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EXECUTIVE SUMMARY

This Pre-Feasibility Study Report addresses the potential implementation of alandfill gas (LFG)
collection, control and utilization project at the EI Combeima Landfill, located within the limits
of Ibague, Colombia. SCS Engineers (SCS) has prepared this report for The World Bank in
accordance with the Contract Scope of Work.

The results of LFG recovery projections indicate that the quantity of recoverable LFG at the
landfill isinsufficient to devel op a cost-effective electrical generation project. As such, the
project would generally consist of the installation of alandfill gas collection system to extract
LFG and combustion of the collected LFG in an on-site gas flare to reduce GHG emissions. The
revenues for the project would come from the sale of Certified Emissions Reductions (CER) of
GHGs in accordance with the Clean Development Mechanism (CDM) of the Kyoto Protocol.

CERs are created by the combustion of methane, which comprises approximately 50 percent of
LFG. Methaneis has aglobal warming potential about 21 times that of carbon dioxide (CO,).
This project was evaluated in several different ways based on various assumptionsincluding life
of the project, financing options, and CER pricing. Based on input from World Bank, this
evaluation considered CER pricing scenarios of $4, $5, and $6 U.S./tonne of carbon dioxide
equivalents (CO.eq). It aso considered scenarios with 100 percent equity and 25 percent equity
(with the balance financed). Finally, project durations of 2005 to 2012 (through theinitial Kyoto
commitment period) and 2005 to 2019 (a 15-year project period assuming the Kyoto protocol is
extended beyond 2012) were considered.

Under al scenarios, the results are heavily dependent on capital and operations and maintenance
(O&M) costs for the LFG collection system. These costs were estimated as realistically as
possible; the collection system was conceptually designed as part of this project based on asite
visit and available drawings of the landfill. The results of the evaluation indicate that the project
feasibility is unfavorable, and the project is unlikely to attract devel opers/investors to develop
under the various scenarios considered. A summary of the economic evaluation at the median
CER price considered of $5 per tonne is presented in Table ES-1.

Table ES-1. Project Economic Evaluation at Median CER Price

Scenario — CER Price Initial Equity Net Present YInternal Rate
Project Period ($/tonne) Investment (%) | Value (x1,000$) | of Return (%)

2005 — 2012 5 100 -$1,279 n/a

2005 - 2012 5 25 -$1,314 n/a

2005 - 2019 5 100 -$1,546 n/a

2005 - 2019 5 25 -$1,580 n/a
Notes:

1. IRR isalarge negative value that could not be computed.
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Part of the reason the economics are so poor is that the gas collection system is very expensive
for the small amount of recoverable gas. Reasons for this high cost include the landfill’ s very
large area and shallow waste depth (this requires a large number of wellsto obtain
comprehensive coverage and more piping to connect the wells), and the large number of existing
vents which will need modified for implementation of an active gas system. Conservative unit
price aso contributed to the high price. As acheck, SCS also estimated alow range price for the
collection system construction, which isincluded in Appendix C. Even using thislow range price
in the economic spreadsheet resulted in negative NPV sin the million dollar range assuming a
CER price of $6/tonne.
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SECTION 1.0

INTRODUCTION

The World Bank hasidentified the EI Combeima Landfill as a candidate for a LFG utilization
project for anumber of reasons, including:

Interest in and support for the project from the City of Ibague, owner and Interaseo
S.A. E.S.P. operator of the landfill.

Theuse of LFG asafuel for aproject at the landfill would result in anet reduction of
carbon emissions directly from the combustion of methane, and perhaps also
indirectly from the displacement of other carbon fuels.

1.1 OBJECTIVESAND 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 landfill gas 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
guantities 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.

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.
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e Evaluating current and future trends in the el ectricity sector in the County and Region
and assessing their potential impacts on an LFG energy generation project.

» Preparing a conceptual design for the gas collection and utilization system (for cost
estimating purposes).

» Estimating the cost of implementing energy recovery elementsidentified above,
including capital and operational costs.

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

e Developing aplan for the implementation of a gas recovery and utilization project at
the landfill, including identifying the steps involved and a general sequence for
project implementation.

12 LFGUTILIZATION 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 non-methane organic compounds (NMOC) and other constituents. Both
of the two primary constituents of LFG (methane and carbon dioxide) are considered to be
greenhouse gases (GHG) 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 is, however, considered to be a GHG. In fact, methane is amuch
more potent GHG than carbon dioxide, with a global warming potential (GWP) generally taken
to be 21 times that of CO,. 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 resultsin a substantial net reduction of GHG emissions.

There are two natural pathways by which LFG can leave alandfill: 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 alandfill is afunction of the total quantity of organic material
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 alandfill is closed (as
the organic fraction is depleted), alandfill will typically continue to emit methane for many (20
or more) years after its closure.

A common means for controlling LFG emissionsisto 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 volatile organic compounds (VOCs) prior to
their emission to the atmosphere.
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Good quality LFG (high methane content with low oxygen and nitrogen levels) can be utilized as
afuel 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), whichis
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 thisinformation and SCS' experience with LFG collection and utilization
systems. Limitations include:

e LFG recovery projections are based on a desktop analysis and visual observation of
the landfill and its operations.

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

» The LFG recovery projections presented herein 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. Changesin the
landfill property use and conditions (for example, variationsin 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.

e Thisevauation has been conducted exclusively for the use of The World Bank for
this Pre-Feasibility Study. No other party, known or unknown to SCSisintended as a
beneficiary of thisreport 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

21 LANDFILL BACKGROUND

The El Combeima Landfill isa City-owned municipal solid waste (M SW) landfill located on the
east perimeter of the city next to the Nueva Castilla neighborhood. The site comprises atotal of
about 17.0 hectares (ha), of which about 11.0 hawere developed for the landfill. The local
climate istropical and wet, with an annual precipitation of about 1,690 mm. The site operations
are managed by Interaseo del Sur S.A. E.S.P. (Interaseo) and are generally considered to be
modern landfill operationsin Colombia.

The landfill accepted waste from March 1992 until April 2004. The total amount of waste
disposed at the site is approximately 1.1 million tonnes. During operations, waste wasfilled at a
rate of about 300 tonnes per day. Table 2-1 presents the history of waste disposal at the site.

Table 2-1. Waste Disposal History

Total Annual Total Accumulated
Y ear Disposal (Tonnes) Disposal (Tonnes) Comments
1992 85,270 85,270
1993 86,120 171,390
1994 86,980 258,370
1995 87,850 346,220 Estimated by
1996 88,730 434,950 regression
1997 89,620 524,570
1998 90,520 615,090
1999 91,430 706,520
2000 92,344 798,864
2001 93,313 892,177 o
2002 102,858 995,035 ;;'Q?n‘;gt;';:nrgms
2003 103,495 1,098,530
2004 32,470 1,131,000

Notes:
1. Data provided by Interaseo.
2. Disposal in 1992-1999 estimated. Disposal in 2000-2004 based on weights measured by site scale.
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Landfill personnel report that the landfill was constructed by excavating to a depth of
approximately 5 meters below existing grade and installing a low-permeability geomembrane
liner. MSW has been deposited in Phases | and 1. Waste thickness ranges from 12 to 25 meters,
and side slopes were constructed at approximately a4H:1V ratio.

The landfill has aleachate collection and treatment system, which consists of chemical and
physical treatment process and aeration ponds. Leachate collection is accomplished by pumping
leachate via several of the existing wells. SCS noted that the leachate treatment plant was not
operational during our site visit.

The soilsin the area generally consist of low permeability material, with measured permeability
reportedly on the order of approximately 10 cm per second. Currently, the landfill is
implementing final closure activities on Phase |1 (Phase | was previously closed), including
placement of final cover. Thefinal cover consists of a45 cm clay layer with a permeability of
10" cm per second, over which will be installed a 60 mil geomembrane liner and a40 cm
vegetative layer.

Figure 2-1: View of Top Deck Showing Placement of Final Cover

22 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 affect of waste
composition on landfill gas production is discussed further in Section 3.

Table 2-2 presents a summary of the waste composition data for the landfill.
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Table 2-2. Waste Composition Data

Component Average (%)
Green and Food Waste 62.5
Paper and Cardboard 7.1
Plastics 14.8
Rubber and L eather 2.0
Textiles 2.7
Toilet Paper 4.4
Metal 1.7
Glass 35
Construction Debris 0.5
Other Inorganic Waste 0.8
Total 100.0

Notes:
1. Data provided by Interaseo.

23 LANDFILL GASCOLLECTION SYSTEM

The landfill currently does not have an active LFG collection and control system. However, LFG
venting wells are currently installed at the landfill. Currently, there are approximately 16 LFG
venting wellsin Phase I and approximately 64 LFG venting wellsin Phase I1. In addition, there
are approximately 17 dual-purpose wells used for LFG venting and |eachate evacuation when
needed.

Spacing between existing venting wells is generally approximately 25 to 30 m. The venting wells
were constructed from the bottom of the landfill and built-up using 4-inch diameter stone. The
venting wells are terminated with 8-in diameter PV C pipe. Interaseo reported that they intend to
install passive gas flares on several of the existing gas vents to provide emission control. During
our sitevisit, SCS observed that the piping of several existing passive vents was in the process of
being extended in preparation for flaring. Appendix A includes a site map showing the existing
site conditions, including approximate locations of the existing LFG venting wells.
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Figures 2-2 and 2-3: Typical LFG Venting Well Construction

The photograph on the left shows the termination of the venting wellsin Phase | of the landfill.
The photograph on the right shows the termination of future individual flares that will be placed
on severa of the existing gas venting wells. SCS observed that several individual flares were
under construction during our site visit.

24  LANDFILL GASFIELD MEASUREMENTS

SCS conducted a site visit on November 11, 2004. During this visit, SCS observed the existing
landfill conditions and site operations, and also observed and monitored several of the existing
gas venting wells. While on site, SCS also observed the ongoing construction of the subgrade for
the placement of the geomembrane for final closure of Phase ll.

During the site visit, SCS observed that |eachate accumulation appears to be a significant
concern at the landfill. SCS observed leachate accumulation in several of the dual-purpose wells
used for venting and |eachate extraction. L eachate accumulation within alandfill can
significantly impact gas recovery efforts.

While SCS would normally expect the leachate accumulated within a landfill to dissipate over
time following installation of alow permeability cover system, the very wet climate of the region
and high amounts of food waste (with a high moisture content) deposited at the EIl Combeima
Landfill could result in ongoing issues with |eachate management at the site. As such, SCS
anticipates that leachate would likely need to be addressed, through pumping or other controls,
should a LFG recovery and control project be implemented at the landfill.
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While on-site, SCS conducted monitoring of LFG composition at a number of LFG venting
wells. The objective of thistesting was to confirm the production of LFG and its quality (an
indication of LFG production rate) at several locations. Table 2-3 presents a summary of the gas
monitoring results.

Table 2-3. LFG Monitoring Data

CH4 CO, 02 Balance

Well . D. (%Val.) (% Vol.) (% Vol.) (% Vol.)
PD-4 40.0 27.5 49 27.6
PD-3A 42.0 20.1 3.6 254
PD-16 55.3 40.8 0.0 4.7
1 42.3 34.5 3.7 18.9
2 54.0 40.8 0.2 4.0
3 39.8 30.7 4.3 25.7
4 41.3 33.5 4.2 216

These data indicate the production of LFG under anaerobic conditions at the EIl Combeima
Landfill is occurring. Furthermore, the presence of oxygen and balance gas (typically nitrogen in
LFG) in anumber of the samples suggests that the gas monitoring was impacted by air
infiltration due to the difficulty in sealing the vent(s) during monitoring.
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SECTION 3.0

LANDFILL GASRECOVERY PROJECTIONS

31 INTRODUCTION

Landfill gasis generated by the anaerobic decomposition of solid waste within alandfill. 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 afunction of the type of
waste buried and the moisture content and age of the waste. It iswidely accepted throughout the
industry that the LFG generation rate generally can be described by afirst-order decay equation.

32 LANDFILL GASMATHEMATICAL MODELING

To estimate the potential LFG recovery rate for the landfill, SCS utilized its in-house model that
employs afirst-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 afirst-order exponential decay
function, which assumes that LFG generation is at its peak following atime 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.

Qu =2 2kLoM, (e*%)

=)

Where:

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

I
[a=Y

Qw= maximum expected LFG generation flow rate (m/yr);
k = methane decay rate constant (1/yr);
Lo= ultimate methane generation potential (m*/Mg);

M; = mass of solid waste disposed in the " year (Mg);

age of the waste disposed in the i™ year (years).
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The above equation is used to estimate LFG generation for agiven 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 occursin the closure
year or the year following closure (depending on the final year’s disposal rate).

SCS Model

SCS has developed afirst-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.
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, whichisto
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 aflexible 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:

e RefuseFilling History — Historical disposal rates from site opening in 1992 through
landfill closure in April 2004 were provided by landfill personnel.

e Methane Content — SCS estimates future methane contents to be 50 percent.

e 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
recognized the correlation between moisture content and decay rate and devel oped
various levels of “wet” and “dry” site k-values from its database of LFG recovery data.
For the EI Combeima Landfill evaluation, SCS employed three different k values based
on the degradability of the waste components (see discussion of model inputs below).

e Methane Recovery Potential [L o] — The methane recovery potential isthe total amount
of methane that a unit mass of refuse will produce given enough time. TheLoisa
function of the organic content of the waste. It is theoretically independent of moisture,
but SCS has found the Lo to be suppressed in dry landfills as compared to wet landfills,
suggesting 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 El Combeima Landfill, SCS started with a default Lo value based
on the average annual precipitation in the region, and then adjusted the Lo based on the
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ratios of organic and moisture contained in U.S. waste and waste at the landfill (see
discussion of model inputs below).

LFG System Coverage. Varies. The model estimates both the potential “recoverable”
LFG from alandfill assuming a 100 percent comprehensive LFG collection system, and
the projected rate of LFG recovery based on the estimated LFG system coverage. System
coverage is ameasure of the fraction of the refuse mass which is under active collection.

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, the likelihood that
system components such as pipes and wells may be damaged by landfill operations
and/or settlement, how quickly damaged pipes and wells (and other equipment, such as
blowers, etc.) will be repaired, leachate levelsin wells, etc. This value falls within the
range of 0 percent (for no gas system) to 100 percent (for a comprehensive collection
system over aclosed landfill with excellent construction and operation).

Modificationsto the LFG system coverage can be made annually if it expected that the
collection system will be 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 arange of estimates of predicted recovery with the proposed collection system.
All three scenarios are based on the proposed preliminary system design (see Section 4)
and assume a comprehensive LFG collection system.

The system coverage estimates also account for the estimated landfill depth of 12 to 25
meters, and assume that |eachate management activities, including pumping out leachate
accumulated in gas extraction wells, will be employed if leachate hinders gas recovery.
Asindicated previously, evidence of leachate accumulation within the landfill has been
observed. Due to the potential for leachate to interfere with gas recovery efforts, SCS has
assumed that regular pumping of the leachate will occur.

Differences in the scenarios reflect different assumptions regarding the level of skill and
effort employed to operate and maintain the system to maximize recovery, particularly
with respect to managing leachate. 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.

System coverage in 2005 is assumed to be 25 percent, which reflects the
assumption that the system will be under construction for much of 2005.
After 2005, system coverage is assumed to be 40 percent. SCS considers
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the low recovery estimates to be very conservative and should only be
used in the economic evaluation if alarge 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 2005 is assumed to be 35 percent, which reflects the
assumption that the system will be under construction for much of 2005.
After 2005, system coverage is assumed to be 60 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 2005 is assumed to be 50 percent, which reflects the
assumption that the system will be under construction for much of 2005.
After 2005, system coverageis assumed to be 80 percent. SCS considers
the high recovery estimates to be ambitious and attainable only if the
maintenance of an optimal LFG recovery system is considered to be atop
priority.

It is important to note that, in addition to the potential variability in system coverage and the

level of operation and maintenance, there isinherit uncertainty in the mathematical modeling of
LFG recovery. 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 EIl Combeima

Landfill. SCS compared site waste composition data from the Landfill with U.S. EPA’swaste
characterization data. These data are presented in Table 3-1.
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Table 3-1: Comparison of Waste Composition (%)

El
Combeima | Typical Degradability
Waste Components Landfill (%) | U.S. (%) Category k Value
Food Waste 50.1 115 Fast 0.40
Green Waste (fast) 6.3 5.6 Fast 0.40
Other Organic 2.2 1.6 Fast 0.40
Green Waste (medium) 6.3 5.6 Medium 0.080
Paper 9.3 26.6 Medium 0.080
Wood 0.0 10.3 Slow 0.020
Rubber, L eather, Textiles 4.7 6.9 Slow 0.020
Plastics 14.8 9.7 Inert 0.0
Metals 1.7 54 Inert 0.0
Glass 35 5.3 Inert 0.0
Other Inorganic 1.3 114 Inert 0.0

Notes.

* Assumes "organic waste" is 80% food and 20% green waste. Assumes green waste is 50% green
materials (fast decay) and 50% leaves and branches (medium decay)

One particularly important difference between the two sets of datais that the waste stream at the
El Combeima Landfill contains significantly more food waste (which is highly degradable) than
typical U.S. waste. Because food waste is so readily degraded, it produces LFG sooner, but over
ashorter 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 alower 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.

Furthermore, the waste stream at the El Combeima 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 and green waste. The higher organic content will tend to increase the potential for methane
generation per tonne of waste. Conversely, the increased moisture (which isinert) content will
tend to decrease the potential for methane generation per tonne of waste. In this model, these
effects are reflected in the parameter Lo

The specific approach for developing each parameter is discussed below.
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M ethane Recovery Potential --

The Lo was derived by modifying an estimated Lo value for U.S. landfills that experience 1,690
mm (66.5 inches) of precipitation (the amount of rainfall at EIl Combeima Landfill). The
modification is based on the ratios of organic waste percentages and dry waste contents of U.S.
vs. El Combeima Landfill waste. The table below summarizes the calculation of the Lo value.

Table 3-2: Calculation of theLo Value

uU.S. El Combeima Ratio: El
L andfills L andfill Combeima/U.S.
Organic % 68.2% 78.8% 1.15
Dry Weight % 80.3% 56.2% 0.700
Lo value 93.6 m¥Mg | 75.7m* Mg 0.809

The value for the potential methane recovery capacity (Lo) for the EIl Combeima Landfill is
estimated to be 75.7 m*/Mg (2,237 ft*/ton).

M ethane Generation Rate Constant--

The k value reflects the fraction of refuse which decaysin a given year and produces methane.
An alternative approach to estimating a single k value for the entire landfill isto 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." 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 componentsisthat it provides atool
for comparing U.S. k valuesto 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 regimein 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 asingle 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 default k values are calibrated based on a database of over 280 years of
recovery data from landfills with active gas collection systems.

! Ehrig, Hans-Jiirgen, “ 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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The procedure of developing k values for the EIl Combeima Landfill based on the appropriate
U.S. k value for alandfill experiencing 1,690 mm/year of precipitation is as follows:

1. Prepareasingle-k LFG model run using the El Combeima disposal data and the k value
that would be appropriate for aU.S. site experiencing 1,690 mm/year of precipitation.

2. Using the percentages of fast, medium, and slow-decaying waste componentsin the U.S.
waste stream and the EI Combeima disposal quantity data, prepare a multi-phased 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 (20:4:1), 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 then used in a 3-k model run for El Combeima Landfill using the El
Combeima waste component percentages.

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

. Fast-decaying waste: 0.40 per year.
. M edium-decaying waste: 0.08 per year.
. Slowly-decaying waste: 0.020 per year.

3.3 LANDFILL GASMODELING 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 recommendsitsusein
the economic evaluation.

L FG Recovery Potential

SCS estimates that the LFG recovery potential for the landfill in 2005 is 995 m*hr (586 cfm).
The estimated LFG recovery potential will decline hereafter, since the landfill is now closed.
LFG recovery potential is expect to decline to approximately 170 m*hr (100 cfm) by 2012 and
to 78 m*/hr (46 cfm) by 2019.

Expected L FG Recovery

SCS estimates that LFG recovery at the landfill will begin in 2005. Under the mid-range
scenario, actual LFG recovery is projected to be 348 m/hr (205 cfm) in 2005 and increase to 432
m3/hr (254 cfm) in 2006 when system coverage is assumed to reach 60 percent. Beginning in
2007, LFG recovery is expected to decline following closure of the landfill and degradation of
the waste mass.
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Assuming that 100 percent of the amount of LFG recovered is available for use for electrical
generation, a0.17 MW (170 kW) power plant could be supported for the period of 2005 — 2012
and a0.08 MW (80 kW) plant could be supported for the period of 2005 - 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 through 2019.

Table 3-3: Summary of LFG Modeling Results—Mid Range Recovery Scenario

Potential LFG Estimated Projected Actual
Recovery Rate System L FG Recovery Projected Project
Y ear (m*hr) Coverage (%) Rate (m%hr) Capacity (MW)
2005 995 35% 348 0.58
2006 719 60% 432 0.71
2007 531 60% 319 0.53
2008 401 60% 241 0.40
2009 311 60% 187 0.31
2010 248 60% 149 0.25
2011 203 60% 122 0.20
2012 170 60% 102 0.17
2013 146 60% 87 0.14
2014 127 60% 76 0.13
2015 113 60% 68 0.11
2016 102 60% 61 0.10
2017 92 60% 55 0.09
2018 84 60% 51 0.08
2019 78 60% 47 0.08

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 m*hr, ft*/min, and
mmBtu/hr).

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

. Predicted LFG recovery under the three recovery scenarios (in m¥hr, ftmin, and
mmBtu/hr) and annual collection system coverage estimates for each scenario.

. 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
rates (in metric tonnes'year and CO,-equivalent 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 GASCOLLECTION AND CONTROL SYSTEM

41 INTRODUCTION

This section addresses the typical components of an LFG collection and control/utilization
system that would likely be required for project implementation at the landfill.

Based on SCS's extensive experience in the LFG industry and the results of LFG recovery
modeling presented in Section 3, SCS does not feel that the quantity of recoverable LFG at the
landfill is sufficient to develop a cost-effective system to utilize LFG as afuel source for
electrical generation. Accordingly, this report considers and evaluates a system only for
collecting and combusting LFG (and achieving GHG emission reductions) viaagas flaring
system.

42 COLLECTION AND CONTROL SYSTEM DESIGN

The landfill does not currently have an active landfill gas collection system. However, based on
our site observations, SCS has assumed that many of the existing venting wells can be utilized
(with some minor modifications) for active LFG recovery. In order to maximize LFG recovery
rates, the collection system should provide comprehensive coverage over most of the entire
landfill area.

For purposes of estimating the potential LFG recovery rates (and GHG emission reductions),
SCS assumed that LFG collection and control at the landfill would begin at the beginning of
2006.

43 INITIAL COLLECTION SYSTEM CONSTRUCTION

Collection and Control Systemm Components

SCS developed a conceptual layout for an LFG recovery system at the landfill. The objective of
this layout was to provide an estimate of the system components and their quantities for
projecting construction costs. Appendix A presents a site map showing the conceptual gas
system layout.

It is assumed that this system will consist of the following general components:

e Modification and connection to a number of the existing passive venting wells, and
installation of several new vertical gas extraction wells to supplement collection from the
converted venting wells.

Asageneral industry guideline, vertical extraction wells normally have a“radius of

influence (ROI)” approximately equal to between 1.25 and 2.5 times its depth, depending
on theratio of blank to slotted pipe length, refuse permeability, and other factors. To
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minimize gaps in collection system coverage, some degree of overlap in wells' ROIsis
typically recommended. Thisresultsin atypical well spacing of between 2 and 4 times
well depth to provide comprehensive coverage.

For purposes of this evaluation, SCS assumes that all 16 of the passive venting wells on
Phase | and 60 of the passive venting wells on Phase Il (for atotal of 76 existing vents)
will be modified and utilized for active extraction.

SCS also assumes that atotal of 8 new vertical extraction wellswill be installed on Phase
I, and 15 new vertical extraction wellswill be installed on Phase |1 (for atotal of 23 new
wells).

For budgetary purposes, SCS assumes that each extraction well will be equipped with a
wellhead with aflow control valve and ports for measuring the gas.

Installation of approximately 4,000 meters 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. SCS recommends that
use of HDPE piping for these connections. Piping should be installed at a minimum
slope, 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 1,500 meters of header
piping, and 2,500 meters of lateral piping has been assumed.

Installation of a condensate management system. Condensate is liquid that formsin the
LFG piping network as warm LFG cools and can cause significant operational problems
if not managed properly. The LFG collection system must be designed to accommodate
the 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 |ocated outside the waste limits.

For budgetary purposes, SCS assumes that atotal of 6 self-draining condensate traps and
1 condensate manholes will be required.

Installation of leachate pumps in selected extraction wells that have elevated |eachate
levels. For budgetary purposes, SCS has assumed that 25 percent of the 99 extraction
wellswill require leachate pumping (25 wells total).

Installation of a utility blower and flaring station.
For budgetary purposes, SCS has assumed that the system construction would include
installing approximately 500 m*hour (300 cfm) of utility gas flaring capacity and blower

equipment, which is sufficient to handle the maximum projected L FG recovery rate under
the mid-range scenario (432 m*hour or 254 cfm). SCS has also assumed that the flaring
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system will be an enclosed-type flare (rather than an open candlestick-type) so that GHG
emissions reduction and exhaust components can be tested and quantified (exhaust
testing is not possible on candlestick-type open flares).

Collection System Operation and M aintenance

In order to maintain a high level of efficiency for the LFG collection system, and thus maximize
LFG recovery rates and GHG emission reductions, SCS recommends that a regular program of
operation and maintenance of the gas collection system, blower, and flaring equipment be
implemented.

Following system start-up, operational data should be obtained and carefully reviewed with
respect to the system design criteria, and adjustments made as appropriate. Specific
modifications to the wellfield may include the following:

e Waéllsthat are unproductive or are damaged will need to be repaired or replaced.

e Gascollection piping may have become damaged or clogged, and require repair or
replacement.

e Condensate traps may have become damaged or clogged, and require repair or
replacement.

e Areasof thelandfill where monitoring data indicate a surplus of LFG may yield higher
recovery ratesif additional wells are installed.

e Ongoing monitoring of leachate levelsin wells will indicate whether or not leachate
pumping is effective, if new pumps should be installed, and what rate of pumping will be
adequate to draw down leachate levelsto alow the extraction wellsto operate properly.
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SECTION 5.0
ELECTRIC AND WASTE INDUSTRY SECTORS

51 ELECTRICITY INDUSTRY SECTOR

As of early 2003, Colombia had the capacity to generate approximately 13,700 MW of
electricity. Hydroel ectric plants represent approximately 73 percent of its electricity capacity.
Most of the remaining 27 percent is produced by thermal power plants utilizing natural gas and
coal. Over the past decade, Colombia's generating capacity hasincreased by about 50 percent,
reflecting the burgeoning demand for power in the country.

Following severe droughts in the 1990s, Colombia has encouraged development of more non-
hydroelectric electricity generation capacity, with agoal of at least 20 percent shares for both
coal-fueled and natural gas-fueled power generation. Colombiais planning to increase its
thermal generation capacity to 50 percent of its total capacity by 2010.

Overal policy-making and supervision of the electricity sector in Colombiais governed by the
Ministry of Mines and Energy, which regul ates generation, transmission, trading,
interconnection, and distribution, and approves generation and transmission programs. The
Ministry delegates supervisory authority over the electricity sector to a number of its agencies,
specifically Comisién Reguladora de Energiay Gas (CREG) and Unidad de Planeacion Minero
Energetica (the Union of Mineral and Energy Planning, or UPME). CREG regulates the
transportation and distribution of electric power and gas and adjusts policies and procedures by
which these services can reach the consumers and allow market competition between providers.

The Colombian National Transmission System (STN) provides a viable means of transaction
between electricity generators and traders. The transmission service is a natural monopoly that is
regulated by the CREG. There are 11 companiesin charge of electricity transmission in
Colombia, the largest being the government-controlled Interconexién Eléctrica S.A. E.S.P. (ISA)
which controls 83 percent of the electricity transmission market. ISA isthe only energy
transporter in Colombiawith national coverage. |SA also operates the National Dispatch Center
(CND) and the Wholesale Energy Market (MEM).

Colombia provides some incentives for renewable electricity generation projects. For example,
National Law 697 (2001) promotes the rational and efficient use of energy and the use of
alternative energy sources. Also, Article 207-2 of the Tax Law (Estatuto Tributario) establishes
that the revenue from the sale of electricity generated using wind, biomass or agricultural
residues are exempt from tax for 15 years starting in January 2003. Executive Order (Decreto)
2755 (30 Sept, 2003) provides the regulations for the application of this tax incentive. The tax
exemption isvalid only if the project developer can obtain certified emissions reductions (CERS)
through the Clean Development Mechanism (CDM) and invests at least 50 percent of the
revenue obtained through CER salesin works of socia benefits (“obras de beneficio socia”) in
the region where the generator is located. The Order defines social benefit works as activitiesin
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the areas of health, education, basic health, potable water, environmental protection and social
(subsidized) housing.

In Colombia, the participation of the private sector in power generation or gas production
depends on the following scheme:

L egal Framework

e The 1994 Law 143 of the Ministry of Mines and Energy establishes the conditions for the
generation, interconnection, transmission, distribution and commercialization of
electricity, conceding certain authorizations and stating other dispositions.

e The Regulatory Agency is CREG: Comision de Regulacion de Energiay Gas.

e Resolution CREG-084 (1996) defines as Self Generator any person or entity that
produces electricity exclusively to meet their own demand. Thus, they do not use the
public network except for obtaining backup power from the National Interconnected
Grid.

e Resolution CREG-085 (1996) defines as Cogenerator any person or entity that produces
energy using a cogeneration system, and which may or not be the owner of the
cogeneration plant. Here cogeneration refers to the combined production of electricity
and heat, as an integral part of a productive activity, with both being intended for own use
or of third partiesin industrial or commercial processes.

Sale of electricity generated from landfill gasto the National Transmission System

The National Transmission System (STN) isan “open access’ system which does not
discriminate on the basis of technology used to generate electricity. While CREG has created the
following categories of generation, there are no additional benefits corresponding to any
category:

e Small power plants, with power output less than 20 MW, further divided into:

- Below 10 MW: thistype of power plant has restricted access to the market in the
dispatch system, and must have bilateral contracts with energy marketers.

- Equal to or greater than 10 MW but below 20 MW: this type of power plant can
remain asmall plant or be centrally dispatched, if it chooses the latter option (see
below)

e Centrally dispatched power plants are those with power output equal to or higher than 20
MW that form part of the centrally dispatched power system.

Thus the option for electricity generated using landfill gas with power output below 10 MW that
meets Resolution 86 of 1996 can bilaterally negotiate prices and other conditions of sale with a
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marketer to which the electricity will be supplied and the latter will determine the best strategy
for saleto the STN.

A small power plant does not require special monitoring equipment for the STN, which reduces
costs.

If the power output goes towards meeting the demand of unregulated (industrial) consumers, the
electricity price can be negotiated bilaterally. For sale to regulated users (residential and
commercial users) there are two options:. 1) participate in the supply bidding process or 2) accept
wholesale market price.

The year 2000 Decree 697 defines the conditions of a self generator and when these can sell
surplus electricity to the system.

If the generator registers as a cogenerator, excess electricity can be sold without restrictions to
the system, under two options: 1) with fixed surplus of power and 2) without fixed surplus of
power. In the second case, the generator can participate in the “ capacity charge” system which
assigns remuneration to the generator, as defined by a Resolution, in order to maintain an agreed
generating capacity available for the STN.

The connection and/or transformation (of power, etc.) from the plant to the supply point is called
“connection assets’ and this cost must be borne by the generator. No distribution costs are paid,
since these are transferred to the user.

Following the presentation of required documentation, power plant registration generaly takes a
week, with an additional week to define the commercial boundary.

Thistype of operation must be registered as a Public Service Company (Empresa de Servicios
Pdblicos E.S.P.).

Sale of landfill gasto the natural gas network

The characteristics of the gas to be sold to the natural gas network are defined in the Resolution 1
(1999): Regulation for Transport (Reglamento Unico de Transporte, RUT).

The connection system to connect to the gas transport network is defined “ connection assets’ as
in the case of electricity.

There is no wholesale or consolidated market for gas. Prices, points of supply, and even gas
characteristics can be negotiated freely through bilateral agreements. If there is a specific end
user, abilateral agreement can be negotiated directly with the user.

The regulations are not clear on the question of whether the company needs to register asa
Public Services Company in order to sell (processed) landfill gas to the network.
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M ean wholesale prices of electricity

The wholesale electricity prices for the last year are presented in Table 5-1.

Table5-1: Summary of Wholesale Electricity Pricesin Colombia

Averageprice,
Colombian pesos per Energy sales
Month kWh (GWh)
Feb-04 81.05767 2547.16137
Mar-04 81.97543 2761.25142
Apr-04 80.80381 2599.90037
May-04 79.94568 2672.34624
Jun-04 75.75634 2584.38684
Jul-04 77.01251 2657.22599
Aug-04 76.39209 2718.86740
Sep-04 77.80804 2624.19616
Oct-04 78.90289 2707.10491
Nov-04 79.69114 2633.22114
Dec-04 79.93459 2817.93263
Jan-05 77.69313 2643.46427
Average = 78.9144 USD 0.034

These figures indicate monthly average electricity price (in Jan. 2005 Colombian pesos) of all
transactions in the wholesale market considering both the spot and contract markets, calculated
as a 12-month moving average, each value adjusted for the consumer price index of the previous
month.

52 WASTE INDUSTRY SECTOR

Colombia has national laws and regulations requiring the provision of public sanitation services,
including disposal of solid waste. One of these laws, National Decree 1713 includes articles that
require landfill operators to be responsible for environmental impacts caused by landfills and for
the handling of LFG generated at the sites in accordance with what is established in the permits,
authorizations, and operating plans. There are no regulations concerning methane emissions from
landfills or requiring general control of LFG emissions.
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National Departments

The Ministry Environmental Protection, Housing, and Land Development is responsible for
establishing policies and regulations at the national level that impact solid waste disposal in
Colombia. The Integrated Waste Disposal Management Policy (Ministry of Environmental
Protection, 1997) provides basic guidelines for waste management, stating its purpose to be
“prevent or minimize, in the most efficient way, the risks of hazardous solid waste to life and the
environment, thus contributing to an effective environmental protection and economic growth”.

Regional Authorities

CAR (Corporaciones Auténomas Regionales — Regional Independent Corporations) is
responsible for carrying out policies, plans and programs defined by the Ministry of
Environmental Protection at the regional level, including regulations related to landfills. Some of
CAR' sresponsibilities include establishing allowable limits on emissions and on disposal of
substances which could damage the environment. The limits must be at least as strict as limits
established by the Ministry of Environmental Protection.

Policy M aking Authorities

e Ministry of Environmental Protection, Housing and Land Devel opment
(www.minambiente.gov.co)

e Ministry of Health (www.minsalud.gov.co)

The Integrated Waste Disposal Management Policy (Ministry of the Environment, 1997)
provides basic guidelines for waste management, stating its purpose to be “prevent or minimize,
in the most efficient way, the risks of hazardous solid waste to life and the environment, thus
contributing to an effective environmental protection and economic growth”.

Regulatory | nstitutions

CRA — Committee in charge of regulating Drinking Water and Basic Sanitation.

CAR’s (Corporaciones Auténomas Regionales): Corporations responsible for carrying out
policies, regulations and controlling landfills in different municipalities and/or departments
(regional competence). Some of CAR’ s responsibilities include:

1. Carrying out national environmental policies, plans and programs defined by the law that
approved the National Development Plan and the Investment Plan or by the Ministry Of
Environmental Protection. It also includes regional level plans and programs which have
been entrusted to them in accordance with the law, within their jurisdiction;

2. Promoting and developing community involvement in activities and programs for

environmental protection, sustainable development, and adequate handling of renewable
natural resources;
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3. Signing contracts and agreements in order to put into effect some or al of its
responsibilities;

4. Advising territorial agencies on how to draw up formal environmental education plans
and carry out informal environmental education plans in accordance with the guidelines
of the national policy;

5. Awarding concessions, permits, authorizations and licenses required by environmental
protection laws for the use, utilization or mobilization of renewable natural resources, or
for the development of activities that affect or may affect the environment;

6. Establishing within itsjurisdiction, the allowed limits on the emission, unloading,
transportation or dumping of substances, products, compounds or any other matter that
may impact the environment or renewable natural resources, and prohibiting, restricting
or regulating the production, distribution, use, disposal or spillage of substances that
damage the environment. These limitations, restrictions and regulations should under no
circumstances be less strict than those defined by the Ministry of Environmental
Protection. www.ideam.gov.co/legal/ley/1990/|ey099-1993.htm.

Entities Responsible for Solid Waste M anagement

Anyone can negotiate the design, construction and operation of alandfill, and the only
requirement is to be congtituted as a public utility company. However, this can also be executed
by Government initiative through municipalities or government enterprises. A municipality may
award the design, construction and operation of alandfill through sealed or open bidding. In the
case of landfills, there is no concession because thisis not a service that can be awarded in the
form of a concession.

With respect to bidding, a municipality establishes the conditions to award the landfill, and in
some cases even the purchase of the lot itself. Conditions differ in each case but, normally, the
contract period is quite long (approximately 20 years), in order to spread out the investments
required. Consequently, there are public and private entities that offer the services in the different
cities and municipalities within the country.

Related L egidation

National
Law 9 of 1979: Which provides for sanitation measures.

Law 430 of 1998: By which environmental protection rules are issued with respect to hazardous
waste, among other provisions.

Law 99 of 1993: By which the Ministry of Environmental Protection is created, the national
information system is organized, and other regulations are established. Article 31 of the Law
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specifiesthat the CAR’s are the highest authority in environmental regulation within their
jurisdiction, according the directives of the National Ministry of Environmental Protection.

Decree—Law 2811 of 1994: Which establishes the National Code for Renewable Natural
Resources and Environmental Protection.

Decree 1713 of August 6, 2002: Which establishes Law 142 of 1994, Law 632 of 2000, and
Law 689 of 2001, for the rendering of public sanitation services, and Decree Law 2811 of 1974,
and Law 99 of 1993 for Total Disposal of Solid Waste. It includes the definitions for the disposal
of waste, the general provisions, and the systems for utilization and final disposal, among other
things.
= Article 70: Utilization methods. Among these are, reutilization, recycling, composting,
generation of LFG, and recovery of energy.

e Article 84: Paragraph. The manual landfill is recommended for municipalities with
urban centers that have fewer than eight thousand (8000) users.

e Article 93: Handling and M onitoring of gases. Landfill operators are responsible for the
handling of gases generated at the sites in accordance with what is established in the
permits, authorizations and operating plans.

e Article 103: Responsibility for impacts caused by landfill sites. The person rendering the
service, who isin charge of managing the final disposal system, will be responsible for
related environmental and sanitary impacts resulting from inadequate management of the
landfill.

Decree 605 of 1996: Rendering of the sanitation service.

Decree 1180 of 2003: Which establishes Title V111 of Law 99 of 1993 on Environmental
Licenses.

Resolution 1096 of 2000: From the Ministry of Environment. Technical Regulations for the
drinking water and basic sanitation sectors.

Regional

Within the jurisdiction of the CAR’s are the requirements for evaluation of environmental
impacts. Such evaluations are in two parts. 1. Diagnosis of The Environmental Impact of
Alternatives (DAA); and 2. Environmental Impact Assessment (EIA). It isnot know at thistime
if aLFGTE project would require environmental assessment. Experience has shown in Mexico
that such assessments conclude that LFGTE projects have a net benefit on the environment. LFG
fueled power plant emissions (particularly of NOx and CO) are more than offset by the reduction
is pollutant emissions from an uncontrolled landfill (including greenhouse gases such as
methane, VOCs, hydrogen sulfides and other pollutants). Environmental emissions are further
reduced when energy exported to the grid by offsetting fossil fuels.
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SECTION 6.0
EVALUATION OF PROJECT COSTS
SCS estimated the capital and operational costs for development and implementation of an LFG
recovery and flaring project at the landfill. These costs are discussed below.
6.1 LANDFILL GASCOLLECTION AND FLARING SYSTEM

Budgetary Construction Cost Estimate

SCS estimates the budgetary cost for theinitial LFG collection and flaring system construction to
be $1,221,000 (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.

Table 6-1 presents asummary of the cost items. A more detailed outline of these costs and their
associated quantitiesis presented in Appendix C.

Table 6-1: Budgetary Costsfor LFG Collection and Control System

ltem Total Estimated Cost (U.S. $)
Mobilization $50,000
Main collection piping (assume 350 mm diameter) $108,000
Lateral piping (assume 110 mm diameter) $65,000
Condensate management $85,000
Modification to existing passive venting wells $76,000
New vertical extraction wells® $138,000
Wellheads for new and existing (modified) wells $99,000
L eachate pumping equipment $125,000
Blower and flaring equipment $275,000
Engineering/Contingency $239,000
Total Estimated Cost $1,221,000

Notes:

1. Assumes 23 new wellsareinstalled. Extraction well costs include drilling and well construction.

2. Blower and flaring equipment includes: a 500 m*hr blower-flare skid, electrical, construction and site
work, flow and data recording equipment, flare start-up costs, and source test costs.
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Budgetary Estimate for Annual Operation and M aintenance

SCS estimates the budgetary cost for annual operation and maintenance of the gas collection
system to be approximately $80,000 (U.S.) (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 replacing damaged
components of the collection system such as piping and extraction wells. Table 6-2 presentsa
summary of the cost items.

Table 6-2: Budgetary Annual Operation and Maintenance Costs

[tem Total Estimated Cost (U.S. $)

--Operation and M aintenance--
Labor $20,000
Gas monitoring and testing equipment costs $5,000
Parts and materials $20,000
--Budgetary Allowance for Collection System Replacement--
Vertical extraction wells/wellheads $15,000
Piping replacement $5,000
Engineering/Contingency $15,000
Total Estimated Cost $80,000
Notes:

1. Assumes 2 new/replacement wells @15 m
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6.2 SUMMARY OF ANTICIPATED PROJECT COSTS

Table 6-3 provides a summary of the anticipated project costs for the evaluation period for the
construction, operation, and maintenance of an LFG collection system and utility flare.

Table 6-3: Summary of Project Costs

Operation and

Initial Capital | Maintenance | Total Costs
Y ear Costs(U.S. %) | Costs(U.S. 9) (US. 9) Assumptions
2005 $1,221,000 $0 $1,221,000 System under construction
2006 $0 $80,000 $80,000 Full system operation
2007 $0 $80,000 $80,000 Full system operation
2008 $0 $80,000 $80,000 Full system operation
2009 $0 $80,000 $80,000 Full system operation
2010 $0 $80,000 $80,000 Full system operation
2011 $0 $80,000 $80,000 Full system operation
2012 $0 $80,000 $80,000 Full system operation
2013 $0 $80,000 $80,000 Full system operation
2014 $0 $80,000 $80,000 Full system operation
2015 $0 $80,000 $80,000 Full system operation
2016 $0 $80,000 $80,000 Full system operation
2017 $0 $80,000 $80,000 Full system operation
2018 $0 $80,000 $80,000 Full system operation
2019 $0 $80,000 $80,000 Full system operation
Notes:

1. Costs are presented in 2005 dollars. Inflation is considered for future costs in economic evaluation.
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SECTION 7.0

ECONOMIC EVALUATION

SCS evaluated the economics of implementing a gas recovery and utilization project at the
landfill using the projected capital and annualized costs outlined in Section 6 and the anticipated
revenues described below.

Because the quantity of recoverable LFG at the landfill is projected to be insufficient to support
the development of an IC engine power plant or a gas turbine power plant, SCS considered only
one technology option: gas collection and flaring to reduce methane emissions and generate
CERs. Thus, the project revenues considered for this evaluation are those associated with the
value of CERs through the reduction of GHG emissions.

A summary of the economic evaluation and assumptionsis presented below. More detailed
analysis of the economicsis presented in Appendix D.

7.1 SUMMARY OF ASSUMPTIONS

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

e The economic evaluation was performed for 2 periods: 2005 through 2012, and 2005
through 2019.

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

e Three market values of CERs were considered: sales prices of $4, $5, and $6 per CO.eq.
e Interest rate of 8 percent is used for the NPV analysis and the loan financing.

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

e For purposes of thisanalysis, payment of approximately 20 percent of the CER revenue
to the landfill owner for use of LFG was considered (represented by arate of
$0.35/MMBtu). Thisis 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.

e Annual escalation rate of 3 percent for purchase of LFG.
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Future O& M and system upgrade expenditures escalate at an annual rate of 3 percent.
7.2 PROJECT EXPENDITURES

For the economic evaluation, the following project expenditures were considered:

e Initial capital investment for LFG collection system (see Section 6).

» Purchase of LFG from landfill owner.

e Annual cost for operation and maintenance of the LFG collection system (see Section 6).
7.3 PROJECT REVENUES

For the economic evaluation, SCS considered three cases where the project revenues from the
sdle of certified GHG emission reductions are sold at arate of U.S. $4, $5, and $6 per tonne
COz€eq. The guantity of CERs projected assumes zero percent for abaseline. No LFG planning is
currently accomplished and intentions to passively flare in the future are not mandated by any
regulation.

As noted previoudly, there is an inherited uncertainty in the mathematical modeling of LFG
recovery rates. It isimportant to note that project revenues are based on the quantity of CERs
achieved and CERs are dependant upon future gas recovery rates. Thereis thus an inherit
uncertainty in the projection of future revenues, and revenues could exceed or be less than those
projected herein.

7.4 SUMMARY OF ECONOMIC EVALUATION
Table 7-1 presents a summary of the results of the economic evaluation, presenting a general

comparison of the various financing, CER sales price, and project duration scenarios using the
estimated net present value (NPV) and the internal rate of return (IRR) of the project.
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Table 7-1: Summary of Economic Evaluation Results'

CER ?|nitial Capital | Net Present | 3Internal
Scenario — Project Price I nvestment Value Rate of
Period ($/tonne) (x1,000 $) (x1,000%) | Return (%)
2005 -2012 4 $1,221 -$1,349 n/a
2005 -2012 5 $1,221 -$1,279 n‘a
2005 -2012 6 $1,221 -$1,209 n/a
2005 -2012 4 $305 -$1,384 n/a
2005 -2012 5 $305 -$1,314 n/a
2005 -2012 6 $305 -$1,244 n/a
2005 - 2019 4 $1,221 -$1,627 n‘a
2005 - 2019 5 $1,221 -$1,546 n‘a
2005 — 2019 6 $1,221 -$1,464 n/a
2005 — 2019 4 $ 305 -$1,661 n/a
2005 - 2019 5 $305 -$1,580 n/a
2005 — 2019 6 $ 305 -$1,448 n/a
Notes:

1 I?\;efer to the data presented in Appendix D for additional information.
2. Initial capital investment assumed to occur in 2005.
3. IRRisalarge negative value that could not be computed.

Asshown in Table 7-1, each project scenario has both a negative net present value (NPV) and a
negative internal rate of return (IRR). As such, based on the evaluation criteria used, this project
does not appear to be economically feasible, even at the maximum CER sales price of $6 per
tonne CO.eq that was considered.

Appendix D presents a more detailed summary of the economic evaluation.
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SECTION 8.0

ENVIRONMENTAL IMPACTS

81 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 U.S. EPA. As such, the process of collection and
combustion of LFG (e.g., in an engine generator, turbine, utility flare, or other combustion
device) resultsin areduction of the emission of methane, VOCs and HAPs from alandfill. The
combustion process, however, does result in the increased emission of criteriaair pollutants such
as sulfur oxides (SOx), nitrogen oxides (NOx), carbon monoxide (CO) and particul ate 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 anet 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 criteriaair pollutants are considered further below.

82 GREENHOUSE GASEMISSIONSREDUCTIONS
SCS estimated the potential GHG emission reductions associated with a landfill gas recovery
project at the landfill in metric tons of methane/year and metric tonnes of CO, equivalent/year

using a methane/CO, equivalency factor of 21. Table 8-1 presents a summary of the GHG
emission reduction projections for the period 2006 through 2019.
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Table 8-1: Summary of Projected GHG Emission Reductions

Predicted GHG Reductions
Y ear (tonnes CO.eqlyr)
2006 26,397
2007 19,481
2008 14,721
2009 11,415
2010 9,092
2011 7,436
2012 6,235
2013 5,345
2014 4,670
2015 4,146
2016 3,727
2017 3,384
2018 3,096
2019 2,850
Total for Period = 121,993

Notes.
1. Calculations assume a methane CO2eq factor of 21
2. Cdlculations assume all methane recovered is combusted

83 REDUCTION OF VOC AND HAP EMISSIONS

Landfill gas contains trace concentrations of VOCs and HAPs. As such, the process of collection
and combustion of LFG resultsin 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 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.

8-2



Table 8-2: Summary of Projected VOC and HAP Emission Reductions

VOC Emission Reductions| HAP Emission Reductions

Y ear (tonnes) (tonnes)
2006 3.08 0.97
2007 2.27 0.71
2008 1.72 0.54
2009 1.33 0.42
2010 1.06 0.33
2011 0.87 0.27
2012 0.73 0.23
2013 0.62 0.20
2014 0.54 0.17
2015 0.48 0.15
2016 0.43 0.14
2017 0.39 0.12
2018 0.36 0.11
2019 0.33 0.10

Total = 15.47 4.48

Notes:

1. Assumes VOC concentration of 232 ppmv (U.S. EPA AP-42)
2. Individual HAP concentrations based on Waste Industry Air Coalition and U.S. EPA published values
3. Flare control efficiency based on U.S. EPA published values

Detailed calculations are provided in Appendix E.
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84 CRITERIA AIRPOLLUTANT 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

NOx Emissions | CO Emissions | SOx Emissions | PM Emissions
Y ear (tonnes) (tonnes) (tonnes) (tonnes)
2006 0.92 0.31 0.23 0.26
2007 0.68 0.23 0.17 0.19
2008 0.51 0.17 0.13 0.14
2009 0.40 0.13 0.10 0.11
2010 0.32 0.11 0.08 0.09
2011 0.26 0.09 0.07 0.07
2012 0.22 0.07 0.05 0.06
2013 0.19 0.06 0.05 0.05
2014 0.16 0.05 0.04 0.05
2015 0.14 0.05 0.04 0.04
2016 0.13 0.04 0.03 0.04
2017 0.12 0.04 0.03 0.03
2018 0.11 0.04 0.03 0.03
2019 0.10 0.03 0.03 0.03
Totals= 4.99 1.66 1.26 1.18
Notes:

1. Emission rates are calculated based on factors provided by U.S. EPA and industry eguipment vendor

information.

Detailed calculations are provided in Appendix E.
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SECTION 9.0

PROJECT STRUCTURE

91 CARBON FINANCE

Climate Change and Designated National Authority

Colombian Office for Climate Change Mitigation (Oficina Colombiana parala Mitigacion del
Cambio Climético) forms part of the Ministry of Environment. This Office was created to
implement commitment to the UNFCCC and the COP. It has a planning and coordination role
for implementation of policies on CC aswell asfor providing substantial technical data on the
GHG situation. The Office has been very active in conducting diagnostics on GHG emissions
and has produced indicators on the contribution of the country to global warming.

M ar ket and Business Arrangements

Colombia has arelatively large natural gas resource which is available at low cost in many parts
of the country. Moreover, natural gas combined-cycle power plants provide low cost electricity.
Thus electricity generated at LFGTE facilities would have to compete with low cost power
generation. An aternative would be to sell LFG directly to large users close to landfills.

There are currently no operating LFGTE projects in Colombia. Therefore, the first project(s) are
likely to face several barriers such as:

e Limited awareness of the possibilities of LFGTE projects among municipal authorities.
» Lack of knowledge of the technologies involved.
e Lack of trained personnel in building/operating LFGTE projects.

e Uncertainties on the rate of return from investments in LFGTE projects, and the
possibilities that returns are not high.

e High transaction costs from lack of experience.

e Financial institutions have little or no experience and may be reluctant to finance LFGTE
projects.

e Highdiscount rates.
In order to reduce these barriers, Colombia would benefit from additional information gathered

and shared at seminars, through technical assistance, and feasibility studies (such asthisone). To
date, severa seminars and international technical assistance organizations have promoted
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LFGTE projectsin Colombia. For instance, Spain has conducted a study for such projects for a
landfill in Medellin.

The government of Bogota (Unidad Ejecutiva de Servicios Publicos - UESP) has called for bids
for a project to capture LFG at the Dofa Juana landfill. The first call for bid was issued late in
2003. The bids would cover a concession for the design, construction and operation of landfill
gas capture at the landfill in accordance with the CDM. Following a public hearing, the date for
submissions was delayed a couple of times, with the most recent date being in Sept. 2004.
However, no bids were presented, likely due to restrictive conditions set forth in the request.

9.2 PROJECT IMPLEMENTATION

A general implementation plan for development of a gas recovery and GHG emission reduction
project at the El Combeima Landfill follows:

1. Pre-Feasihility Study to assess whether the project is technically and economically viable.

2. Evaluate potential project developers and partners.

3. Design preliminary business plan and project structure, which could include one or more
of: the World Bank, Landfill owner, 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 methodol ogies 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 (See
Appendix F).

7. Negotiate and finalize power sales agreement (Contract) with the Electric Utility.

8. Securefinancing 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.
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13. Prepare engineering design documents for LFG utilization plant.

14. Construct LFG utilization plant.

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.

Thisisnot 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.

Furthermore, some of the steps above may not be relevant for the development of a particular
project. For example, as noted previously based on the projected gas recovery rates, SCS does
not believe that the quantity of LFG is sufficient to support an electrical generation project at the
El Combeima Landfill. As such, Step 7 above for project implementation: Negotiate and finalize
power sales agreement (Contract) with the Electric Utility may not be required, among others.

Figure 9-1 presents atypical flow chart for implementation of a LFG recovery project under the
Clean Development Mechanism.
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Figure 9-1: Project Implementation Flow Chart
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SECTION 10
CONCLUSIONSAND RECOMMENDATIONS

Considering the results of the evaluation, it does not appear that the EI Combeima Landfill isa
good candidate for development of a CDM project based on its unfavorable economic
projections. Thisis primarily due to the low projected LFG recovery rates for the landfill.
Additionally, because the landfill is closed future gas recovery rates are expected to decline
further.

The projected quantity of recoverable LFG at the landfill isinsufficient to develop a cost-
effective electrical generation project, and the limited amount of recoverable LFG at the site
provides insufficient revenues from the sale of CERs to offset the expected costs of project
development and operation.
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APPENDIX A

EXISTING SITE CONDITIONSAND PROPOSED LFG COLLECTION SYSTEM
DRAWINGS






APPENDIX B

LFG RECOVERY PROJECTIONS



