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EXECUTIVE SUMMARY 
 

This Pre-Feasibility Study Report addresses the potential implementation of a landfill gas (LFG) 
collection, control and utilization project at the Santa Tecla Metropolitan Sanitary Landfill 
located within in Gravataí, near Porto Alegre, Brazil. SCS Engineers (SCS) has prepared this 
report for The World Bank in accordance with SCS’s Contract Scope of Work. 

The project would generally consist of the installation of a LFG collection system to extract LFG 
to fuel a power plant using internal combustion (IC) engine generators. The revenues for the 
project would come both from the energy sales (exporting power to the grid) and from the sale of 
Certified Emissions Reductions (CER) of greenhouse gases. 
 
The CERs are created by the combustion of methane, which makes up approximately 50 percent 
of LFG. Methane has a global warming potential about 21 times that of carbon dioxide (CO2). 
The feasibility study includes a sensitivity analysis of the price paid for CERs. Although energy 
in Brazil is not as inexpensive as in some other Latin American and Caribbean counties, pricing 
received for LFG generated power has varied dramatically and therefore the capital investment 
needed to generate power from LFG requires a CER revenue stream to be economically stable. 
In other words, energy sales alone may not justify the investment in such a project. 
 
This project could be analyzed in many different ways based on various assumptions including 
life of the project, financing options, CER pricing, LFG recovery potential, and power plant 
configuration. The estimated LFG recovery potential is sufficient to support a 1 Megawatt (MW) 
power plant from 2007 - 2011, but only a 335 kilowatt (kW) plant could be supported through 
2019. In years when excess gas is collected, it would be flared onsite.  
 
The following is a summary of the relevant project information: 
 

• The landfill opened in 1999 and is anticipated to remain open until about 2006, with a 
total capacity of approximately 2 million metric tons (tonnes) of municipal solid waste 
(MSW).  

 
• The landfill is currently filling at a rate of approximately 200,000 tonnes per year, and 

presently has about 1.6 million tonnes of waste in place.  
 
• The site comprises a total of about 10 hectares (ha) for modern landfilling. The Santa 

Tecla Landfill is a municipal solid waste (MSW) landfill owned and operated by the City 
of Porto Alegre Solid Waste Department (Prefeitura Municipal de Porto Alegre 
Departmento Municipal de Limpęza Urbana [DMLU]).  

 
• The newer landfill areas have clay and/or membrane lining systems . Upon completion, 

maximum waste thickness is anticipated to be about 35 to 40 meters.  
 

• The landfill does not have an existing active landfill gas collection and control system, 
but does have a series of existing passive vents (drenos).  
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• Gas modeling results indicate the following: 

 
− Projected gas recovery in 2006 is estimated to be approximately 1903 m3/hr, and 

reach a maximum flow of 2,045 m3/hr after closure in 2007.  
 
− After site closure, gas recovery is expected to decline rapidly, reaching 586 m3/hr in 

2012 and 219 m3/hr in 2019. 
 
− Assuming start-up of a power plant in 2007, it is estimated that there will be sufficient 

gas available to support a 1-MW power plant through 2011. After 2011, there will be 
insufficient LFG available. 

 
− Assuming startup of a LFG collection and flaring system in 2006, it is estimated that 

development of a LFG collection and utilization project at the landfill would result in 
approximately 473,941 tonnes of CO2eq CERs for the period of 2006 through 2012 
and 596,282 tonnes for the period of 2006 though 2019. 

 
Based on input from World Bank, this analysis considered project durations of 2005 to 2012 and 
2005 to 2019 and CER pricing at 4, 5, and 6 USD/tonne of carbon dioxide equivalent (CO2eq). It 
also considered scenarios with 100 percent equity and 25 percent equity (with the balance 
financed). Under all scenarios, the results are heavily dependent on capital and operations and 
maintenance (O&M) costs for the LFG collection system and power plant. These costs were 
estimated as realistically as possible; the collection system was conceptually designed as part of 
this project based on a site visit and available topographic drawings of the landfill. The power 
plant capital costs were compared to similar plants in the U.S. and Mexico. 
 
Generally speaking, the results of the analysis indicate that the project feasibility is marginal and 
not likely to attract developers/investors to build it unless the CER revenue is greater than 
$5/tonne. A summary of economic indicators at this rate is presented in Table ES-1. 
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TABLE ES-1. PROJECT ECONOMIC EVALUATION AT MEDIAN CER PRICE 
 

 

Scenario – Project 
Period 

CER 
Price 

($/tonne) 
Initial Equity 
Investment 

(%)* 

Net 
Present 
Value 

(x1,000 $) 

Internal 
Rate of 
Return 

(%) 

2005 – 2012 5 100 -$605 -3.5% 

2005 – 2012 5 25 -$667  * 

2005 – 2019 5 100 -$695  * 

Po
w

er
 P

la
nt

 

2005 – 2019 5 25 -$755  * 

2005 – 2012 5 100 $66 11.2% 

2005 – 2012 5 25 $40 24.8% 

2005 – 2019 5 100 -$23 6.1% 

Fl
ar

e 
O

nl
y 

2005 – 2019 5 25 -$49 12.7% 
 * IRR is a large negative value that could not be calculated. 
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SECTION 1.0 
 

INTRODUCTION 
 
 
The World Bank has identified the Santa Tecla Landfill as a candidate for a LFG utilization 
project for a number of reasons, including: 

• Landfill age and future capacity. 

• Modern landfilling practices, including the use of a membrane liner and leachate 
collection system, and installation of low permeability capping system.  

• Interest in and support for the project from the City of Porto Alegre, which owns and 
operates the landfill. 

• The continued filling and future capacity of the landfill results in a significant LFG 
recovery potential for a utilization project. Furthermore, the use of LFG as a fuel for a 
project at the landfill would result in a net reduction of carbon emissions directly from 
the combustion of methane, and perhaps also indirectly from the displacement of other 
carbon fuels.  

As a result of these reasons, this feasibility evaluation at Santa Tecla Landfill was initiated.  

1.1 OBJECTIVES AND APPROACH 

The objectives of this Pre-Feasibility Study are as follows: 

• Assess the technical and economic feasibility of the development of an LFG collection 
and utilization project at the landfill. 

• To quantify the potential greenhouse gas (GHG) emission reductions and other 
environmental benefits of implementing a project.  

• To quantify potential LFG production and collection rates at the landfill and estimate 
energy production rates from the gas.  

The approach that SCS has taken for this study has included the following tasks: 

• Reviewing site conditions and available background information, including waste 
quantities and composition, landfill type and configuration, meteorological data, and 
leachate management practices and generation rates.  

• Visiting the site to observe site features and operations, meet with the landfill 
owner/operator, and conduct field testing. Also, general reconnaissance of the 
surrounding area to evaluate the practicality of developing a gas utilization project.  
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• Estimating the LFG recovery potential from the landfill using computer modeling based 
on available information, field test data, and engineering experience at similar landfills.  

• Quantify energy recovery potential and environmental benefits through air emissions 
reductions over time.  

• Identifying institutional, market and business arrangements that would likely be involved 
in the implementation of a gas recovery and utilization project.  

• Evaluating current and future trends in the electricity sector in the Country and Region 
and assessing their potential impacts on an LFG energy generation project.  

• Preparing a conceptual design for the gas collection and utilization system. The 
conceptual design is to be used as a tool for evaluating the capital costs required for 
implementing gas collection at the landfill. 

• Estimating the cost of implementing energy recovery elements identified above, 
including capital and operational costs.  

• Evaluating the project costs, including identifying capital and operational costs and 
sources of revenues. 

• Developing a plan for the implementation of a gas recovery and utilization project at the 
landfill, including identifying the steps involved and a general schedule for project 
implementation.  

1.2 LANDFILL GAS UTILIZATION BACKGROUND 

Landfills produce LFG as organic materials decompose under anaerobic (without oxygen) 
conditions. LFG is composed of approximately equal parts of methane and carbon dioxide, with 
trace concentrations of volatile organic compounds (VOCs), hazardous air pollutants (HAPs), 
and other constituents. Both of the two primary constituents of LFG (methane and carbon 
dioxide) are considered to be greenhouse gases which contribute to global warming, although the 
Intergovernmental Panel on Climate Change (IPCC) does not consider the carbon dioxide 
specifically present in raw LFG to be a GHG (it is considered to be “biogenic”, and therefore a 
natural part of the carbon cycle).  

Methane present in raw LFG, however, is considered to be a GHG. In fact, methane is a much 
more potent GHG than carbon dioxide, with a global warming potential (GWP) generally taken 
to be 21 times that of CO2. Therefore, the capture and combustion of methane and its ultimate 
transformation to carbon dioxide through combustion in an LFG flare, an engine generator, 
industrial boiler, or other device results in a substantial net reduction of GHG emissions. 

There are two natural pathways by which LFG can leave a landfill: by migration into the 
adjacent subsurface and by venting through the landfill cover system. In both cases, without 
capture and control the LFG (and methane) will ultimately reach the atmosphere. The volume 
and rate of methane emission from a landfill is a function of the total quantity of organic material 
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buried in the landfill and its moisture content, compaction techniques, temperature, and waste 
type and particle size. While the methane emission rate will decrease after a landfill is closed (as 
the organic fraction is depleted), a landfill will typically continue to emit methane for many (20 
or more) years after its closure. 

A common means for controlling LFG emissions is to install an LFG collection and control 
system. LFG control systems are typically equipped with a combustion (or other treatment) 
device designed to destroy methane and other trace VOCs prior to their emission to the 
atmosphere.  

Good quality LFG (high methane content with low oxygen and nitrogen levels) can be utilized as 
a fuel to offset the use of conventional fossil fuels or other fuel types. The heating value typically 
ranges from 400 to 600 Btus (British thermal units) per standard cubic foot (scf), which is 
approximately one half the heating value of natural gas. There are hundreds of LFG energy 
recovery facilities currently operating in the U.S. Existing and potential uses of LFG generally 
fall into one of the following categories: electrical generation, direct use for heating/boiler fuel 
(medium-Btu), upgrade to high Btu gas, and other uses such as vehicle fuel.  

1.3 PROJECT LIMITATIONS 

During our evaluation, SCS relied upon existing information provided and various assumptions 
in completing the LFG emissions modeling and economic evaluation. Judgments and analysis 
are based upon this information and SCS' experience with LFG collection and utilization 
systems. Limitations include: 

• LFG production estimates are based on a desktop analysis and visual observation of the 
landfill and its operations.  

• Because the landfill does not currently have an active LFG recovery system, the 
economic analysis uses typical capital and operating cost data for similar systems rather 
than project specific information. 

• The LFG recovery projections have been prepared in accordance with the care and skill 
generally exercised by reputable LFG professionals, under similar circumstances, in this 
or similar localities. No other warranty, express or implied, is made as to the professional 
opinions presented herein. Changes in the landfill property use and conditions (for 
example, variations in rainfall, water levels, landfill operations, final cover systems, or 
other factors) may affect future gas recovery at the landfill. SCS does not guarantee the 
quantity or quality of available LFG.  

• The gas modeling work has been conducted exclusively for the use of The World Bank 
for this Pre-Feasibility Study. No other party, known or unknown to SCS is intended as a 
beneficiary of this report or the information it contains. Third parties use this report at 
their own risk. SCS assumes no responsibility for the accuracy of information obtained 
from, or provided by, third-party sources.  
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SECTION 2.0 
 

PROJECT INFORMATION 
 
 

2.1 LANDFILL BACKGROUND 

The Santa Tecla Landfill is a municipal solid waste (MSW) landfill owned and operated by the 
City of Porto Alegre Solid Waste Department (Prefeitura Municipal de Porto Alegre 
Departmento Municipal de Limpęza Urbana [DMLU]). One of two landfills currently accepting 
waste from the City of Porto Alegre and the surrounding area, the Santa Tecla Landfill is located 
within Gravataí, a municipal district of the Greater Porto Alegre area. The local climate is sub-
tropical and wet with an average annual rainfall of 1.572 meters (m).  

The Santa Tecla Landfill started as an open dump in the 1980s. Initial waste deposition activities 
consisted of indiscriminate dumping of waste, waste burning, and uncontrolled scavenging. 

In 1999 DMLU remediated the site into a 10-hectare (ha) sanitary landfill. The landfill is a 
mound-type fill with an older closed area containing 570,000 metric tons (tonnes) of refuse and 
the newer active area that has a capacity of 2,000,000 tonnes of refuse. Maximum waste depth in 
the older area is approximately 25 m, in the newer area it is 35 to 40 m. The site currently 
accepts 700 tonnes per day (tpd) of municipal and commercial waste. At 700 tpd, the site has 
approximately 2 years of disposal capacity left. A drawing showing existing site conditions is 
presented in Appendix A. 

Today, the Santa Tecla Landfill has most of the attributes of a modern sanitary landfill, 
including: 

• Controlled access. No scavenging is allowed. 

• An off-site recycling center where recyclables are manually removed from a portion of 
the household waste collected each day. The residue is taken directly to the landfill. 

• Scales to measure waste receipts. 

• Well maintained access roads. 

• Controlled dumping areas with compaction provided by bulldozers. 

• Daily cover is applied, and inactive areas of the site have an intermediate cover 
consisting of up to 30 centimeters (cm) of clayey soils. 

• A stormwater run-off control system that keeps most stormwater from mingling with 
waste and becoming leachate or flowing into the leachate management system. 
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• Approximately 40 percent of the landfill is underlain by native soils and approximately 
60 percent is underlain by a 1-m thick compacted clay liner with a minimum conductivity 
of 1 x 10-7 cm per second (cm/sec). In the newest 2.4-ha cell, the lining system also has a 
high-density polyethylene (HDPE) geomembrane component. 

• An internal leachate collection system that drains into a leachate holding pond. The 
leachate collection system collects an average of 200 cubic meters (m3) of leachate a day. 
A portion of this leachate is treated in an on-site lagoon system; some leachate is 
recirculated into the site; the rest is hauled to a municipal waste water treatment plant. 

• A LFG venting system consisting of approximately 140 drenos (vents).  

Table 2-1 summarizes the history of disposal at the landfill and shows the projected future filling 
rates. 

TABLE 2-1. WASTE DISPOSAL HISTORY AND 
PROJECTED FUTURE WASTE DISPOSAL RATES 

 

Year 

Total 
Annual 
Disposal 
(Tonnes) 

Total Accumulated 
Disposal 
(Tonnes) 

Comments 

1999 232,663 232,663 

2000 266,633 499,296 

2001 361,812 861,108 

2002 375,773 1,236,881 

Real data from scale 
measurements  

2003 219,532 1,456,413 

2004 122,021 1,578,434 

2005 218,400 1,796,834 

2006 203,166 2,000,000 

Based on 10 months of data. 
Projected based on 700 tpd, 6 
days/week 

Notes: 
1. Data provided by DMLU.  
2. The approximately 570,000 tonnes of material in the older, closed cell is not included. 

 
2.2 WASTE COMPOSITION 
 
Waste composition is an important consideration in evaluating a LFG recovery project, in 
particular the organic content, moisture content, and “degradability” of the various waste 
fractions. For example, landfills with high content of food wastes, which are highly degradable, 
will tend to produce LFG sooner but over a shorter length of time. The effect of waste 
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composition on LFG production is discussed further in Section 3. Table 3-1 presents a summary 
of the waste composition data for the landfill.  
 
2.3 LANDFILL GAS COLLECTION SYSTEM 
 
The landfill currently does not have a LFG collection and control system. The site does have a 
LFG venting system consisting of approximately 140 drenos (vents). The drenos were 
constructed as the landfill was built by placing 1-m diameter concrete drain pipe in an upright 
position and filling it with rock. As the landfill height was extended, additional pipe segments 
were placed to extend the vents. At the top of each vent is a 100-mm diameter flare. The flares 
are lit daily and burn the LFG exiting the drenos.  
 
2.4 LANDFILL GAS FIELD MEASUREMENTS 
 
None of the LFG vents at the site had sample ports. Accordingly, no LFG samples were taken. 
However, the fact that the gas exiting the vents easily combusts indicates the production of LFG 
under anaerobic conditions at the Santa Tecla Landfill is occurring.  
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SECTION 3.0 
 

LANDFILL GAS RECOVERY PROJECTIONS 
 
 
3.1 INTRODUCTION 
 
Landfill gas is generated by the anaerobic decomposition of solid waste within a landfill. It is 
typically composed of approximately 40 to 60 percent methane, with the remainder primarily 
being carbon dioxide. The rate at which LFG is generated is largely a function of the type of 
waste buried and the moisture content and age of the waste. It is widely accepted throughout the 
industry that the LFG generation rate generally can be described by a first-order decay equation 
as described below.  
 
3.2 LANDFILL GAS MATHEMATICAL MODELING 
 
To estimate the potential LFG recovery rate for the landfill. SCS utilized its in-house model that 
employs a first-order decay equation identical to the algorithm in the U.S. Environmental 
Protection Agency (EPA) landfill gas emissions model (LandGEM). Both models are described 
in detail below. 
 
U.S. EPA Model 
 
The EPA model requires that the site’s waste disposal history (or, at a minimum, the amount of 
waste in place and opening date) be known. The model employs a first-order exponential decay 
function, which assumes that LFG generation is at its peak following a time lag representing the 
period prior to methane generation. The EPA model assumes a one-year time lag between 
placement of waste and LFG generation. After one year, the model assumes that LFG generation 
decreases exponentially as the organic fraction of waste is consumed. 
 
For sites with known (or estimated) year-to-year solid waste acceptance rates, the model 
estimates the LFG generation rate in a given year using the following equation, which is 
published in Title 40 of the U.S. Code of Federal Regulations (CFR) Part 60, Subpart WWW. 

     
n 

QM = ∑ 2 k Lo Mi (e-kti) 
       

i=1 

  n 
 Where: ∑ = sum from opening year+1 (i=1) through year of projection (n); 

 
i=1

 
 QM = maximum expected LFG generation flow rate (m3/yr); 

 k = methane decay rate constant (1/yr); 
 Lo = ultimate methane generation potential (m3/Mg); 
 Mi  = mass of solid waste disposed in the ith year (Mg); 
 ti  = age of the waste disposed in the ith year (years). 
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The above equation is used to estimate LFG generation for a given year from all waste disposed 
up through that year. Multi-year projections are developed by varying the projection year and re-
applying the equations. The year of maximum LFG generation normally occurs in the closure 
year or the year following closure (depending on the final year’s disposal rate). 
 
SCS Model 
 
SCS has developed a first-order decay model for estimating the LFG recovery potential of 
landfills (the SCS Model). The model, essentially a modified version of the EPA’s LandGEM, 
was developed based on actual LFG collection/recovery data from over 150 sites across the U.S. 
(At the time of writing, only two projects were operational in South America and each for less 
than 1 year.) When calibrating the model, SCS identified trends in the LFG collection data that 
were used to develop the model. Specifically, it was apparent that different values for the 
ultimate methane recovery potential [Lo] and the decay rate constant [k] were appropriate 
depending upon the amount of precipitation a landfill receives. 
 
The SCS Model also uses an alternate approach to conventional LFG modeling, which is to 
estimate recovery directly. This approach requires an evaluation or estimate of the current and 
future coverage of the LFG collection system, generally defined as that fraction of the landfill 
under active collection. Many factors can affect system coverage, including: well spacing and 
depth, depth of well perforations, presence of a flexible membrane liner (FML) or low-
permeability cover system, landfill type and depth, condition of LFG collection system, and 
other design and operational issues.  
 
SCS used the model to estimate the projected LFG recovery rates for the landfill through 2030 
using the following criteria and assumptions: 
 

• Refuse Filling History - Historical disposal rates through October 2004 were provided 
by landfill personnel. Based on an anticipated waste disposal rate of 700 tonnes per day 
for a six-day week, 2005 disposal is anticipated to be 218,400 tonnes. As noted in Section 
2, the existing landfill capacity in the new cell is 2.0 million tonnes. Assuming a 
continuation of the 700 tpd disposal rate, site closure is projected to occur in late 2006. 
Note that the older 570,000 tonne capacity landfill cell that was operated as an open 
dump prior to 1999 was not used as inputs to the LFG model, as this waste was not 
expected to contribute significantly to the LFG recovery potential of the site. 

• Methane Content - SCS estimates future methane contents to be 50 percent. 

• Methane Decay Rate Constant [k] - The decay rate constant is a function of refuse 
moisture content, nutrient availability, pH, and temperature. As mentioned earlier, SCS 
also recognized this difference and consequently developed various levels of “wet” and 
“dry” site k-values from its database of LFG recovery data. For the Santa Tecla Landfill 
evaluation, SCS employed three different k values based on the degradability of the waste 
components (see discussion of model inputs below). 
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• Methane Recovery Potential [Lo] - The methane recovery potential is the total amount 
of methane that a unit mass of refuse will produce given enough time. The Lo is a 
function of the organic content of the waste. It is theoretically independent of moisture, 
but the site operational data analyzed by SCS has found the Lo to be suppressed in dry 
sites as compared to wet sites, indicating that the Lo may be limited below a certain 
moisture threshold. Therefore SCS derived various levels of “wet” and “dry” site Lo 
values from its database of LFG recovery data. For the Santa Tecla Landfill, SCS started 
with a default Lo value based on the average annual precipitation, and then adjusted this 
value based on the ratios of organic and moisture contents in U.S. waste and waste at the 
landfill (see discussion of model inputs below). 

• LFG System Coverage - System coverage is a measure of the fraction of the refuse mass 
which is under active collection. This value varies based on various factors described 
below. The model estimates both the potential “recoverable” LFG from a landfill 
assuming a 100 percent comprehensive LFG collection system, and the projected rate of 
LFG recovery based on the estimated LFG system coverage.  

The LFG system coverage factor is based on engineering judgment, and considers many 
factors including: whether the landfill is closed or active, the type of well construction 
and gas system construction, the level of operation that is provided, how quickly 
damaged pipes and wells (and other equipment, such as blowers, etc.) are going to be 
repaired, leachate levels in wells, etc. This value falls within the range of 0 percent (for 
no gas system) to 100 percent (for a comprehensive collection system over a closed 
landfill with excellent construction and operation). 
 
Modifications to the LFG system coverage can be made annually if it is expected that the 
collection system will be periodically expanded or if other changes to the LFG system or 
landfill are anticipated (e.g., landfill closure or partial capping, increasing flows due to 
the presence of additional fill material). Active landfills generally tend to have lower 
system coverage than closed landfills due to the interferences caused by active filling 
operations. 
 
For this evaluation, SCS has employed three system coverage scenarios in order to 
develop a range of estimates of predicted recovery with the proposed collection system. 
All three scenarios assume a comprehensive LFG collection system that will continue to 
be regularly expanded into newly filled areas. The system coverage estimates also 
assume that leachate management activities, including pumping out leachate accumulated 
in extraction wells, will be employed if leachate is encountered. 
 
Differences in the scenarios reflect different assumptions regarding the level of skill and 
resources employed to operate and maintain the system to maximize recovery. The 
scenarios result in low, mid-range, and high projections and are as follows: 
 

1. The low recovery scenario assumes that a moderate level of skill and effort is 
employed in the operation and maintenance of the collection system. 
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System coverage in 2006, the last year the landfill will be operating, is assumed to 
be 50 percent. After site closure, system coverage is assumed to increase to 60 
percent. SCS considers the low recovery estimates to be very conservative and 
should only be used in the economic evaluation if a large margin of safety is 
needed. 

2. The mid-range recovery scenario assumes that a moderately high level of skill and 
effort is employed in the operation and maintenance of the collection system. 
System coverage in 2006, the last year the landfill will be operating, is assumed to 
be 75 percent. After site closure, system coverage is assumed to increase to 80 
percent. SCS considers the mid-range recovery estimates to be its best estimates 
of likely recovery and recommends their use in the economic evaluation. 

3. The high recovery scenario assumes that highest possible level of skill and effort 
is employed in the operation and maintenance of the collection system. System 
coverage in 2006, the last year the landfill will be operating, is assumed to be 95 
percent. After site closure, system coverage is assumed to increase to 100 percent. 
SCS considers the high recovery estimates to be very ambitious and not likely to 
be achieved unless maintenance of an optimal LFG recovery system is considered 
to be a top priority.  

It is important to note that, in addition to the potential variability in system coverage and the 
level of operation and maintenance, there is inherent uncertainty in the mathematical modeling of 
LFG itself. SCS considered (and tried to account for) this modeling uncertainty in selecting the 
values for the high and low recovery scenarios when estimating the LFG recovery potential.  
 
Model Inputs-- 
 
For estimating the model parameters decay rate (k) and methane recovery capacity (Lo) for the 
landfill, SCS took into consideration the typical composition of waste buried in Santa Tecla 
Landfill. SCS compared site waste composition data from the landfill with U.S. EPA’s waste 
characterization data. These data are presented in Table 3-1. 
 
One particularly important difference between the two sets of data is that the waste stream at the 
Santa Tecla Landfill contains significantly more food waste (which is highly degradable) than 
typical U.S. wastes. Because food waste is so readily degraded, it produces LFG sooner, but over 
a shorter length of time. Therefore, a graph of LFG recovery from wastes that are high in food 
waste, green waste, and other similar readily-degraded wastes will show a steeper slope 
(reaching peak flows more rapidly), but a lower sustainable long term yield than the recovery 
rate from waste with slower-degrading components. In the model, this effect is reflected in the 
parameter k (i.e., methane decay rate constant).  
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TABLE 3-1. COMPARISON OF WASTE COMPOSITION (%) 

     

Waste Components 

Santa 
Tecla 

Landfill 
(%) 

Typical 
U.S. (%)

Degradability 
Category k Value

Food Waste (1) 35.1 11.5 Fast 0.36 
Green Waste (fast) (1)(2) 4.4 5.6 Fast 0.36 
Other Organic (3) 20.3 1.6 Fast 0.36 
Green Waste (medium) (1)(2) 4.4 5.6 Medium 0.072 
Paper 9.3 26.6 Medium 0.072 
Wood 0.7 10.3 Slow 0.018 
Rubber, Leather, Textiles 0.8 6.9 Slow 0.018 
Plastics 13.4 9.7 Inert 0.0 
Metals 4.0 5.4 Inert 0.0 
Glass 3.6 5.3 Inert 0.0 
Other Inorganic 4.0 11.4 Inert 0.0 
Notes:     
(1) Assumes "organic material" is 80% food waste and 20% green waste. 
(2) Assumes green waste is 50% green materials (fast decay) and 50% leaves and branches (medium 
decay). 
(3) Includes "rejects".     

 
Furthermore, the waste stream at the Santa Tecla Landfill contains both a higher organic fraction 
(per dry weight) than U.S. wastes and a higher level of moisture, primarily due to the food waste. 
The higher organic content will result in an increased potential for methane generation per tonne 
of waste. However, the increased moisture content (which is inert) will result in a decreased 
potential for methane generation per tonne of waste. In this model, these effects are reflected in 
the parameter Lo (i.e., ultimate methane generation potential). 
 
The specific approach for developing each parameter is discussed below.  
 
Methane Recovery Potential-- 
 
The Lo was derived by modifying an estimated Lo value for U.S. landfills that experience 1,572 
mm (62 inches) of precipitation (the annual amount of rainfall at Santa Tecla Landfill). The 
modification is based on the ratios of organic waste percentages and dry waste contents of U.S. 
vs. Santa Tecla Landfill waste. The table below summarizes the calculation of the Lo value. 
 
The value for the potential methane recovery capacity (Lo) for the Santa Tecla Landfill is 
estimated to be 75.8 m3/Mg (2,429 ft3/ton).  
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TABLE 3-2. CALCULATION OF THE Lo VALUE 

 U.S. Landfills Santa Tecla 
Landfill 

Ratio: Santa Tecla 
Landfill/U.S. 

Organic % 68.2% 75.0% 1.10 

Dry Weight % 80.3% 59.1% 0.737 

Lo value 93.6 m3/Mg 75.8 m3/Mg 0.810 
 
Methane Generation Rate Constant-- 
 
The k value reflects the fraction of refuse which decays in a given year and produces methane. 
An alternative approach to estimating a single k value for the entire landfill is to assign k values 
to different portions of the waste stream, based on their relative decay rates. Laboratory studies 
have suggested that fast-decaying organic refuse such as food waste typically decays at 5 times 
the rate of medium decay rate materials, such as paper, and 20 times the rate of slowly decaying 
components of the waste stream, such as textiles.1 Because landfill moisture content significantly 
affects decay rates, the values of the decay rates for the fast, medium, and slow decaying waste 
fractions will vary with moisture as well. However, the relative rates of decay are expected to 
remain constant, despite varying landfill moisture. 
 
The usefulness of evaluating decay rates for different waste components is that it provides a tool 
for comparing U.S. k values to k values at foreign landfills, which typically have significantly 
differing waste compositions. The procedure is based on the assumption that fast, medium, and 
slow decaying waste components will each have fixed k values for a given moisture regime in a 
landfill. Using average annual precipitation as a surrogate for landfill moisture conditions, fast, 
medium, and slow waste component k values can be developed for landfills with a given 
precipitation value, if a single overall k value is known for the entire landfill and can be used to 
calibrate the three k values. 
 
SCS has developed a set of default k values for U.S. landfills that vary with average annual 
precipitation. The k values are based on a database of 288 years of recovery data from landfills 
with active gas collection systems to calibrate the LFG models. The procedure of developing k 
values for the Santa Tecla Landfill based on the appropriate U.S. k value for a landfill 
experiencing 1,572 mm/year of precipitation is as follows: 
 

1. Prepare a single-k LFG model run using the Santa Tecla Landfill disposal data and the k 
value that would be appropriate for a U.S. site experiencing 1,572 mm/year of 
precipitation. 

2. Using the percentages of fast, medium, and slow-decaying waste components in the U.S. 
waste stream and the Santa Tecla Landfill disposal quantity data, prepare a multi-phased 

                                                 
1 Ehrig, Hans-Jürgen, “Prediction of Gas Production from Laboratory-Scale Tests.” Landfilling Waste: 
Biogas  Edited by T.H. Christenson, R. Cossu and R. Stegmann, E & FN Spon, London: 1996. 
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LFG model (summing the results of the fast, medium, and slow refuse decay 
calculations). Keeping the fast to medium to slow k value ratios constant, adjust the fast-
decaying waste k value so that the resulting LFG recovery projection matches as closely 
as possible the results of the single k model run using the U.S. default k value. The 
resulting k values are to be used in a 3-k model run for Santa Tecla Landfill.  

 
The values for the three methane decay rate constants (k) used for modeling LFG recovery at the 
Santa Tecla Landfill are as follows: 
 

• Fast-decaying waste: 0.36 per year. 
• Medium-decaying waste: 0.078 per year. 
• Slowly-decaying waste: 0.018 per year. 

 
3.3 LANDFILL GAS MODELING RESULTS 

SCS estimated both the LFG recovery potential at the landfill (essentially the amount of LFG 
SCS estimates to be available to be collected) and the expected LFG recovery rate (which 
accounts for the system coverage factor described above). As mentioned previously, SCS 
projected LFG recovery under high, low, and mid-range recovery scenarios. SCS considers the 
mid-range recovery scenario to be our best estimate of likely recovery and recommends its use in 
the economic evaluation. 
 
LFG Recovery Potential 
 
Using the model, SCS estimates that the LFG recovery potential for the landfill will increase to a 
peak of 2,556 m3/hr (1,505 cubic feet per minute [cfm]) in 2007 (one year following site 
closure). The LFG recovery potential is projected to decline sharply thereafter to 733 m3/hr (431 
cfm) in 2012 and 274 m3/hr (161 cfm) in 2019. 
 
Expected LFG Recovery 
 
SCS estimates that LFG recovery at the landfill will begin in 2006. Under the mid-range 
scenario, actual LFG recovery is projected to be 1,903 m3/hr (1,120 cfm) in 2006, increasing to a 
peak of 2,045 m3/hr (1,204 cfm) in 2007. LFG recovery under the mid-range recovery scenario is 
projected to decline rapidly after 2007, reaching 586 m3/hr (345 cfm) in 2012 and 219 m3/hr (129 
cfm) in 2019. Assuming that 100 percent of the amount of LFG recovered is available for use for 
electrical generation using IC engines (i.e., not accounting for available engine capacities or 
parasitic loads), a 1.2 MW power plant could be supported from 2006 - 2011, but only a 360 kW 
plant could be supported for the entire project period (2006 - 2019). Table 3-3 presents a 
summary of the projected potential LFG recovery rates, actual LFG recovery rates under the 
mid-range scenario, and corresponding power plant sizes for the evaluation period.  
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TABLE 3-3. LFG MODELING RESULTS 
MID-RANGE RECOVERY SCENARIO 

 

Year 

Potential LFG 
Recovery Rate 

(m3/hr) 

Estimated 
System 

Coverage (%) 

Projected Actual 
LFG Recovery 
Rate (m3/hr) 

Maximum 
Project Capacity 

(MW)* 
2006 2,537 75% 1,903 3.15 
2007 2,556 80% 2,045 3.38 
2008 1,919 80% 1,535 2.54 
2009 1,464 80% 1,172 1.94 
2010 1,139 80% 911 1.51 
2011 904 80% 723 1.20 
2012 733 80% 586 0.97 
2013 606 80% 485 0.80 
2014 511 80% 409 0.68 
2015 439 80% 351 0.58 
2016 384 80% 307 0.51 
2017 339 80% 271 0.45 
2018 304 80% 243 0.40 
2019 274 80% 219 0.36 

*Assumes an engine heat rate of 10,800 Btu/kilowatt hour (kWh). 
 

Tables 1 through 4 in Appendix B provide detailed results of the LFG modeling, including the 
following: 
 

• Estimated annual disposal rates and waste in place values. 

• The projected LFG recovery potential through 2030 (in m3/hr, ft3/min, and mmBtu/hr). 

• The k values used for the fast, medium, and slowly decaying waste fractions. 

• The Lo value calculated for all wastes and the Lo value used in the model runs for the 
organic portion of the waste only (equal to the calculated Lo value divided by the fraction 
of organic waste). 

• Annual collection system coverage estimates under each scenario. 

• Predicted LFG recovery after accounting for system coverage (in m3/hr, ft3/min, and 
mmBtu/hr). 
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• The maximum electrical power plant size (in MW) that can be supported by the predicted 
LFG recovery rates. 

• Estimated methane emission reductions based on the predicted LFG recovery rate (in 
metric tonnes/year and CO2 equivalent metric tonnes/year). 

The projected LFG recovery potential and predicted LFG recovery rates under each recovery 
scenario are also shown graphically in Figure 1 of Appendix B. 
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SECTION 4.0 
 

LANDFILL GAS COLLECTION AND UTILIZATION SYSTEM 
 
 
4.1 INTRODUCTION 
 
This section covers the components of the LFG collection and utilization system. Based on the 
evaluation of the potential for LFG recovery at the Santa Tecla Landfill in Section 3, the quantity 
of recoverable LFG appears to be relatively modest, but sufficient for developing a system to 
utilize LFG as a fuel source for electrical generation. Electricity generated at the landfill gas-to-
energy (LFGTE) facility can provide cost savings from avoided electricity purchases for on-site 
energy needs and revenues from the sale of unused electricity to the local power grid. In order to 
ensure the combustion of all collected LFG, and to maximize the amount of GHG emission 
reductions achieved, any LFG not combusted in the LFGTE facility will be burned in an LFG 
flaring system. Additional GHG emission reductions can be realized to the extent that fuel 
sources normally employed for electricity generation are displaced by the use of methane in the 
LFGTE facility. 

 
4.2 COLLECTION AND CONTROL SYSTEM DESIGN 
 
The landfill does not currently have an active LFG collection system. The existing venting wells 
are not constructed in a manner that allows for their use in an active system. Therefore, an active 
LFG collection system (including new wells) will need to be installed.  
 
To maximize LFG recovery rates, the collection system should be installed comprehensively 
over closed landfill areas and inactive areas of the landfill at intermediate grade. In estimating 
the potential LFG recovery rates (and GHG emission reductions), SCS assumed that initial 
construction of the gas collection system would occur in 2005, and that LFG flaring will begin in 
2006.  
 
Our understanding is that future disposal will occur within the existing refuse footprint until site 
closure (anticipated late 2006). The landfill will grow vertically as waste continues to be 
deposited, but no lateral expansion will occur. Therefore, the initial collection system design will 
include the full complement of wells expected to be needed throughout the project. Of course, 
the design of the collection system is likely to change over time during the project period to 
accommodate actual LFG recovery rates and site conditions. 
 
4.3 INITIAL COLLECTION SYSTEM CONSTRUCTION 
 
Collection and Control System Components 
 
Site-specific operational data is the most valuable tool in developing design criteria for an LFG 
collection system; however, such data are not available. As such, SCS has the following general 
recommendations for the LFG collection system (These data are also summarized in Table 6-1):  
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• Installation of approximately 59 vertical extraction wells. In general, extraction wells 
should only be installed in areas at final or intermediate grade and where the piping 
connection will have a minimal impact on current filling operations. SCS assumes that 
extraction wells will be raised as waste filling progresses, as opposed to re-drilling wells 
once final grade has been reached. Once available, operational data can be used to 
evaluate the well spacing by assessing flow rates from individual wells and the range of 
vacuum influence exerted by the wells.  

As a general industry guideline, extraction wells normally have a “radius of influence 
(ROI)” approximately equal to between 1.25 and 2.5 times its depth, depending on the 
ratio of blank to slotted pipe length, refuse permeability, and other factors. To minimize 
gaps in collection system coverage, some degree of overlap in wells’ ROIs is required, 
resulting in a well spacing of between 2 and 4 times well depth. Given that the Santa 
Tecla Landfill is expected to have a maximum final waste depth of approximately 35 to 
40 m, maximum well depth would be approximately 30 m.  
 
Refuse at the landfill is estimated to have very low permeability, due to the high 
percentage of wet wastes disposed and the 1.572 m of annual rainfall. To account for the 
low permeability, 50-m well spacing is used for top deck wells, and 35-m spacing is used 
for the shallower wells along the side slopes. Given that some of the wells in shallow 
refuse near the landfill perimeter may only reach about 10 m depth, there may be some 
gaps in system coverage along the landfill perimeter. However, it is premature (and 
probably not cost effective) to substantially reduce the 35-m minimum well spacing, 
given the increased costs associated with installing additional extraction wells. 
 
For budgetary purposes, SCS assumes that the wells would be installed in an 
approximately 500-millimeter (mm) diameter drilled borehole, and would consist of 150 
mm diameter polyvinyl chloride (PVC) piping, gravel backfill, and would be equipped 
with a wellhead with a flow control valve and gas monitoring ports. 
 

• Installation of approximately 3,300 m of HDPE piping to connect the extraction wells 
with the flare station and LFG control plant. This piping includes main gas header piping 
designed to accommodate greater gas flow rates, and smaller lateral gas piping designed 
to connect the main header piping to the extraction wells.  

Piping connections should be made to those extraction wells that have been constructed 
to intermediate or final grade. Piping should be installed at a minimum slope of 3 percent, 
in order to maintain positive drainage of condensate, and condensate traps and sumps 
should be installed at low points in the piping.  

For budgetary purposes, SCS assumes that the header piping will be 350 mm in diameter, 
and the lateral piping will be 110 mm in diameter. A total of 2,500 m of header piping, 
and 800 m of lateral piping has been assumed. 
 

• Installation of a condensate management system. Condensate, which forms in the LFG 
piping network as the warm gas cools, can cause significant operational problems if not 
managed properly. The LFG collection system must be designed to accommodate the 
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formation of condensate. SCS presumes that this will be accomplished through a series of 
self-draining condensate traps located within the waste footprint and condensate 
manholes located outside the waste limits.  

For budgetary purposes, SCS assumes that a total of two self-draining condensate traps 
and 1 condensate manhole will be required.  
 

• Installation of leachate pumps in selected extraction wells. Leachate levels in extraction 
wells should be measured and recorded prior to connecting the wells with piping to the 
blower and flaring system. Those wells with elevated leachate levels should be equipped 
with leachate dewatering pumps. SCS recommends that those wells that are equipped 
with leachate pumps be constructed in a manner that the pumping equipment can be 
removed in the future, if appropriate, in the event of reduced leachate levels.  

• Installation of a blower and flaring station. While SCS expects that the primary 
operational situation will be that the LFG utilization plant is operating and utilizing the 
majority of the collected gas, it is anticipated that the collected gas flow will normally be 
greater than the capacity of the gas utilization equipment. Also, the flare will provide 
backup control equipment to allow continued emission reduction during periods of 
downtime or maintenance of the utilization equipment.  

SCS has assumed that the flaring system will be an enclosed-type flare so that GHG 
emissions reduction and exhaust components can be tested and quantified (exhaust 
testing is not possible on candlestick-type open flares). For budgetary purposes, SCS has 
assumed that the initial system construction would include installing approximately 2,040 
m3/hour (1,200 cfm) of gas flaring capacity and blower equipment. This capacity is 
sufficient to handle the maximum projected LFG recovery rate under the mid-range 
scenario (2,045 m3/hour or 1,204 cfm). 
 

• Installation of a LFG utilization plant. For budgetary purposes, SCS has assumed that the 
initial system construction would include installing a reciprocating engine generator set 
with a gross capacity of 1.06 MW. This facility will require approximately 690 m3/hour 
(405 cfm) to operate at full capacity, which will be available from 2006 - 2011 under the 
mid-range scenario.  

 
Drawing 2 of Appendix A shows a plan view of the proposed gas collection system.  
 
Collection System Expansion and Maintenance 

In order to maintain a high level of efficiency for the LFG collection system, and thus maximize 
LFG recovery rates and GHG emission reductions, it will be necessary to expand the collection 
system, and to implement a regular program of operation and maintenance of the gas collection 
system equipment. In particular, ongoing vertical well extensions will be needed as long as 
disposal continues to build up landfill depth. Table 6-2 provides specific cost estimates. 
 
Following system start-up, operational data should be obtained and carefully reviewed with 
respect to the system design criteria, and adjustments made as appropriate. These criteria should 
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only be used as a general guideline for system modifications, and design details and plans 
developed for specific construction elements as appropriate. Specific modifications to the 
existing wellfield layout that are indicated by operating data may include the following: 
 

• Wells that are unproductive or are damaged will need to be repaired or replaced. 

• Areas of the landfill where monitoring data indicate a surplus of LFG may yield higher 
recovery rates if additional wells are installed. 

• Ongoing monitoring of leachate levels in wells will indicate whether or not leachate 
pumps are required, and what rate of pumping will be adequate to draw down leachate 
levels to allow the extraction wells to operate properly. 
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SECTION 5.0 

 
ELECTRIC AND WASTE INDUSTRY SECTORS 

 
 

5.1 ELECTRIC INDUSTRY SECTOR 
 
Brazil’s large size and enormous hydro potential had been influential in the formation of its 
electricity generation industry. Until the mid 1990s, the Brazilian electricity market was focused 
on large hydroelectric power plants that were planned, financed and operated by the state. As 
available investment became scarce and interest rates increased, while consumption was still 
growing at 5.2 percent a year (in the period 1995 to 1999) the solution proposed was to open the 
market for private investors. 

The four pillars of the privatization process initiated in 1995 were: 

• Building a competition friendly environment, with the gradual elimination of captive 
consumers. The freedom of choice of the electricity services supplier, started in 1998 for 
large consumers, is intended to lead to a 100 percent free market in 2006; 

• Dismantling of state monopolies, dividing and privatizing generation, transmission and 
distribution activities; 

• Allowing open access to the transmission lines, and 

• Leaving the operation and expansion planning to the private sector. 

This process of deregulation and liberalization was accompanied by the creation of three 
agencies: the Electricity Regulatory Agency (ANEEL) to develop legislation and regulate the 
market; the National Electric System Operator (ONS) to supervise and control the generation, 
transmission and operation; and the Wholesale Electricity Market (MAE), to define rules and 
commercial procedures of the short-term (spot) market. 

In the year 2000, the Brazilian power system had a demand of 305.6 terawatt hours (TWh) with a 
generation capacity of 67.7 gigawatts (GW); with a gross generation of 322.5 TWh. By the end 
of 2000, five years after privatisation and deregulation were initiated, results were still modest. 
Without new installed capacity, the only alternatives were improved energy efficiency or a more 
intensive use of the existing plants, i.e., higher capacity utilization (capacity factor). Regarding 
energy efficiency, the government established in 1985 the national Electricity Conservation 
Program (PROCEL). Although the qualitative objectives of the program are admirable the results 
in terms of reducing power demand have been limited so far. 

The remaining alternative, to increase the capacity factor of existing plants, was in fact exploited. 
In the Brazilian electricity case, the major primary energy source is the water accumulated in the 
reservoirs. Increased capacity utilization involved using up some of the stored water in the 
reservoirs. From 1997 to 2000, seasonally adjusted water levels fell progressively. Thus, 
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reservoirs that were originally planned to store water to buffer 3 consecutive years of under-
average rainy seasons almost collapsed after a single season of modest rain (2000/2001 with 74 
percent of the historical average rain). The result was a severe power shortage in 2001. 
 
From July 2001 onwards, a rationing system calling for an average reduction of 20 percent 
(using as the calculation basis the consumption in the period from May to July 2000) was 
imposed on every consumer in the Southeast (SE), West Central (WC), and Northeast (NE) 
regions. 
 
In order to reduce the dependence on hydro sources the government launched in year 2000 the 
Thermal electric Priority Plan (PPT: “Plano Prioritário de Termeletricidade”), expecting to 
increase the share of thermal electricity generation to about 20 percent of the installed capacity 
by 2006. The PPT was centred on large plants, privately financed, and using natural gas imported 
from Bolivia. However, electricity tariffs in Brazil were not sufficient to attract much private 
investments in power generation. 
 
Besides rationing, the government launched an emergency program to build another 58 thermal 
power plants by the end of 2002, using mainly diesel and residual fuel oil, totalling 2,150 MW 
power capacity (CGE-CBEE, 2002). 
 
Another program was created by the Government, aiming to increase the national supply security 
and diversify Brazil’s electric energy supply: the Strategic Program for Expansion of the Power 
Supply. Its purpose was the construction of thermal and hydro plants, transmission lines, and 
substations, requiring investments of about R$ 43 billion from 2001 to 2004. 
 
Policy changes included a revision of electricity tariffs, bringing prices in line with costs; the 
promotion of renewable energy (PROEOLICA, Wind Energy Incentive CGE Resolution 24, Jul. 
5, 2001, and by the Alternative Energy Sources Incentive Program —PROINFA—; tariff 
reductions of at least 50 percent for access to transmission and distribution systems for 
companies producing electricity from wind, biomass and qualified cogeneration systems, all of 
them included in the electricity restructuring law number 10.438, signed on April 26, 2002), 
among others. 
 
Regarding renewable energy alternatives, the PROINFA program, foresees increasing power 
generation capacity by 3,300 MW (1,100 MW with biomass, 1,100 MW with wind power and 
1,100 MW with small hydro plants); recently, the details were defined and the main points 
consist of offering long-term (20 years) contracts with special conditions, lower transmission 
costs, and with the possibility of getting special financing of up to 70 percent of the investment 
cost at lower interest rates from the State bank BNDES (National Bank for Economical and 
Social Development). This program is seen as a positive approach by the federal government to 
support the development of renewable electricity generation. As a consequence, alternative 
energy sources (wind, biomass, mini hydro, etc.) are expected to increase significantly from an 
installed capacity of 2,300 MW in 2001, to 5,600 MW in 2006. 
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In July 2003, Brazil announced yet another model for the country's electricity sector, with goals 
of ensuring reliable supply, stabilizing prices for consumers, and attracting long-term investment 
to the sector. This new model came into effect in March 2004. The first major component of the 
new electricity model was the creation of two energy trading markets: 

• A regulated pool which buys power from generators and shares the costs between 
distributors under set prices; 

• A free-market environment where distributors and generators can negotiate their own 
contracts. 

The model restored power to the MME (Ministry of Mines and Energy) to plan and tender power 
generation concessions, a role that the country’s independent energy regulatory agency ANEEL 
(Agência Nacional de Energia Elétrica) previously had been responsible for. Three new bodies 
were created: 
 

• The Energy Research Company (Empresa de Pesquisa Energética, EPE), responsible for 
long term research and planning of the power sector; 

• The Chamber for Electricity Commercialization (Câmara de Comercialização de Energia 
Elétrica, CCEE), a body that will oversee trading in the pool, replacing the current 
electric wholesaler (Mercado Atacadista de Energia Elétrica); this Chamber started 
operation on Nov. 8, 2004. First auction is set for Dec 7, when 55,000 MW are expected 
to be sold for the 2005-2007 period. 

• The Electric Sector Monitoring Committee (Comitê de Monitoramento do Setor Elétrico, 
CMSE), responsible for overseeing the security of supply in Brazil. 

These three bodies are expected to afford the government additional leverage on the country’s 
electricity sector. Finally, electricity pricing will be determined by pooling cheaper 
hydroelectricity with more expensive thermal power plants (natural gas). By pooling the various 
sources, the government hopes to reduce electricity tariffs and to ensure power is purchased from 
the newly constructed thermal plants. All of Brazil’s 64 distributors will now buy power at a 
single price generated from the new pricing formula. 
 
Initial reaction to the new energy model has been mixed. Many foreign and private companies 
see the new regulations as the government consolidating its hold on Brazil's electricity sector, 
which is currently, at least in generation, dominated by state-owned entities. In recent years, 
Brazil’s electricity sector has not been the most lucrative market for private investors, 
particularly distributors, many of which defaulted on loans in 2001-2002 and required a massive 
bailout from the National Development bank (BNDES) to stay afloat. With an estimated 
investment of $82 billion through 2020 just to keep supply and demand in balance, some experts 
believe that Brazil will have to rely on the private sector. 
 
Brazil has been very active in renewable power generation including several involving power 
generation using LFG. 
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5.2  WASTE INDUSTRY SECTOR 
 
National/ Regional and Municipal Authorities 
 
At the National level, issues related to the handling of urban solid waste disposal are included in 
the environmental legislation, and landfill operation activities are regulated by the Ministry of 
Environmental Protection. The Constitution of the Republic establishes the creation of a National 
Environmental Policy that is regulated and applied by SISNAMA - Sistema Nacional do Meio 
Ambiente (National System of the Environment). SISNAMA is a system that integrates all 
environmental agencies at the different levels. SISNAMA’s most important agency is the 
CONAMA - Conselho Nacional do Meio Ambiente (National Council of the Environment).  
 
It is important to mention Draft Bill No. 3,029/97 that proposes creating the SISNARES - 
Sistema Nacional de Resíduos Solidos (National System of Solid Waste), which if approved, will 
regulate the treatment and final requirements for industrial, household and hospital waste, as well 
as gaseous emissions from particle material and other waste resulting from the production 
process. This Draft Bill is in the process of being approved.  
 
At the municipal level, it is the responsibility of the municipalities in each State.  
 
Policy Making Authorities 
 
The Federal Constitution states that it is the common duty of the Union, the States, the Federal 
District and the municipalities to protect the environment and to fight any form of pollution 
whatsoever, as well as to further improvements in "basic sanitation”. It also provides that it is a 
municipal power to legislate on affairs of local interest, particularly with reference to the 
organization of municipal public services, as is the case of municipal waste management. 
 
It is common in Brazil for municipalities to be responsible for the management of municipal 
solid waste within their jurisdictions, with the exception of industrial waste, but including the 
waste generated by health care services. 
 
Despite the overlapping jurisdiction of the different levels, i.e. federal, state and municipal 
established in the Federal Constitution for environmental issues, it is currently the duty of the 
municipalities to abide by the decisions of state environmental control agencies whenever any of 
the duties of the former are not properly complied within terms of sanitation and/or the 
environment. 
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Regulatory Institutions 
 
CONAMA - Conselho Nacional do Meio Ambiente (National Council of the Environment), was 
created by Law 8028/90, and is the entity in charge of publishing resolutions, which are later 
enacted as environmental standards. It has the authority to request, when considered necessary, 
studies of the possible environmental impact of public and private projects, asking federal, state 
and municipal agencies and private entities for the information required to evaluate the 
environmental studies and corresponding reports for projects or activities which may 
significantly impact the environment, and particularly in areas considered national heritage. 
 
IBAMA - Instituto Brazileiro do Meio Ambiente e dos Recurso Naturais Renováveis (Brazilian 
Institute of the Environment and of the Renewable Natural Resources), has its headquarters in 
Brazilia and offices in all Brazilian states. This is a different type of entity with legal status, 
financial and administrative independence, established for the purpose of formulating, creating 
and enforcing the national environmental policy. 
 
Control Authorities 
 
Management of solid waste within the country falls under the responsibility of the municipalities 
of each state. For example, in the city of São Paulo, the agency responsible for managing solid 
waste is LMPURB. In Salvador the entity responsible is also called LIMPURB and in Rio de 
Janeiro, it is called COMLURB. 
 
In São Paulo the Environmental Protection Agency and CETESB (see below) also participate in 
this endeavor. The Environmental Protection Agency issues the preliminary environmental 
protection permit for the operation of a landfill and is responsible for issuing the installation and 
operation permit for new investments. 
 
The privatization of the household waste management activities in Brazil started in the 1970’s, 
but only began to gain importance in the 1990’s, due to the privatization frenzy affecting the 
entire Brazilian public sector. This initiative is even stronger in large and medium-size 
municipalities and in the south of the country.  
 
On the other hand, industrial waste has always been managed by the private sector, within the 
framework of the 'polluter-pays' principle set forth by the Brazilian environmental legislation. 
This sector is still highly inefficient in Brazil, where it is estimated that barely 50 percent of 
hazardous industrial waste is adequately treated. 
 
To accurately reflect the seriousness of the situation of this sector in Brazil, it is important to 
mention that in the State of Rio de Janeiro, the country's second largest in terms of industrial 
activity, there is only one hazardous waste treatment and final disposal unit (an association 
formed by Bayer and Tredi, a French company specializing in environmental services). 
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Collection and Transfer 
 
Most of the companies providing these services in Brazil are national, and the fees charged by 
the collection and transfer services are well below those in developed countries (US$ 15.00/t and 
US$ 0.10/t.km, respectively). This diminishes the interest of foreign companies to invest in these 
sectors in Brazil. However Waste Management Inc., together with Benito Roggio, an Argentine 
company, bought one of the largest Brazilian private companies, Enterpa (now, called Qualix). 
Due to the Waste Management policy of reducing investment outside the USA, the controlling 
shareholding was sold to the Argentine group. The French firms Vivendi and Suez Environment, 
have also invested in Brazilian companies, although they are not widely spread throughout the 
country. 
 
Other Related Institutions 
 
ABNT - Associação Brazileira de Normas Técnicas (Brazilian Association of Technical 
Standards) establishes the technical standards at the national level. 
 
CETESB - Companhia de Tecnologia e Saneamento Ambiental (Company of Technology and 
Environmental Sanitation) is the agency subordinated to the Secretaria Estadual do Meio 
Ambiente do Estado de São Paulo (State Secretary of The Environment of the State of São 
Paulo) that controls, monitors and supervises the quality of the environment in the State. 
 
CRA - Centro de Recursos Ambientais (Environmental Resources Center): This Agency with 
jurisdiction over the entire territory of the State of Bahia is linked to the Secretaria Estadual de 
Meio Ambiente y Recursos Hídricos (State Secretary of the Environment and Water Resources) 
of Bahia state. 
 
FEEMA - Fundação Estadual de Engenharia de Meio Ambiente (State Foundation of 
Environmental Engineering) is linked to the Secretaria de Estado de Meio Ambiente e 
Desenvolvimento Urbano (State Secretary of the Environment and Urban Development), and is 
responsible for environmental licensing in the State of Rio de Janeiro. 
 
Related Legislation 
 
National 
 
The Brazilian environmental legislation took a new course with the definition of the new 
National Environmental Policy (Law No. 6938/1981), incorporated in the Federal Constitution of 
1998. Another important issue is the Environmental Crime Law (9,605/1998) and its regulations 
(Decree No. 3,179/1999) that define Brazil’s laws with respect to the responsibility of legal 
entities. The text of these laws regarding specific standards for solid waste is in the process of 
being defined. In Brazil, the vast majority of regulations are integrated into the Federal 
Constitution and other Federal legal standards. State and municipal legislations are subordinate 
to it. Existing legal instruments directly related to solid matter are found mainly in the ABNT 
rules. 
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In general there are no requirements for mandatory collection and flaring of landfill gases. For 
instance, CONAMA Resolution requires that solid waste disposal projects consider the collection 
and flaring of landfill gases. 
 
Regional 
 
Resolution SMA N° 29, of 03/02/1998 - State of São Paulo 
 
It publishes and attaches the minutes of the draft bill that establishes the Solid Waste Policy for 
the State, in order to notify municipalities, public and private entities, NGO’s and the society. A 
number of Resolutions are included in the Annex. In general there are no requirements for LFG 
collection and flaring. 
 
Technical Standards 
 
Among the most important Brazilian technical standards, called ABNT standards, for landfills, 
the following should be highlighted: 
 
Regulation NBR 9,690 - It sets the specific conditions for polymer covering to be used for 
waterproofing applied without asphalt material contact. Defines polymer as polyvinyl-chloride 
(PVC). 
 
Regulation NBR 9,229 - It sets specific conditions for covering intended to be used for 
waterproofing in civil construction. This regulation is based on copolymer of isoprene isobutyl. 
 
Standard NBR 5,681 - It sets the minimum conditions to be met in the proceedings of 
technological control of landfill execution in building sites, either commercial, industrial, public 
or private.  
 
Standard NBR 8,083 - It defines the technical terms used in waterproofing standards.  
 
Standard NBR 8,419 - It establishes minimum conditions required to submit urban solid waste 
landfill projects. 
 
Standard NBR 8,849 - It establishes minimum conditions required to submit controlled urban 
solid waste landfill projects. 
 
Standard NBR 10,157 - It establishes minimum conditions required for project and operation of 
hazardous material landfills in an effort to adequately protect adjacent superficial and 
underground water connections, as well as operators in surrounding facilities. 
 
Standard NBR 11,682 - It establishes conditions required for the study and control of the 
stability of natural components or components resulting from excavations, as well as control and 
stabilization of stabilization projects. 
 
Standard NBR 13,028 - It defines methods used to prepare and submit disposal projects. 
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Standard NBR 13,895 - It establishes minimum conditions required for the construction of 
wells for monitoring and sample purposes. 
 
Standard NBR 13,896 - It establishes minimum conditions required for the project, 
implementation and operation of non hazardous waste. 
 
Advances in Solid Waste Disposal – “Bioremediation” Landfills 
 
In recent years several of the largest municipalities in Brazil have undertaken projects to 
remediate existing open dumps into modern sanitary landfills. Sanitary landfill cells are 
constructed adjacent to existing dumps and receive a mixture of waste from the open dump and 
new waste. Proportions of old to new waste are reportedly 30%/70% but may be as much as 
50%/50%. Because the process involves both remediating old dumps and recirculating treated 
leachate from the new landfill back into the cells, the facility is called a “bioremediation 
landfill.” The bioremediation landfill design is similar or equivalent to the bioreactor landfill cell 
design being promoted and developed in the U.S. and Europe. 
 
The first bioremediation landfill project was conducted at the Americana Landfill in the State of 
Sao Paulo in the late 1980s. Other cities that have developed bioremediation landfills since then 
include: Belo Horizonte, Campinas, Caxias do Sul, Porto Alegre, Recife, and Salvador. The 
largest bioremediation project is the Canabrava Landfill in Salvador, which receives 2,000 tpd. 
This project was successfully operated for about two years, but then ran into problems following 
a change in administration which resulted in a failure to pay the contracted operator. Other 
potential problems with implementing bioremediation landfills include a lack of adequate 
technical information about project design and operation, which has limited the spread of this 
technology to other areas of Brazil and countries in Latin America.2  
 
5.3 FUTURE PROSPECTS  
 
Brazil has limited petroleum and natural gas resources, and needs to import both to meet the 
demand of its large population and industrial base. Brazil also recognizes the value of alternative 
energy resources, having pioneered biomass energy alternatives with such fuels as ethanol. It 
also has a large biodigestion infrastructure, including domestic equipment manufacturers.  
 
There are a number of national companies as well as subsidiaries of companies from 
industrialized countries involved in solid waste management in Brazil. Thus, Brazil already has 
access to relevant know-how and technologies that are not domestically produced. The 
companies already operating in Brazil are well suited for executing LFGTE projects without the 
need for significant technical assistance from outside. 
 

                                                 
2 The World Bank Report No. 16635-BR.  Brazil: Managing Environmental Problems.  The 
Brown Environmental Agenda.  Volume II: Annexes (Annex 7).  February 27, 1998.   
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In addition, Brazilian legislation permits independent power producers such as LFGTE facilities 
to sell power to the grid. National programs provide a better-than-market purchase price for 
renewable electricity, thereby providing an economic incentive to LFGTE projects. 
 
All this bodes well for the future development of LFGTE projects in Brazil. The country is well 
positioned to develop other LFGTE projects and include these into the energy matrix. 
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SECTION 6.0 
 

EVALUATION OF PROJECT COSTS 
 
 
For purposes of evaluating the project economics, SCS estimated the capital costs for 
development of an LFG recovery and utilization project at the landfill. SCS also estimated the 
expected annual costs for operation, maintenance, and regular expansion of the LFG collection 
system, along with recurring costs for expansion of the capacity of the LFG blower/flaring 
station and the power plant.  
 
6.1 LANDFILL GAS COLLECTION AND FLARING SYSTEM 
 
Budgetary Construction Cost Estimate 
 
SCS estimates the budgetary cost for the initial LFG collection and flaring system construction to 
be $923,600 (U.S.). These are costs associated with the proposed gas collection system described 
previously and shown in Appendix A, including: gas extraction wells, header and lateral piping, 
condensate management, and installation of a blower and flaring station. The costs also include 
engineering, contingency, and up-front CDM transaction costs. 
 
Table 6-1 presents a summary of the cost items. A more detailed outline of these costs and their 
associated quantities is presented in Appendix C.  

 
TABLE 6-1. BUDGETARY COSTS FOR LFG COLLECTION SYSTEM 

WITH FLARE 
 

Item Total Estimated 
Cost (U.S. $) 

Mobilization and project management 15,000 
Main gas header collection piping (assume about 100 m of 350 mm 
diameter and 2,400 m of 250 mm diameter) 117,600 

Lateral piping (assume 110 mm diameter) 20,800 
Condensate management 35,500 
Vertical extraction wells(1)  385,700 
Road Crossings 33,000 
Blower and flaring equipment(2) 209,000 
Engineering, Contingency, and Up-front CDM Transaction Costs(3) 107,000 

Total Estimated Cost $923,600 
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NOTES TO TABLE 6-1: 
(1) Extraction wells costs include 59 wells, wellheads, wellbore seals, flow control valves, and 

disposal of drilling wastes 
(2) Blower and flaring equipment includes: a 1,200 cfm blower-flare skid, construction and site work, 

LFG measurement and recording equipment, flare start-up costs. 
(3) Up-front CDM transaction costs are estimated to be approximately $50,000 and include: 

preparation of the PDD, registration, validation, and legal work. 
 

Budgetary Estimate for Annual Operation and Maintenance 

SCS estimates the budgetary cost for annual operation and maintenance of the gas collection 
system to be approximately 10 percent of the initial system costs, or about $92,000 (U.S.) in 
2006 (prior to inflation adjustments). These costs include those associated with operation and 
maintenance of the existing collection system such as labor, testing, routine maintenance and 
repairs, as well as those associated with regular expansions of the collection system.  
 
Table 6-2 presents a summary of the cost items. As noted in Section 4, collection system 
expansions are likely to be limited to vertical well extensions and well replacements. The need 
for installing new gas extraction wells, additional header and lateral piping, and condensate traps 
and/or manholes is expected to be minimal. After site closure in 2007, the need for collection 
system expansion is expected to be greatly reduced, and total annual costs are assumed to be 
reduced by 50 percent. 
 
 

TABLE 6-2. BUDGETARY ANNUAL COSTS FOR COLLECTION 
AND FLARING SYSTEM OPERATION AND MAINTENANCE AND 

EXPANSION/REPLACEMENT 
 

Items Included:  
Labor 

Monitoring equipment costs 
Parts and materials 

Vertical extraction wells/wellheads (assumes 1 new well, 12 well 
extensions) 

Lateral piping (assumes 110 mm diameter) 
Engineering/Contingency  

Total Estimated Cost (U.S. $) $92,000 
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Budgetary Estimate for Project Registration, Monitoring, and Verification 

Other annual project costs include those associated with the CDM project cycle, including 
registration fees, and monitoring and verification of CERs. As shown below in Table 6-3, these 
costs are estimated to be approximately $25,000 (U.S.) in 2006 (prior to inflation adjustments). 
Additional CDM project cycle costs incurred on an annual basis, such as cost of sale of CERs, 
and risk mitigation costs, are estimated to be relatively minor (less than 10% of CER value) 
given the range of CER prices analyzed in this study ($4, $5, and $6 per tonne). 
 
 

TABLE 6-3. BUDGETARY ANNUAL COSTS FOR PROJECT 
REGISTRATION, MONITORING, AND VERIFICATION  

 

Items Included:  
Executive Board administrative costs and registration fees 
CER monitoring and verification 

Total Estimated Cost $25,000 
 
6.2 ELECTRICAL GENERATION 
 
SCS evaluated the projected capital and annualized costs for implementing an LFG-fueled power 
plant using IC engine technology. These costs are presented below.  
 
IC Engines 
 
Budgetary Estimate of Initial Plant Cost-- 
 
SCS estimates that the initial cost for implementing an LFG-fueled 1.06 MW IC engine power 
plant to displace on-site power consumption and sale of excess power to the local utility grid will 
be approximately $1,234,000 (U.S.). These costs are additional to the LFG collection and flaring 
system, and assume that the power plant is sized based on LFG recovery rates through 2011, for 
which a 1.06 MW plant capacity is appropriate. Table 6-4 presents a summary of the cost items. 
A more detailed outline of the initial costs and their associated quantities is presented in 
Appendix C.  



 

6-4 

 
TABLE 6-4. BUDGETARY COSTS FOR IC ENGINE POWER PLANT 

 

Item Total Estimated Cost ($) 

1.06 MW LFG-fueled power plant (1) $848,000 

1 km Interconnection $150,000 

Plant construction/sitework $104,000 

LFG measuring and recording equipment $20,000 

Engineering/Contingency $112,000 

Total Estimated Cost $1,234,000 

 (1): Plant costs assume containerized engine generators with no other building for this equipment. 
 
Budgetary Estimate for Annual Operation and Maintenance-- 

SCS estimates the budgetary cost for annual operation and maintenance of the power plant to be 
approximately 1.8 cents per kilowatt-hr (kWh)of electricity output (estimated to be about 7.77 
million kWh in 2007), or about $140,000, including labor and equipment. and include those 
associated with operation and maintenance of the plant equipment (e.g., labor, testing, routine 
maintenance and repairs). Table 6-5 presents a summary of the cost items.  

 
TABLE 6-5. BUDGETARY ANNUAL COSTS FOR POWER PLANT MAINTENANCE  

 

Items Included: 
Labor 
Monitoring equipment costs 
Parts, materials, and shipping 

Total Estimated Cost $140,000 

 
Plant Capacity-- 
 
While the landfill remains in operation, LFG flows will increase above those necessary to 
support a 1.06 MW power plant. After closure in 2006, LFG recovery is projected to decline 
rapidly, so that after 2011, there will be insufficient fuel available to operate the facility. At that 
time, a lower capacity IC engine can be installed, or all of the LFG can be combusted in the flare. 
The largest capacity engine that can be supported by projected recovery in 2019 is 335 kW. For 
purposes of this evaluation, SCS assumed that no changes in plant capacity will occur during the 
project period, and that all LFG will be combusted in the flare after recovery declines to an 
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amount insufficient to support the 1.06 MW capacity engine-generator to be installed in 2006 
and begin operating in January 2007. 
 
Table 6-6 presents a summary of expected LFG recovery rates along with the assumed plant 
capacities, showing the years during which flows are projected to be sufficient for the proposed 
engine capacity.  
 

TABLE 6-6. SUMMARY OF LFG RECOVERY RATES 
AND IC ENGINE PLANT CAPACITY 

 

Year 
Projected LFG Recovery 

Rate (m3/hr) 
In-Place IC Engine Plant 

Capacity (MW) 

2007 1,903 1.06 

2008 2,045 1.06 

2009 1,535 1.06 

2010 1,172 1.06 

2011 911 1.06 

2012 723 0 

2013 586 0 

2014 485 0 

2015 409 0 

2016 351 0 

2017 307 0 

2018 271 0 

2019 243 0 

*Plant capacity based on heat input rate of 10,800 Btu/kW-hr (1 MW = 604 m3/hr) 
 
 
Table 6-7 provides a summary of the project cost assumption employed in the spreadsheets in 
Appendix D. 
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TABLE 6-7. SUMMARY OF PROJECT COST ASSUMPTIONS 

 
Year Assumptions 

2005 System under construction 

2006 Collection system & flare startup 1/1/06 

2007 Power plant startup 1/1/07; Full system operation; reduced wellfield O&M 

2008 Full system operation; reduced wellfield O&M 

2009 Full system operation; reduced wellfield O&M 

2010 Full system operation; reduced wellfield O&M 

2011 Full system operation; reduced wellfield O&M 

2012 Plant shut down; all LFG flared; reduced wellfield O&M 

2013 Plant shut down; all LFG flared; reduced wellfield O&M 

2014 Plant shut down; all LFG flared; reduced wellfield O&M 

2015 Plant shut down; all LFG flared; reduced wellfield O&M 

2016 Plant shut down; all LFG flared; reduced wellfield O&M 

2017 Plant shut down; all LFG flared; reduced wellfield O&M 

2018 Plant shut down; all LFG flared; reduced wellfield O&M 

2019 Plant shut down; all LFG flared; reduced wellfield O&M 
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SECTION 7.0 

ECONOMIC EVALUATION 

 
The economics of implementing a gas recovery and utilization project at the landfill were 
evaluated using the projected capital and annualized costs outlined in Section 6, and anticipated 
revenues described below. SCS considered only one option, development of an IC engine power 
plant, since the projected amount of recoverable LFG was too small to support the development 
of a gas turbine power plant. A direct use project for collected LFG was not identified. For 
purposes of this evaluation, SCS assumed that the revenue streams include those associated with 
the sale or offset of electricity as well as revenues associated with GHG emissions reductions 
(i.e., the purchase of certified emissions reductions [CERs] by the World Bank). 

A summary of the economic evaluation and assumptions is presented below. More detailed 
analysis of the economics is presented in tabular form in Appendix D.  

7.1 SUMMARY OF ASSUMPTIONS 

The following general assumptions were used in evaluating the project economics: 

• The economic evaluation was performed for both the 8-year period of 2005 through 2012 
and the 15-year period of 2005 through 2019.  

• Two financing options were considered, one with no financing of capital expenditures 
(i.e., 100 percent initial application of capital expenditures), and one with financing of 75 
percent of initial capital expenditures (25 percent equity investment).  

• Three scenarios for the pricing of CERs were considered, with sales prices of $4, $5, and 
$6 per CO2e.  

• Interest rate of 8 percent is used for the net present value (NPV) analysis and the loan 
financing.  

• Loan payback period was 7.5 years in the 2005 - 2012 project evaluation and 10 years for 
the 2005 - 2019 project evaluation.  

• For purposes of this analysis, payment of approximately 20 percent of the CER revenue 
to the landfill owner for use of LFG was considered (represented by a rate of 
$0.35/MMBtu). This is based on international experience that payment to the landfill 
owner for LFG typically ranges between 10 and 30 percent of the CER revenue. If the 
landfill owner were to self develop the project (which is not typical) this value could be 
assumed to be zero. 

• Annual escalation rate of 3 percent for purchase of LFG.  

• Future O&M and system upgrade expenditures escalate at an annual rate of 3 percent.  
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• Under the power plant (LFG utilization) scenario, the following assumptions apply: 

− The plant will consist of one 1.06 MW IC engine that is purchased in 2005 and 
will be operational from 2007 through 2011. After 2011, the engine will be 
removed and all collected LFG will be flared for the remainder of the project 
period. 

− A 7 percent reduction in electricity output by the plant was assumed to account 
for parasitic load, and a plant capacity factor of 90 percent was assumed to 
account for routine and non-routine plant downtime. LFG collected during plant 
downtime will be routed to the utility flare for combustion. 

− All electricity generated by the project is assumed to be sold off-site.3 

• The financial effects of an alternative scenario were evaluated in which no power plant is 
constructed and all LFG is combusted in the flare. 

Santa Tecla Landfill Baseline Estimate 

The Santa Tecla Landfill has a comprehensive network of approximately 140 vent flares 
installed to date. Based on site visit observations, these vents are re-lit daily as necessary. The 
vent flares have steel stacks with wind shrouds to improve flame stability. Given the inherent 
inefficiencies of passive flaring versus active collection, it is estimated that the baseline 
condition represents 10 percent of the potential recovery of LFG. Accordingly, the CER 
quantities are reduced by this amount in the financial spreadsheets in Appendix D. 

7.2 PROJECT EXPENDITURES 

For the economic evaluation, the following project expenditures were considered under the 
power plant scenario: 

• Initial capital investment for LFG collection system and power plant (see Section 6). 

• Purchase of LFG from landfill owner. 

• Annual cost for operation and maintenance of the LFG collection system and power 
plant, and expansion of the collection system (see Section 6). 

For the economic evaluation, the following project expenditures were considered under the 
flaring only scenario: 

• Initial capital investment for LFG collection system and flare in 2005 (see Section 6). 

• Purchase of LFG from landfill owner. 
                                                 
3 Use of generated electricity to meet on-site power needs would provide increased cash flows since 
electricity is typically purchased from utilities at a higher price than the utilities will pay for the electricity 
generated by the project. 
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• Annual cost for operation and maintenance of the LFG collection system and flare, and 
expansion of the collection system (see Section 6). 

7.3 PROJECT REVENUES 

To our knowledge, there are only three commercial-sized LFGTE projects currently active in 
Brazil. They are the Bandeirantes and Nova Gerar projects in the São Paulo and Rio de Janeiro 
areas respectively, as well as a reported project in the state of Bahia. It is our understanding that 
the electric power sales price received by the Bandeirantes LFGTE project was based on a 
unique structure that is no longer available in Brazil. The projection of energy sales price was 
based on the following real project pricing scenarios: 
 

1. In the São Paulo area there are independent power producers (IPPs) producing 
electricity with sugarcane bagasse and selling the electricity to a local electricity 
utility through a power purchase agreement (PPA) at a price around 80R$/MWh 
(approximately $0.029/kWh). 

 
2. If a project is able to qualify for PROINFA (a federal government program for 

renewable energy through which ELETROBRAS buys the energy under a 20 year 
PPA), you can get R$ 169.08/MWh, basis March 1st, 2004 (approximately 
$0.062/kWh). 

 
3. The third scenario is the Bandeirantes project where a bank is the IPP that is 

producing electricity from LFG and supplying it to the grid. As compensation they 
get electricity for free for all their branches. Therefore they are selling the electricity 
for the price they would be paying, which is above R$200.00/MWh (approximately 
$0.074/kWh). It is our understanding that this structure is no longer available in 
Brazil. 

 
4. The Project Appraisal Document (PAD) for the GEF-funded LFGTE project at Nova 

Gerar states that a power purchase agreement was available with a term of at least 12 
years and a base load electricity tariff of US $0.048/kWhr. 

 
The third scenario is reportedly not available and the second scenario is tied to a 20-year project 
(which we are not evaluating and which may not be possible). Therefore, we used the lower of 
the four prices (2.9 cents) to be conservative for the financial analysis. 

Accordingly, the following project revenues were considered under the power plant economic 
evaluation scenario: 

• From 2007 – 2012, the power plant produces a total of 54,504 MW/yr, which is sold to 
the power grid at a rate of U.S. $0.029/kWh based on the estimated average wholesale 
power purchase rates.  

• Certified GHG emission reductions are sold at a rate of U.S. $4, $5, and $6 per tonne 
CO2eq based on the range of potential purchase prices being considered by World Bank 
for these projects. 
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It was assumed that LFG collected in excess of the power plant capacity, along with LFG 
collected during plant downtime, is combusted in the flare. 

For the flaring only economic evaluation scenario, the following project revenues were 
considered: 

• Certified GHG emission reductions are sold at a rate of U.S. $4, $5, and $6 per tonne 
CO2eq based on the range of potential purchase prices being considered by World Bank 
for these projects. 

• It was assumed that all LFG collected is combusted in the enclosed flare. 

Appendix D presents a more detailed summary of the anticipated project revenue streams.  
 
7.4  SUMMARY OF ECONOMIC EVALUATION 

Power Plant Scenario 

Table 7-1 presents a summary of the results of the economic evaluation under the power plant 
scenario, presenting a general comparison of the various financing, CER sales price, and project 
duration scenarios using the estimated NPV and the internal rate of return (IRR) of the project. 
These values include revenues from both GHG emissions reductions and from LFG project 
utilization revenue. The results are on a pre-tax basis. 
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TABLE 7-1. SUMMARY OF ECONOMIC EVALUATION 
UNDER THE POWER PLANT SCENARIO1 

Scenario - Project 
Period 

CER 
Price 

($/tonne) 
Initial Equity 

Investment (%)2 

Net Present 
Value 

(x1,000 $) 

Internal 
Rate of 

Return (%)

2005 - 2012 4 100 -$980 -11.9% 

2005 - 2012 5 100 -$605 -3.5% 

2005 - 2012 6 100 -$230 3.8% 

2005 - 2012 4 25 -$1,042 (3) 

2005 - 2012 5 25 -$667 (3) 

2005 - 2012 6 25 -$292 (3) 

2005 - 2019 4 100 -$1,121 (3) 

2005 - 2019 5 100 -$695 (3) 

2005 - 2019 6 100 -$268 2.5% 

2005 - 2019 4 25 -$1,181 (3) 

2005 - 2019 5 25 -$755 (3) 

2005 - 2019 6 25 -$328 (3) 

Notes: 
1. Refer to the data presented in Appendix D for additional information.  
2. Initial plant construction costs assumed to occur in 2005.  
3. IRR is a large negative value that could not be calculated. 

 

As shown in Table 7-1, economics for the power plant project are poor at all CER prices 
analyzed, especially under the 2005 – 2019 project period and loan financing scenarios. This is 
likely related to the rapidly declining estimates of projected LFG recovery after site closure in 
2006 and the resulting poor project revenues in the later years. Project economics appear 
unattractive even at CER prices of $6.  

A sensitivity analysis for the energy sales price was conducted at plus or minus 25 percent 
assuming the $5/tonne of CER and 25 percent equity investment scenarios. The results of this 
analysis are summarized below. 
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TABLE 7-2. ENERGY SALES PRICE SENSITIVITY ANALYSIS 
 

 

 

 

 

 

Flaring Only Scenario 

Table 7-3 presents a summary of the results of the economic evaluation under the flaring only 
scenario, presenting a general comparison of the various financing, CER sales price, and project 
duration scenarios using the estimated NPV and the IRR of the project. These values include 
revenues from GHG emissions reductions only. 

TABLE 7-3. SUMMARY OF ECONOMIC EVALUATION 
UNDER THE FLARING ONLY SCENARIO1 

 

Scenario - Project 
Period 

CER 
Price 

($/tonne) 
Equity 

Investments (%)2

Net Present 
Value 

(x1,000 $) 

Internal 
Rate of 

Return (%)

2005 - 2012 4 100 -$280 -7.4% 

2005 - 2012 5 100 $66 11.2% 

2005 - 2012 6 100 $413 26.2% 

2005 - 2012 4 25 -$307 (3) 

2005 - 2012 5 25 $40 24.8% 

2005 - 2012 6 25 $387 76.9% 

2005 - 2019 4 100 -$421 (3) 

2005 - 2019 5 100 -$23 6.1% 

2005 - 2019 6 100 $375 26.0% 

2005 - 2019 4 25 -$447 (3) 

2005 - 2019 5 25 -$49 12.7% 

2005 - 2019 6 25 $349 $91.3% 

$/k/Whr Project 
End Date NPV IRR 

2012 -$666,703 ---* $0.029 
2019 -$754,672 ---* 
2012 -$882,999 ---* $0.022 
2019 -$970,969 ---* 
2012 -$450,407 ---* $0.036 
2019 -$538,376 ---* 
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Notes: 
1. Refer to the data presented in Appendix D for additional information.  
2. Facility construction costs assumed to occur in 2005. 
3. IRR is a large negative value that could not be calculated. 
 

As shown in Table 7-3, economics for the flaring only project are attractive under a limited 
number of CER price and loan financing scenarios. All $4 CER price scenarios have negative 
NPV and IRR estimates. All $5 CER price scenarios have positive IRR estimates, but have 
negative NPV estimates when the project is extended through 2019. Only the $6 CER price 
scenarios consistently generate positive NPV and IRR estimates under all project periods and 
loan financing scenarios. Also, at the $6 CER price, 75% financing of construction costs resulted 
in slightly lower NPV estimates but significantly higher IRR estimates and as compared to 
projects without financing. 
 
Comparison of Power Plant vs. Flaring Only Scenarios 
 
A comparison of the estimates in Tables 7-1 and 7-3 reveals potential advantages and 
disadvantages of the power plant and flaring only scenarios. In general, the power plant scenario 
had poor project economics at all CER prices, whereas the flaring only scenario had good project 
economics at a CER price of $6/tonne. The flaring only project has better overall economic 
indicators, and is estimated to yield higher NPV estimates under all scenarios, and higher IRR 
values under all scenarios with CER prices of $5 and $6.  
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SECTION 8.0 
 

ENVIRONMENTAL IMPACTS 
 
 
8.1 INTRODUCTION 

In addition to its primary components methane and carbon dioxide, LFG contains trace 
concentrations of volatile organic compounds (VOCs) and a number of compounds considered to 
be hazardous air pollutants (HAPs) by the EPA. As such, the process of collection and 
combustion of LFG (e.g., in an engine generator, turbine, utility flare, or other combustion 
device) results in a reduction of the emission of methane, VOCs and HAPs from a landfill. The 
combustion process, however, does result in the increased emission of criteria air pollutants such 
as sulfur oxides (SOx), nitrogen oxides (NOx), carbon monoxide (CO) and particulate matter 
(PM) from landfills.   
 
While both methane and carbon dioxide are considered to be greenhouse gases (GHGs), the 
carbon dioxide present in LFG is generally not considered to be a GHG. Rather, it is considered 
to be “biogenic” and therefore a natural part of the carbon cycle. The methane present in LFG is 
considered to be a GHG, however, and thus its collection and combustion results in a net GHG 
reduction.  
 
The general environmental impacts of implementing a LFG collection and control system at the 
landfill, including: GHG emission reductions, VOC, and HAP emission reductions, and 
projected emissions of criteria air pollutants are considered further below. 
 
8.2 GREENHOUSE GAS EMISSIONS REDUCTIONS 
 
SCS estimated the potential GHG emission reductions associated with a LFG recovery project at 
the landfill (in metric tons of methane/year and metric tonnes of CO2 equivalent/year using a 
methane/CO2 equivalency factor of 21) for the evaluation period. Table 8-1 presents a summary 
of the GHG emission reduction projections for the period 2006 through 2019.  
 
The projections shown in Table 8-1 assume that all of the LFG recovered through the proposed 
project is combusted either to produce electricity or in a backup control device, and does not 
consider additional greenhouse gas emission reductions associated with the displacement of 
other fuels sources through electricity generation. Additional information is provided with the 
LFG modeling results in Appendix B.  
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TABLE 8-1. SUMMARY OF PROJECTED GHG EMISSION REDUCTIONS 
 

Year Predicted GHG Reductions 
(tonnes CO2eq/yr) 

2006  100,844 

2007  109,439 

2008  82,137 

2009  62,694,  

2010  48,762 

2011  38,701 

2012  31,363 

2013  25,948 

2014  21,894 

2015  18,809 

2016  16,418 

2017  14,527 

2018  13,001 

2019 11,744 

Total for Period 596,282 
 
8.3 REDUCTION OF VOC AND HAP EMISSIONS 
 
LFG contains trace concentrations of VOCs and HAPs. As such, the process of collection and 
combustion of LFG (e.g., in an engine generator, turbine, utility flare, or other combustion 
device) results in a net reduction of the emission of VOCs and HAPs from a landfill. 
 
SCS estimated the potential reduction in emission of VOCs and HAPs for the evaluation period 
2006 through 2019 associated with the implementation of a LFG recovery project at the landfill. 
Table 8-2 presents a summary of these projected reductions.  
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TABLE 8-2. SUMMARY OF PROJECTED VOC AND HAP EMISSION REDUCTIONS 
 

Year 
VOC Emission Reductions 

(tonnes) 
HAP Emission Reductions 

(tonnes) 

2006 13.44 3.55 

2007 14.45 3.83 

2008 10.83 2.83 

2009 8.24 2.12 

2010 6.39 1.61 

2011 5.06 1.24 

2012 4.17 1.15 

2013 3.45 0.95 

2014 2.91 0.80 

2015 2.50 0.69 

2016 2.18 0.60 

2017 1.93 0.53 

2018 1.73 0.48 

2019 1.56 0.43 

Totals 78.82 20.82 
 
The following assumptions were made in projecting the VOC and HAP emission reductions:  
 

• VOCs comprise 39 percent of the total concentration of non-methane organic compounds 
(NMOCs) in the LFG, and the concentration of NMOCs was taken to be 595 ppmv (U.S. 
EPA’s AP-42).  

• HAPs concentrations were based on values provided in the Waste Industry Air Coalition 
Report4 and the U.S. EPA’s AP-42 (Tables 2.4-1 and 2.4-2). 

• Destruction efficiencies for HAPs and VOCs in flares and reciprocating engines are taken 
from AP-42 (Table 2.4-3). 

                                                 
4 “Waste Industry Air Coalition Comparison of Recent Landfill Gas Analyses with Historic AP-42 
Values.” Ray Huitric, Patrick Sullivan, and Amy Tinker.  January 2001. 
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Detailed calculations are provided in Appendix E.  
 
8.4 CRITERIA AIR POLLUTANT EMISSIONS 
 
Emissions through the process of combustion of LFG include NOx, CO, SOx, and PM created by 
combustion of LFG. NMOCs, VOCs, and HAPs not fully destroyed during combustion are also 
emitted, albeit in generally lesser quantities.  
 
SCS estimated the potential emissions of NOx, CO, SOx, and PM for the evaluation period 2006 
through 2019 associated with the implementation of an LFG recovery project at the landfill. 
Table 8-3 presents a summary of these projected emissions. 
 

TABLE 8-3. SUMMARY OF PROJECTED CRITERIA POLLUTANT EMISSIONS 
 

Year 
NOx Emissions 

(tonnes) 
CO Emissions 

(tonnes) 
SOx Emissions 

(tonnes) 
PM Emissions 

(tonnes) 

2006 15.74 20.86 2.05 3.52 

2007 16.35 21.06 2.20 3.69 

2008 14.18 20.34 1.65 3.08 

2009 12.63 19.82 1.26 2.65 

2010 11.52 19.45 0.98 2.34 

2011 10.72 19.18 0.78 2.11 

2012 2.50 0.83 0.63 0.70 

2013 2.07 0.69 0.52 0.58 

2014 1.74 0.58 0.44 0.49 

2015 1.50 0.50 0.38 0.42 

2016 1.31 0.44 0.33 0.37 

2017 1.16 0.39 0.29 0.32 

2018 1.04 0.35 0.26 0.29 

2019 0.93 0.31 0.24 0.26 

Totals 93.37 124.79 12.02 20.80 
 
The emission rates of criteria air pollutants were estimated using factors published by the EPA 
(AP-42 Table 2.4-5) as well as industry equipment anticipated emission rates. Detailed 
calculations are provided in Appendix E.  
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SECTION 9.0 
 

PROJECT STRUCTURE & IMPLEMENTATION 
 
 
9.1 CARBON FINANCE 
 
Market and Business Arrangements 
 
Brazil is the Latin American country with the most experience in LFGTE projects. Several such 
projects have become operational in recent years or are under development. These include 
several projects developed under the Clean Development Mechanism (CDM). The 
methodologies for baseline and monitoring from three Brazilian LFG recovery projects formed 
the basis for new consolidated methodologies for landfill gas CDM projects in general. This 
simplified the development of such projects not only in Brazil but elsewhere as well. Moreover, 
Brazil is a very large country with a large untapped potential for LFGTE projects. However, a 
number of barriers must be overcome if such projects are to achieve their potential. These 
barriers may be classified into technical, institutional, legal and financial, and are discussed 
below. 
 
Technical-- 
 
In cities with a population of up to 100,000 inhabitants, there often is a lack of awareness or 
interest with respect to LFGTE projects. In smaller cities, there is a lack of understanding 
regarding how to effectively implement or manage a landfill. Therefore, interest or concern with 
respect to capturing methane from landfills is minimal, and very few studies have been 
completed or activities implemented to improve the use of methane from landfills. This means 
there is a lack of LFG management technology applicable to the Brazilian reality, and most 
municipalities do not use the appropriate technology for landfills. In addition, methane capture 
technology is not well known. 
 
Institutional-- 
 
There is a lack of control and supervision of the current environmental legislation in Brazil. The 
country fails to comply with environmental laws, and there is no institutional incentive for 
methane capture in landfills.  
 
Legal-- 
 
At present, there is no legislative standard that limits the emission of methane from landfills to 
the atmosphere.  
 
Financial-- 
 
In cities with a population of up to 100,000 inhabitants, the lack of financing mechanisms is an 
important barrier. In cities with more than 100,000 inhabitants, the lack of landfills in 
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compliance with environmental regulations serves as a potential barrier for the development of 
new landfills. More specifically, in large cities like Sâo Paulo there is growing concern on behalf 
of the population and institutions with environmental problems such as the greenhouse effect and 
sanitation problems. Still, the capture of methane fails to raise interest due to the lack of 
economic stimulus for the development of equipment required for its capture. 
 
9.2 GENERAL IMPLEMENTATION PLAN 
 
A general implementation plan for an LFGTE project at the Santa Tecla Landfill follows:  
 

1. Pre-Feasibility Study to assess whether the project is technically and economically viable. 
 
2. Evaluate potential project developers, partners, and power customers.  
 
3. Design preliminary business plan and project structure, which could include one or more 

of: the World Bank, landfill owner, LFGTE project developer, power customer or gas 
end-user, or other entity.  

 
4. Finalization of project development team/company.  
 
5. For Kyoto CDM purposes, prepare and submit a project design document (PDD) to 

designated operational entity (DOE) or directly to the executive board (EB). The PDD 
may be developed using methodologies previously approved by the EB, or shall propose 
new baseline and/or monitoring methodology.  

 
6. Negotiate and finalize gas purchase agreement (Contract) with the landfill. Appendix F 

provides a summary of the elements of a typical LFG purchase and sale agreement 
between the landfill owner (seller) and the purchaser. 

 
7. Negotiate and finalize power sales agreement (Contract) with the electric utility. 
 
8. Secure financing for LFG collection and flaring system.  
 
9. Prepare engineering design documents for LFG collection and flaring system.  
 

10. Construct LFG collection and flaring system. 
 
11. Start-up, test and balance the LFG collection and flaring system. Evaluate sustainable 

LFG flows and gas quality at the Landfill for consideration during design of the LFG 
utilization plant.  

 
12. Secure financing for LFG utilization plant.  
 
13. Prepare engineering design documents for LFG utilization plant.  
 
14. Construct LFG utilization plant. 
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15. Start-up, test and balance the LFG collection, flaring, and utilization system.  
 
16. Monitor carbon emission reductions. 
 
17. Verify certified emissions reductions (CERs).  
 
18. Issue CERs.  
 
19. Ongoing operation and maintenance of the LFG collection, flaring, and utilization 

system; ongoing expansion of the LFG collection system as the Landfill continues 
operation and expansion of the LFG flaring and utilization system as gas recovery rates 
warrant. 

 
This is not intended to be an exhaustive guide to developing an LFGTE project per the Clean 
Development Mechanism (CDM), but is rather intended to show the general procedure for 
development and implementation of an LFGTE project per the CDM. A number of the above 
steps could be combined or completed simultaneously. For example, design and construction of 
the LFGTE utilization plant is shown after startup of the LFG collection and flaring system. This 
is shown to be conservative, to allow testing of the LFG collection system under full-scale 
conditions prior to procurement of the expensive gas utilization equipment. However, these 
activities could also be done simultaneously. 
 
Figure 9-1 at the end of this section provides a flow chart that summarizes the steps needed to be 
taken to implement the proposed project. 
 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX D 
 

ECONOMIC EVALUATION 
 
 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX E 
 

EMISSION REDUCTION ESTIMATES 
 

(Only the tables for 2006 and 2007 are included. Subsequent years are similar to 2007) 



 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX F 
 

TYPICAL GAS SALES AGREEMENT 
 
 


