 176.6 3,099.6 4,477.9 High landfill gas generation potential. Favorable M:A ratio.

Joinville Landfill 3.5 6.2 65.9 82.4 Low methane generation potential. Site wnJ close in 3 years.

Joquei Landfill 14.6 27.7 396.0 569.8 Medium methane generation potential. Unfavorable M:A ratio.

Lara Landfill 15.2 30.2 568.2 925.8 Medium methane generation potential.

Santa Barbara Landfill 4.4 7.0 59.1 57.2 Site is closed. Low methane generation potential.

Sao Joao Landfill 26.9 63.6 1,775.6 3,112.6 High methane generation potential. Favorable M:A ratio.

Zona Norte Landfill 13.9 26.9 195.4 233.3 Low methane generation potential. Unfavorable M:A ratio.

TOTALS 303.7 578.1 9,741.5 14,791.3

NOTES:

1. Methane generation potential: low = less than 499 million cubic meters; medium = 500 to 1,499 million cubic meters; high = greater than 1,500 million cubic meters.
2. M:A = mass-ta-area ratio. Represents the ratio of total landfill design capacity, in metric tons, to the landfill footprint area, in hectares. Generally, the higher the ratio,

the more favorable the site for landfill gas system development.



During the 20 year period (1997-2016), the estimates for total methane generation potential in
the low-generation and high-generation scenarios are 9.741 billion cubic meters and 14.791
billion cubic meters respectively which provide an average annual generation potential under the
two scenarios as 487 million cubic meters and 739.5 million cubic meters respectively. This
increase in the average annual generation of methane over the 1996 estimates is reflective of
increasing quantities of municipal solid waste which will be disposed at these sites in the future.

Of the 13 sites selected for the study, the Gramacho Landfill site and the Bandeirantes Landfill
site offer the greatest promise for landfill gas generation estimated at 102.7 million cubic meters
and 67.7 million cubic meters respectively. Eight of the 13 sites have a low methane generation
scenario estimate of 280.4 million cubic meters which is approximately 92.3 percent of the total
1996 methane generation potential. These percentages are similar during the next twenty year
period. Bandeirantes, Belo Horizonte, Caximba, Gramacho, and Sao Joao Landfill sites offer
the potential for appreciable quantities of methane generation both in 1996 and during the future
twenty year period.

Estimates of electrical power generation potential for each site are summarized in Table 2 for
a 20-year period at four milestones --1998, 2007,2012, and 2017. The first milestone, the year
1998, represents the first year of operation of a landfill gas-to-electrical energy system, assuming
that the construction of such a system would occur in 1997. The lO-year milestone (2007)
represents the minimum return-on-investment period, typically required by the power industry,
for a gas-to-electrical energy project. The 15-year and 20-year milestones in 2012 and 2017
complete the 20-year period for which the LFG availability and power generation estimates have
been developed. The conversion factor for the conversion of heat energy to electrical energy
is assumed to be 12,500 Btus per kilowatt-hour. This conversion factor is typically used by the
industry for preliminary planning purposes and is equivalent to a 25 percent generation
efficiency, which is conservative as typical generation efficiencies are in the range of 30-40
percent for traditional gas-fired power generation.

The cumulative power generating potential for the 13 sites for the low methane generation
scenario ranges from a low of 60.6 MW in 1998 to a high of 91.8 MW in 2007. After the year
2007, the potential for power generation gradually declines to 70.5 MW in the year 2017 due
to a reduction in the availability of methane resulting from the closure of some of the landfills
visited. However, other landfill sites will come on line potentially providing additional LFG.
Therefore the potential for power generation may maintain the level indicated or potentially
increase beyong the present estimates. The cumulative potential for power generation in the high
methane generation scenario for the 13 landfill sites ranges from a low estimate of 68.8 MW in
the year 2017 to a high estimate of 144.2 MW in the year 2007. Once again, in high methane
generation scenario as well, the potential for power starts at 113.3 MW in 1998, peaks at 144.2
in 2007, and declines to 68.8 in the year 2017 due to reduced methane availability resulting from
landfill site closures.
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TABLE 2
POTENTIAL ELECTRIC POWER GENERATION ESTIMATES

LOW METHANE GENERATION SCENARIO HIGH METHANE GENERATION SCENARIO

SITE MILESTONE YEAR CMIYR (1) MW(2) MILESTONE YEAR CMIYR (1) MW(2)

Bandeirantes Landfill Install System 1998 8.09E+07 13.2 Install System 1998 1.52E+08 24.9

10-yr 2007 1.19E+08 19.5 lQ-yr 2007 1.85E+08 30.1
15-yr 2012 9.nE+07 15.9 15-yr 2012 1.12E+08 18.3
2Q-yr 2017 8.ooE+07 13.0 2Q-yr 2017 6.79E+07 11.1

Belo Horizonte Landfill Install System 1998 3.34E+07 5.4 Install System 1998 5.96E+07 9.7

lQ-yr 2007 3.45E+07 5.6 lQ-yr 2007 4.33E+07 7.1
15-yr 2012 2.82E+07 4.6 15-yr 2012 2.63E+07 4.3
2Q-yr 2017 2.31E+07 3.8 20-yr 2017 1.59E+07 2.6

Biguacu Landfill Install System 1998 2.40E+06 0.4 Install System 1998 5.35E+06 0.9

lQ-yr 2007 5.89E+06 1.0 lQ-yr 2007 1.07E+07 1.7
15-yr 2012 7.35E+06 1.2 15-yr 2012 1.21E+07 2.0
2Q-yr 2017 8.55E+06 1.4 2Q-yr 2017 1.30E+07 2.1

Caximba Landfill Install System 1998 1.44E+07 2.4 Install System 1998 3.00E+07 4.9

lQ-yr 2007 1.90E+07 3.1 lQ-yr 2007 2.79E+07 4.6
15-yr 2012 1.56E+07 2.5 15-yr 2012 1.69E+07 2.8
2Q-yr 2017 1.27E+07 2.1 20-yr 2017 1.03E+07 1.7

Delta I Landfill Install System 1998 6.80E+06 1.1 Install System 1998 1.44E+07 2.4

lQ-yr 2007 4.74E+06 0.8 lQ-yr 2007 5.87E+06 1.0
15-yr 2012 3.88E+06 0.6 15-yr 2012 3.56E+06 0.6
2Q-yr 2017 3.18E+06 0.5 2Q-yr 2017 2.16E+06 0.4

Goiania Landfill Install System 1998 1.20E+07 2.0 Install System 1998 2.39E+07 3.9

lQ-yr 2007 2.28E+07 3.7 lQ-yr 2007 3.89E+07 6.3
15-yr 2012 1.87E+07 3.0 15-yr 2012 2.36E+07 3.8
2Q-yr 2017 1.53E+07 2.5 2Q-yr 2017 1.43E+07 2.3

Gramacho Landfill Install System 1998 1.22E+08 19.8 Install System 1998 2.10E+08 34.2

lQ-yr 2007 1.90E+08 31.0 lQ-yr 2007 2.98E+08 48.7
15-yr 2012 1.56E+08 25.4 15-yr 2012 1.81E+08 29.5
2Q-yr 2017 1.28E+08 20.8 2Q-yr 2017 1.10E+08 17.9

Joinville Landfill Install System 1998 4.12E+06 0.7 Install System 1998 7.31E+06 1.2

10-yr 2007 3.21E+06 0.5 lQ-yr 2007 3.50E+06 0.6
15-yr 2012 2.63E+06 0.4 15-yr 2012 2.12E+06 0.3
2Q-yr 2017 2.15E+06 0.4 2Q-yr 2017 1.29E+06 0.2

JoqueiLandfill Install System 1998 1.75E+07 2.8 Install System 1998 3.23E+07 5.3

lQ-yr 2007 2.20E+07 3.6 10-yr 2007 3.10E+07 5.1
15-yr 2012 1.80E+07 2.9 15-yr 2012 1.88E+07 3.1
2Q-yr 2017 1.47E+07 2.4 2Q-yr 2017 1.14E+07 1.9

Lara Landfill Install System 1998 1.83E+07 3.0 Install System 1998 3.52E+07 5.7

lQ-yr 2007 2.97E+07 4.8 10-yr 2007 4.84E+07 7.9
15-yr 2012 3.44E+07 5.6 15-yr 2012 5.20E+07 8.5
2Q-yr 2017 3.61E+07 5.9 2Q-yr 2017 4.87E+07 7.9

Santa Barbara Landfill Install System 1998 4.04E+06 0.7 Install System 1998 5.70E+06 0.9

lQ-yr 2007 2.82E+06 0.5 lQ-yr 2007 2.32E+06 0.4
15-yr 2012 2.31E+06 0.4 15-yr 2012 1.41E+06 0.2
20-yr 2017 1.89E+06 0.3 2Q-yr 2017 8.53E+05 0.1

Sao Joao Landfill Install System 1998 4.26E+07 6.9 Install System 1998 9.51E+07 15.5

lQ-yr 2007 9.93E+07 16.2 10-yr 2007 1.79E+08 29.3
15-yr 2012 1.23E+OB 20.1 15-yr 2012 2.02E+08 33.0
2Q-yr 2017 1.01E+OB 16.4 2Q-yr 2017 1.23E+OB 20.0

Zona Norte Landfill Install System 199B 1.34E+07 2.2 Install System 199B 2.32E+07 3.B

10-yr 2007 9.33E+06 1.5 lQ-yr 2007 9.45E+06 1.5
15-yr 2012 7.64E+06 1.2 15-yr 2012 6.24E+06 1.0
2Q-yr 2017 6.25E+06 1.0 2Q-yr 2017 3.47E+06 0.6

CUMULATIVE POWER GENERATION POTENTIAL YEAR MW(2) YEAR MW(2)

1998 60.6 1998 113.3
2007 91.8 2007 144.2
2012 84.1 2012 107.4
2017 70.5 2017 68.8

NOTES.
1. Cubic meters per year generated. as estimated USing the U.S. EPA Landfill Air Emission Estimation model.
2. Megawatts. assuming 50% landfill gas collection efficiency, and a conversion factor of 12,500 STUs per kilowatt·hour.


