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1. INTRODUCTION

Each person in the United States
generates about 4.5 pounds of solid waste
per day-almost one ton per year. Most of
this waste is deposited in municipal solid
waste landfills. As this landfilled waste
decomposes (a process that may take 30
years or more), it produces landfill gas.
Landfill gas contributes to the formation of
smog and poses an explosion hazard if
uncontrolled. Furthermore, because landfill
gas is about 50 percent methane, it is both
a potent greenhouse gas and a valuable
source of energy.

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

I
Part II

Detailed Assessment of
Project Economics

Evaluating Project Economics

Assessing Financing Options

Selecting a Project Development Partner

Winning/Negotiating an Energy Sales Contract

Securing Project Permits and Approvals

Contracting for EPC and O&M Services

Substantial opportunities exist across
the country to harness this energy resource
and turn what would otherwise be a liability
into an asset. The purpose of this
handbook is to help landfill owners,
operators, and others considering landfill
gas projects determine whether landfill gas
9nergy recovery is likely to succeed at a
particular landfill, and to clarify the steps
involved in developing a successful project.

The handbook is organized
according to the process of landfill gas
project development, as the flowchart on
this page illustrates. It contains two major
sections: Part I - Preliminary Assessment of Project Options provides the landfill
owner/operator with basic screening criteria to assess the viability of a landfill energy recovery
project and make a preliminary economic comparison of the primary energy recovery options;
and Part II - Detailed Assessment of Project Options outlines and discusses the major
steps involved in development of a landfill gas energy recovery project, from estimating
expenses and revenues to constructing and operating the project. The flowchart on this page
can be found at the front of each chapter, with the current section and chapter highlighted.
Additional information is contained in Appendices A through J of the handbook.

1.1 THE BENEFITS OF LANDFILL GAS ENERGY RECOVERY

Landfill gas energy recovery offers significant environmental, economic, and energy
benefits. These benefits are enjoyed by many, including the landfill owner/operator, the
project developer, the energy product purchaser and consumer, and the community living
near the landfill.

Introduction September 1996 Page 1-1

1. INTRODUCTION

Each person in the United States
generates about 4.5 pounds of solid waste
per day-almost one ton per year. Most of
this waste is deposited in municipal solid
waste landfills. As this landfilled waste
decomposes (a process that may take 30
years or more), it produces landfill gas.
Landfill gas contributes to the formation of
smog and poses an explosion hazard if
uncontrolled. Furthermore, because landfill
gas is about 50 percent methane, it is both
a potent greenhouse gas and a valuable
source of energy.

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

I
Part II

Detailed Assessment of
Project Economics

Evaluating Project Economics

Assessing Financing Options

Selecting a Project Development Partner

Winning/Negotiating an Energy Sales Contract

Securing Project Permits and Approvals

Contracting for EPC and O&M Services

Substantial opportunities exist across
the country to harness this energy resource
and turn what would otherwise be a liability
into an asset. The purpose of this
handbook is to help landfill owners,
operators, and others considering landfill
gas projects determine whether landfill gas
9nergy recovery is likely to succeed at a
particular landfill, and to clarify the steps
involved in developing a successful project.

The handbook is organized
according to the process of landfill gas
project development, as the flowchart on
this page illustrates. It contains two major
sections: Part I - Preliminary Assessment of Project Options provides the landfill
owner/operator with basic screening criteria to assess the viability of a landfill energy recovery
project and make a preliminary economic comparison of the primary energy recovery options;
and Part II - Detailed Assessment of Project Options outlines and discusses the major
steps involved in development of a landfill gas energy recovery project, from estimating
expenses and revenues to constructing and operating the project. The flowchart on this page
can be found at the front of each chapter, with the current section and chapter highlighted.
Additional information is contained in Appendices A through J of the handbook.

1.1 THE BENEFITS OF LANDFILL GAS ENERGY RECOVERY

Landfill gas energy recovery offers significant environmental, economic, and energy
benefits. These benefits are enjoyed by many, including the landfill owner/operator, the
project developer, the energy product purchaser and consumer, and the community living
near the landfill.

Introduction September 1996 Page 1-1



1.1.1 Environmental Benefits

Landfill gas contains volatile organic compounds, which are major contributors to
ground-level ozone and which include air toxics. When little is done to control them, thesE'
pollutants are continuously released to the atmosphere as waste decomposes. When landfill
gas is collected and burned in an energy recovery system, these harmful pollutants are
destroyed.

Regulations already require many landfills to collect their landfill gas emissions, and
new federal air regulations will soon require additional control. Once the gas is collected,
landfill owner/operators have two choices: (1) flare the gas; or (2) produce energy for sale or
on-site use. Both options address local air quality and safety concerns, but only energy
recovery capitalizes on the energy value of landfill gas, while displacing the use of fossil fuels.
Offsetting coal and oil use further reduces emissions of a number of pOllutants, including
sulfur dioxide, a major contributor to acid rain, as well as the production of ash and scrubber
sludge from utilities. Furthermore, landfill gas collection systems operated for energy
recovery are often more carefully managed than those designed to flare the gas. This means
that more of the gas generated in the landfill may be collected and combusted, with fewer
emissions to the atmosphere.

Landfill gas energy recovery also has the potential to significantly reduce the risk of
global climate change. Landfill gas is the single largest source of anthropogenic methane
emissions in the United States, contributing almost 40 percent of these emissions each year.
Reducing methane emissions is critical in the fight against global climate change because
each ton of methane emitted into the atmosphere has as much global warming impact as 21
tons of carbon dioxide over a 100 year time period. In addition, methane cycles through the
atmosphere about 20 times more quickly than carbon dioxide, which means that stopping
methane emissions today can make quick progress toward slowing global climate change.

1.1.2 Economic Benefits

New federal regulations, promulgated in March 1996, require several hundred landfills
across the country to collect and combust their landfill gas emissions. Once installation and
operation of a collection system is a reqUired cost of doing business, incurring the extra cost
of installing an energy recovery system becomes a more attractive investment. Sale or use of
landfill gas will often lower the overall cost of compliance and, when site-specific conditions
are favorable, the landfill may relalize a profit.

More widespread use of landfill gas as an energy resource will also create jobs related
to the design, operation, and manufacture of energy recovery sY$tems and lead to
advancements in U.S. environmental technology. Local communities will also benefit, in terms
of both jobs and revenues, through the development of local energy resources at area
landfills.

1.1.3 Energy Benefits

Landfill gas is a local, renewable energy resource. Because landfill gas is generated
continuously, it provides a reliable fuel for a range of energy applications, including power
generation and direct use. Electric utilities that participate in landfill gas-to-energy projects
can benefit by enhancing customer relations, broadening their resource base, and gaining
valuable experience in renewable energy development. Landfill gas power projects provide
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important demand side management benefits, as transmission losses from the point of
generation to the point of consumption are negligible. The National Association of Regulatory
Utility Commissioners recognized the value of landfill gas as an energy resource when it
adopted a resolution in March 1994 "urging regUlators to focus their regulatory attention on
the landfill gas resources in their States to determine the role that energy from landfill gas can
playas an energy resource for utilities and their customers." Industrial facilities, universities,
hospitals, and other energy users can benefit by tapping into landfill gas, a low-cost, local fuel
source.

1.2 THE EPA LANDFILL METHANE OUTREACH PROGRAM

The EPA Landfill Methane Outreach Program encourages landfill owner/operators to
develop landfill gas energy recovery projects wherever it makes economic sense to do so.
EPA estimates that over 700 landfills across the United States could install economically
viable landfill gas energy recovery systems, yet only about 140 energy recovery facilities are
in place. Through the Outreach Program, EPA is working with municipal solid waste landfill
owners and operators, states, utilities, industry and other federal agencies to lower the
barriers to economic landfill gas energy recovery.

This handbook is one component of the Landfill Methane Outreach strategy for
overcoming information barriers to development of energy recovery projects. By providing
information that can be used to assess project feasibility and outlining the project
development process to landfill owner/operators and others considering energy recovery
projects, this handbook can help spur development of successful projects. For more
information on the Outreach Program, contact EPA's Hotline at 1-888-STAR-YES.

1.3 How To USE THIS HANDBOOK

If you are a landfill owner/operator - or anyone considering a landfill gas-to-energy
project - you can use this handbook to conduct a preliminary assessment of the potential for
your landfill to support an energy recovery project. First, review Section 2.1 with the
parameters of your landfill in mind. If your landfill meets the basic screening criteria (or has
site-specific factors that make it a good candidate for energy recovery), use the information
provided in Section 2.2 to develop a rough estimate of available landfill gas. Next, examine
the economic comparison in Chapter 3, referring to the landfill gas estimate closest to that for
your landfill, and determine which energy recovery option may be most cost-effective. Finally,
carefully review Part II of the handbook (Chapters 4 to 10) to gain an understanding of the
steps involved in developing an energy recovery project at your landfill. You may want to
consult some of the references listed in Appendix H for more detailed information on the gas
being generated at your landfill and the collection and energy recovery system you are
considering.

This handbook is not meant to be an exhaustive guide to the landfill gas development
process, nor is it a technical guide to project design. Once you have decided to pursue a
gas-to-energy project, you may want to consult experts with experience in project
development as well as technical resources regarding construction, equipment, operation,
and other aspects of project design. The Landfill Methane Outreach Program can provide
you with a list of landfill gas-to-energy project developers, engineers, equipment

Introduction September 1996 Page 1-3

important demand side management benefits, as transmission losses from the point of
generation to the point of consumption are negligible. The National Association of Regulatory
Utility Commissioners recognized the value of landfill gas as an energy resource when it
adopted a resolution in March 1994 "urging regUlators to focus their regulatory attention on
the landfill gas resources in their States to determine the role that energy from landfill gas can
playas an energy resource for utilities and their customers." Industrial facilities, universities,
hospitals, and other energy users can benefit by tapping into landfill gas, a low-cost, local fuel
source.

1.2 THE EPA LANDFILL METHANE OUTREACH PROGRAM

The EPA Landfill Methane Outreach Program encourages landfill owner/operators to
develop landfill gas energy recovery projects wherever it makes economic sense to do so.
EPA estimates that over 700 landfills across the United States could install economically
viable landfill gas energy recovery systems, yet only about 140 energy recovery facilities are
in place. Through the Outreach Program, EPA is working with municipal solid waste landfill
owners and operators, states, utilities, industry and other federal agencies to lower the
barriers to economic landfill gas energy recovery.

This handbook is one component of the Landfill Methane Outreach strategy for
overcoming information barriers to development of energy recovery projects. By providing
information that can be used to assess project feasibility and outlining the project
development process to landfill owner/operators and others considering energy recovery
projects, this handbook can help spur development of successful projects. For more
information on the Outreach Program, contact EPA's Hotline at 1-888-STAR-YES.

1.3 How To USE THIS HANDBOOK

If you are a landfill owner/operator - or anyone considering a landfill gas-to-energy
project - you can use this handbook to conduct a preliminary assessment of the potential for
your landfill to support an energy recovery project. First, review Section 2.1 with the
parameters of your landfill in mind. If your landfill meets the basic screening criteria (or has
site-specific factors that make it a good candidate for energy recovery), use the information
provided in Section 2.2 to develop a rough estimate of available landfill gas. Next, examine
the economic comparison in Chapter 3, referring to the landfill gas estimate closest to that for
your landfill, and determine which energy recovery option may be most cost-effective. Finally,
carefully review Part II of the handbook (Chapters 4 to 10) to gain an understanding of the
steps involved in developing an energy recovery project at your landfill. You may want to
consult some of the references listed in Appendix H for more detailed information on the gas
being generated at your landfill and the collection and energy recovery system you are
considering.

This handbook is not meant to be an exhaustive guide to the landfill gas development
process, nor is it a technical guide to project design. Once you have decided to pursue a
gas-to-energy project, you may want to consult experts with experience in project
development as well as technical resources regarding construction, equipment, operation,
and other aspects of project design. The Landfill Methane Outreach Program can provide
you with a list of landfill gas-to-energy project developers, engineers, equipment

Introduction September 1996 Page 1-3



manufacturers, financiers, and end-users, and Appendix G contains a listing of organizations
that can refer you to additional experts in project design, development, and operation.
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2. DETERMINING IF A PROJECT Is RIGHT FOR YOUR LANDFILL

I

Part I
Preliminary Assessment of

Project Options

Determining What Project Configuration is Right
for Your Landfill

The Project Development Process

Part II
Detailed Assessment of

Project Economics

Evaluating Project Economics

Assessing Financing Options

Selecting a Project Development Partner

Winning/Negotiating an Energy Sales Contract

Securing Project Permits and Approvals

Contracting for EPC and O&M Services

Determining if an energy recovery
project may be right for a particular landfill is
the first phase involved in assessing project
options, as shown in the flowchart on this
page. This phase involves two steps:

The preliminary assessment of
project options includes two major phases.
First, the landfill owner/operator must
determine whether a project is likely to
succeed at his or her landfill. If the landfill
meets the criteria for a conventional energy
recovery project--or has other
characteristics that make it a good energy
recovery candidate--the owner/operator
next determines what project configuration
would be most cost-effective. This chapter
describes the steps involved in the first of
these phases.

(2) estimation of the quantity of
landfill gas that can be
collected, as gas quantity is a
critical factor in determining whether landfill gas energy recovery is a viable
option.

(1) application of basic screening
criteria to determine if the
landfill has the characteristics
that apply generally to
successful landfill gas energy
recovery projects; and

The approximately 140 landfill gas energy recovery projects operating in the United
States exhibit a wide range of landfill characteristics and gas flows, illustrating that many
different types of landfills can support successful projects. Nevertheless, there are a few
basic criteria that can be used for site screening to determine whether a project is likely to
succeed at a particular landfill. For example, a large landfill that is still receiving waste will, in
general, be an attractive candidate for landfill energy recovery. These and other criteria, and
how to apply them, are discussed in Section 2.1.

For landfills that appear to be candidates for energy recovery, estimating landfill gas
flows is essential. The amount of gas that can be collected is dependent upon a number of
factors, including, among others, the amount of waste in place, the depth of the landfill, the
age and status of the landfill, and the amount of rainfall the landfill receives. There are
several ways to estimate landfill gas quantity, ranging from "back of the envelope" calculations
to sophisticated computer modeling. Not surprisingly, both the degree of certainty that
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collected gas quantity will match the estimate and the cost of developing the estimate
increase along this spectrum. Section 2.2 describes some of the various methods available
to estimate the gas generation and collection rate.

If the landfill under consideration for energy recovery already has a gas collection
system that is likely to be representative of the area from which gas will be drawn (Le., not
just perimeter wells), the task of estimating gas quantity is essentially complete. The quantity
of gas collected with the current system can be used to estimate the amount of gas available
for energy recovery.

2.1 STEP 1: BASIC SCREENING FOR PROJECT POTENTIAL

The purpose of basic screening is to quickly identify landfills that are good candidates
for energy recovery. The questions in Box 2.1 can help guide a landfill owner/operator
through the process of evaluating screening criteria, which are identified below. It is likely that
the best candidates for energy recovery will have the following characteristics:

• At least one million tons of waste in place;
• Still receiving waste, or closed for riot more than a few years; and
• Landfill depth of 40 feet or more.

Landfills that meet these criteria are likely to generate enough landfill gas to support a gas-to­
energy project. An industry rule of thumb places the "economically viable" gas generation
rate at one million cubic feet per day (1 mmcf/day). However, this figure, like the screening
criteria, should be considered c:mly as a guideline - in fact, many landfills that do not meet all
of the criteria could support successful energy recovery projects because of important site­
specific characteristics. For example, energy recovery projects are currently underway at
landfills with as little as 50,000 tons of waste in place, gas flows of 20,000 cf/day and depths
of just 10 feet. In addition, about forty percent of existing and planned projects are sited at
closed landfills, with about half of these closed during the 1980s [Berenyi and Gould, 1994].

Landfills that already collect their landfill gas, or that will be reqUired to collect the gas,
may be attractive candidates te.r energy recovery, especially if they meet most or all of the
other criteria. Once installation and operation of a collection system is a reqUired cost of
doing business, the extra cost ,of energy recovery becomes a more attractive investment. In
this situation, energy recovery may be the most cost-effective compliance strategy, even if it
does not provide a net profit.

Some additional characteristics may also be indicative of energy recovery potential.
These include:

• Climate: Moistum is an important medium for the bacteria that break down the
waste. In areas with very low rainfall (Le., less than 25 inches per year), yearly
generation of landfill gas is likely to be relatively low. Therefore, less gas may
be available for energy recovery each year at arid landfills (although gas
production may continue for a longer period of time than in a wetter
environment) .

• Waste Type: Methane is generated when organic waste, such as paper and
food scraps, decomposes. Therefore, landfills (or cells within landfills) that
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Box 2-1 Is a Project Right for Your landfill?

A. Is your landfill a municipal solid waste landfill?

If not, you may encounter some additional issues in project development due to the presence of hazardous or
non-organic waste in the landfill. Stop and consult an energy recovery expert.

B. Add your score for the next 3 questions:

1. How much waste is in your landfill?

I2!!!
~ 3 million
1-3 million
0.75-1 million
< 0.75 million

2. Is your fill area at least 40 feet deep?
Yes = 5
No = 0

Score
40
30
20
10

+
3. Is your landfill currently open? If yes, dnswer 3(a). If no, answer 3(b).

(a) How much waste will be received in the next 10 years?
For each 500,000 ton, score 5 points.

(b) If closed < 1 year, enter O.
If closed ~ 1 year, multiply each year since closure by 5, and
subtract that amount from the total.

Total your answers to questions 1-3:

C. If your score is:

~ 30: Your landfill is a good candidate for energy recovery (go to section 0).

+

20-30: Your landfill may be a good candidate for energy recovery, particularly if a factory or other
energy user with constant fuel demand is located within a few miles of the landfill (go to Section 0).

< 20: Your landfill may not be a good candidate for conventional energy recovery options.
However, you may want to consider on-site or alternative uses for the landfill gas.

O. If your landfill is a good candidate, answer the follOWing questions:

1. Are you now collecting gas at your landfill (other than from perimeter wells), or do you plan to do so
soon for regulatory or other reasons? If yes, your landfill may be an excellent candidate for energy
recovery.

2. (a) Is annual rainfall less than or equal to 25 inches per year?
(b) Is construction and demolition waste mixed into the municipal waste or is it a large portion of

total waste?

If yes to questions 0.2(a) or 0.2(b), your annual landfill gas production may be lower than otherwise
expected. Your landfill may still be a strong candidate, but you may want to lower your estimated
gas volumes slightly during project design and evaluation.
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contain large proportions of synthetic or slowly-decomposing organic waste,
such as plastic and construction/demolition waste, may be less attractive
candidates for energy recovery.

• Nearby Energy Use: A smaller landfill may still be a good candidate for energy
recovery if there is a use for the gas at or near the landfill. Such landfills
should not be discounted without exploration of direct gas use options.

2.2 STEP 2: ESTIMATING GA:S QUANTITY

Once the landfill owner/()perator has determined that energy recovery may be
attractive, the next step is to estimate landfill gas flow. Information from this step is of critical
importance in determining the tl;,chnical specifications of the project and in assessing its
economic feasibility. There are a variety of methods, ranging from very basic desktop
estimates to actual field tests, a::; described below. Because both the cost and the reliability
of the estimates increases for more detailed methods, it is recommended that the basic
estimation approaches be used first, and more detailed methods be used (if warranted) as
project assessment progresses.

2.2.1 Methods for Estimating Gas Flow

Three gas flow estimation methods are presented below. The first two are relatively
simple approaches that require Hmited site-specific information. Because landfill
characteristics, and therefore gas generation rates, can vary substantially among landfills
(even those with the same amount of waste in place), Methods A and B will provide ()nly
rough gas flow estimates. When using these methods, the landfill owner/operator should
assume that actual gas flows may be 50 percent higher or lower. For example, lower gas
flows may occur at landfills located in arid areas (Le., receiving less than 25 inches of rainfall
per year) or at landfills containing large amounts of construction/demolition debris. Method
C, in contrast, relies on data from the landfill itself, and should prOVide more accurate
estimates.

Method A: Simple Approximation

A rough approximation of landfill gas production can be estimated easily using the
amount of waste in place as the only variable. The procedure described below for
approximating gas production is derived from the ratio of waste quantity to gas flow observed
in the many, often very different, projects in operation. It reflects the average landfill that has
an energy recovery project, and may not accurately reflect the waste, climate, and other
characteristics present at a specific landfill. Therefore, it should be used primarily as a
screening tool to determine if a more detailed assessment is warranted (such as can be
developed using Method C).

The simple approximation method only requires knOWledge of how much waste is in
place at the target landfill. Based on their extensive experience at many landfills, industry
experts have developed a rule 01 thumb that landfill gas generation rates range from 0.05 to
over 0.20 cubic feet (cf) of gas per pound (Ib) of refuse per year, with the average landfill
generating 0.10 cf of landfill gas per Ib per year [WMNA, 1992; Walsh, 1994].
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Using this rule of thumb results in the following equation:

Annual landfill Gas Generation (ct) = 0.10 cf/lb x 2000 Iblton x Waste-In-Place (tons)

A sample calculation using this
method is shown in Box 2.2. Because the
amount of gas generated declines as waste
ages in the landfill, the above gas
generation estimate is only appropriate for
the first year or two of project operation if
no new waste is added. As a result, gas
generation rates may be on the low end of
the range for landfills that have been closed
for several years. In addition, the landfill
owner/operator should adjust downward his
or her rough estimate of gas flows over the
life of the project by 2 to 3 percent per year
[Wolfe and Maxwell].

Method B: First Order Decay
Model

Box 2·2 Example Using Simple
Approximation Method

For a landfill with one million tons of
waste in place, this method yields a
rough estimate of 200 million cubic feet
of landfill gas per year, or about 550,000
cubic feet per day (cfd). The uncertainty
associated with this estimate should be
accounted for by adding and SUbtracting
50 percent, yielding a range for the
landfill's gas flow of 275,000 to 825,000
cfd.

The second approach -- a "First Order Decay Model" -- can be used to account for
changing gas generation rates over the life of the landfill of a proposed project.
Understanding the rate of gas flow over time is critical to evaluating project economics (see
Chapter 5). The first order decay model is more complicated than the rough approximation
described above, and requires that the landfill owner/operator know or estimate five variables:

• the average annual waste acceptance rate;
• the number of years the landfill has been open;
• the number of years the landfill has been closed, if applicable;
• the potential of the waste to generate methane; and
• the rate of methane generation from the waste.

The basic first order decay model is as follows:

Where:

LFG =
~ =
R =
k =
t =
c =

Total amount of landfill gas generated in current year (cf)
Total methane generation potential of the waste (cf/lb)
Average annual waste acceptance rate during active life (Ib)
Rate of methane generation (1/year)
Time since landfill opened (years)
Time since landfill closure (years)

The methane generation potential, La, represents the total amount of methane that one
pound of waste is expected to generate over its lifetime. Thus, it is much higher than the
landfill gas generation constant used in Method A to represent landfill gas generation per
year. The decay constant, k, represents the rate at which the methane will be released from
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each pound of waste. If these terms were known with certainty, the first order decay 'model
would predict methane generation relatively accurately; however, the values for lo and k are
thought to vary widely, and are difficult to estimate accurately for a particular landfill.

The values for l.o and k are dependent in part on local climatic conditions and waste
composition; therefore, a landfill owner/operator may want to consult others in the local area,
with similar landfills who have installed gas collection systems to narrow the range of potential
values. On ~arch 12, 1996, EPA issued final regulations for the· control of landfill gas at new
and existing municipal solid waste landfills with design capacities of 2.5 million metric tons or
more1

. Affected landfills model their gas emissions using the first order decay model. The
regulations include the following default values (as well as a non-methane organic compound
default value of 4000 ppm, which a landfill can replace with site-specific data):

•
•

l.o=
k=

2.72 cf/lb
0.05/year

Ranges for lo and k values developed by an industry expert are presented in Table 2-1. Note
that for different climatic conditions, the lo (total amount of landfill gas generated) remains the
same, but the k value (rate of landfill gas generation) changes, with dry climates generating
gas more slowly.

Table 2·1 Suggested Values for First Order Decay Model Variables

Suggested Values

Variable Range
Medium MoistureWet Climate

Climate
Dry Climate

l..o (cf/lb) 0-5, 2.25-2.88 2.25-2.88 2.25-2.88

k (1/yr) 0.003·0.4 0,1-0.35 0.05-0.15 0.02-0.10

Source: Landfill Control Technologies, "Landfill Gas System Engineering Design Seminar,· 1994.

Because of the uncertainty in estimating l..o and k, gas flow estimates derived from the first
order decay model should also be bracketed by a range of plus or minus 50 percent. Box
2.3 shows a sample calculation using the first order decay model.

Method C: Pump Test

The most accurate method for estimating gas quantity, short of installing a full
collection system, is to conduct a pump test. A pump test involves sinking test wells and
installing pressure monitoring probes, then measuring the gas collected from the wells under
a variety of controlled extraction rates. When conducting a pump test, it is important that the

, 61 FR 9905, Tuesday March 12, 1996.
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Box 2-3 Example Using First Order Decay Model

For a landfill with the following characteristics:

• open for 25 years;
• still accepting waste; and
• average annual waste acceptance rate of 40,000 tons

The first order decay model would yield a rough estimate of 310 million cubic feet of
landfill gas per year, or about 850,000 cfd (using the NSPS k and l..o values). The
uncertainty associated with this estimate should be accounted for by adding and
subtracting 50 percent, yielding a range for the landfill's gas flow of 425,000 to 1.3
million cfd.

Note that a landfill with the same amount of waste in place (Le., one million tons) but a
lower waste acceptance rate would have a lower gas flow rate, while a younger landfill
that was taking in waste more quickly would have a higher gas flow rate. The choice of
different values for k and La in the first order decay model would also yield different gas
flow estimates.

test wells are placed to be representative of the waste from which the gas will be eventually
drawn, since gas generation rates may vary across the landfill.

A benefit of this method is that the collected gas can be tested for quality, as well as
quantity. It should be analyzed for Btu content in addition to hydrocarbon, sulfur, particulate,
and nitrogen content. Information obtained from a pump test is important since it is used in
the design of the processing and energy recovery system, as well as in obtaining project
financing.

The cost to drill test wells can range from $5,000 to $10,000 per well [Smithberger,
1994; Merry, 1994]. However, for bUdgetary purposes, the total cost of installing a well and
extracting gas can be estimated to be approximately $60 per linear foot, with a typical test
well being 100 feet deep [Bilgri, 1995]. This estimate includes costs for the well pipe, pipe
casing, backfill, and labor. The total number of wells required to accurately predict landfill
gas quantity will depend on factors such as landfill size and waste homogeneity.

Other Estimation Methods

Landfill gas energy recovery experts, if consulted by the landfill owner/operator, will
almost certainly want to review and verify estimates developed using the above methods,
particularly estimates developed with Methods A or B. Each energy recovery expert has his
or her own preferred method for estimating landfill gas quantity, and will likely want to use this
method to verify estimates prepared using any of the above methods.
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2.2.2 Correcting for Collection Efficiency

Before gas generation estimates developed from Methods A or B are used to size a
collection/energy recovery system, it is necessary to correct for landfill gas collection
efficiency. There are several factors which affect the overall collection efficiency of a landfill
gas extraction system, which can vary from about 50 to over 90 percent. The permeability of
the landfill's cover layer will determine how much of the landfill gas generated will escape to
the atmosphere; however, a portion of the landfill gas will escape through the cover of even
the most tightly constructed and controlled collection system. Well spacing and depth, which
are determined by economic and other site specific factors, also affect collection efficiency, as
can bottom and side liners, leachate and water level, and meteorological conditions.

Collection systems operated for energy recovery may be more efficient than those
where the collected gas is not put to productive use because each cubic foot of gas will have
a monetary value to the owner/operator. In addition, newer systems may be more efficient
than the average system in operation today. Nevertheless, there continues to be economic
limits on the tightness of well spacing and other factors that are difficult or impossible to
control. Therefore, a reasonable assumption for a newer collection system operated for
energy recovery is 75 to 85 percent collection efficiency.

Multiplying the total landfill gas generation estimated by Methods A or B by 75 to 85
percent should yield a reasonable estimate of the landfill gas available for energy recovery.
Even the results of Method C may have to be corrected for collection efficiency, since the
results of the pump test may not provide an indication of gas flows across the landfill
[Kraemer, 1995].

2.2.3 Comparing Your Gas Flow Rate to Existing Projects

For gas flow estimates to be meaningful, the landfill owner/operator must assess
whether the available gas flow is sufficient to support an energy recovery project. The
average energy recovery facility collects just over 2.5 million cubic feet per day (mmcfd) of
landfill gas. However, the ability of a particular gas flow to support an energy recovery
project is largely a function of the energy purchaser's or user's needs. Existing project sizes
range from 20,000 cfd to over 30 mmcfd, and about one-third of the projects (existing and
planned) use less than 1 mmcfd [Berenyi and Gould, 1994J. Two projects spanning much of
this range are described in Box 2.4. Information on which project configurations are most
cost-effective for a particular gas flow rate is provided in the next section and in Part II of this
handbook.
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Box 2·4 Energy Recovery at Two Very Different Landfills

Puente Hills Landfill

The Puente Hills Landfill in Whittier, CA, receives 12,500 tons of waste per day, and
collects over 30 mmcfd from 400 vertical wells and 50 miles of horizontal collection
piping. The Los Angeles County Sanitation Districts, which operates the landfills, uses
the landfill gas in three ways:

• in a boiler/steam turbine configuration, located at the landfill, to generate almost 50
MW of power;

• as vehicle fuel, in the form of compressed natural gas;
• as fuel for a boiler at Rio Hondo college, located one mile away

Puente Hills is the largest landfill energy recovery power project in the United States.
It has been operational since the early 1980s.

City of Keene. New Hampshire Landfill

The City of Keene is using landfill gas from a 15 acre landfill to power its new
recycling/transfer station. The station, located at the City landfill, requires three-phase
electricity for its process machinery but the local electric utility's nearest three-phase
power line stops several miles away from the site. By instead using gas from the
landfill, the City will save more than $200,000 over the expected life of the landfill gas
project.

A blower pulls the gas from 10 vertical wells, through simple particle and moisture
filters to the (internal combustion) engine-generator set. The recycling/transfer station
equipment runs 24 hours per day but is only heavily used during facility working hours.
The landfill gas-to-energy system provides peak operating loads at about 180 kW, with
the average over a full day at 50 kW. The project was built for a total of $280,000,
including the gas collection system, and is expected to cost apprOXimately $25,000 per
year in operating costs. [Allan McLane, Vermont Energy Recovery]
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The City of Keene is using landfill gas from a 15 acre landfill to power its new
recycling/transfer station. The station, located at the City landfill, requires three-phase
electricity for its process machinery but the local electric utility's nearest three-phase
power line stops several miles away from the site. By instead using gas from the
landfill, the City will save more than $200,000 over the expected life of the landfill gas
project.

A blower pulls the gas from 10 vertical wells, through simple particle and moisture
filters to the (internal combustion) engine-generator set. The recycling/transfer station
equipment runs 24 hours per day but is only heavily used during facility working hours.
The landfill gas-to-energy system provides peak operating loads at about 180 kW, with
the average over a full day at 50 kW. The project was built for a total of $280,000,
including the gas collection system, and is expected to cost apprOXimately $25,000 per
year in operating costs. [Allan McLane, Vermont Energy Recovery]
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3. DETERMINING WHAT PROJECT CONFIGURATION Is RIGHT FOR YOUR

lANDFILL

Part I
Preliminary Assessment of

Project Options

The Project Development Process

Determining it a Project is Right for Your Landfill

Part II
Detailed Assessment of

Project Economics

Evaluating Project Economics

Assessing Financing Options

Selecting a Project Development Panner

Winning/Negotiating an Energy Sales Contract

Securing Project Permits and Approvals

Contracting for EPC and O&M Services

An important consideration in the
evaluation of energy conversion options is
the availability of federal, state, or local
incentives. For example, Section 29 of the
Internal Revenue Service Code provides a
tax credit for sale of landfill gas to an
unrelated party, and the Department of
Energy provides an incentive for publicly
owned landfill gas facilities that generate
electricity. Several states and some
localities also provide incentives to landfill
projects, such as low cost loan programs or
other subsidies. Landfill owner/operators should determine if incentives are available and, if
so, how a project must be structured to take advantage of them. (See Chapter 5 for more
information on incentives).

After estimating the quantity of gas
available for energy conversion, the landfill
owner/operator must decide which
conversion option or options make the most
sense for the landfill (see Flowchart).
Several options may be appropriate. The
best choice will depend upon site-specific
factors, including the characteristics of the
landfill as well as local energy markets.
Section 3.1 describes the basic energy
conversion options and how a landfill
owner/operator can assess which one(s} will
be most cost-effective at his or her landfill.
Section 3.2 compares the major energy
recovery options on a cost basis for three
landfill sizes.

3.1 OPTIONS FOR USING LANDFILL GAS

Landfill gas can be converted into useable energy in a number of ways, including use
as a fuel for internal combustion engines or turbines to produce electricity, direct use of the
gas as a boiler fuel, and upgrade to pipeline quality gas, among others. Each of these
options entails three basic components: (1) a gas collection system and backup flare; (2) a
gas treatment system; and, (3) an energy recovery system. This section provides a brief
overview of each component, and outlines the major characteristics of energy recovery
systems that determine their applicability at a given site.
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3.1.1 Collection System and Flare

Typical landfill gas collection systems have three central components: collection
wells; a condensate collection and treatment system; and a compressor. In addition, most
landfills with energy recovery systems will have a flare for the combustion of excess gas and
for use during equipment down times. Each of these components is described below,
followed by a brief discussion of collection system and flare costs. Figure 3.1 illustrates the
design of a typical landfill gas extraction well, and Figure 3.2 shows a sample landfill gas
extraction site plan.

Figure 3-1 Typical Landfill Gas Extraction Well
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Gas collection typically begins after a portion of a landfill (called a cell) is closed.
There are two collection system configurations: vertical wells and horizontal trenches.
Vertical wells are by far the most common type of well used for gas collection. Trenches may
be appropriate for deeper landfills, and may be used in areas of active filling. Regardless of
whether wells or trenches are used, each wellhead is connected to lateral piping, which
transports the gas to a main cClllection header. Ideally, the collection system should be
designed so that the operator can monitor and adjust the gas flow if necessary.
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Figure 3-2 Sample Landfill Gas Extraction Site Plan
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Condensate Collection and Treatment

An important part of any gas collection system is the condensate collection and
treatment system. Condensate forms when warm gas from the landfill cools as it travels
through the collection system. If condensate is not removed, it can block the collection
system and disrupt the energy recovery process. Condensate control typically begins in the
field collection system, where sloping pipes and headers are used to allow drainage into
collecting ("knockout") tanks or traps. These systems are typically augmented by post­
collection condensate removal as well. Some of the methods for disposal of condensate are
discharge to the public sewer system, on-site treatment, and recirculation to the landfill. The
best method for a particular landfill will depend upon the characteristics of the condensate
(which may vary depending on site-specific waste constituents), regulatory considerations,
and the cost of treatment and disposal.

Blower/Compressor

A blower is necessary tl:> pull the gas from the collection wells into the collection
header, and a compressor may be required to compress the gas before it can enter the
energy recovery system. The size, type, and number of blowers and compressors needed
depends on the gas flow rate and the desired level of compression, which is typically
determined by the energy conversion equipment.

Flare

A flare is simply a device for igniting and burning the landfill gas. Flares are
considered a component of each energy recovery option because they may be needed
during energy recovery system startup and downtime. In addition, it may be most cost­
effective to gradually increase the size of the energy recovery system and to flare excess gas
between system upgrades (e.g., before addition of another engine). Flare designs include
open (or candle) flares and enclosed flares. Enclosed flares are more expensive but may be
preferable (or required) because they allow for stack testing and can achieve slightly higher
combustion efficiencies. In addition, enclosed flares may reduce noise and light nuisances.

Collection System Costs

Total collection system costs will vary widely, based on a number of site specific
factors. If the landfill is deep, collection costs will tend to be higher due to the fact that well
depths will need to be increased. Collection costs also increase with the number of wells
installed. Table 3-1 presents estimated capital and operating and maintenance costs for
collection systems (including flares) at typical landfills with 1, 5, and 1°million metric tons of
waste in place. For a landfill with 1 million metric tons of waste, collection system and flare
capital costs will likely be appmximately $628,000, increasing to about $2.1 million for a 5
million metric ton landfill and $a.6 million for a 10 million metric ton landfill. Annual operation
and maintenance costs for the landfill gas collection system may range from $89,000 for the
typical 1 million metric ton landfill, increasing to $152,000 for the 5 million metric ton landfill
and $218,000 for the 10 million metric ton landfill. [All cost data are in 1994 dollars.]

Flaring costs have been incorporated into the estimated costs of landfill gas collection
systems (which are presented in Table 3.1 and in more detail in Chapter 5), since excess gas
may need to be flared at any time, even if an energy recovery system is installed. F!are
systems typically account for 5 to 15 percent of the capital cost of the entire collectic:>n system
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(Le., including flares). For a typical landfill with 1 million metric tons of waste in place, flare
system capital costs will be approximately $88,000, increasing to about $146,000 for a 5
million metric ton landfill and $205,000 for a 10 million metric ton landfill.' Note, however,
that flare costs will vary with local air pollution control monitoring requirements and the
owner's own safety requirements. For example, if it is necessary to enclose the flare in a
building for security or climatic reasons, the proceeding cost figures would increase by
approximately $100,000 [Nardelli, 1993].

Annual operation and maintenance costs for flare systems are less than 1°percent of
the total collection system costs, and thus range from approximately $8,000 for a 1 million
metric ton landfill, increasing to $15,000 for a 5 million metric ton landfill and $21,000 for a 10
million metric ton landfill.

*Table 3-1 Summary of Representative Collection System Costs ($1994)

landfill Size estimated Gas Flow Capital Costs AnnualO&M
Waste In Place (met/day) ($000) Costs ($000)

, million metric tons 642 628 89

5 million metric tons 2,988 2,088 152

10 million metric tons 5,266 3,599 218

* Collection system costs include flaring costs.

3.1.2 Gas Treatment Systems

After the landfill gas has been collected, and before it can be used in a conversion
process, it must be treated to remove any condensate that is not captured in the knockout
tanks, as well as particulates and other impurities. Treatment requirements depend on the
end use application. Minimal treatment is required for direct use of gas in boilers, while
extensive treatment is necessary to remove CO2 for injection into a natural gas pipeline.
Power production applications typically include a series of filters to remove impurities that
could damage engine components and reduce system efficiency.

The cost of gas treatment depends on the gas purity requirements of the end use
application; the cost to filter the gas and remove condensate for power production is
considerably less than the cost to remove carbon dioxide and other constituents for injection
into a natural gas pipeline or for conversion to vehicle fuel. These co~ts are incorporated into
the energy recovery system costs presented in Section 3.1.3 below.

1 The costs quoted here refer only to the flare system which includes the flare and monitoring
equipment. Other items such as the blower and condensate handling system have been reflected in
collection system costs.
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3.1.3 Energy Recovery System

The goal of a landfill gas-to-energy project is to convert landfill gas into a useful
energy form such as electricity, steam, boiler fuel, vehicle fuel, or pipeline quality gas. There
are several technologies that can be used to maximize the value of landfill gas wheln
producing these energy forms, the most prevalent of which are:

(1) direct medium-Btu gas use
(2) power producti4:m/cogeneration
(3) sale of upgraded pipeline quality gas

The best configuration for a p,articular landfill will depend upon a number of factors including
the existence of an available E!nergy market, project costs, potential revenue sources, and
many technical considerations:. This section focuses on the technical issues that determine a
project's feasibility, and, more specifically, on the technical issues related to direct use and
power production, since these, are the most common recovery options. Section 3.2 provides
more information on choosing among the potential energy recovery technologies.

Option 1: Sale of Medium-Btu Gas

The simplest and often most cost-effective use of landfill gas is as a medium-Btu fuel
for boiler or industrial process use (e.g., drying operations, kiln operations, and cement and
asphalt production). In these projects, the gas is piped directly to a nearby customer where it
is used in new or existing combustion equipment as a replacement or supplementary fuel.
Only limited condensate removal and filtration treatment is required, but some modification of
existing equipment may be necessary. There are currently about 30 direct use landfill gas
projects in operation in the United States, and others are under development [Thorneloe,
Pacey, 1994]. Box 3.1 providels specific examples of how landfill gas is being used as a
medium-Btu fuel in some of thlese projects.

Before landfill gas can be used by a customer, a pipeline must first be constructed to
access the supply. Pipeline construction costs can range from $250,000 to $500,000 per
mile;2 therefore, proximity to the gas customer is critical for this option. Often, a third party
developer is involved in the project who will assume the cost of installing the pipeline.

The customer's gas requirements are also an important consideration when evaluating
a sale of medium-Btu gas. Because there is no economical way to store landfill gas, all gas
that is recovered must be used as available, or it is essentially lost, along with associated
revenue opportunities. Therefore, the ideal gas customer will have a steady, annual gas
demand compatible with the landfill's gas flow. In situations where a landfill's gas flow is not
enough to support the entire needs of a facility, it may still be used to supply a portion of
needs. For example, some fac:i1ities have only one piece of equipment (e.g., a main boiler) or
set of burners dedicated to burn landfill gas. They also may have equipment that can use
landfill gas along with other fUE~ls.

Table 3-2 gives the expected annual gas flows on a MMBtu basis from different sized
landfills. While actual gas flows will vary, these numbers may be used as a first step toward
determining the compatibility of customer gas requirements and landfill gas output. A general

2Pipeline construction costs vary due to terrain differences, right-of-way costs, and other site-specific factors.
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Box 3.1 Examples of Direct Use Applications

The City of Industry, CA has found several uses for landfill gas at its
Recreation/Convention Center. Landfill gas is used in boilers to provide hot
water for laundry and space heating for the Convention Center. The medium­
Btu fuel is also used to heat the Center's swimming pool.

The Kentucky-Tennessee Clay Company, located in Aiken County, SC, burns
landfill gas in its rotary dryer to dry kaolin clay before shipment.

Ogden Martin Systems, Inc. operates a waste-to-energy plant in Huntsville, AL
to supply the steam needs of the U.S. Army's Redstone Arsenal. Landfill gas
is used in a supplementary boiler at the waste-to-energy plant to meet the
Arsenai's additional steam needs during peak demand periods [Mahin, 1991].

In Langely, British Columbia, landfill gas is used in a greenhouse to provide
heating and CO2 for growth enhancement [Thorneloe, Pacey, 1994].

Methane collected from the Acme Landfill in Martinez, CA is used at the
Contra Costa Wastewater Treatment Facility.

rule of thumb to use when comparing boiler fuel requirements to landfill gas output is that
approximately 8,000 to 10,000 pounds per hour of steam can be generated for every 1 million
metric tons of waste in place at a landfil1.3 Using this rule of thumb, it can be estimated that
a 5 million metric ton landfill would support the needs of a large facility requiring about 50,000
pounds per hour of steam for process use.

Table 3·2 Landfill Gas Flows Based on Landfill Size

Landfill Size 1 MM Mg 5MM Mg 10 MM Mg

LFG Output (MMBtu/year)1 100,000 490,000 850,000

Steam Flow Potential (Ibs/hr) 10,000 45,000 85,000

1 Assumes a 90% capacity (Le., availability) factor
Output figures reflect rounding

If an ideal customer is not accessible, then it may be possible to create a steady gas
demand by serving multiple customers whose gas requirements are complementary. For
example, an asphalt producer's summer gas load could be combined with a municipal
bUilding's winter heating load to create a year-round demand for landfill gas.

3 This rule of thumb is based on steam delivery at 50 psig, saturated.
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Equipment modifications or adjustments may be necessary to accommodate the lower
Btu value of landfill gas, and the costs of modifications will vary. Costs will be minimal if only
boiler burner retuning is required. However, boiler burner retrofits are typically customized,
and total installation costs can range from $120,000 for a 10,000 Iblhr boiler to $300,000 for
an 80,000 Iblhr boiler [Brown, 11995]. As with pipeline construction costs, a third party project
developer may assume the costs of equipment modifications or additions. This was the case
when Natural Power, Inc. paid $600,000 to install a new 26,000 Ib/hr Cleaver-Brooks boiler to
burn landfill gas to serve the steam needs of Ajinomoto USA, Inc., a pharmaceutical plant
[Augenstein, Pacey, 1992].

Operation and maintenance (O&M) costs associated with using landfill gas in boilers,
kilns, dryers, or other industrial equipment are typically equivalent to O&M costs when using
conventional fuels. In general, O&M costs will depend on how well the equipment is
maintained and how well the gas collection system is controlled. Some O&M considerations
when using landfill gas as a medium-Btu fuel are listed in Box 3.2.

Box 3.2 Considerations When Using Landfill Gas as a Medium-Btu Fuel

It is important to consider the unique aspects of collecting and using landfill
gas in equipment such as boilers, kilns, or dryers. Examples of considerations that
can help to ensure optimal equipment performance include:

• Moisture content -- Landfill gas generally has three to seven percent
moisture when it is collected. Sloped piping and condensate traps
must be used to avoid water blockage in landfill gas piping or blowers
which can be a cause of system interruptions (e.g., water can trip a
gas blower or cause a loss of flame in a boiler).

• Lower flame temperature -- Landfill gas has a lower flame temperature
than natural gas, and thus may result in lower superheater
temperatures in boilers. Boilers may therefore require larger
superheaters to accommodate the use of landfill gas.

• Lower Btu value -- The heating value of landfill gas can be reduced if
collection wl~lIs draw in large amounts of air or if breaks in the
collection piping occur. Good design and operating practices can
prevent such problems [Eppich and Cosulich, 1993].

Option 2: Power Genel'alion

The most prevalent use 1:or landfill gas is as a fuel for power generation, with the
electricity sold to a utility and/or a nearby power customer. Power generation is
advantageous because it produces a valuable end product--electricity-from waste gas.
Facilities that use landfill gas to generate electricity can qualify as a "small power producer"
under the Public Utilities Regulatory Policy Act (PURPA), which requires electric utilities to
purchase the output from such iacilities at the utility's avoided cost. The electricity can in
some cases be used on-site to <:lisplace purchased electricity or be sold to a nearby
electricity user (e.g., municipality, industrial).
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Cogeneration is an alternative to producing electricity only. Cogeneration systems
produce electricity and thermal energy (i.e., steam, hot water) from one fuel source. Whereas
the thermal efficiencies of electricity-only generation range from 20% to 50%, cogeneration
systems can achieve substantially higher efficiencies by putting to use the ''waste'' heat that is
a by-product of most power generation cycles. Thermal energy cogenerated by landfill gas
projects can be used on-site for heating, cooling, and/or process needs, or piped to a nearby
industrial or commercial user to provide a second revenue stream to the project.

Several good conversion technologies exist for generating power - internal
combustion engines, combustion turbines, and boiler/steam turbines - each of which is
described below. Box 3.3 highlights important aspects of each option. In the future, other
technologies, such as fuel cells, may also become commercially available. Box 3.4 provides
some discussion on the design considerations when sizing a landfill gas power project.

Internal Combustion Engine

The reciprocating internal combustion (IC) engine is the most commonly used
conversion technology in landfill gas applications; almost 80 percent of all existing landfill gas
projects use them [Thorneloe, 1992]. The reason for such widespread use is their relatively
low cost, high efficiency, and good size match with the gas output of many landfills. In the
past, the general rule of thumb has been that IC engines have generally been used at sites
where gas quantity is capable of producing 1 to 3 MW [Thorneloe, 1992], or where landfill
gas flows are approximately 625,000 to 2 million cubic feet per day at 450 Btu per cubic foot
[Jansen, 1992].

IC engines are relatively efficient at converting landfill gas into electricity. IC engines
running on landfill gas are capable of achieving efficiencies in the range of. 25 to 35 percent.
Historically, these engines have been about 5 to 15 percent less efficient when using landfill
gas compared with natural gas operation, although the newest engine designs now sacrifice
less than 5 percent efficiency when landfill gas is used [Augenstein, 1995]. Efficiencies
increase further in cogeneration applications where waste heat is recovered from the engine
cooling system to make hot water, or from the engine exhaust to make low pressure steam.
IC engines adapted for landfill gas applications are available in a ranpe of sizes, and can be
added incrementally as landfill gas generation increases in a landfill.

Environmental permitting may be an issue for some IC engine projects. Ie engines
typically have higher rates of nitrogen oxide (NOx) emissions than other conversion
technologies, so in some areas it may be difficult to obtain permits for a project using several
IC engines. To address this problem, engine manufacturers are developing engines that
produce less NOx using improved combustion and other air emission control features. These
advances should give plant designers more flexibility to use IC engines on large projects.

The installed capital costs for landfill gas energy recovery projects using IC engines
are estimated to range from about $1,100 per net kW output to $1,300 per net kW output
(1996 on-line date). These costs are indicative of power projects at landfills ranging in size
from 1 million metric tons to 10 million metric tons of waste in place, and the costs include
the engine, auxiliary equipment, interconnections, gas compressor, construction, engineering,

4-rhe most commonly used Ie engines for landfill gas applications are rated at about 800 and 3,000 kW.
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Box 3.3 Comparison of Electricity Generation Technologies

Combustion Steam
,IC Engines Turbines Turbine/Boiler

Typical Project Size ~ 1 >3 >8
(MW)

Landfill Gas ~ 625 > 2,000 > 5,000
Requirements
(met/day)

Typical Capital 1,100 - 1,300 1,200 - 1,700 2,000 - 2,500
Costs
($/kW)

Typical OAM Costs 1.8 1.3 - 1.6 1.0 - 2.0
(¢/kWh)

Electric Efficiency 25 - 35 20 - 28 (CT) 20 - 31
(%) 26 - 40 (CCCT)

Cogeneration Low Medium High
Potential

Compression Low High Low
Requirements
(Input Gas (2 - 35) (165+) (2 - 5)
Pressure (psig»

Advantages • Low cost • Corrosion • Corrosion
• High efficiency resistant resistant
• Most common • Low O&M costs • Can handle gas

technology • Small physical composition and
size flow variations

• Low NOx
emissions

Disadvantages • Problems due to • Inefficient at part • Inefficient at
particulate load smaller sizes
matter bUildup • High parasitic • ReqUires large

• Corrosion of loads, due to amounts of
engine parts high gas clean water
and catalysts compression • High capital

• High NOx requirements costs
emissions

* All costs reflect a 1996 on-line date.
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Box 3.4 Design Considerations When SIzing Power Projects

Determining the optimum size for a landfill gas power project requires a careful balance between
maximizing electricity production and landfill gas use, and minimizing the risk of insufficient gas supplies in
later years. The challenge arises because landfill gas production rates change over time. Gas generation
may be increasing at an open landfill or decreasing at a closed landfill. System designers must also
consider factors such as current and future electricity payments, equipment costs, and any penalties for
shortfalls in electricity output.

The optimum design and operating scenario for a particular landfill gas project is likely to fall
somewhere between two general scenarios: (1) minimum gas flow design; and (2) maximum gas flow
design. However, a third design scenario-a modular approach--may be used at landfills where gas flow
rates are expected to change substantially over time.

(1) Minimum Gas Flow Design. In this scenario, the electric generation equipment is sized based
on the minimum expected gas flows over the life of the project. This ensures that the fuel supply (i.e.,
landfill gas) is seldom or never limited, and the electric generation system always runs at or near its
maximum availability. This is a more conservative design, which puts a premium on constant and reliable
electrical output over the project life. The disadvantage of this design is that some landfill gas will go
unused in years when gas is plentifUl; a lost opportunity to generate electricity and eam revenues. This may
be a good design choice when project economics are robust and substantial contract penalties exist for
shortfalls in electrical deliveries from the project. Capacity factors for this type of project are determined
mainly by the generating equipment outage rates, which are approximately 6% to 10% for IC engine systems
and 4% to 6% for combustion turbine-based systems.

(2) Maximum Gas Flow Design. In this scenario, the electric generating equipment is sized based
on maximum gas flows over the life of the project. Landfill gas usage and electrical output are generally
maximized, but there may be occasions when there is insufficient landfill gas supply to run the generating
equipment at its rated capacity. This is a more aggressive design which puts a premium on full utilization of
the landfill gas, and it has the advantage of higher electrical generating capacity, revenues, and landfill gas
utilization than the first scenario. However, the disadvantages are that the project may suffer from periods
when electrical output is below the rated capacity because of intermittent gas supply shortages or declining
landfill production. This is an acceptable design if maximizing early-year revenues is critical, the power
purchase contract is short-term, shortfall penalties are nonexistent, and/or alternate or augmented fuel
supplies exist. Capacity factors for this type of project are determined by generating equipment outage
rates and expected periods when fuel supply is limited. Part-load generating efficiency is a consideration in
this type of project; IC engines and fuel cells generally exhibit better part-load performance (e.g., efficiency,
wear) than CT-based systems.

(3) Changing Gas Flow Design. In this scenario, a series of smaller electric generating units is
installed (or removed) over time as gas flow rate increases (or decreases). This modUlar approach helps
ensure that landfill gas output is properly matched to equipment size, even when gas flow rates change.
This approach has the dual benefit of maximizing gas use and electric output over time. However, a
modular approach may also produce higher installation costs and lower efficiencies than other approaches.
If gas flow is decreasing over time, designers must consider what to do with units that are no longer useful.

and soft costs. (Chapter 5 provides more detail on technology costs.) The costs associated
with the landfill gas collection system are not included in these cost estimates.

Combustion Turbine

Combustion turbines (CTs) are typically used in medium to large landfill gas projects,
where landfill gas volumes are sufficient to generate a minimum of 3 to 4 MW (Le., where gas
flows exceed approximately 2 million cfd). This technology is competitive in larger landfill gas
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electric generation projects because, unlike most IC engine systems, CT systems have
significant economies of scale. The cost per kW of generating capacity drops as CT size
increases, and the electric generation efficiency generally improves as well.

Simple-cycle CTs applicable to landfill gas projects typically achieve efficiencies of 20
to 28 percent at full load; however, these efficiencies drop sUbstantially when the unit is
running at partial load. Combined-cycle configurations, which recover the waste heat in the
CT exhaust to make additional electricity, can boost the system efficiency up to approximately
40 percent, but this configuration is also less efficient at partial load [EPA, 1993]. One of the
primary disadvantages of CTs is that they require high gas compression (165 pounds per
square inch (psig) or greater), causing high parasitic load loss. This means that more of the
plant's power is required to run the compression system, as compared to other generator
options [WMNA, 1992]. An advantage is that turbines are much more resistant to corrosion
damage than IC engines and have lower NOx emission rates. In addition, combustion
turbines are relatively compact and have low operations and maintenance costs in
comparison to Ie engines.

The installed capital costs for landfill gas energy recovery projects using simple cycle
CTs are estimated to range from about $1,200 per net kW output to $1,700 per net kWoutput
(1996 on-line date), for power projects at landfills ranging in size from 1 million metric tons to
10 million metric tons of waste in place, respectively. The costs include the CT, auxiliary
equipment, interconnections, gas compressor, construction, engineering, and soft costs.
(Chapter 5 provides more detail on technology costs.) The costs associated with the landfill
gas collection system are not included in these cost estimates. For combined-cycle systems
installed at landfills ranging in size from 5 million metric tons to 10 million metric tons of waste
in place, the installed capital costs range from about $1 ,400 per net kW output to $1 ,700 per
net kW output (1996 on-line date). A combined-cycle system is not likely to be economically
competitive at landfills with less than about 5 million metric tons of waste in place.

Boiler/Steam Turbine

The boiler/steam turbine configuration is the least used of the three landfill gas power
conversion technologies. It is applicable mainly in very large landfill gas projects, where gas
flows support systems of at least 8 to 9 MW (Le., where gas flows are greater than 5 mmcfd)
[EPA, 1993]. The boiler/steam turbine consists of a conventional gas/liquid fuel boiler, usually
a packaged unit, and a steam turbine generator that produces electricity. This technology
usually requires a complete water treatment and cooling cycle, plus an ample source of
process and cooling water. Boiler/steam turbine systems have a significantly higher cost per
kW than either IC engines or CT systems, so only the largest landfill gas projects can afford
to use this technology.

Fuel Cell

Fuel cells that run on landfill gas show great promise for power generation because of
their modularity, small capacity, high efficiency, quiet operation, and low environmental
impact. It is for these reasons that fuel cells may be an ideal technology for generating
power from landfill gas, once they have been fully demonstrated. While a few fuel cells
running on natural gas are in cc>mmercial operation, fuel cells capable of using landfill gas are
still in the development/demonstration phase. The biggest hurdle has been development of a
feasible system for cleaning landfill gas prior to use in the fuel cell.
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Fuel cells create energy by combining hydrc~en (obtained from a fuel source such as
landfill gas) and oxygen (supplied from the air) in an electrochemical reaction. Electricity is
produced continuously, as long as there is a supply of fuel and air, at high efficiencies (e.g.,
50 percent or more). There are three types of fuel cells suitable for power generation:
phosphoric acid fuel cells; molten carbonate fuel cells; and solid oxide fuel cells. Phosphoric
acid fuel cells (PAFC), which use hydrogen gas or reformed methanol as fuel sources, are the
closest to commercialization for a landfill gas application. A 2QO-kW PAFC plant has been
tested by the EPA at the Penrose Landfill in Sun Valley, California [Swanekamp, 1995].5
Northeast Utilities installed the test unit at the Flanders Road Landfill in Groton, Connecticut in
late 1995, and operation at the site began in June, 1996. Connecticut Ught & Power, a
subsidiary of Northeast Utilities, is operating and maintaining the test unit, and using 140 kW
of the power it produces. In addition, the Department of Energy is working to demonstrate
molten carbonate fuel cell technology for landfill gas applications.

Option 3: Upgrade to High-Btu Gas

A third project option is to upgrade the landfill gas to a high-Btu product for injection
into a natural gas pipeline. Because of the relatively high capital cost of this option, it may be
cost-effective only for those landfills with substantial recoverable gas (Le., at least 4 million cfd
[Maxwell, 1990]). This application requires relatively extensive treatment of the gas to remove
CO2 and impurities. In addition, gas companies require that gas injections into their pipeline
systems conform with strict quality specifications, which can impose additional quality control
and compression requirements. However, this may be an attractive option for some landfill
owners, since it is possible to utilize all gas that is recovered.

Upgraded gas will require significant compression in order to conform with the pipeline
pressure at the interconnect point. High pressure lines may require pressures of as much as
300 to 500 pounds per square inch (psig), while low and medium-pressure lines may require
10 to 30 psig.

Option 4: Alternative Uses

Other landfill gas utilization options include on-site use of the gas (which may be
particularly appropriate for small landfills), heating greenhouses, producing carbon dioxide
and other niche applications, or use as vehicle fuel, such as compressed natural gas and
methanol. On-site and niche applications are in limited use. Vehicle fuel uses are currently in
the commercialization phase, with only a few projects in place (Box 3.5 highlights two of
these projects). These and other emerging applications must be evaluated on a case-by­
case basis. Their likelihood of success at a particular landfill depends on site-specific factors
such as the needs of the landfill, its size, and the quality of the gas. RegUlatory
developments, the goals of the owner/operator (e.g., an alternative, low emissions fuel source
may be attractive for a municipality's fleet), and the needs of potential customers are also
important. Because these applications are not fully commercial, they are not discussed
extensively in this handbook.

5 In July, 1996, Ron Spiegel of EPA's Office of Research and Development, was named a finalist for the 1996
Discover Magazine awards for his work in applying fuel cell technology to landfill gas.
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systems conform with strict quality specifications, which can impose additional quality control
and compression requirements. However, this may be an attractive option for some landfill
owners, since it is possible to utilize all gas that is recovered.

Upgraded gas will require significant compression in order to conform with the pipeline
pressure at the interconnect point. High pressure lines may require pressures of as much as
300 to 500 pounds per square inch (psig), while low and medium-pressure lines may require
10 to 30 psig.

Option 4: Alternative Uses

Other landfill gas utilization options include on-site use of the gas (which may be
particularly appropriate for small landfills), heating greenhouses, producing carbon dioxide
and other niche applications, or use as vehicle fuel, such as compressed natural gas and
methanol. On-site and niche applications are in limited use. Vehicle fuel uses are currently in
the commercialization phase, with only a few projects in place (Box 3.5 highlights two of
these projects). These and other emerging applications must be evaluated on a case-by­
case basis. Their likelihood of success at a particular landfill depends on site-specific factors
such as the needs of the landfill, its size, and the quality of the gas. RegUlatory
developments, the goals of the owner/operator (e.g., an alternative, low emissions fuel source
may be attractive for a municipality's fleet), and the needs of potential customers are also
important. Because these applications are not fully commercial, they are not discussed
extensively in this handbook.

5 In July, 1996, Ron Spiegel of EPA's Office of Research and Development, was named a finalist for the 1996
Discover Magazine awards for his work in applying fuel cell technology to landfill gas.
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Box 3.5 Landfill Gas as a Vehicle Fuel

eNG Application

The Los Angeles County Sanitation District's Puente Hills Landfill has
succeeded in turning landfill gas into a clean vehicle fuel. The Sanitation District has
installed a compressed landfill gas fueling station on-site and has converted a Sierra
pickup truck, a Hercules water truck and the first of four garbage trucks to run on the
compressed gas. This project has eliminated the need to flare excess gas from the
landfill, and has reduced vehicle emissions at the same time.

Methanol Production

Using $500,000 in funding from the South Coast Air Quality Management
District of California, TeraMeth Industries, Inc. modified its proprietary technology to
produce Grade A methanol from landfill gas. Methanol (the critical ingredient in
MTBE for federal and state reformulated gasoline requirements) is produced by first
creating a synthesis gas which is then fed into a catalyst.

TeraMeth's California facility will produce 16,667 gallons per day of methanol
when it begins operation in 1997 [Bonny, 1996].

3.2 CHOOSING AN ENERGY ReCOVERY OPTION

The primary factor in choosing the right project configuration for a given landfill is the
cost of the energy recovered. In general, sale of medium-Btu gas to anearby customer,
which requires minimal gas processing and typically is tied to a retail gas rate rather than an
electric utility buyback rate, is the simplest and most cost-effective option. If a suitable
customer is nearby and willing to purchase the gas, this option should be thoroughly
examined. For many landfills, however, power production is and will continue to be the best
available option. This section therefore focuses on the power production options.

At the foundation of any cost estimation is the expected amount of landfill gas that will
be available for energy recovery. For initial assessments, an estimate of landfill gas quantity
is all that is needed to estimate power potential. Assumptions regarding the Btu value of the
gas, the efficiency of the generator, and the amount of downtime can then be used to convert
the gas volume into power potential, as shown in Box 3.6.

This section compares the power production options on a unit cost basis for typical
landfills with 1, 5, and 10 million tons of waste in place.6 In addition to the landfill size and
its associated gas production, a number of other factors are also important to project costs.
These include: project scope (i.I~., whether both a collection system and an energy recovery

5rhe amount of landfill gas associated with these landfill sizes was estimated using an EPA model that falls
within the range of methods A and B presented in Chapter 2.
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Box 3.6 Converting Gas Flow Rates into Power Potential

1) Estimate the Gross Power Generation Potential. This is the installed power
generation capacity that the gas flow can support. It does not account for parasitic
loads from auxiliary systems and equipment, or for system down time. Gross Power
Generation Potential is estimated using the following formula:

kW = Landfill Gas Flow (cfld) x Energy Content (Btu/cf) x 1/Heat Rate
(kWh/Btu) x 1d/24hr

where:
• Landfill Gas Flow is the net quantity of landfill gas per day that is

captured by the collection system, processed, and delivered to the power
generation equipment (usually 75% to 85% of the total gas produced in
the landfill)

• Energy Content of landfill gas is approximately 500 Btu per cubic foot

• Example Heat Rates are:
12,000 Btu/kWh for IC Engines and combustion turbines (above 5 MW);
and
8,500 Btu/kWh for combined-cycle combustion turbines.

2) Estimate the Net Power Generation Potential. This is the Gross Power Generation
Potential less parasitic loads from compressors and other auxiliary equipment. Parasitic
loads are estimated to range from 2% for IC engines to 6% or higher for combustion
turbines.

3) Estimate the Annual Capacity Factor. This is the share of hours in a year that the
power generating equipment is producing electricity at its rated capacity. Typical
Annual Capacity Factors for landfill gas projects range between 80% and 95% and are
based upon generator outage rates (4% to 10% of annual hours), landfill gas
availability, and plant design. The assumed Annual Capacity Factor in the equation
found in 4) is 90%. (See Table 3-2).

4) Estimate the Annual Electricity Generated. This is the amount of electricity
generated per year, measured in kWh, taking into account likely energy recovery
equipment downtime. It is calculated by mUltiplying the Net Power Generation Potential
by the number of operational hours in a year. Annual operational hours are estimated
as the number of hours in a year mUltiplied by the Annual Capacity Factor. Thus:

Annual Electricity Generated (kWh) = Net Power Generation Potential (kW) x 24
hr/day x 365 days/yr x 90%
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system are required or only an energy recovery system); financing method; and available
incentives to encourage landfill gas energy recovery. Each of these factors is discussed
briefly below.

• Project Scope: Project scope depends upon the extent of landfill gas collection
activities already underway (or planned) at the landfill, and it can have a significant
impact on project costs. There are two typical landfill project scopes:

• Total Project: refers to those projects at landfills with no current gas collection
or energy recovery. For these projects, the entire project (including both gas
collection and energy recovery systems) must be installed and the full costs
must be recovered through the revenues from energy sales; and

• Energy Recovery Project: refers to projects at landfills where gas collection
systems have already been (or will soon be) installed. At these landfills, the
costs associated with the collection system are sunk costs, and the only costs
that need to be taken into consideration for the economic analysis are those
associated with the additional equipment (Le., the energy conversion system).

• Financing Method: As: discussed in Chapter 6, there are many different financing
methods available for landfill projects. The most common financing methods are
private equity financing, "project finance" using a combination of debt and equity, and
municipal bond finance, where public organizations issue bonds to raise project debt.
The choice of financing method can have a significant impact on project costs; in
general, municipal bond financing is much less expensive than financing with
commercial debt and/ol' equity.

• Available Incentives: Because of the importance of encouraging landfill gas energy
recovery, a number of federal, state and local incentives are available to these
projects. The most important incentives are likely to be the IRS Section 29 tax credit,
which may be available to private project developers, and the Department of Energy's
Renewable Energy Production Incentive (REPI), which is available to pUblic project
developers. Both of these incentives can significantly improve project economics.
The Section 29 tax credit is currently worth about ¢O.9 to ¢1.3/kWh, depending upon
the efficiency of the generating equipment. The REPI is worth up to ¢1.5/kWh.

The cost per kilowatt hour for each power generation option -- IC engine, combustion
turbine, or steam turbine - will vary with the size of the landfill and these other factors, as
shown in Table 3-3. Table 3-3 can be used to estimate the likely costs of a power generation
project in the following way:

1. Determine whether it will be necessary to install both a gas collection system
and an energy rE~covery system at the landfill, or only an energy recovery
system. If both systems are required, examine the ''Total Project" entries; if
only an energy system is required, examine the "Energy Recovery Pmject Only"
entries.

2. Determine whether municipal or private financing will be used. If the landfill is
owned by a municipality, it is possible that municipal bonds can be issued to
cover costs; otherwise, private financing will likely be required.
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3. Determine whether financial incentives may be available. If the project will be
developed by a private developer and the gas sold to a third-party, Section 29
tax credits may be available. Public or non-profit landfill owners or developers,
in contrast, may be eligible for the REPI program.

4. Determine the likely project size based on the amount of waste in place at the
landfill.

Making these four decisions will enable a landfill owner/operator to determine likely power
production costs for a range of generating technologies. In many cases, the lowest cost
generating option will be selected. In some cases, however, it may be necessary to select a
higher cost option due to other important considerations. IC engines may not be the best
technology choice in certain areas, for example, due to their higher NOx emissions as
compared to turbines.

As Table 3-3 illustrates, the estimated costs of power production can vary substantially
depending on the factors presented above. At the high end, costs for a ''Total Project"
financed with private finance and unable to obtain any incentives could range from ¢7.4 to
¢7.9 per kWh for a 1 million ton landfill. The availability of municipal financing could reduce
these costs by about ¢0.8 per kWh and developing an ""Energy Recovery System Only""
project could save approximately ¢2.5 per kWh. The lowest cost scenario-an ""Energy
Recovery System Onlyllll project built with municipal financing and obtaining available
incentives-has estimated costs ranging from ¢2.8 to ¢4.0 per kWh, which is less than half of
the high cost case.

The same phenomenon is observed at the larger 5 and 10 million ton landfills. On the
high end, ''Total Project" costs at a 5 million ton landfill are estimated to range from ¢6.0 to
¢6.5 per kWh. This same project, implemented with municipal financing and available
incentives, however, could cost only ¢4.0 to ¢4.3 per kWh. If the landfill already has (or plans
to install) a gas collection system, the "Energy Recovery System Only" costs could be as low
as ¢2.7 per kWh.

At the 10 million ton landfill, high end ''Total Project" costs of ¢5.6 to ¢5.9 per kWh
drop to ¢2.3 to ¢2.9 per kWh for an "Energy Recovery System Only" project with municipal
bond financing and incentives. Interestingly, at this size the CT is more cost-effective than IC
engine. In addition, the effects of economies of scale are eVident, as the costs of similar
projects at a 10 million ton landfill are an average of 20 to 30 percent lower than the 1 million
ton landfill and 5 to 15 percent lower than the 5 million ton landfill.

It is important to recognize that the cost estimates presented here are rough estimates
developed using assumptions related to ''typical'' landfills. Conditions at any particular site
could be quite different and these site-specific conditions must be fully accounted for when
developing detailed cost estimates for specific projects.

Part " of this handbook discusses in more detail the major steps involved in the
development of a landfill gas energy recovery project, from estimating expenses and revenues
to constructing and operating the project. In addition, EPA is developing a simple financial
model that landfill owner/operators and others can use to estimate project costs and run
sensitivity analyses. To obtain a copy of this model when it becomes available, call the EPA
Landfill Methane Outreach Program Hotline at 1-888-STAR-YES.
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Table 3-3 Estimated 1996 Costs of Electricity

IC engine Combustion Turbine Comblnecll Cycle CT1\
Municipal
Financing

Private
Financing

Municipal
Financing

PrIvate
Financing

Municipal
Financing

PrIvate
Financing

1 Million

5 Million

6.7

5.5

7.4

6.0

7.0

5.6

7.9

6.2

NA

5.8

NA

6.5

10 Million 5.2 5.8 5.0 5.6 5.3 5.9

1 Million

5 Million

10 Million

5.2

4.0

3.7

6.1

4.7

4.5

5.5

4.1

3.5

6.6

4.9

4.3

NA

4.3

3.8

NA

5.6

5.0

1 Million

5 Million

10 Million

4.3

4.2

4.1

4.8

4.6

4.5

4.7

4.2

3.8

5.3

4.7

4.2

N.A.

4.7

4.3

N.A.

5.3

4.8

1 Million

5 Million

10 Million

2.8

2.7

2.6

3.5

3.3

3.2

3.2

2.7

2.3

4.0

3.4

2.9

NA

3.4

2.9

NA

4.4

3.9

NA: Technology was not evaluated at this landfill size.

The municipal finance scenarios were calculated using a capital charge rate of 0.111, which is based on financing with
tax-exempt municipal bonds at an interest rate of 6.5%.

The incentive under the municipal finance plan scenario is the proposed federal REP) subsidy of 1.5 cents/ikwh.

The private finance scenarios were· calculated using a capital charge rate of 0.136. which is based on a project finance
structure using: 80% debt, 20% equity; 9% interest in debt; 15% return on equity; 10 year depreciation.

Incentives under the project finance scenarios are IRS Section 29 Tax Credits, which are estimated to be w()rth their full
value of $O.979/MMBtu in 1994, or 0.9 to 1.3 cents/kwh in 1996. In some cases. only a percentage of the tax credit
value can be applied to a project if the credits are transferred between parties. For example, if 60% of the tax credit
value can be applied to the project. then 1996 electricity costs would increase by 0.4 to 0.5 cents/kwh.

All scenarios include a royalty payment of 0.5 cents/kwh.
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4. INTRODUCTION To PART II: DETAILED ASSESSMENT OF PROJECT OPTIONS

Once the landfill owner/operator has determined that an energy recovery project is
right for a particular landfill, and has made a preliminary assessment of the project options,
he or she must conduct a more detailed assessment of the options, considering cost,
financing, project structure, and other aspects of project development. This section contains
information on each step in the assessment of project options, organized into the following
chapters:

Chapter 5: Evaluating Project Economics

Chapter 6: Assessing Financing Options

Chapter 7: Selecting a Project Development Partner

Chapter 8: Winning/Negotiating an Energy Sales Contract

Chapter 9: Obtaining Project Permits and Approvals

Chapter 10: Contracting for EPC and O&M Services

Each chapter contains the basic information--iIIustrated throughout with examples­
-needed to conduct one step in the project assessment process. By reviewing each chapter
with a particular landfill in mind, an owner/operator can develop a solid understanding of the
most cost-effective and appropriate options and project structure.

While this handbook provides valuable information to assist the owner/operator in
evaluating choices and proposals, it does not serve as a technical guide to project
development. The owner/operator may wish to consult a landfill gas energy recovery expert
before beginning the development process.
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Chapter 7: Selecting a Project Development Partner

Chapter 8: Winning/Negotiating an Energy Sales Contract

Chapter 9: Obtaining Project Permits and Approvals

Chapter 10: Contracting for EPC and O&M Services

Each chapter contains the basic information--iIIustrated throughout with examples­
-needed to conduct one step in the project assessment process. By reviewing each chapter
with a particular landfill in mind, an owner/operator can develop a solid understanding of the
most cost-effective and appropriate options and project structure.

While this handbook provides valuable information to assist the owner/operator in
evaluating choices and proposals, it does not serve as a technical guide to project
development. The owner/operator may wish to consult a landfill gas energy recovery expert
before beginning the development process.

Part II September 1996 Page 4-1



mallaire
Intentionally Blank



5. EVALUATING PROJECT ECONOMICS

After the available quantity of landfill
gas has been estimated and a preliminary
assessment of project options has been
completed, the next step in developing a
landfill gas energy recovery project is a
detailed economic assessment of converting
landfill gas into a marketable energy
product. The economics of a landfill gas-to­
energy project depend on a number of
factors, including landfill gas quantity, local
energy prices, and equipment choice. This
chapter presents a methodology for
evaluating project economics, and shows
sample economic evaluations for the
principal energy recovery options. Once
economic feasibility has been determined,
the cost and financial performance data
from the economic analysis can be carried
forward to the assessment of financing
options, partner selection, and negotiation
of energy sales and equipment contracts,
which are discussed in SUbsequent
chapters.

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your
Landfill

Determining What Project Configuration is
Right for Your Landfill

Part II
Detailed Assessment of

Project Economics

Assessing Financing Options

Selecting a Project Development Partner

5.1 ECONOMIC EVALUATION PROCESS Winning/Negotiating an Energy Sales Contract

An economic evaluation of a Securing Project Permits and Approvals
potential energy recovery project involves
comparing the expenses of a particular Contracting for EPC and O&M Services
project with the revenues that it is likely to
receive. Figure 5.1 outlines the basic steps
of the economic evaluation of energy
recovery projects, and these steps are described in more detail below.

• Step 1. Estimate Energy Sales Revenues - Energy sales revenues include any
cash that flows to the project from sales of electricity, steam, gas, or other
derived products. Potential markets for energy products include electric
utilities, municipal utilities, industrial plants, commercial or public facilities, and
fuel companies. Revenues to the landfill gas energy recovery project are
usually calculated based on the estimated quantity of energy delivered and the
contract prices paid by the customer.

• Step 2. Quantify Capital and O&M Expenses - This step involves quantifying
the capital costs and operation and maintenance (O&M) costs, plus in some
cases landfill gas royalties and/or fees. Capital costs include not only the initial
cost of the equipment, but also installation costs, debt service, owner's costs,
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Figure 5-1 The Economic Evaluation Process
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and returns on equity. Many of these costs vary with site-specific
characteristics of the landfill.

• Step 3. Compare Project Expenses and Revenues - Once the estimates of the
project's expenses and revenues have been made, an initial assessment of
project economics can be made by checking to see if the first-year expenses
and revenues are roughly equivalent. If they are comparable in the first year of
project operation, then further economic evaluation is warranted. If not, it is
usually necessary to re-examine technology, design, cost assumptions, and/or
energy revenue assumptions to find ways to improve the economics.

• Step 4. Create a Pro Forma Model of Cash Flows - For a more accurate
estimate of the probable lifetime economic performance of a project, the
expenses and revenues should be calculated and compared on a year-by-year
basis over the expected life of the project. This in-depth economic analysis,
known as a pro forma, typically includes detailed calculations of project
performance over time, escalation in project expenses and energy prices,
financing costs, and tax considerations (e.g., depreciation, income tax).

• Step 5. Assess Economic Feasibility - Based on the pro forma model, the
project economic feasibility can be assessed by calculating annual net cash
flows, the net present value of future cash flows, and/or the owner's rate of
return. These measures of financial performance are calculated over the life of
the project and are the most reliable measures of economic performance. If
these indicators are below the project proponent's criteria, he or she should re­
examine the project for assumptions and/or options that can be modified.

If a landfill owner/operator has the opportunity to produce and sell more than one type
of energy product, then the net cash flows of each option should be compared head-to-head
to determine the best option. Cash flows of competing projects can be compared on an
annual, net present value, and/or rate of return basis. After selecting an economic winner, the
landfill owner/operator should then consider non-price factors including risks, ability to obtain
financial backing, environmental performance, and reliability of assumptions. The option that
produces the best financial performance while meeting the desired environmental, risk, and
operating requirements is the overall winner.

The remainder of this chapter discusses the process of conducting a step-by-step
economic analysis for the various landfill gas energy recovery options. The economic
analyses presented in this chapter provide the landfill owner/operator with basic estimates of
project costs and market prices for energy products. The landfill owner/operator can use the
concepts presented to create his or her own economic analysis.

Example Landfill

Throughout this chapter, the key aspects of the economic evaluation process are
illustrated with examples. These examples are based on a hypothetical landfill with 5 million
metric tons of waste in place and a net sustainable landfill gas production level of 2,988
mcf/day. Box 5.1 presents the operating and cost assumptions that are used consistently in
this chapter.
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Appendix A contains the supporting performance and cost calculations for the 5
million metric ton example, and for two other landfill sizes-1 million metric tons and 10 million
metric tons. Appendix A also Gontains sample cost calculations for a medium-Btu gas sales
project.

5.2 POWER GENERATION/COGENERATION

The opportunity to collect landfill gas and burn it to produce electric power is available
to most landfill owners. Whether or not this option is economically feasible depends largely
on local electricity prices, which vary dramatically across regions of the country. Other
important factors include access to electricity purchasers, landfill gas volume, and technology
selection. This section presents a sample economic analysis - using the five steps outlined
above - for a landfill gas power generation project.

5.2.1 Step 1: EstimatEl Energy Sales Revenues

A landfill gas power project can have one or more sources of revenue, depending on
whether it produces just electricity or also cogenerates steam and/or other thermal energy.
An important potential source of revenue is use of a portion of the landfill gas or the derived
electricity or steam to offset energy costs (e.g., natural gas, oil, electricity) at its own facilities.
The savings that are achieved by offsetting energy purchases can be counted as a type of
revenue. The following paragraphs describe the principal sources of revenue for power
projects.

Electric Buyback Rate

The economic factor that will usually have the greatest impact on a power project's
economic feasibility is the local electric utility's buyback rate (Le., the price the utility is willing
to pay for the electricity produced by a non-utility electric generator). The buyback rate
reflects the utility's own avoided costs of generating electricity, incorporating the cost of
building new generating capacity if needed. The costs of generating electricity, and thus
buyback rates, vary considerably among utilities and regions. Factors such as fuel mix,
availability of cheap hydropower, utility financial health, and reserve margins have a large
influence over local electricity costs and the rate (Le., price) at which electric utilities will buy
electricity from a landfill gas project.

U.S. electric utilities are currently required by the Public Utility Regulatory Policies Act
(PURPA) to buy electricity from qualifying facilities, which include small power producers and
cogenerators. Small power producers are defined as electric generating facilities that
produce up to 80 MW and use mostly non-fossil fuels. Landfill gas energy recovery facilities
are eligible to be classified under PURPA as small power producers. PURPA dictates that
electric utilities must bUy electricity at a rate no higher than the utility's "avoided cost,'" which
is the cost that the utility would pay to generate the next increment of electricity using its own
resources.

Avoided costs are typically filed with the state utility regulators on a regular basis, and
some utilities publish buyback tariffs, accompanied by standard offer contracts, based on
their avoided cost. (More information on standard offer contracts is provided in Chapter 8.)
Utility buyback tariffs regularly include an avoided energy price, and some utilities alsc> pay an
additional component for their avoided capacity costs. The energy price component is based

Part II September 1996 Page 5-4

Appendix A contains the supporting performance and cost calculations for the 5
million metric ton example, and for two other landfill sizes-1 million metric tons and 10 million
metric tons. Appendix A also Gontains sample cost calculations for a medium-Btu gas sales
project.

5.2 POWER GENERATION/COGENERATION

The opportunity to collect landfill gas and burn it to produce electric power is available
to most landfill owners. Whether or not this option is economically feasible depends largely
on local electricity prices, which vary dramatically across regions of the country. Other
important factors include access to electricity purchasers, landfill gas volume, and technology
selection. This section presents a sample economic analysis - using the five steps outlined
above - for a landfill gas power generation project.

5.2.1 Step 1: EstimatEl Energy Sales Revenues

A landfill gas power project can have one or more sources of revenue, depending on
whether it produces just electricity or also cogenerates steam and/or other thermal energy.
An important potential source of revenue is use of a portion of the landfill gas or the derived
electricity or steam to offset energy costs (e.g., natural gas, oil, electricity) at its own facilities.
The savings that are achieved by offsetting energy purchases can be counted as a type of
revenue. The following paragraphs describe the principal sources of revenue for power
projects.

Electric Buyback Rate

The economic factor that will usually have the greatest impact on a power project's
economic feasibility is the local electric utility's buyback rate (Le., the price the utility is willing
to pay for the electricity produced by a non-utility electric generator). The buyback rate
reflects the utility's own avoided costs of generating electricity, incorporating the cost of
building new generating capacity if needed. The costs of generating electricity, and thus
buyback rates, vary considerably among utilities and regions. Factors such as fuel mix,
availability of cheap hydropower, utility financial health, and reserve margins have a large
influence over local electricity costs and the rate (Le., price) at which electric utilities will buy
electricity from a landfill gas project.

U.S. electric utilities are currently required by the Public Utility Regulatory Policies Act
(PURPA) to buy electricity from qualifying facilities, which include small power producers and
cogenerators. Small power producers are defined as electric generating facilities that
produce up to 80 MW and use mostly non-fossil fuels. Landfill gas energy recovery facilities
are eligible to be classified under PURPA as small power producers. PURPA dictates that
electric utilities must bUy electricity at a rate no higher than the utility's "avoided cost,'" which
is the cost that the utility would pay to generate the next increment of electricity using its own
resources.

Avoided costs are typically filed with the state utility regulators on a regular basis, and
some utilities publish buyback tariffs, accompanied by standard offer contracts, based on
their avoided cost. (More information on standard offer contracts is provided in Chapter 8.)
Utility buyback tariffs regularly include an avoided energy price, and some utilities alsc> pay an
additional component for their avoided capacity costs. The energy price component is based

Part II September 1996 Page 5-4



Box 5.1 Assumptions for 5 Million Metric Ton Landfill Example

Operating Assumptions

Waste in place:
Collection efficiency:
Net sustainable lFG production:
LFG calculation method:
Electric output calculation:
Electric heat rate (Btu/kwh):

Online date:
Annual capacity factor:
Annual full load operating hours:

Capital Cost Assumptions

5 million metric tons
85%
2,988 mcf/day
EPA Report to Congress Equation [EPA]
kw = (cf/hr) x (500 Btu/cf) / (Btu/kwh)
12,000 for IC engine & CT
8,500 for combined cycle CT
June, 1996
80%
7,008

Energy conversion system cost includes engine/generator, auxiliary equipment,
interconnections, gas compressor, and construction costs.

LFG collection system includes collection wells, blower, and flare system.

Engineering costs = 5% of installed equipment costs.

Soft costs include owners' costs (e.g., legal, permitting, insurance, taxes),
escalation during construction, interest during construction, and contingency.

Incremental Capital ReqUirement = Total Costs - LFG Collection System Costs.

Cost of Electricitv

Cost of Electricity = Capital component + O&M component + Royalty

Capital Charge Rate assumptions:

•
•
•
•
•

Project Finance Case
20 year project life
80% debt, 20% equity
9% interest on debt
15% return on eqUity
1O-year depreciation

•
•
•
•

Muni Finance Case
20 year project life
100% tax-exempt bonds
6.5% interest on debt
No income tax

Royalty/gas payment estimated at 0.5 rt/kWh (about 10% of project revenues).

Part II September 1996 Page 5-5

Box 5.1 Assumptions for 5 Million Metric Ton Landfill Example

Operating Assumptions

Waste in place:
Collection efficiency:
Net sustainable lFG production:
LFG calculation method:
Electric output calculation:
Electric heat rate (Btu/kwh):

Online date:
Annual capacity factor:
Annual full load operating hours:

Capital Cost Assumptions

5 million metric tons
85%
2,988 mcf/day
EPA Report to Congress Equation [EPA]
kw = (cf/hr) x (500 Btu/cf) / (Btu/kwh)
12,000 for IC engine & CT
8,500 for combined cycle CT
June, 1996
80%
7,008

Energy conversion system cost includes engine/generator, auxiliary equipment,
interconnections, gas compressor, and construction costs.

LFG collection system includes collection wells, blower, and flare system.

Engineering costs = 5% of installed equipment costs.

Soft costs include owners' costs (e.g., legal, permitting, insurance, taxes),
escalation during construction, interest during construction, and contingency.

Incremental Capital ReqUirement = Total Costs - LFG Collection System Costs.

Cost of Electricitv

Cost of Electricity = Capital component + O&M component + Royalty

Capital Charge Rate assumptions:

•
•
•
•
•

Project Finance Case
20 year project life
80% debt, 20% equity
9% interest on debt
15% return on eqUity
1O-year depreciation

•
•
•
•

Muni Finance Case
20 year project life
100% tax-exempt bonds
6.5% interest on debt
No income tax

Royalty/gas payment estimated at 0.5 rt/kWh (about 10% of project revenues).

Part II September 1996 Page 5-5



on the utility's fuel costs and operation and maintenance costs, which may vary depending
on the time of day or year. The capacity price component is usually fixed, based on the
utility's cost of building or buying additional capacity. Only utilities that actually
need additional generating capacity will typically offer a capacity price component.

The avoided energy price component alone may not be enough to support a landfill
gas power project. In these cases, landfill gas power project developers must seek electric
utility customers that need additional capacity and are offering a capacity price component as
well. Some utilities might offer a premium for renewable energy or environmentally beneficial
projects such as landfill gas energy recovery. In some cases the utility's published tariff will
be acceptable, but more often the project developer must attempt to negotiate a more
favorable rate. (Chapter 8 discusses the different avenues to obtaining power sales
contracts.)

In addition to possible !.ales to an electric utility, state regulators may allow direct
electricity sales to one or more local customers. These sales are usually conditioned on the
fact that they are limited to a number of contiguous neighbors. If such sales are allowed, the
landfill gas power project must negotiate a rate with the customer. It is usually "ecessary to
offer the customer an electricity rate that provides a discount over the rate currently paid to
the local utility, unless the project is offering something that the local utility does not, such as
higher reliability. Since retai: electric rates are typically higher than the buyback rates offered,
this type of arrangement can be very attractive to the seller and the buyer.

Historically, landfill gas power projects have received electric buyback rates ranging
from ¢2/kWh to ¢10/kWh, averaging about ¢6/kWh. However, newer projects generally report
receiving only ¢3/kWh to ¢4/kWh [EPA, 1993]. The chief reasons for lower rates in recent
years are a slowdown in the rate of electric demand growth, and an abundance of generating
capacity in some parts of the country (e.g., Southwest, New England). Generally, significant
economic potential for landfill gas power projects exists where electric buyback rates are
above ¢4/kWh, although technc)logy improvements, emerging applications, and requirements
to recover landfill gas for environmental reasons are increasingly making projects viable at
rates below ¢4/kWh [EPA, 1993:].

Displacement of On-Site Energy Purchases

It may be practical to use a portion of the generated electricity to displace some or all
of the electricity purchases at c()mmonly-owned facilities near the project site. For example,
for a county-owned landfill, opportunities for displacement savings may include energy use at
county office buildings, maintenance shops, water treatment plants, community centers, and
correctional facilities. Displacement savings are calculated by determining the amount of on­
site electricity usage that can bE~ met by the energy project, then determining the cost of that
electricity usage, based on the current retail rates or recent electric bills. The retail rates paid
by the landfill owner/operator to the utility are typically higher than the buyback rate offered
by the utility to purchase the power.

Displacement savings mt3.Y also be achieved when the landfill owner/operator can use
a portion of the landfill gas produced to offset natural gas or oil purchases at nearby facilities
under the same ownership. ThE! economic incentive for the owner/operator to try and offset
these fuel costs will mainly be determined by the landfill's proximity to facilities that w.e
natural gas or oil to meet process or heating needs. The saVings possible from thesl~ offsets
will depend on the existing fuel costs of the facilities and the amount of landfill gas that can
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Box 5.2 Displacement of Energy Purchases at the Prince George's County
Correctional Complex

The Brown Station Road Landfill (4 million tons waste in place and growing)
in Prince George's County, Maryland provides landfill gas to meet the electrical and
heating needs of the County Correctional Complex. This energy recovery system
generates electricity using three 850-kw IC engine generators and also delivers
medium-Btu gas to two conventional boilers located at the correctional complex. The
three electric generators provide almost all of the correctional complex's electrical
needs; excess electricity generated by the project is sold to the local electric utility
(PEPCO). The boilers, which were originally designed to burn NO.2 fuel oil or natural
gas, were adapted for landfill gas fuel and provide heat and hot water for the
correctional complex. The project configuration was selected from among several
options based on an economic comparison which examined lifetime costs and
revenue to the county.

The project displaces most of the county's electricity and heating fuel costs
associated with the correctional complex. The county estimates that the gross
benefits are about $1.2 million per year in energy cost savings [Augenstein and
Pacey, 1992J.

be used by the facilities. Box 5.2 describes a landfill gas energy recovery project that
displaces boiler fuel purchases and generates electricity for a Prince George's County,
Maryland facility.

Thermal Energy Revenues

Landfill gas energy recovery projects can generate thermal energy such as steam or
chilled water for use in nearby industrial plants or commercial facilities (e.g., hospitals, office
buildings, hotels, universities). The economic incentive to cogenerate steam and other forms
of thermal energy along with electricity using a cogeneration configuration is determined
mainly by the potential customer's eXisting costs of generating thermal energy, and by the
project's proximity to the customers. Typical steam costs range from $1.5 per million Btu
(MMBtu) to $6/MMBtu, depending on the existing fuel and technology being used. Steam
generation from waste fuels, wood, and sometimes coal can achieve costs at the low end of
this range, while gas- and oil-fired steam is usually more expensive. Landfill project
owner/developers should expect to offer some discount, often on the order of 5% to 30%,
over a potential customer's current steam cost in order to be attractive.

Sample Calculation of First Year Revenues

For the hypothetical 5 million metric ton landfill described in Box 5.1, revenues are
assumed to be created by generating electricity for: (1) sale to the local electric utility; and (2)
displacement of retail electric purchases at a municipal office building. This example
assumes that the electric buyback rate in 1996 is ¢4.8/kWh. It also assumes that there is a
nearby office building, owned by the landfill owner/operator, that consumes 3 million kWh per
year at a retail rate of ¢5.9/kWh in 1996. Table 5-1 presents a calculation of first-year
revenues, which range from $1 .7 million for an IC engine system to $2.3 million for a
combined-cycle CT system. The combined-cycle CT produces more revenues than the other
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be used by the facilities. Box 5.2 describes a landfill gas energy recovery project that
displaces boiler fuel purchases and generates electricity for a Prince George's County,
Maryland facility.

Thermal Energy Revenues

Landfill gas energy recovery projects can generate thermal energy such as steam or
chilled water for use in nearby industrial plants or commercial facilities (e.g., hospitals, office
buildings, hotels, universities). The economic incentive to cogenerate steam and other forms
of thermal energy along with electricity using a cogeneration configuration is determined
mainly by the potential customer's eXisting costs of generating thermal energy, and by the
project's proximity to the customers. Typical steam costs range from $1.5 per million Btu
(MMBtu) to $6/MMBtu, depending on the existing fuel and technology being used. Steam
generation from waste fuels, wood, and sometimes coal can achieve costs at the low end of
this range, while gas- and oil-fired steam is usually more expensive. Landfill project
owner/developers should expect to offer some discount, often on the order of 5% to 30%,
over a potential customer's current steam cost in order to be attractive.

Sample Calculation of First Year Revenues

For the hypothetical 5 million metric ton landfill described in Box 5.1, revenues are
assumed to be created by generating electricity for: (1) sale to the local electric utility; and (2)
displacement of retail electric purchases at a municipal office building. This example
assumes that the electric buyback rate in 1996 is ¢4.8/kWh. It also assumes that there is a
nearby office building, owned by the landfill owner/operator, that consumes 3 million kWh per
year at a retail rate of ¢5.9/kWh in 1996. Table 5-1 presents a calculation of first-year
revenues, which range from $1 .7 million for an IC engine system to $2.3 million for a
combined-cycle CT system. The combined-cycle CT produces more revenues than the other
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Table 5.1 Estimated First-Year Power Project Revenues at Example Landfill

IEumple: Landfill waste in place 5 million metric toDS
i= I

Combustion Combined
Units ICFngine Turbine Cycle cr

PROJECf OPERATING DATA
Net sustainable landfill gas production mcflday 2,988 2,988 2,988 (a)
Gross electric output kW 5,188 5,188 7,324
Net electric output kW 4,934 4,7Z7 6,763
Annual electricity generated kWh 34,577,472 33,126,816 47,.,95,104
Annual electricity sold

Net electricity sold to utility kWh 31,577,472 30,126,816 44,395,104
Electricity used on-site kWh 3,000,000 3,000,000 3,000,000 (b)

ELECfRlCITY PRICES (b)
Buy-back price clkWh 4.8 4.8 4.8
Retail price clkWh 5.9 5.9 .5.9

ANNUAL EXAMPLE REVENUES
Electricity Sales to Utility in 1st Year $000 $1,522 $1,452 $2,1.40 (c)
Electricity Sales On-Site in 1st Year $000 $177 $177 $1.77 (d)

Total Annual Revenues $000 $1,699 $1,629 $2,317

Revenues per kWh sold clkWh 4.9 4.9 4.9 (e)

Notes:
(a) Calculated using statistical model 42 in EPA Report to Congress. [EPA] The resulting methane

production estimate is within the range predicted by the models presented in Part I.
(b) Assumed for example purposes.
(c) Product of utility sales kWh and assumed 1996 buyback electricity rate of4.8 clkWh.
(d) Product of on-site sales kWh and assumed 1996 retail electricity rate of 5.9 clkWh.
(e) Total annual revenues divided by total kWh generated Note that this shows potential revenues, not the

cost of generating electricity froII11andfill gas.
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technologies because it generates more electricity, but the Step 2 analysis will show that th!~

combined-cycle CT is also more expensive to build. The first-year revenues amount to
¢4.9/kWh for all three technologies on a per kWh basis, calculated by dividing the annual
revenues by the total kWh generated and sold. In Step 3 this revenue estimate will be
compared against the cost of generating electricity from landfill gas, which varies significantly
among the technologies as described in the next section.

5.2.2 Step 2: Quantify Capital and O&M Expenses

To evaluate the economic feasibility of a landfill gas power project, the project
expenses must be subtracted from revenues to determine potential gains (or losses). The
chief project expenses are the amortization of up-front capital costs and the annual O&M
expenses. Some projects have other expenses such as payment of fees or royalties for
landfill gas rights. The following sections describe the different categories of project
expenses.

Capital Costs

The total capital requirement for a landfill gas power project includes the costs of the
major equipment (e.g., engine, CT), as well as the costs associated with the auxiliary
equipment, construction, emissions controls, interconnections, gas compression and
treatment, engineering, and "soft costs." Soft costs typically include up-front owner's costs
(e.g., development staff, legal, permitting, insurance, property tax), escalation during
construction, interest during construction, and owner's contingency, all of which are real costs
incurred prior to and during the construction process.

The costs of the landfill gas collection system (e.g., eqUipment, installation, soft costs)
can be excluded from the economic analysis if the collection system is either already in place
or required by air emissions regUlations. The energy recovery system can then be evaluated
using an incremental cost approach. Under the incremental cost approach, the collection
system costs are not included because these are sunk costs that would be incurred whether
the recovered landfill gas is put to use or just flared. In the 5 million metric ton landfill
example, the total cost includes the costs associated with the energy conversion system plus
the landfill gas collection system, while the incremental cost does not include the capital or
O&M costs associated with the landfill gas collection system.

Capital costs for landfill gas power projects vary widely depending on landfill size,
conversion technology, and project design. Table 5-2 presents the estimated capital costs of
landfill energy recovery systems for landfills with 1, 5, and 10 million metric tons of waste in
place. For these hypothetical energy recovery projects beginning operation in 1996, the total
capital requirement is estimated to range between $1 ,595/kW and $2,423/kW, and the
incremental capital requirement is estimated to range between $1,1 09/kW and $1,691 /kW1.

These cost data are expressed in as-spent dollars, which means that equipment cost
escalation (e.g., inflation) prior to and during construction is included in the cost estimate. As

1 Not included in the capital cost data are preliminary project development expenses, the major
component of which is landfill gas quantity testing. The most reliable method of testing is to drill test wells
and conduct a pump test. Test wells typically cost between $5,000 and $10,000 per well [Smithberger,
1994; Merry, 1994J, and the number of wells required to accurately predict landfill gas quantity will depend
on a number of factors such as landfill size and waste homogeneity.
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the cost data show, the capital cost per kW generated ($/kW) generally decreases with
increasing project size, owing mainly to economies of scale, particularly for the CT-based
technologies.

In the example cost calculation for the 5 million metric ton landfill producing about 3
million cf of landfill gas per day in 1996, the total capital requirement ranges from $1 ,675/kW
for an IC engine system to $2,025/kW for a combined-cycle CT system, including the cost of
the gas collection system (see Table 5-3). On an incremental basis, the capital requirement
ranges from $1 ,1n/kW for the IC engine to $1 ,658/kW for the combined-cycle CT. These
costs are in as-spent dollars, reflecting a June 1996 on-line date. A boiler/steam turbine
system would not be economically competitive at this size, but boiler/steam turbine system
costs would probably become competitive at larger gas flow rates above roughly 5 to 7
million cf/day.

Although capital cost is the major determinant of the cost of generating electricity from
landfill gas projects, the technology with the lowest capital cost is not always the choice. A
good example is the 10 million metric ton landfill case presented in Appendix A. In that case,
the IC engine has the lowest capital cost, but after O&M and royalty expenses are taken into
account, the CT option yields the lowest cost of electricity. Other factors such as reliability
and emissions also should be considered when deciding among technologies (see Part I for
more on technology issues).

O&M Expenses

The O&M expenses vary considerably among projects due to different equipment
types and gas treatment processes. Typically, O&M expenses include both fixed and variable
expenses, as described in Box 5.3. Fixed O&M expenses are predictable and are not
dependent on the amount of time that the project operates or the amount of electricity
generated. Variable O&M expenses are usually dependent on the amount of time that the
project operates, which can be measured by the amount of electricity (Le., kWh) produced.

The total generator system O&M costs for IC engines are about ¢1.8/kWh in 1996
dollars [EPA, 1993]. The O&M costs associated with the gas collection system are about
¢0.5/kWh [EPA, 1993]. The O&M costs for CT-based systems are generally lower than those
for Ie engine-based projects [Wolfe and Maxwell].

Royalties/Gas Payments

The project developer may also need to pay for the gas received in the form 'of royalty
payments to the owner of the gas rights and/or as gas payments to a gas company that
collects and delivers the landfill gas. Royalties can be viewed as compensation for gas rights
or as a financial incentive for allowing the project to be developed. Historically, power project
owners have paid royalties to landfill owners equal to 10% to 12.5% of project revenues
[Jansen, 1992; Augenstein and Pacey, 1992]. In recent years, the tightening of project
financial margins has caused a reduction or elimination of pure royalty payments to landfill
owner/operators. Royalties that are still paid are usually paid by the gas company.

Gas payments are made by generation companies or other end users for delivery of
the gas. Gas payments are necessary in order for the project to take advantage of certain
tax credits, because the gas must be sold to an unrelated party (e.g., power generator,
industrial user). Tax credits are discussed in more detail later in this chapter.
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Table 5.2 Estimated Power Project Capital Costs for Three Landfill Sizes

-- --~--~~---------~----------_.-----

CAPITAL COSTS
Estimated -------------_.------ - -- ---~------_.. ---- -----

Net Installed Installed Total
Sustainable Net LFG Energy Soft Total Incremental

LFG Electric Collection Conversion Costs + Capital Capital
LANDFILL SIZE Production Output System System Engineering Requirement Requirement
Waste in Place (mcf/day) (kW)

~~-

($/kW) ($/kW) ($/leW) -.JM<Wl~ -l~WL.~~
(a) (b)

1 miUion metric tons
ICEngine 642 984 $638 $1,052 $310 $2,000 $1,283
Combustion Turbine 642 963 $652 $1,412 $359 $2,423 $1,691

S million metric tons
IC Engine 2,988 4,934 $423 $958 $294 $1,675 $1,177
Combustion Turbine 2,988 4,727 $442 $1,153 $334 $1,928 $1,409
Combined Cycle cr 2,988 6,763 $309 $1,360 $356 $2,025 $1,658

10 million metric tons
IC Engine 5,266 8,709 $413 $919 $263 $1,595 $1,109
Combustion Turbine 5,266 8,344 $431 $1,037 $288 $1,756 $1,249
Combined Cycle CT 5,266 12,008 $300 $1,208 $306 $1,813 $1,458

~--- ~----_.. -._- ---------------- -

Notes:
Source is cost calculation tables for each size landfill (see Appendix A).
AU costs are based on net electric (kW) output.

(a) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (6 - 24 mos)
and interest during construction.

(b) Excludes capital and soft costs associated with the LFG collection system.
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Table 5.3 Estimated Power Project Capital Costs at Example Landfill

IEDmple: Landfill waste in place = 5 million metric toDS

Combustion Combined
CostCate Units ICEngine Turbine CycleCf

OPERATING DATA
Net electric output kW 4,934 4,727 6,763
On-line date 6196 6196 6/96

EQUIPMENT & INSTALLATION COSTS
Energy Conversion System ($1994) $000 4,725 5,450 9,200

LFG Collection System ($1994) $000 2,088 2,088 2,088

Engineering ($1994) @5.0% $000 341 377 564

CAPITAL REQUIREMENT
System cost ($1994) SOOO 7,154 7,915 11,853

Soft Costs $000 1,109 1,200 1,841

Total Capital Requirement SOOO 8,263 9,115 13>,694
(as-spent dollars, 1996 on-line date) $/kW net 1,675 1,928 2:,025

Incremental Capital Requirement $000 5,807 6,659 11,216 (a)
(as-spent dollars, 1996 on-line date) S/kWnet 1,177 1,409 1,658

Notes:
See Chapter Appendix for notes on these calculations.

(a) Excludes capital and soft costs associated with the LFG collection system.
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Box 5.3 Classification of O&M Expenses

O&M expenses include both fixed and variable expenses, as shown below.

Fixed O&M expenses
Labor
Property taxes
Insurance
Administrative expenses
Spare parts
Fees
Emissions offsets

Variable O&M expenses
Periodic maintenance and overhauls
Water
Consumables (e.g., lubricating oil,
hydraulic fluid, filters)

The distinction between fixed and variable expenses is important, because
fixed O&M expenses are incurred regardless of the amount of electricity generated.

The 5 million metric ton landfill example includes an annual royalty payment/gas
payment equal to about 10% of revenues. Including a royalty/gas expense demonstrates the
economic effect that royalties have; namely, they make landfill gas projects more expensive.
In the example, paying the royalty increases costs by ¢0.5/kWh, which could make the
difference between an economically attractive project and an unattractive project. In the
future, landfill owner/operators may have additional incentive to forego royalty payments
because of the environmental benefit of a landfill gas recovery project.

Estimating the Cost of Electricity

The cost of generating electricity (¢/kWh) from a landfill gas power project is
eqUivalent to the sum of capital expenses, O&M expenses, and royalty/gas expenses (if any),
divided by the kWh of electricity delivered. Estimating this cost has two steps:

(1) Amortize capital costs and divide by the annual kWh produced; and
(2) Add O&M and royalty expenses.

Each of these steps is described below and illustrated with an example.

Step 1: Amortize Capital Costs: Capital costs are commonly Ilevelized," or amortized
in equal annual amounts over the economic life of the project (i.e., over the period that
the project will generate revenues). If the productive landfill life is 20 years, then a
typical term for the levelized capital cost calculation would be 20 years. For the
purposes of economic analysis, the capital costs are often amortized using a capital
charge rate (CCR). A CCR is used to convert the installed cost into a levelized capital
cost that can be charged to the project in each year of the project life. The CCR is
the levelized percentage of the total capital that must be recovered in each year to
cover:

• return of equity;
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• return on equity::
• interest on debt;
• depreciation;
• general and administrative expenses;
• property tax; and
• income tax.

The CCR can be calculated by estimating annual interest and return on equity
payments on the outstanding loan value over the life of the project (similar to a home
mortgage) and adding annual amounts for depreciation, expenses, and taxes. The
main variables in the CCR calculation are the debt/equity ratio and interest rates. The
CCR for a privately financed landfill gas-to-energy project will be higher than the CCR
for a project financed with municipal bonds (More detailed information regarding CCRs
under different financing scenarios is contained in Chapter 6.):

• Project Finance Case: A CCR of approximately 0.136 would result in the case
where a project is financed with a debt/equity ratio of 80/20, a nominal interest
rate on debt of 9%,2 an after tax return on equity of 15%, and a 1O-year tax
depreciation. rro take advantage of 1o-year depreciation, the project life is
assumed to be just under 20 years.)3

• Municipal Bond Finance Case: Thus, a CCR of approximately 0.111 would
result from the case where a project is financed with 100% municipal tax­
exempt bonds that have a 6.5% interest rate.

To obtain a levelized capital cost (LCC) in ¢/kWh units, the annual cost calculated as
described above must be divided by the expected operating hours per year as
follows:

LCC = Installed Cost x CCR 1 ( CF x Hours per Year) x (¢1001$) (Eq.5.1)

where:

LCC
Installed Cost
CCR
CF
Hours per year

=
=
=
=
=
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Using the 5 million metric ton landfill example, the levelized capital cost for the IC

2 Interest rates are determined by the prevailing rate indicators (e.g., U.S. treasuries,
prime rate, USOR) and a host of project- and lender-specific factors. When this document was
written, rates for nonrecourse debt for a 'strong" landfill gas project ranged from 9% to 9.8%. [Seifullin,
1995; DePrinzio, 1995] Increasing interest rates by 1% would cause the cost of electricity to increase
by 2% to 3%.

3 Landfill gas energy recovery projects appear to be eligible to use 1a-year depreciation for
income tax purposes. [Jansen, 1992: Mumford and Lacher, 1993] Property with a life of 16 years or more,
but less than 20 years, can use the 10-year Modified Accelerated Cost Recovery System (MACRS)
depreciation schedule. [RIA, 1992]
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engine option would be ¢3.2IkWh, calculated as follows using an 80% capacity
factor4:

¢3.2IkWh = ($1 ,675/kW x 0.136) I (80% x 8760 hrs) x (¢1001$)

If the project were financed with 100% tax-exempt municipal bonds (CCR = 0.111), the
levelized capital cost would be ¢2.7/kWh.

Step 2: Add O&M Expenses: This step is straightforward-add the estimated O&M
expenses and royalty expenses (if any) to the capital expense to get the total cost of
electricity.

Based on the capital, O&M, and royalty expenses discussed above, the total first year
cost of generating electricity from the 5 million metric ton landfill in 1996 are presented in
Table 5-4. As the table shows, the cost of the conversion system plus the gas collection
system could range from ¢6.0/kWh to ¢6.5/kWh if the project were financed with 80% debt
and 20% equity. Financing 100% of the project costs with tax-exempt municipal bonds would
achieve a cost of electricity ranging from ¢5.5/kWh to ¢5.8/kWh. The incremental cost of
electricity, which excludes collection system costs, would be approximately 20% to 25%
lower, or ¢4.6/kWh to ¢5.3/kWh for the project finance case, and ¢4.2IkWh to ¢4.7/kWh for
the municipal bond finance case. [Note that these costs of electricity include a royalty
payment of ¢0.5/kWh and do not include the effects of incentives, which could trim another
¢l/kWh or more off the electricity cost if applicable (incentives are factored into the
calculation in Step 3).J

The IC engine appears at this landfill size to have a slight cost advantage over the CT
and a substantial advantage over the combined-cycle CT, owing mainly to the IC engine's
lower engine and gas compressor costs, and gas compressor auxiliary load. However, the IC
engine loses some of its advantage because of higher O&M costs.

5.2.3 Step 3: Compare Project Expenses and Revenues

As a first cut at assessing a particular project's economics, first-year expenses and
revenues are often compared to see if a project configuration warrants further analysis. At
this point it is important to include any tax credits or other incentives in the economic
assessment. If first-year project revenues are comparable with expenses, making sure to take
into account any tax credits that are available, then it is advisable to proceed to the next step:
creating a pro forma model of project cash flows. If the estimated revenues fall significantly
short of the project costs, one or both of the following two options should be pursued:

1) Look for additional sources of revenue (e.g., on-site sales, thermal sales) or
alternative customers (e.g., electric utilities, municipal utilities) that may offer a
higher electricity price; and/or

2) Change the project configuration (e.g., size, technology, equipment vendor,
energy outputs) and re-examine the economics.

4 See Box 3.6 in Chapter 3 for a discussion of capacity factors.
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Table 5.4. Estimated Cost of Electricity Production for Three Project
Configurations at Example Landfill

1L..:E!amp===le;:,.:..:L==.a=n:::d=fiJ=J....::;was=te=-=in::..J:P=la::.:ce=--:=::......__...'::S~....;m=jJ~Ji~on~m=e~tri~.C:::...=tO~DS=-_J

Total Electricity Cost in 1996
Project Finance Case

(80% debt, 20% equity)

Municipal Finance Case
(tax-exempt bonds at 6.5%)

Incremental Electricity Cost in 1996

\
Project Finance Case

I (80% debt, 20% equity)

I Municipal Finance Case
I (tax-exempt bonds at 6.5%)

!

Units

ClkWh

clkWh

c/kWh

c/kWh

ICEngine

6.0

5.5

4.6

4.2

Combustion
Turbine

6.2

5.6

4.7

4.2

Combined
Cycle cr

6.5

5.8

53

4.7

(a)

Notes:
See Chapter Appendix for notes on these calculations.
All cost estimates include a 0.5 c/kWh royalty payment Tax incentives and subsidies are not included.

(a) Incremental Electricity Cost does not include capital and O&M costs associated with LFG collection system.
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Tax Credits/Incentives

Tax credits and federal incentive payments can significantly improve project
economics, and help to justify an otherwise marginal project. Currently, federal tax credits
listed under Section 29 of the Internal Revenue Code are available for the recovery and use of
unconventional gas fuels such as landfill gas. Additionally, the "Renewable Energy
Production Incentive" (REPI) program, which was mandated under the 1992 Energy Policy Act
and is being implemented by the U.S. Department of Energy, provides an incentive to publicly
owned facilities that generate electricity from renewable energy sources such as landfill gas.
The applicability of these incentives depends on the structure of the project and the
owner/operators' tax situation. Therefore, a full understanding of the tax laws and how they
may be applied is critical to ensuring a project's ability to take advantage of the incentives.

Section 29: The Internal Revenue Service (IRS) Section 29 tax credit, currently due to
expire in the year 2007, is available to landfill gas projects that are operating before
June 30, 1998. This tax credit has been extended several times by the U.S. Congress
since its initial inception, but there are no guarantees that the extensions will continue.
The credit is worth $5.83 per barrel of oil-equivalent (on a MMBtu basis) and is
adjusted annually for inflation [Conversation with Tommy Thompson, U.S. Internal
Revenue Service, April 1996]. The current value of the credit is $1.001 per MMBtu
[Conversation with Tommy Thompson, U.S. Internal Revenue Service, April 1996]. At
full value, this converts to about 0.9¢ to 1.3¢/kWh for a typical landfill gas electricity
project, depending on the efficiency of the generating equipment used.

The Section 29 tax credits apply only to landfill gas that is produced and then sold to
an unrelated third party (for example, when landfill gas is sold as a medium-Btu fuel to
an industrial customer) [RIA, 1992]. As a result of this stipulation, project developers
may bring in or create a separate company when developing power projects in order
to take advantage of the credits. Several project structures exist that would allow a
landfill gas project to benefit, either directly or indirectly, from the tax credits. Three
such structures are presented in Box 5.4. Depending on the structure used, the
project may receive only a fraction of the value of the tax credits. For example, if a
tax-paying company takes responsibility for gas collection and sells the gas to a
power project, the collection company is entitled to the Section 29 tax credits.
However, if this company cannot fully use the credits, as is often the case, the
company might transfer the credits to outside investors who can use them. Usually
the gas collection company must "sell" the tax credits at a discounted price, leaving
the collection company with as little as 60% of the full value of the tax credits.

REPI: Section 1212 of the Energy Policy Act of 1992 stipulated that a cash subsidy of
1.5¢ per kWh (adjusted annually for inflation) would be available to renewable energy
power projects owned by a state or local government or nonprofit electric cooperative,
that are first used during the period October 1993 through September 2003 [Federal
Register, July 19,1995]. Solar, wind, geothermal (except dry steam geothermal), and
biomass (including landfill gas, but excluding municipal solid waste) projects are
defined to be renewable energy projects.

The availability of funding for REPI payments is SUbject to annual appropriation by
Congress. Approximately $2.2 million was appropriated for the program for fiscal year
1995, and $3 million was appropriated for 1996 [Klunder, 1995]. Payments will be
made first (and on a pro rata basis if necessary) to qualified renewable energy facilities
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Box 5.4 Examples of How A Project Can Be Structured to Take Advantage of
Section 29 Tax Credits

Privately Owned Landfill:

Scenario One:
• The landfill owner owns and operates the gas collection system (GASCO), and

sells the gas to the developer for use in the energy recovery project (GENCO).
• The GENCO is owned and operated by a developer who is unrelated to the

landfill owner.

Result: The landfill owner receives gas revenues and tax credits, which can be used or
sold along with the GASCO to another party.

Publicly Owned Landfill:

The following scenarios describe structures that enable a landfill owner who cannot
take direct advantage of tax credits (e.g., a municipality) to benefit from the transfer of
credits.

Scenario One:
• An entity (GASCO) unrelated to the landfill owner purchases the gas rights from

the landfill and operates the gas collection system. It sells the gas to the energy
recovery project (GENCO).

• The GENCO is owned and operated by a developer who is unrelated to the
landfill owner.

Result: The landfill owner receives a one-time payment for its gas rights, and the owner
of the GASCO receives the tax credits.

Scenario Two:
• The landfill leases gas rights, for a "production fee," to an unrelated party

(GASCO) who sells the gas to the energy recovery project (GENCO).
• The GENCO is owned and operated by a developer who is unrelated to the

landfill owner.

Result: The landfill owner receives production payments and a share of the tax credits.
The GASCa receives the majority of the tax credits.

In many of these cases, the developer of the energy recovery project and the
purchaser/lessor of the gas rights may have overlapping ownership of up to 50%.
[Martin, 95]
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using solar, wind, geothermal, and closed-loop biomass technologies.5 Payments will
then be made (on a pro rata basis if necessary) to all other qualified renewable energy
facilities [10 CFR, Part 451] including landfill gas-to-energy facilities. The 1995
appropriation was enough to make all approved payments.

According to the rules governing the REPI program, projects must apply annually for
the payments, which may continue for up to ten years. Applications for energy
produced in a fiscal year must be submitted to the Department of Energy during the
period October 1 through December 31 of the following fiscal year [10 CFR Part 451].

Example Calculation of Project Cash Flow (First Year)

An estimate of first year cash flow and economic viability is obtained by subtracting
the first-year expenses from revenues, and adding available tax credits/incentives. If this
calculation yields an amount of zero or greater (Le., surplus cash flow), the assumed
revenues can support the project expenses, as well as meet the project's financing
requirements (e.g., a 15% return on equity in the project finance case). The financing
reqUirements are included in this analysis as part of the project expenses. A negative result
indicates a cash flow shortfall, which means that expenses will not be covered or debt service
reqUirements will not be met in the first year. Since this calculation only provides a rough
indication of economic viability', the most important result is simply whether or not the
calculation yields a non-negative amount.

Continuing the 5 million metric ton landfill example, the assumed electric buyback rate
of ¢4.8/kWh would be capable of supporting various project configurations depending on the
financing assumptions and the cost basis assumption, as shown in Table 5-5. As shown in
the table, all three technologies are estimated to be viable on an incremental cost basis for
both the project finance and municipal bond finance cases. However, on a total cost basis,
only the IC engine power configuration appears viable in the project finance case. In
contrast, the cost advantages of municipal bond financing (tax exempt) allows all three
technologies to be viable even under a total cost basis. This analysis demonstrates that the
availability of municipal bond financing has an important effect on the economic viability of
the technology options.

It is clear that for the example landfill, the IC engine power configuration appears most
promising at this stage of the analysis, so the analysis of this option should proceed to
Step 4. Because the CT option is relatively close to the IC engine under all scenarios, it
would be reasonable to carry the CT forward for further evaluation in Step 4 as well. The
combined-cycle CT should only be considered if municipal bond financing is an option.

Landfill gas power project economics have the potential to improve over time, but
future performance must nevertheless be carefully examined. Economics can improve,
because most of the costs are fixed (e.g., capital and gas collection costs) and not SUbject to
significant escalation over time. Only the O&M costs are expected to increase significantly.
Project revenues, which are driven by buyback rates, can increase over time and should more
than offset any O&M increases. However, these positive effects can be easily negated by
declining gas flows in later years, because the project will have diminished revenues (see

5 Closed-loop biomass means any organic material from a plant which is planted exclusively for
purposes of being used to generate electricity (10 CFR, Part 451].
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Table 5.5 First Year Project Revenues and Expenses for Three Project
Configurations at Example landfill

IEDmple: Landfill waste in place = 5 million metric tons . ]

Combustion Combined
Units ICFngine Turbine Cyclecr

REVENUES clkWh 4.9 4.9 4.9

PROJECf FINANCE CASE
~nses (including Owner's Return)

Total clkWh 6.0 6.2 6.5
Incremental clkWh 4.6 4.7 53

Revenues Minus Expenses
Total clkWh (1.1) (13) (1.6)
Incremental clkWh 03 02 (0.4)

1996 Tax Credit clkWh 13 13 0.9 (a)

.
ted Surolus (Shortfall) Cash Flow After Taxes and Owner's Return

Total Cost Basis clkWh 02 0.0 (0.7]
$000 $69 $0 ($332

Incremental Cost Basis clkWh 1.6 15 05
$000 $553 $497 $237

Esuma

MUNICIPAL BOND FINANCE CASE
~nses (including financing costs)

Total clkWh 5.0 5.1
Incremental clkWh 3.7 3.7

Revenues Minus Expenses
Total clkWh (0.1) (0.2)
Incremental clkWh 1.2 12

1996 REP! Subsidy clkWh 0.0 0.0

53
4.2

(0.4)
0.7

0.0

Estimated Surplus (Shortfall) Cash Flow After Tues and Financing Expenses
ITotal Cost Basis clkWh (0.1) (0.2) «(~
i $000 ($35) ($66) ($190

,I Incremental Cost Basis clkWh 1.2 1.2 0.7
i $000 $415 $398 $332

Notes:
(a) In many cases, only a fractioIlI of the tax credit gets applied to the project. If only 60% of the available
credit gets applied, then the proje.ct becomes more expensive by about 0.5 clkWh, or $173,000 per year.
See Appendix A for notes on calculations.
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Chapter 3 for more on project sizing).

The results of the analysis are, of course, driven by the key assumptions that affect
costs and revenues, including: incentives, royalty payments, capital and O&M costs, electr'c
buyback rate, financing method, and annual capacity factor. In this example, the full value -·:)f
tax credits or subsidies contribute O.9¢/kWh to 1.5¢/kWh to project cash flows, and all
scenarios include a royalty/gas payment expense of O.5¢/kWh.

5.2.4 Step 4: Create a Pro Forma Model of Project Cash Flows

After an initial comparison of expenses and revenues has demonstrated that a
particular project configuration could be competitive (e.g., IC engine, Cn, the next step is to
create a pro forma model of project cash flows over the life of the project. This type of cash
flow model is known as pro forma because it usually contains several standard items
including a listing of financial assumptions and operating parameters, energy pricing data,
calculation of annual expenses and revenues, an income statement, a cash flow statement,
and financial results (see Box 5.5). An income statement usually lists the elements of project
revenues and expenses, and shows a calculation of operating income, depreciation, taxes,
and net book income. A cash flow statement typically shows project cash flows including
pre-tax and after-tax cash flows, and distributions to project owners. Financial results include
debt coverage ratios, rate of return (ROR), and net present value (NPV).

Box 5.5 The Pro Forma

The elements of a well-designed pro forma include:

• Project specifications and cost data
• Operations summary (e.g., kwh generated, Btu delivered, gas consumed)
• Financing and depreciation summary (e.g., interest rates, schedules)
• Price escalators for fuels, consumables, services, equipment
• Operating expense calculation (annual costs for royalties, fuel, O&M)
• Revenue calculation (annual revenues from sales of electricity, energy)
• Financing costs (e.g., interest and principal payments, investor's cash flow)
• Income statement (calculation of operating income, book income)
• Income tax and tax credit calculation
• Cash flow statement (e.g., pre-tax and after-tax cash flow calculations)
• Financial performance calculation (e.g., debt coverages, ROR, NPV of cash flows)

A well-designed pro forma should give the owner/developer a clear idea of project
revenues, expenses, and sensitivities, and it can also serve to convince investors of project
financial viability and returns. Preparing a detailed pro forma is an important step in ensuring
the financial feasibility of a landfill gas-to-energy project. The pro forma model is usually
created by the project developer using a computer spreadsheet format, which makes it easy
to change inputs and assumptions if needed. This feature also makes the pro forma a useful
tool for testing the project's economic sensitivity to alternative assumptions and options.

A pro forma will yield a much more reliable assessment of economic viability than the
first-year comparison. Therefore, it is generally recommended that a pro forma be developed
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for all options that achieve positive or close-to-positive results in Step 3.

5.2.5 Step 5: Assess Economic Feasibility

The key financial results of a pro forma model are used to assess the economic
feasibility of a power project. Economic feasibility is usually measured by indicators such as
debt coverage ratios, ROR on equity, and NPV. The debt coverage ratio, which is the annual
ratio of operating income to the debt service requirement, is a measure of the project's ability
to meet its debt repayment requirements, and is usually expected to be in the range of 1.3 to
1.5. Lenders often view projects with debt coverage ratios below 1.3 as having a high risk of
defaulting on loan repayment, which can make financing difficult. The ROR on equity and the
NPV of owner's cash flows are two measures of the financial returns to the project owner.
The owner's rate of return on equity ranges from approximately 12% to 18% for most types of
power projects.

An acceptable owner's ROR for a particular project is a function of project risks and
the owner's objectives. If the landfill owner views the project mainly as a cost-effective
pollution control measure, then financial returns are not the only consideration and a ROR of
12% or less may be acceptable. Ukewise, if risks have been removed because extensive
testing has been done or permits are in hand, then lower RORs may be acceptable.
However, if uncertainties such as unconfirmed gas flow rates or potential permitting difficulties
are present, then the owner/developer may expect a higher ROR to compensate for the risks.

5.3 SALE OF MEDIUM-BTU GAS

·,f there is a suitable buyer nearby, direct sales of medium-Btu gas is generally the
most economic recovery option, because it entails minimum processing requirements and
capital costs. The suitability of a potential buyer depends largely on two considerations: (1)
the buyer's proximity to the landfill and (2) the buyer's gas requirements.

The proximity of a potential customer to the landfill is critical because the cost to
deliver the gas may be prohibitive if the customer is located far from the landfill. Ideally, the
customer will be no further than one to two miles away. If there are no potential customers
nearby, it may be possible to entice new industrial facilities to locate near the landfill by
offering a low cost fuel.6

The total annual gas or steam requirements of a potential customer are important,
since they will determine whether landfill gas production rates will support the entire needs of
the customer or only a portion. For example, a five million metric ton landfill could support
the processing needs of a large kiln operation, while a one million metric ton landfill may only
provide enough gas to supplement needs during peak periods. When evaluating the needs
of a customer who will be using landfill gas in boilers to generate steam, a general rule of
thumb is that approximately 10,000 pounds per hour of steam can be provided by every one

6 New industries that are searching for a suitable facility location often work through local or state
economic development specialists to identify candidate sites. Therefore, educating economic
development specialists about the benefits of using landfill gas as a fuel so they can offer its
advantages to potential customers may be worthwhile.
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million metric tons of landfill waste in place'?

A potential buyer's seasonal gas demand is also important due to the nature of landfill
gas production. If a customer has only an intermittent gas load, much of the landfill gas
recovered will be flared rather than sold, since landfill gas storage is not economical. A
baseload gas user which uses gas on a continuous basis is usually preferred over an
intermittent user, such as a facility that uses gas mainly for seasonal heating needs. It is
more difficult to justify the economics of selling gas to an intermittent user, because gas sales
revenues are reduced during non-heating seasons and the landfill gas must be flared or used
elsewhere.

Using landfill gas as a medium-Btu fuel in boilers that create steam to meet process or
space heating needs is one of the simplest and most common direct use applications. Other
industrial applications include drying operations, kiln operations, and cement and asphalt
production. If one of these applications prOVides only a seasonal market for the landfill gas,
multiple uses may be combined to achieve a continuous baseload. Box 5.6 describes how
one company successfully created a year-round demand for its landfill gas production by
combining the demands of its asphalt manUfacturing operation with its space heating needs
in the winter months. Another landfill gas application that may be ideal is to provide
supplemental fuel to waste-to-energy plants, which are often located near landfills. For
example, at the 45-MW Ridge waste-to-energy plant in Florida, landfill gas from the adjacent
landfill comprises five percent of total fuel input on a heat-input basis [Swanekamp, 1994].

The economic viability of the project can be determined once a potential gas user has
been identified using the steps described below.

5.3.1 Step 1: Estimate Energy Sales Revenues

Revenues for a medium-Btu gas project come from gas sales to a direct use
customer. Potential landfill gas customers include industrial energy users, commercial
buildings, universities, incinerators, and district heating systems. Typically, medium-Btu gas
customers will buy landfill gas at a price that is no higher than their current delivered price of
natural gas on a Btu basis, since landfill gas combustion may require burner retrofits,
controls, and maintenance that natural gas does not. In fact, landfill gas project
owner/developers should expect to offer landfill gas at a discount off the customer's current
natural gas price; discounts of approximately ten to twenty percent are common in existing
projects. Delivered natural gas prices vary by location and customer type. For example, the
price paid by a large industrial gas user will likely be less than that of a customer who only
uses gas for space heating purposes such as commercial bUildings and district heating
systems. Box 5.7 illustrates these price variations, which should be kept in mind when
negotiating with potential customers.

Displacement savings, realized by using landfill gas to offset natural gas purchases at
facilities owned by the landfill owner/operator, should also be credited to the project.

Tax credits or other incentives may be used to supplement gas revenues. However, if
the tax credits are to be used by a third party developer, they may not yield full face value to
the project since there are soft costs (i.e., legal and transaction fees) associated with placing

7 This rule of thumb assumes that steam is supplied at 50 psig, saturated.
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Box 5.6 MUltiple End Uses of Landfill Gas Create a Baseload Demand for
Fred Weber, Inc.

Fred Weber, Inc., a cement and asphalt producer, collects landfill gas from a
landfill near 51. Louis, Missouri and directly uses the medium-Btu gas in three
different, seasonal applications, for savings of about $100,000 per year.

• In the summer months, landfill gas is burned in the aggregate dryer at
the firm's asphalt plant which is located adjacent to the landfill.

• In the winter months, Fred Weber, Inc. uses landfill gas in its concrete
plant to heat water for the preparation of ready-mixed concrete.

• Landfill gas is also used to heat the firm's adjacent commercial
greenhouse.

By using landfill ga:s in complementary applications, Fred Weber, Inc. has
created a baseload demand for its landfill gas supply.

[Mahin, 1991]

Box 5.7 Natural Gas Price Variations by Customer Type

Natural gas consumers can either purchase their own gas supplies and
then pay the local distribution company (LOC) a delivery charge, or they can
purchase delivered supplies directly from the LOC. Most large industrial and
commercial consumers choose the former purchase alternative, since it is usually
less expensive than buying from the LOC.

Regardless of the purchase strategy used, large industrial customers
typically pay less for naturcll gas than other types of consumers:

Average Price ($/mcf)
Industrial

3.00
Commercial Residential

5.22 6.89

All dollar values are in 1994 dollars.

[Energy Information Administration, 1995]

the ownership of the gas rights ;and collection system with an independent party. In addition,
if the company cannot fully use the credits , the company may transfer the credits to an
outside investor. These outside investors usually buy the credits at a discounted price,
leaving the sellers with as little as 60% of the full value of the tax credit.
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5.3.2 Step 2: Quantify Capital and O&M Costs

The gas collection costs for a medium-Btu gas sales project would be similar to those
incurred in a power project, although gas processing costs would probably be much less,
since only minimal clean-up is usually required for direct use applications. The capital cost~
associated with delivering landfill gas to the customer would normally include pipeline
construction costs (about $250,000 to $500,000 per mile, installed), additional gas
compression costs, and metering. If there are low points in the pipeline which would allow
moisture to accumulate, then the costs of installing dehydration equipment may also be
incurred.

The customer may incur capital costs if equipment retrofits are necessary in order to
burn landfill gas. For example, due to the lower flame temperature of landfill gas as
compared to natural gas, lower boiler superheater temperatures may be experienced and
thus a larger boiler superheater could be required [Eppich and Cosulich, 1993]. Retrofit costs
will vary, since most require customized installation. For example, one project reported that
new rotary kiln burners would cost $30,000 each [LaReaux, 1995], while boiler burner retrofits
may range in cost from $120,000 to $300,000 [Brown, 1995]. The landfill project may assume
some of these retrofit costs, as was the case in the AT&T project described in Box 5.8.

Box 5.8 Medium-Btu Gas Sales to AT&T

Network Energy of Ohio, owner of landfill gas rights at a landfill near
Columbus, Ohio, is selling landfill gas to a nearby AT&T Network Wireless Systems
plant. The AT&T plant uses the landfill gas as boiler fuel to generate about 40,000
pounds of steam per hour for plant heating, process uses, and hot water heating.
Use of the landfill gas enables AT&T to reduce the purchases of its normal boiler
fuel--natural gas. Even with some natural gas still used to supplement the landfill
gas supply, AT&T expects to achieve annual fuel savings of about $100,000.

To make the medium-Btu purchase attractive to AT&T, Network Energy paid
the $1 million cost of building a 1.5-mile pipeline from the landfill to the plant and
converting one AT&T boiler to burn landfill gas. A custom 10w-NOx burner was
designed by Coen Company to burn a controlled mixture of landfill gas and natural
gas. The burner control system is able to respond to changes in landfill gas line
pressure and Btu content.

The agreement between Network Energy and AT&T provides that all key
boiler equipment installed in the conversion is owned by AT&T. In addition, AT&T
had input in the design process and obtained the air permit for the modified burner.
Network Energy is responsible for ensuring that all other environmental conditions
are met [Source: Power, April 1994].

Table 5-6 shows the total capital costs for the example 5 million metric ton landfill,
serving a gas consumer who is assumed to be located one mile away. The cost of providing
gas to this customer is estimated to be $3.39 million, inclUding the cost of the gas collection
system. These costs (in as-spent dollars, reflecting a June 1996 on-line date) would increase
with longer pipeline distances.
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Table 5.6 Estimated Medium-BTU Project Capital Costs at Example Landfill

IExample: Landfill waste in place == 5 million metric tons I
I

ICost CategOry Units Baseload user Heat load user
i (continuous) (seasonal)
IOPERATING DATA

Net sustainable landfill gas produetic1n met/day 2,988 2,988
Net fuel output (MMBtu) MMBtu/day 1,494 1,494
On-line date 6/96 6/96
Capacity factor (lifetime annual average) 90010 40010 (a)
Annual full load operating hours hours 7,884 3,504
Annual volume of gas sold MMBtu 490,811 218,138

I
I

IEQUIPMENT & INSTALLATION COSTS
iGas Delivery System ($1994)
! Condensate removal/filtration $000 IS 15
I

CompressorlBlower station $000 100 100I

Pipeline interconnect $000 350 350
Fuel burning equipment conversion $000 150 150-

iGas delivery system cost ($1994) 615 615

ILFG collection system cost ($1994) $000 2,098 2,098

I

136 136iEngineering ($1994) $000

iCAPITAL REQUIREMENT
System cost ($1994) $000 2,848 2,848

.System cost ($1996) $000 3,051 3,051

Soft costs($1996)
Owners costs, escalation, interest 190 190

Contingency @5.0% 153 153

Total Soft Costs $000 343 343

Total Capital Requirement
(as-spent dollars, 1996 on-line date) $000 3,394 3,394

Incremental Capital Requirement $000 769 769 (b)

Notes:
See Chapter Appendix for notes on these calculations.

(a) Assumes baseload user has a year-round need for gas, and heat load user only uses gas in the
five winter months.

(b) Excludes capital and soft costs associated with the LFG collection system.
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O&M costs are relatively low for medium-Btu gas projects. The gas consumer is
usually responsible for the O&M of its own fuel-burning equipment. For the project developer,
gas delivery system O&M expenses might include pipeline marking costs (to prevent pipeline
rupture during excavations), labor costs, insurance, and property taxes. The Wilder's Grove
landfill gas project in North Carolina reports that its only routine gas delivery system
maintenance tasks are to clean the automated condensate drain filter and replace the
pumping station filter when significant pressure drops occur [Augenstein and Pacey, 1992].
Gas collection system O&M costs are calculated to be about $0.31 per MMBtu in 1996 dollars
[EPA, 1993].

5.3.3 Step 3: Compare Project Expenses and Revenues

To evaluate the economics of selling medium-Btu gas, the expenses associated with
collecting, processing, and delivering the landfill gas must be compared against the gas
revenues. A first-year comparison can give a qUick estimate of project economic feasibility,
while a pro forma model of cash flows will provide a more precise model of economic
performance.

Using the capital cost assumptions described in Table 5-6, the first year cost of
producing a medium-Btu fuel for direct use can be calculated for the example 5 million metric
ton landfill. The results are presented in Table 5-7. Costs are displayed in the example for a
baseload gas user, who consumes gas at a relatively constant rate over the course of a day
or year, and a heat load user, who consumes gas mainly for seasonal heating needs. The
results of the cost calculations affirm the following conclusions about medium-Btu gas
projects in general:

• The incremental cost of installing a gas delivery system is very low. For the
example landfill, the cost of the gas delivery system represents only about 23%
of the total capital requirement.

• The fuel consumption pattern of a potential gas customer greatly affects the
unit cost of gas. The example shows that producing and delivering gas to a
heat load only customer would cost over twice that of producing and delivering
to a baseload customer ($2.87 per MMBtu versus $1 .28 per MMBtu on a total
system basis).

• IRS Section 29 tax credits can make a substantial difference in offsetting gas
production costs. When the full benefit of tax credits is factored into the cost
of an incremental gas delivery system, the gas can essentially be recovered for
free.

5.3.4 Steps 4 and 5: Create a Pro Forma and Assess Economic Feasibility

As with landfill gas power projects, the next steps in the project development process
are to create a pro forma and assess economic feasibility. The concepts for analyzing a
medium-Btu gas project are the same as those for a power project:

Step 4: Create a pro forma that includes a listing of financial assumptions and
operating parameters, energy pricing data, calculation of annual
expenses and revenues, an income statement, a cash flow statement,
and financial results.
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Table 5.7 Estimated Cost of Producing Medium-BTU Gas at Example Landfill

Heat load user
(seasonal)

6.92 15.56
1.57 3.53

0.31 0.70
0.02 0.06

1.049 1.049

0.136 0.136

0.94 2.12
0.34 0.75
1.28 2.871
0.23 1.82]

(a)
0.21 0.48
0.02 0.06
0.24 0.53 :

(0.81) (O.51~

5 million metric toDS :

S/MMBtu
S/MMBtu

S/MMBtu
S/MMBtu

S/MMBtu
S/MMBtu

S/MMBtu
S/MMBtu

S/MMBtu

S/MMBtu
S/MMBtu

S/MMBtu
S/MMBtu

tExample: Landfill waste in place =

'Total 1996 cost of gas
:Cost of gas including tax credit

I
Total 1996 cost of gas
Cost of gas including tax credit

Incremental Gas Cost
Levelized capacity price
1996 O&M price

Total Gas Cost
Levefized capacity price
1996 O&M price

FIRST YEAR COST OF GAS (1996)
Capital charge rate

Tax Credit (1996)

IO&M Costs (1996)
t LFG collection system

Gas delivery system

i
I

Ic..::C::.:o::::.:st;..::C::::a:::te::.cg.:::;ory~ .__~U~n~its::::....-__ Baseload user
i (continuous)
IGAS PRODUCTION COSTS
jCapital Costs (as-spent, 1996 online)
I Total capital requirement
i Incremental capital requirel1}ent

i

Notes:
See Chapter Appendix for notes on these calculations.

(a) Incremental Gas Cost does not include capital and O&M costs associated with LFG collection system.
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Step 5: Assess economic feasibility based on cash flows, debt coverage
ratios, owner's ADA, and NPV of cash flows.

5.4 ALTERNATIVE OPTIONS

Although the conventional power generation option and the medium-Btu gas sales
option account for the vast majority of landfill gas energy recovery projects, there are several
additional gas use alternatives that may be worth exploring. These alternatives, described
briefly below, include: upgrading landfill gas to pipeline quality gas; using landfill gas as a
vehicle fuel; using landfill gas in niche applications; and using landfill gas in fuel cells.

5.4.1 Upgrade to Pipeline Quality Gas

Upgrading gas to pipeline quality is relatively expensive, because of substantial
processing requirements to remove nitrogen and other constituents of raw landfill gas. This
option is currently viable only at larger landfills (i.e., more than 4 million of per day) where
significant economies of scale can be achieved. Landfill gas developers report that the
revenues required to support such a project are in the range of $3.62 to $4.14 per MMBtu
(1994$) [SGS Engineers, 1994]. Tax credits, such as lAS Section 29 credits, may be available
to qualifying projects to help the economics of this type of project. Higher natural gas prices
would increase the attractiveness of this option.

Local distribution companies (LOGs) are the best potential market for upgraded gas
sales, because they have a large existing market for the gas. The price an LOG will pay for
upgraded landfill gas will probably be based on the price it pays for natural gas from
producers and gas marketers. There are many different pricing methods used by LOGs. One
of the most common is to index the gas price to the monthly market, or "spot," price. Spot
prices vary among geographic areas and pipeline systems, and they fluctuate month-to­
month. In the last few years, spot prices have been low due to a glut of natural gas supply
on the market. Although this glut is disappearing, gas prices are not expected to increase
dramatically in the next few years. LOCs may require gas testing for certain constituents, and
assurances that these constituents will be removed or kept to a very low level.

5.4.2 Vehicle Fuel Applications

There are a few potential vehicle fuel applications for landfill gas - compressed
natural gas (CNG), liquified natural gas, and methanol - that are in the early stages of
development or commercialization. At this time, CNG and other alternate-fuel vehicles make
up a very small percentage of automobiles in the U.S., so there is 110t a large demand for
CNG as a vehicle fuel. Environmental regulations may increase demand; for example, in
southern California and the Northeast, alternate-fuel vehicles are expected to become a way
to reduce local ozone pollution. Recent federal regulations may favor methanol produced
from a renewable source, such as landfill gas.

Cost savings can be realized for landfill owner/operators who own vehicles or other
nearby fleets (e.g., municipal vehicles, delivery trucks) that can be converted to run on
alternate fuels. Key factors in the economic evaluation of this option are: (1) the cost of
installing a fueling station; and, (2) the costs of retrofitting vehicles to run on the alternate
fuel. The cost of installing a compressed landfill gas fueling facility can be significant-the
installation of the Puente Hills Landfill fueling station in California cost approximately $1
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million [McCord, 1994]. However, under the Energy Policy Act of 1992, a federal tax
deduction of up to $100,000 is available for the installation of alternate fueling stations [Webb,
1992; Adkins, 1995]. Vehicle conversion costs, which currently run about $3,500 for
passenger vehicles and $4,000 for trucks, can also be offset by tax deductions.8 Up to
$2,000 per vehicle is available for conversions of conventional fuel vehicles and up to $5,000
per vehicle is available for medium-duty fleet purchases or conversions [GRI, 1995].

Fleet vehicles are an especially good application for alternate fuels because these
vehicles usually travel less than 200 miles per day and they return to a central location at
night for refueling and storage. Also, having a fleet of vehicles will increase fuel usage and
therefore decrease average fuel costs, since capital recovery of fueling station construction
costs represents the majority of fuel production costs (operation and maintenance costs for
alternate fuel vehicle stations are minimal). For example, fuel costs at the Puente Hills CNG
station range from 48¢ per gallon gasoline equivalent at a 100 percent station utilization factor
to $1.26 per gallon gasoline equivalent at a 25 percent station utilization factor [Wheless,
Thalenburg, Wong, 1993].

5.4.3 Fuel Cells

The use of fuel cells to chemically convert landfill gas to electricity is a promising
application, largely because of the high efficiency and minimal emissions resulting from this
process. At this time, use of fuel cells for landfill gas applications is in the demonstration
phase.

The phosphoric acid fuel cell (PAFC) is one of the three types of fuel cells suitable for
stationary power production. This technology is considered commercially viable today, for
other fuels, and there are over 40 MW of PAFC demonstration units in operation
[Swanekamp, 1995]. The capital cost of the PAFC unit is $3,000 per kW for delivery in 1995,
and is projected to decrease to apprOXimately $1,500 per kW by 1998 [Strait, Doorn, and
Roe]. Variable O&M costs for the units are estimated to be 1.7¢/kWh [FCCG, 1993].

Landfill gas-powered fuel cells are in the demonstration phase. Northeast Utilities
installed a test unit at the Flanders Road Landfill in Groton, Connecticut in late 1995, and
operation at the site began in June, 1996. Northeast Utilities expected to spend $150,000 to
install and maintain the 200 kW fuel cell. [Electric Power Daily, 1995]. Currently, Connecticut
Light & Power, a subsidiary of Northeast Utilities, is operating and maintaining the test unit.
The $1.5 million, 200-kW PAFC demonstration unit, owned by the EPA, has already been
tested at the Penrose Landfill in Sun Valley, CA.

5.4.4 Niche Applications

An important alternative application, partiCUlarly for smaller and/or closed landfills, is
the local use of landfill gas for niche applications such as heating of greenhouses. Where
these applications are available, they may be the most economically attractive for landfills that
fail the economic tests of traditional applications. The costs of these applications will vary,
depending on type of equipment used. For example, if landfill gas is used in an existing
natural gas boiler to heat a greemhouse, costs may be minimal if burner adjustment is all that

8 Note that the tax deduction applies to the conversion of vehicles to various alternate fuels (e.g.,
eNG, LNG. LPG, or methanol).
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is required.

Other niche applications are currently being developed, such as the use of landfill gas
to produce commercial high purity carbon dioxide (C02), With retail prices for this product
between $50 and $200 per ton (1992$), this may become a valuable use of landfill gas [Strait,
Doorn, and Roe]. The process used to recover landfill gas CO2 is in the field-scale testing
and demonstration phase.

5.5 COMPARISON OF ALL ECONOMICALLY-FEASIBLE OPTIONS

If a landfill owner/operator has the opportunity to produce and sell more than one type
of energy product, he or she should compare the net cash flows of each option head-to-head
to determine the best option, as illustrated in Figure 5.2. After completing an initial economic
analysis for each option, including the development of a pro forma for the most promising
options, the owner/operator can compare the results of the economic analysis (Step 5). After
ranking the options and selecting an economic winner, the landfill owner/operator should then
consider non-price factors including risks, ability to obtain financial backing, environmental
performance, and reliability of assumptions. The option that produces the best financial
performance while meeting the desired environmental, risk, and operating requirements is the
winner.

5.5.1 Head-to-Head Economic Comparison

The results of Step 5 of the economic analysis--annual cash flows, NPV, debt
coverage, and ROR-can be used independently or together to rank options and select an
economic winner. There is no single measure of financial performance that guarantees
economic viability, so it is wise to consider several measures together. One approach is to
rank options according to the NPV of future after-tax cash flow, making sure that minimum
debt coverage and ROR requirements are also met. The option with the highest NPV that
meets the minimum debt coverage and rate of return requirements is the economic winner.

5.5.2 Consideration of Non-Price Factors

Although economic feasibility and financial results are important, the final selection of
the project technology and configuration should take into account non-price factors such as
environmental performance, reliability, and accuracy of assumptions. In the power generation
example used above, the IC engine produced the maximum income for the owner, but the
use of a CT may still be more attractive if low nitrogen oxide (NOx) emissions are a priority
(see Chapter 9). The permitting process might determine that low NOx emission levels are
required, potentially making the IC engine more expensive and/or more difficult to permit than
the CT. As another example, a medium-Btu gas sale may show superior economic results
when compared to the power generation options, but there may be additional risks entailed in
pipeline construction or boiler conversion. Non-price factors have real impacts on project
viability and must be taken into consideration.
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Figure 5-2 Deciding Among Energy Project Options
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6. ASSESSING FINANCING OPTIONS

Financing a landfill gas energy
recovery project is one of the most
important and challenging tasks facing a
landfill owner or project developer. A
number of potential financing avenues are
available, including finding equity investors,
using project finance, and issuing municipal
bonds. This chapter provides insights into
what lenders and investors look for under
each financing method, how to secure
financing, and some advantages and
disadvantages of each method.

The following six general categories
of financing methods may be available to
landfill gas projects:

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

Part II
Detailed Assessment of

Project Economics

(1 )
(2)

(3)
(4)
(5)
(6)

private equity financing
private nonrecourse debt
financing (Le., "project
financing")
municipal bond financing
direct municipal funding
lease financing
public financing through
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Selecting a Project Development Partner
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Contracting for EPC and O&M Services

The first four types are common among smaller energy projects such as landfill gas projects.
Of the last two types, lease financing is used occasionally and public financing is not
commonly used for landfill gas projects, but landfill owners should be aware that they exist. A
recent survey of landfill gas energy projects concluded that private debt or equity financing
was used in 85% of the cases [Berenyi and Gould, 1994]. The same survey showed that
over 10% of the projects were funded directly by city, county, or other municipal revenues.

The selection of financing method is usually driven by cost and applicability, since not
all financing methods are available to all types of projects and project owners. A flow chart
that illustrates the general process of deciding on the optimal financing method is presented
in Figure 6.1. The cost effects of various financing methods are illustrated in Figure 6.2,
which shows a sample capacity price for the same project under different financing methods.
The capacity price incorporates the cost of building and financing a landfill gas project,
annualized over the project life. It is sensitive to interest rates; higher interest rates lead to
higher financing costs and a more expensive project compared with a lower interest rate
scenario.

From the landfill owner's perspective, often the simplest and lowest cost financing
method is to use direct municipal funding through the municipal operating budget. Because
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Figure 6-1: Assessing Financing Options
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Figure 6-2: Capacity Price Produced by Different Financing Approaches
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the amount of municipal funds available is usually limited, however, this method may not be
possible for many projects. Issuing municipal bonds is also a low-cost option, particularly for
projects owned by a public agency, but local and federal applicability rules must be satisfied
in order to use this method. If neither of these options is viable, then the project must look to
higher-cost debt or private equity for financing. Selecting a developer with equity to invest or
a demonstrated ability to obtain financing for landfill gas projects is a convenient strategy for
landfill owners exploring these financing options.

6.1 FINANCING: WHAT LENDERS/INVESTORS LOOK FOR

Most Jenders and investors decide whether or not to lend to or invest in a landfill gas
project based on the expected financial performance of the project. Financial performance is
usually evaluated using a pro forma model of project cash flows (discussed in Chapter 5).
Thus, preparing a detailed pro forma is an important step in ensuring the financial feasibility
of a landfill gas energy project.

A lender seeking demonstration of project financial strength will usually examine the
following measures:

• Debt coverage ratio - The lender's main measure of project financial strength
is the ability of a project to adequately meet debt payments. Debt coverage
ratio is the ratio of operating income to debt service requirement and is usually
calculated on an annual basis. Debt coverage ratios are usually expected to
be in the 1.3 to 1.5 range.

• Owner's rate of return (ROR) on eguitv - The desired ROR currently ranges
from about 12% to 18% for most types of power projects. Outside equity
investors will typically expect a ROR of 15% to 20% or more, depending mainly
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on the project risk profile. These RORs reflect early-stage investment
situations; investments that are made later in the development or operation
phases of the project typically receive lower returns because the risks have
been substantially reduced.

The feasibility of a particular landfill gas energy project is also determined by the
quality of supporting project contracts and permits. and by risk allocation among project
participants. The uncertainties about whether a power project will perform as expected or
whether assumptions will match reality are viewed as risks. To the extent possible, the
project's costs, revenues. and risk allocation are spelled out through contracts with energy
purchasers, equipment suppliers, fuel/landfill gas suppliers, engineering/construction firms,
and operating firms. as well as through the presence of permits, developer experience, and
financial commitments. Table 6-1 summarizes the principal project risk categories, viewed
from the beginning of the development process, and presents possible risk mitigation
strategies. the most important of which are usually obtaining contract(s) securing project
revenues and verification of landfill gas availability. Potential lenders and investors will look to
see how the project developer has addressed each risk through contracts, permitting actions,
project structure. or financial strategies.

6.2 FINANCING ApPROACHES

Capital for landfill gas energy projects is most commonly obtained from private equity
financing, project financing, municipal bonds. or direct municipal funds. This section focuses
on the lenders' requirements, the means of securing financing, and the advantages and
disadvantages of each of the four major financing approaches. Two other potential financing
methods - lease financing and public debt financing - are also discussed briefly.

6.2.1 Private Equity Financing

Historically, private equity financing has been one of the most widely used methods of
financing landfill gas energy projects. In order to use private equity financing, an investor
must be located who is willing to take an ownership position in the landfill gas energy project.
In return for a significant share of project ownership, the investor is willing to fund part or all
of the project costs using its own equity or privately placed equity or debt.' Some landfill gas
developers are potential equity investor/partners, as are some equipment vendors, fuel
suppliers, and industrial companies. Investment banks are also potential investors. The
advantages and disadvantages of private equity fillancing are presented in Box 6.1. The
primary advantage of this method is its availability to most projects; the primary disadvantage
is its high cost. '

Equity investors typically prOVide equity or subordinated debt for projects. Equity is
invested capital that creates ownership in the project, like a down-payment in a home
mortgage. Equity is more expensive than debt. because the equity investor accepts more risk
than the debt lender. (Debt lenders usually require that they be paid before project earnings
get distributed to equity investors.) Thus the cost of financing with equity is usually
significantly higher than financing with debt. Subordinated debt gets repaid after any senior
debt lenders are paid and before equity investors are paid. Subordinated debt is sometimes
viewed as an equity-equivalent by senior lenders, especially if provided by a credit-worthy
equipment vendor or industrial company partner.
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Table 6-1 Addressing Landfill Gas Energy Project Risks

Risk Category Risk Mitigation Measure

Landfill gas availability • Drill test wells, monitor samples
• Hire expert to report on gas availability
• Model gas production over time
• Execute gas delivery contract/penalties with landfill owner
• Provide for back-up fuel if necessary

Construction • Execute fixed-price turnkey contracts
• Include monetary penalties for missing schedule
• Establish project acceptance standards, warranties

Equipment performance • Select proven technology
• Design for landfill gas Btu content
• Design to take landfill gas impurities into account
• Get performance guarantees, warranties from vendor
• Include major equipment vendor as partner
• Select qualified operator

Environmental permitting • Obtain permits prior to financing (air, water, building)
• Plan for condensate disposal

Community acceptance • Purchase site, sign lease, execute option agreement
• Obtain zoning approvals
• Demonstrate community support

Power sales agreement • Have signed PSA with local utility, or industrial plant
(PSA) • Match PSA pricing, escalation to project expenses

• Where possible, get capacity payment to cover fixed costs
• Get sufficient term to match debt repayment schedule
• Confirm interconnection point, access, requirements
• Make sure online date is achievable
• Include force majeure provisions in PSA

Energy sales agreements • Match energy pricing and escalation to project costs
• Umit liability for interruptions, have back-up
• Include industrial firm, fuel company as partner
(see PSA items above)

Financial performance • Create financial pro forma
• Calculate cash flows, debt coverages
• Commit equity to the project
• Ensure robust ROR
• Maintain working capital, reserve accounts
• Budget for major equipment overhauls
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Box 6·1 Private Equity Financing •• Advantages/Disadvantages

Advantages

• For some power pr,ojects under 20 MW without access to municipal bonds,
this may be the only means of obtaining financing.

• Transaction costs a.re usually less than with project financing or bond
financing.

• Equity partners can often move faster than commercial lending institutions,
enabling tight project schedules to be met.

• Bringing in an equity or subordinated debt partner is an effective means of
risk-sharing, provided that the risk allocation is reflected in the project
structure.

Disadvantages

• Equity is expensive; returns on equity will be paid to the investor out of
project cash flows.

• Project owners will have to give up some project ownership and control to
an equity investor.

• The addition of a subordinated debt partner can complicate the financing
process if project financing is being used.

• A partner who is an equipment vendor, fuel company, or industrial company
might have different objectives than the landfill owner (e.g., operation for
optimum emissions control may not be a priority).

Investor's Requirements

The equity investor will c:onduct a thorough due diligence analysis to assess the likely
AOA associated with the project. This analysis is similar in scope to banks' analyses, but is
often accomplished in much less time because of the entrepreneurial nature of equity
investors as compared to institutional lenders. The equity investor's due diligence analysis
will typically include a review of contracts, project participants, equity commitments, permitting
status, technology and market factors. The key requirement for most pure equity investors is
sufficient AOA on their investme'nt. The due diligence analysis, combined with the cost and
operating data for the project, will enable the investor to calculate the project's financial
performance (e.g., cash flows, ROR) and determine its investment offer based on anticipated
returns. An equity investor may be willing to finance up to 100% of the project's installed
cost, often with the expectation that additional equity or debt investors will be located later.

Some types of partners that might provide equity or subordinated debt may have
unique requirements. Potential partners such as equipment vendors, fuel suppliers, and
industrial companies generally €!xpect to realize some benefit other than just cash flow. The
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desired benefits may include equipment sales, service contracts, tax benefits, and economical
and reliable energy supplies. For example, an engine vendor may provide equity or
subordinated debt up to the value of the engine equipment, with the expectation of selling out
its interest after the project is built. A fuel supplier might also become an equity partner to
gain access to a low-cost gas supply, or a nearby industrial company might want to gain
access to fuel or derived energy. The requirements imposed by each of these potential
investors are sure to include not only an analysis of the technical and financial viability, but
also a consideration of the unique objectives of each investor.

Securing Private Equity Financing

To fully explore the possibilities for private equity or subordinated debt financing,
landfill owners should ask potential developers if this is a service they can provide. The
second most common source of private equity financing is an investment bank that
specializes in the private placement of equity and/or debt. Additionally, the equipment
vendors, fuel companies, and industrial companies that are involved in the project may also
be willing to provide financing for the project, at least through the construction phase. The
ability to provide financing is often an important consideration when selecting a developer,
equipment vendors, and/or other partners.

6.2.2 Project Finance

"Project finance" is a method for obtaining commercial debt financing for the
construction of a facility, where lenders look at the credit-worthiness of the facility to ensure
debt repayment rather than at the assets of the developer/sponsor. In most project finance
cases, lenders will provide project debt for up to about 80% of the facility's installed cost and
accept a debt repayment schedule over 8 to 15 years. Project finance usually provides the
option of either a fixed rate loan or a floating rate loan, which is tied to an accepted interest
rate index (e.g., U.S. treasury bills, London Interbank rate). Typically, the facility sponsor(s)
will set up a separate subsidiary company to develop and manage the facility, and lenders in
effect provide financing to the subsidiary company with limited or no recourse to the
subsidiary's parent(s). Thus project financing is often known as "nonrecourse" financing
because the project debt is secured by facility assets and contracts, with no recourse (or
limited recourse) to parent companies should the facility experience financial under­
performance or failure.

Most private power projects, especially those built in the last 15 years by third-party
developers, were completed using project finance. The major advantages and disadvantages
of project finance are listed in Box 6.2. The biggest advantage of project finance is the ability
to use others' funds for financing, without giving up ownership control. The biggest
disadvantages are the difficulty of obtaining project finance for landfill gas projects, which
tend to be smaller than traditional power projects. In addition, project finance transactions
are costly and often an onerous process of satisfying lenders' criteria.

Lenders' Requirements

In deciding whether or not to provide project finance to a power project, lenders
examine not only the expected financial performance of the project; they also consider
several other factors that underlie facility success such as contracts, project participants,
equity stake, permits, technology, and sometimes market factors. A good candidate for
project financing should have most, if not all, of the follOWing:
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Box 6·2 Project Finance - Advantages/Disadvantages

Advantages

• Project debt is usually nonrecourse to the landfill owner and/or energy
project sponsor; however, the owner and sponsor remain liable for explicit
warranties and misrepresentations.

• The project debt can usually be kept off the project sponsor's balance sheet.

• Project sponsors can retain sole or majority ownership of the landfill energy
project.

Disadvantages

• The small capital requirements of landfill gas projects relative to other power
projects can make project financing difficult to obtain, because transaction
costs and risk perceptions remain high.

• Lenders usually require most key contracts and permits to be in place Onl or
before financial closing, which adds to project lead time.

• Lenders may place other requirements on the project such as minimum
equity contribution, minimum debt coverage, and creation of a major
maintenance fund.

• Debt must usually bE~ repaid over an 8 to 15 year term.

• Signed energy sales agreement from a credit-worthy electricity or gas customer
(e.g., utility, industrial, municipality)

• Fixed-price agreement with engineering/construction firm(s)
• Equity commitment
• Operation and maintenance agreement
• Fuel supply analysis and supply/transport agreement(s)
• Control of the project site (e.g., option agreement or ownership)
• Environmental permits
• Local permits/approval

In addition, lenders may place additional requirements on the project developers such as
maintaining a certain minimum (jebt coverage ratio and making regUlar contributions to an
equipment maintenance account, which will be used to fund major equipment overhauls.

In addition, in cases where project finance is used, lenders generally expect the
project sponsors to make some equity commitment of their own. An equity commitment
shows that project sponsors also have a financial stake in project success, and it implies that
sponsors will be more likely to step in with additional funds if problems arise. The expected
debt-equity ratio is usually a function of project risks. In the mid-1980s, some power projects
obtained project financing with little or no equity contribution, based mainly on the financial
strength of the project and supporting contracts. However, most lenders now do not accept
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strength of the project and supporting contracts. However, most lenders now do not accept
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such highly leveraged projects and instead require at least a 20% equity stake on the part of
project sponsor(s).

Securing Project Financing

Landfill gas projects have historically experienced some difficulty securing project
financing, because of their relatively small size and the perceived risks associated With the
technology. In addition, the transaction costs for arranging project financing are relatively
high, owing to the lender's extensive due diligence (i.e., financial and risk investigation)
requirements; it is often said that the transaction costs may be the same for a 10 MW project
as for a 100 MW project. For this reason, most of the project finance groups at the large
commercial banks and investment houses hesitate to lend to projects with capital
requirements less than about $20 million (or a 20 MW or larger power project).

The best opportunities for landfill gas projects to secure project financing are generally
with the project finance groups at smaller investment capital companies and banks, or at one
of several energy investment funds that commonly finance smaller projects. Some of these
lenders have experience with landfill gas projects and may also be attuned to the unique
needs of smaller projects. Depending on the project economics, some investment capital
companies and energy funds may consider becoming an equity partner in the landfill gas
project in addition to, or instead of, providing debt financing. Additionally, it is worth
contacting local and regional commercial banks. Some of these banks have a history of
prOViding debt financing for small energy projects, and may be willing to provide project
financing to a "bundle" of two or more landfill gas projects.

6.2.3 Municipal Bond Financing

Municipally owned landfills occasionally issue tax-preferred municipal bonds to finance
landfill gas energy projects. The biggest benefit of using this financing method is that the
resulting debt has an interest rate that is often 1% to 2% below commercial debt or taxable
bond debt (see Box 6.3). For a bond issue to qualify for tax-exempt status, a number of
complex IRS conditions concerning project ownership and purpose must be met.
Additionally, state-specific laws and policies may also impact the ability to issue tax-exempt
bonds. Since the rules governing the applicability of tax-exempt bond financing are complex,
it is wise to consult the IRS tax code and a tax expert before deciding on a particular
approach.

The important factors in qualifying for and obtaining municipal bond financing are
described below.

Lenders' Requirements

Generally speaking, a government entity (e.g., municipality, public utility district, county
government) can issue either tax-exempt governmental bonds or private activity bonds, which
can be either taxable or tax-exempt. Bonds can either be secured by general government
revenues (Le., revenue bonds), or by the specific revenues from the energy project (Le.,
project bonds). The term for bond financing usually does not exceed the useful life of the
facility; terms extending up to 30 years are not uncommon, however.

In addition to initial qualification requirements, many tax-exempt bond issuers find that
strict debt coverage and cash reserve requirements must be imposed on an energy project to

Part II September 1996 Page 6-9

such highly leveraged projects and instead require at least a 20% equity stake on the part of
project sponsor(s).

Securing Project Financing

Landfill gas projects have historically experienced some difficulty securing project
financing, because of their relatively small size and the perceived risks associated With the
technology. In addition, the transaction costs for arranging project financing are relatively
high, owing to the lender's extensive due diligence (i.e., financial and risk investigation)
requirements; it is often said that the transaction costs may be the same for a 10 MW project
as for a 100 MW project. For this reason, most of the project finance groups at the large
commercial banks and investment houses hesitate to lend to projects with capital
requirements less than about $20 million (or a 20 MW or larger power project).

The best opportunities for landfill gas projects to secure project financing are generally
with the project finance groups at smaller investment capital companies and banks, or at one
of several energy investment funds that commonly finance smaller projects. Some of these
lenders have experience with landfill gas projects and may also be attuned to the unique
needs of smaller projects. Depending on the project economics, some investment capital
companies and energy funds may consider becoming an equity partner in the landfill gas
project in addition to, or instead of, providing debt financing. Additionally, it is worth
contacting local and regional commercial banks. Some of these banks have a history of
prOViding debt financing for small energy projects, and may be willing to provide project
financing to a "bundle" of two or more landfill gas projects.

6.2.3 Municipal Bond Financing

Municipally owned landfills occasionally issue tax-preferred municipal bonds to finance
landfill gas energy projects. The biggest benefit of using this financing method is that the
resulting debt has an interest rate that is often 1% to 2% below commercial debt or taxable
bond debt (see Box 6.3). For a bond issue to qualify for tax-exempt status, a number of
complex IRS conditions concerning project ownership and purpose must be met.
Additionally, state-specific laws and policies may also impact the ability to issue tax-exempt
bonds. Since the rules governing the applicability of tax-exempt bond financing are complex,
it is wise to consult the IRS tax code and a tax expert before deciding on a particular
approach.

The important factors in qualifying for and obtaining municipal bond financing are
described below.

Lenders' Requirements

Generally speaking, a government entity (e.g., municipality, public utility district, county
government) can issue either tax-exempt governmental bonds or private activity bonds, which
can be either taxable or tax-exempt. Bonds can either be secured by general government
revenues (Le., revenue bonds), or by the specific revenues from the energy project (Le.,
project bonds). The term for bond financing usually does not exceed the useful life of the
facility; terms extending up to 30 years are not uncommon, however.

In addition to initial qualification requirements, many tax-exempt bond issuers find that
strict debt coverage and cash reserve requirements must be imposed on an energy project to

Part II September 1996 Page 6-9



Box 6-3 Municipal Bond Financing - Advantages/Disadvantages

Advantages

• Tax exempt financing provides access to debt at interest rates that are 1% to 2%
below the rates offered by commercial lenders.

• Debt repayment can be extended over the life of the facility, which may be 20
years or more.

Disadvantages

• The financial performance requirements (e.g., debt coverage, cash reserves)
placed on the project by the bond issuer may exceed project finance lender's
requirements.

• Public disclosure requirements exist.

• The project may have to contend with state caps on the amount of private activity
bonds that can be issued.

• It is difficult to obtain additional capital for the project in cases where the design,
equipment, or other conditions change.

ensure that the financial stability of the issuer is preserved. These requirements may be even
more rigorous than those imposed by commercial banks under a project finance approach.

Securing Municipal Bond Financing

To qualify for a governmental bond issue, a project must meet at least two criteria:

(1) Private business use test - No more than 10% of the bond proceeds are to
be used in the business of an entity other than a state or local government.

(2) Private security of payment test - No more than 10% of the payment of
principal or interest on the bonds can be directly or indirectly secured by
property used for private business use.

Under these rules, a government entity could issue tax-exempt governmental bonds to
finance a landfill gas energy pmject if the project would be owned and operated by the same
government entity. If private owners or operators are involved, however, the project may not
qualify for tax-exempt governmental bond status [Snohomish, 1994; Martin, 1993]. Private
business use can include private ownership of all or part of a landfill gas project.

If a particular project fails to qualify for a governmental bond issue, it may still achieve
tax-exempt bond status through one of several exemptions for projects that provide some
form of public benefit. Among these exemptions are at least two that could apply to, certain
landfill gas projects with partial private ownerShip [Kulakowski, 1994; Martin, 1993]:
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Local furnishing of electricity - Tax-exempt status is provided for a power project that
sells electricity to a utility (public or investor-owned) that is a net importer of power
and serves no more than two contiguous counties or one county and one contiguous
city. It is unclear whether or not the financing for the landfill gas extraction/collection
portion of the project can be included in this exemption.

Local district heating and cooling - Tax-exempt status is provided for an energy
project that sells steam, chilled water, and/or other thermal energy to two or more
unrelated entities, which must be within two counties. The exemption covers the
equipment used to generate the thermal energy.

Two additional exemptions may be applicable to landfill gas projects, although it is
unknown whether any landfill gas projects have successfully used these exemptions:

Prepayment of fuel supply - Tax-exempt status is provided for a governmental entity
that purchases a long-term fuel supply such as gas reserves. Tax-exempt status
covers only the purchase of fuel supplies that are used in electric generation which
serves a governmental entity.

Solid waste disposal - Tax-exempt status is provided for facilities that burn solid
waste fuel that has no market value as a saleable product.

The mechanics of issuing municipal bonds vary according to the type of bond,
method of qualification, and the state or municipality in which the bond is issued. Qualified
local tax or financial experts should be consulted for guidance.

6.2.4 Direct Municipal Funding

Landfill gas energy recovery projects can also be funded directly through the
operating bUdget of a city, county, landfill authority, or other municipal government. Using
this method, the costs of project development, equipment, and installation are expensed
directly from the municipal budget, thus eliminating the need for outside financing or
partnering. Typically this method is used to fund small projects that fit within the
municipality's budget capabilities and priorities. Advantages and disadvantages are
described in Box 6.4.

6.2.5 Lease Financing

Lease financing encompasses several leasing strategies in which the project
operator/equipment user leases part or all of the energy project assets from the asset
owner(s). Typically, lease arrangements provide the advantage of enabling the transfer of tax
benefits such as accelerated depreciation or energy tax credits to an entity that can best use
them. Lease arrangements commonly provide the lessee with the option, at predetermined
time intervals, to purchase the assets or extend the lease. Several large equipment vendorS
have subsidiaries that lease equipment, as do some financing companies. There are several
variations on the lease concept including:

Leveraged Lease - In a leveraged lease, the equipment user leases the equipment
from the owner, who finances the equipment purchase with external debt and possibly
equity.

Part II September '996 Page 6-"

Local furnishing of electricity - Tax-exempt status is provided for a power project that
sells electricity to a utility (public or investor-owned) that is a net importer of power
and serves no more than two contiguous counties or one county and one contiguous
city. It is unclear whether or not the financing for the landfill gas extraction/collection
portion of the project can be included in this exemption.

Local district heating and cooling - Tax-exempt status is provided for an energy
project that sells steam, chilled water, and/or other thermal energy to two or more
unrelated entities, which must be within two counties. The exemption covers the
equipment used to generate the thermal energy.

Two additional exemptions may be applicable to landfill gas projects, although it is
unknown whether any landfill gas projects have successfully used these exemptions:

Prepayment of fuel supply - Tax-exempt status is provided for a governmental entity
that purchases a long-term fuel supply such as gas reserves. Tax-exempt status
covers only the purchase of fuel supplies that are used in electric generation which
serves a governmental entity.

Solid waste disposal - Tax-exempt status is provided for facilities that burn solid
waste fuel that has no market value as a saleable product.

The mechanics of issuing municipal bonds vary according to the type of bond,
method of qualification, and the state or municipality in which the bond is issued. Qualified
local tax or financial experts should be consulted for guidance.

6.2.4 Direct Municipal Funding

Landfill gas energy recovery projects can also be funded directly through the
operating bUdget of a city, county, landfill authority, or other municipal government. Using
this method, the costs of project development, equipment, and installation are expensed
directly from the municipal budget, thus eliminating the need for outside financing or
partnering. Typically this method is used to fund small projects that fit within the
municipality's budget capabilities and priorities. Advantages and disadvantages are
described in Box 6.4.

6.2.5 Lease Financing

Lease financing encompasses several leasing strategies in which the project
operator/equipment user leases part or all of the energy project assets from the asset
owner(s). Typically, lease arrangements provide the advantage of enabling the transfer of tax
benefits such as accelerated depreciation or energy tax credits to an entity that can best use
them. Lease arrangements commonly provide the lessee with the option, at predetermined
time intervals, to purchase the assets or extend the lease. Several large equipment vendorS
have subsidiaries that lease equipment, as do some financing companies. There are several
variations on the lease concept including:

Leveraged Lease - In a leveraged lease, the equipment user leases the equipment
from the owner, who finances the equipment purchase with external debt and possibly
equity.

Part II September '996 Page 6-"



Box 6-4 Direct Municipal Funding - Advantages/Disadvantages

Advantages

• The need to meet tough lender's requirements (e.g., debt coverage, equity
input, credit-worthiness, contracts in place) is eliminated, although any
municipal funding criteria must still be met.

• Expensing the projElct'S funding requirements directly from the municipal
budget will eliminate interest charges on project debt, ma\<ing this generally
the lowest-cost financing method.

• The project is not subject to delays caused by lenders' time requirements for
evaluating the project and setting up the finanCing.

Disadvantages

• Usually the amount of municipal funds are limited, thus limiting the size clf the
project.

• The municipality loses the opportunity to share risks with other project
partners.

• A public approval process may be required, making the project vulnerable to
political forces.

Sale-Leaseback - In a :sale-leaseback, the equipment user buys the equipment, then
sells it to a corporation, which then leases it back to the user under contract.

Some of the disadvantages of lease financing include accounting and liability
complexities, as well as the loss of tax benefits by the project operator/user.

6.2.6 Public Debt Financing

Financing power projects with public debt such as secured notes and bonds offered
to institutional investors has recently received much attention from developers of large,
conventional-fueled power projects. This approach is not likely to be an option for the typical
landfill gas project, however, unless several high-quality landfill gas projects can be
"packaged" together under sin£lle ownership. In this case, the debt could be raised for the
package of projects through a :single offering, and due diligence costs would be minimized by
standardizing the projects. In mder to qualify for public debt financing, a project must be
rated at or near investment grade by rating agencies, have solid supporting contracts, and be
large enough - approximately $100 million or more - to offset the transaction costs.

6.3 CAPITAL COST EFFECTS OF FINANCING ALTERNATIVES

Each financing method produces a different weighted cost of capital, which affects the
amount of money that is spent to pay for a landfill gas power project and the price that is
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needed to cover project costs. The weighted cost of capital is dependent on the share of
project funds financed with debt and equity, and on the cost of that debt or equity (i.e.,
interest rate on debt, RDR on equity). For example, in a project finance scenario with a
debt/equity ratio of 80/20, an interest rate on debt of 9%, and an expected RCR on equity cf
15%, the weighted cost of capital is 10.2%. Decreasing the amount of debt to 70% means
that more of the project funds must be financed with equity, which carries a higher interest
rate than debt, so the weighted cost of capital becomes 10.8%. Increasing the weighted cost
of capital means that project revenues must be increased to pay the added financing
charges. In contrast a lower weighted cost of capital lessens the amount of money spent on
financing charges, which makes the project more competitive.

Among the four main financing methods presented above, direct municipal funding
usually produces the lowest financing costs over time, while private equity financing produces
the highest. Generally speaking, the four financing methods are ranked from lowest cost to
highest cost as follows:

1) Direct municipal funding
2) Municipal bond financing
3) Project financing
4) Private equity financing

The advantage associated with direct municipal funding is created by the elimination
of interest on debt, and by the low expected RDA. Municipal bond financing achieves its
advantage through access to low-interest debt - assumed to be currently about 6.5% for tax­
exempt bonds and 8.25% for taxable bonds [Snohomish, 1994]. Project finance produces a
higher capacity price because funds are required to pay interest charges as well as RDR on
equity (assumed to be 15%). Finally, private equity is the most expensive because it usually
demands a higher RDR (assumed to be 18%) on equity than project finance, and equity
makes up a larger share of the capital requirement.

Interest rates are an important determinant of project cost if the project sponsor
decides to borrow funds, either through lending institutions or bond offerings, to finance the
project. For example, raising interest rates by 1% would cause an increase of about 2% to
3% in the cost of generating electricity from a landfill gas project. Interest rates are
determined by the prevailing rate indicators at a particular time, as well as by the project and
lender's risk profiles. The interest rate for fixed-rate nonrecourse debt is usually determined
by the lender's "spread" over an index such as U.S. treasuries. Ukewise, the interest rate for
floating-rate nonrecourse debt is based on a spread above variable indices such as the prime
rate or the London Interbank Offered Rate (USDR). The lender's spread varies widely, but a
landfill gas project with reliable gas availability, experienced participants, and a strong power
purchase contract might expect a spread of 2.0% to 2.75% above the index. [Seifullin, 1995;
DePrinzio, 1995]. Smaller projects requiring less than roughly $5 million of nonrecourse debt
could also expect to pay an interest rate premium to compensate the lender for
disproportionate transaction costs.

Table 6-2 illustrates the economic impact of different financing methods for the 5
million metric ton landfill example described in Chapter 5, which showed an IC engine power
project with a capital cost of $1 ,675/kW. As Table 6-2 indicates, the levelized capacity price is
more than doubled when comparing the low-cost municipal bUdget method with the high-cost
private equity method (20% debt and 80% equity). [The capacity price refers to the initial cost
of financing and bUilding the project, levelized over the project life. This is the interest rate-
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sensitive portion of the project cost. Note that O&M and royalty expenses must be added, as
described in Chapter 5, to determine the total project cost.] The more common private equity
structure is the 50% debt case,. and the more common project finance structure is the 80%
debt case.

Table 6·2 Capital Cost Effects of Financing Approaches

Case: 5 million metric ton landfill (waste-in-place)
5 MW IC engine electric generating project

Installed Capital ReqUirement: 1,675 $/kW
Annual full load operating hOlJrs 7,008

Levelized
Interest After-tax Weighted Capacity

Rate Return Cost Capital Price
on on of Charge Required

Financing Method Debt Equity Capital Rate ~'kWh)a

Private Equity Financing

20% Debt/80% Equity 9.00% 18% 16.20% 0.225 S.38

50% Debt/50% Equity 9.00% 18% 13.50% 0.182 4.35

Project Finance

70% Debt/30% Equity 9.00% 15% 10.80% 0.145 ~1.47

80% Debt/20% Equity 9.00% 15% 10.20% 0.136 ~1.25

Municipal Bond Funding

Taxable Bond 8.25% NA 8.25% 0.124 ::!.96

Tax-Exempt Bond 6.50% NA 6.50% 0.111 ::!.65

Municipal Budget NA 5% 5.00% 0.100 ::~.39

Notes:
a Levelized Capacity Price (¢/kWh) =

(Installed Capital Requirement) x (Cap Charge Rate)/(Annual hours)

This price only represents the capital cost portion of the project; other expenses such as
O&M and royalties must be added to get to a total project cost.
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7. SELECTING A PROJECT DEVELOPMENT PARTNER

The selection of a project
development partner is a critical decision
because the landfill owner often relies on
the developer to manage the process of
transforming a landfill energy project from a
feasible idea on paper into a functioning,
multi-million dollar facility. Some landfill
owners have the expertise, resources, and
desire to lead the development effort on
their own, but even in this case, choosing
the right development partner(s) can greatly
improve the iikelihood of project success.
This chapter provides guidance to landfill
owners who are attempting to determine: (1)
the role that they might take in the
development process; and (2) the right
partner to get the project developed,
financed, and built.

From the landfill owner's perspective,
there are three general ways to structure the
development and ownership of a landfill gas
energy project:

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

Part II
Detailed Assessment of

Project Economics

Evaluating Project Economics

Assessing Financing Options

!!I!I!II:!~!_ii!;!I_!I_II!I.I!~f:t11
Winning/Negotiating an Energy Sales Contract

Securing Project Permits and Approvals
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• If a partner is desired, what kind of partner best complements the landfill owner
and the project?'

The landfill owner can answer the first question by conducting a frank examination ()f his or
her own expertise, objectives, and resources. The second question is more compli(::ated
because it entails an assessment of the landfill owner's specific needs and a search for the
right partner to complement those needs.

Figure 7.1 illustrates the process of determining the best development approach. As it
indicates, in cases where the landfill owner wants to be involved in the project development
process, a number of issues must be considered. These issues are discussed in the
following sections.

7.1 THE PARTNER/No PARTNER DECISION

Before deciding whether to develop the project internally, the landfill owner must
understand the role of the project developer, which is outlined in Box 7.1. Next, an
assessment of the landfill owner's objectives, expertise, and resources will determinE~ whether
or not the owner should undertake project development independently or include a
partner/developer. A landfill owner who is a good candidate for developing a projec:t alone
will have many of the following attributes:

• strong desire to develop a successful, profitable energy project;

• willingness to accept project risks (e.g., construction, equipment, permitting,
financial performance);

• expertise with technical projects (e.g., power, infrastructure, or industrial) or
energy equipment;

• high confidence level regarding landfill gas quantity and quality (Le., modeling
or test wells have been completed);

• possession of a power sales agreement with a local electric utility, an electric
consumer, a gas purchaser, or sufficient internal demand; and

• funds and personnel available to commit to the development process.

In addition, other attributes may improve a landfill owner's likelihood of success in
developing a project in-house. Ownership or control of multiple landfills, for example, may be
desirable because it will enable the owner to leverage his/her time and resources spent.
Similarly, a strong desire for new business opportunities and/or visibility may be beneficial.
An example of the type of landfill owner that fits this profile is a municipal utility district that
might have responsibility for loc:al electricity procurement and distribution, water supply,
and/or sewage treatment, in addition to landfill management.

If the landfill owner is uncertain about several of the attributes listed above, particularly
the desire to develop, the willin!~ness to take significant risks, and/or their level of technical
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Box 7.1 The Role of the Project Developer

Determine Landfill Gas Supply - If the landfill owner has not already completed this
step, then the first development step will be to determine the landfill gas supply using
calculations, computer modeling, and/or test wells.

Scope Out the Project - Project scoping includes early-stage tasks such as selecting a
location for the equipment, sizing the energy output to the landfill gas supply,
contacting potential energy customers, and selecting key equipment.

Conduct Feasibility Analysis~ - Feasibility analysis includes detailed technical and
economic calculations to demonstrate the technical feasibility of the project and
estimate project rev~nues and costs.

Select Equipment - Based on the results of the feasibility analysis, primary equipment
is selected and vendors are contacted to assess price, performance, schedule, and
guarantees.

Create a Financial Pro Forma - A financial pro forma is usually created to model the
cash flows of a project and to predict financial performance.

Prepare the Bid - If the pmject must bid in a utility solicitation in order to obtain a
power sales agreement (PSA) , a responsive bid package will be prepared and
submitted.

Negotiate the Power Sales Agreement (PSA) - The terms of the PSA must be
negotiated with the purchasing electric utility.

Negotiate the Gas or Steam Sales Agreements - For projects that intend to sell Ilandfill
gas or steam, agreements must be negotiated with the energy customers.

Obtain Environmental and Site Permits - All required environmental permits and site
permits/licenses must be acquired.

Gain Regulatory Approval - Some power projects must obtain approval from state
regulators or certification by the Federal Energy Regulatory Commission (FERC).

Negotiate Partnership Agreement(s) - If project ownership is to be shared with partners
or investors, then the project will require negotiation of ownership agreements.

Secure Financing - Securing financing for the project is a critical task that requires
specific expertise, dependin~~ on the type of financing being used.

Contract with Engineering, Construction, Operating Firms - Firms must be selected
and contracts and terms netJotiated.

Part " September 1996 Page 7-4

Box 7.1 The Role of the Project Developer

Determine Landfill Gas Supply - If the landfill owner has not already completed this
step, then the first development step will be to determine the landfill gas supply using
calculations, computer modeling, and/or test wells.

Scope Out the Project - Project scoping includes early-stage tasks such as selecting a
location for the equipment, sizing the energy output to the landfill gas supply,
contacting potential energy customers, and selecting key equipment.

Conduct Feasibility Analysis~ - Feasibility analysis includes detailed technical and
economic calculations to demonstrate the technical feasibility of the project and
estimate project rev~nues and costs.

Select Equipment - Based on the results of the feasibility analysis, primary equipment
is selected and vendors are contacted to assess price, performance, schedule, and
guarantees.

Create a Financial Pro Forma - A financial pro forma is usually created to model the
cash flows of a project and to predict financial performance.

Prepare the Bid - If the pmject must bid in a utility solicitation in order to obtain a
power sales agreement (PSA) , a responsive bid package will be prepared and
submitted.

Negotiate the Power Sales Agreement (PSA) - The terms of the PSA must be
negotiated with the purchasing electric utility.

Negotiate the Gas or Steam Sales Agreements - For projects that intend to sell Ilandfill
gas or steam, agreements must be negotiated with the energy customers.

Obtain Environmental and Site Permits - All required environmental permits and site
permits/licenses must be acquired.

Gain Regulatory Approval - Some power projects must obtain approval from state
regulators or certification by the Federal Energy Regulatory Commission (FERC).

Negotiate Partnership Agreement(s) - If project ownership is to be shared with partners
or investors, then the project will require negotiation of ownership agreements.

Secure Financing - Securing financing for the project is a critical task that requires
specific expertise, dependin~~ on the type of financing being used.

Contract with Engineering, Construction, Operating Firms - Firms must be selected
and contracts and terms netJotiated.

Part " September 1996 Page 7-4



expertise, then he or she might instead choose a partner. The following are several good
reasons to develop the project with a partner:

• limited desire to lead the development effort;

• limited technical resources and/or experience;

• need to share or avoid specific project risks;

• difficulty financing the project alone;

• inability to dedicate personnel or time to the development effort;

• project development outside the scope of organizational charter; and

• difficulty spending funds to determine landfill gas quantity.

The questions in Figure 7.1 illustrate other critical considerations in making the partner/no
partner decision.

Most landfill owners choose to bring in a developer to build and/or own the energy
recovery project, either alone or in partnership with the landfill owner or others. A recent
survey of existing and planned landfill gas energy recovery projects shows that about 78% of
gas collection systems and 88% of gas processing/energy recovery systems are owned by
private firms or in partnership with private firms [Berenyi and Gould, 1994J.

7.2 SELECTING A DEVELOPMENT PARTNER

Once the decision has been made to include a project development partner, the next
step is to decide what type of partner to select. There are several different types of
development partners to choose from, so the landfill owner should look for a partner that
provides the best match for the specific energy project and the landfill owner's in-house
capabilities. Five general types of project development partners, listed in order of decreasing
scope of services, include:

Pure Developer - A firm primarily in the business of developing, owning, and/or
operating landfill gas energy projects. Some developers focus on landfill gas power
projects, while others may be involved in a broad project portfolio of technologies and
fuel types. Pure developers usually will own the completed landfill gas energy facility,
but sometimes a developer will build a turnkey facility for the landfill owner.

Equipment Vendor - A firm primarily in the business of selling power or energy
equipment, although it will participate in project development and/or ownership in
specific situations where its equipment is being used. The primary objective of this
type of developer is to help facilitate purchases of its equipment and services.

EPe Firm - A firm primarily engaged in providing engineering, procurement, and
construction services. Some EPe firms have project development groups that develop
energy projects and/or take an ownership position.
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Fuel Company - A firm primarily engaged in providing fuels and/or fuel procurement
services. These firms may have project development subsidiaries or agree to take a
specific development mle such as securing a customer for the landfill gas.

Industrial Company - A firm primarily engaged in manufacturing a product and
managing an industrial manufacturing facility. Some industrial firms have power
project development subsidiaries or may take a specific role such as guaranteeing
energy purchases or assisting with financing.

Ideally, a developer or partner can be identified that fills specific project needs such as ability
to secure a power purchase ccmtract, finance the project, or supply equipment. Issuing a
request for proposals (RFP) is often a good way to attract and evaluate partners.

A partner reduces risks to the landfill owner by bearing or sharing the responsibilities
of project development, although the amount of risk reduction prOVided depends on the type
of partner chosen. For example, a "pure developer' partner will usually take the
risk/responsibility of constructicm, equipment performance, environmental permitting,
community acceptance, energ}' sales agreements, and financing, whereas an equipment
vendor partner may only bear the risks of equipment performance.

7.2.1 Selecting a Pure Developer

Selecting a pure project developer to manage the development process and own the
landfill gas energy project is a !~ood way for the landfill owner to shed development
responsibility and risks, and get the project built at no net cost to the landfill. In addition, the
pure project developer typically provides the landfill owner with the strongest development
skills and experience, since pure developers focus exclusively on landfill gas projects. Other
reasons for selecting a pure project developer include:

• the developer's skills and experience may be invaluable in bringing a
successful project online;

• some developers are ready to invest equity or have access to financing; and

• the developer might be in possession of a power sales agreement that was
previously won and/or negotiated with a nearby electric utility.

In return for accepting project risks, most developers require a significant share of
project profits, potentially up to 100 percent. As a result, the landfill owner generally loses
control and ownership of the energy project. Such an ownership arrangement may be
appropriate for a particular landfill if, for example, development of an energy recovery system
is the lowest cost method for complying with environmental regUlations. It may also be
necessary to involve a developElr in order to take advantage of IRS Section 29 tax credits (see
Chapter 5 for more on tax credrts). If the developer becomes the sole or controlling owner,

'however, he/she will tend to make decisions to protect his/her interest in the project, namely
the energy revenues, and may be less concerned with the landfill owner's priorities such as
controlling landfill gas migration.

The case of the 1-95 Lan(~fiII in Lorton, Virginia illustrates the key issues involved in
taking the pure developer approach. As described in Box 7.2, this landfill partnered with a
pure developer to develop a successful energy recovery project. By carefully structuring its
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Box 7.2 Developer Selection at 1-95 Landfill

The 1-95 Landfill Project in Lorton, Virginia illustrates one landfill owner's
successful experience in selecting a project developer. The 1-95 Landfill Project is a
17.5 million ton sanitary landfill that supports a 6,400-kw electric generating system,
using 8 Caterpillar internal combustion engines. The landfill gas collection system is
owned and operated by Fairfax County and the electric generating equipment is owned
by Landfill Energy Systems, a division of Michigan Cogeneration Systems.

Fairfax County found that selecting a pure developer resulted in the successful
completion of the landfill gas power project. Fairfax County hired a consultant to
assess the landfill gas quantity and quality, then issued a request for proposals (RFP)
to select a project developer. The developer ultimately selected to build the project had
experience with other landfill gas projects, a power sales agreement with the local utility,
and the ability to finance the project.

A thoughtful contracting approach eliminated potential conflicts between the
developer and landfill owner. Fairfax County was most concerned with controlling
landfill gas migration and emissions, while the developer wanted to optimize gas output
for power generation. The two parties recognized that the best gas collection strategy
for minimizing gas migration is often different from the strategy that maximizes power
output. In a worst case scenario where an uncooperative developer owns the gas
collection system, a landfill owner might be forced to drill collection wells at the landfill
perimeter to control offsite migration, which could draw gas away from the developer'S
collection wells. To avoid this potential scenario, Fairfax County opted to keep control
of the entire collection system and now supplies landfill gas to Landfill Energy Systems'
electric generating equipment.

contract with the developer, the landfill owner was able to ensure that safety and other
concerns were given top priority by the developer.

Arranging for a turnkey project represents a variation on the pure developer approach.
The turnkey option is a good approach if the landfill owner wants to retain energy project
ownership or the project's return on investment does not meet the developer's criterion. In a
turnkey approach, the developer assumes development responsibility and construction risk,
finances and builds the facility, and then transfers ownership to the landfill owner when the
facility is complete and performing up to specifications. In return, the developer can receive a
fee, a share of project proceeds, gas rights, and/or a long-term operation and maintenance
contract. Sometimes the landfill owner will use municipal bonds to finance the project, so the
developer essentially develops and builds the project for a fee. The turnkey approach
enables each entity to contribute what it does best: the developer accepts development,
construction, and performance risk; and the owner accepts financial performance risk.

7.2.2 Selecting a Partner (Equipment Vendor, EPC Firm, Fuel Firm, Industrial)

Selecting a development partner who is not a pure developer is a good choice if two
key conditions exist:
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(1) The landfill owner wants to keep management control of the project and has
sufficient in-house expertise and resources to do so; and,

(2) The partner can fulfill a specific role or provide equipment for the project.

In this case, the landfill owner must have a clear desire to manage the development process
and should have sufficient technical experience, personnel, and development funds to
support the development effort. The owner should also have a relatively high confidence
level regarding landfill gas production capability, as well as a willingness to accept a.
significant share of the project's risks (e.g., financial, environmental permitting, community
acceptance). Other factors that could make the partnering approach an appropriate choice
include the ownership of a power or energy purchase agreement, or control of mUltiple
landfills that could each be developed into a landfill gas project, thus leveraging the time and
resources invested.

There are four basic types of firms that enter into partnership agreements with landfill
operators: equipment vendors, EPC firms, fuel suppliers, and industrial companies. Each of
these firms have different strengths and will assume different types of project risk. The key
characteristics of these types 01' firms are summarized below.

Equipment vendors: Some equipment vendors such as engine and turbine
manufacturers become partners in energy projects, including landfill gas projects, as a
way to support the sale of equipment and services to potential customers. Equipment
vendors may assist in financing the project, and are often willing to accept the
equipment performance risk over a specified length of time for the equipment that they
provide. However, equipment vendors typically do not take on responsibilities beyond
their equipment services, and they generally want to sell their interest in a project as
quickly as possible after the project has been built.

EPC firms: Similarly, some of the larger EPC firms will become partners in power
projects with the objective of selling services and gaining a return on equity and/or
time invested. However, this type of potential partner tends primarily to pursue large
fossil-fueled projects whelre the EPC's strength as a manager of large, complex
projects is more valuable.

Fuel suppliers: A fuel supplier or marketing company can be a potential development
partner in landfill gas projects where marketable gas is the energy product for sale.
For example, a local natural gas distribution company might become a partner to gain
access to a local, low cost gas supply. This type of partner would typically take a very
limited role such as guaranteeing a market for the landfill gas or owning the gas
collection and processin~} systems. However, several natural gas suppliers and
pipeline companies also have power project development subsidiaries that resemble
pure developers in terms of experience and capabilities, and that may be willing to
take on a larger role in the project.

Industrial companies: Finally, an industrial company might become a partner in the
landfill gas project if it has significant use for the landfill gas or derived energy (i.e.,
electricity, steam). The in(justrial company is likely to prefer a limited involvement in
the development process.
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Fuel suppliers: A fuel supplier or marketing company can be a potential development
partner in landfill gas projects where marketable gas is the energy product for sale.
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the development process.
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7.3 EVALUATING INDIVIDUAL FIRMS

Once the right partnering strategy has been identified, the landfill owner should review
the capabilities of individual firms that meet the owner's general needs. When selecting a firm
to become a development partner, there are several qualities and capabilities that landfill
owners should look for, including:

• previous landfill gas project experience;

• a successful energy project track record;

• access to capital and/or financing; and

• in-house resources (e.g., engineering, finance, operation) including experience
with environmental permitting and community issues.

Information about individual firm qualifications can be gained from annual reports, brochures,
and project descriptions, as well as from discussions with references, other landfill owners,
and engineers. Potential warning signs include lawsuits, disputes with landfill owners, and
failed projects, although a few failed development efforts and/or underperforming projects can
normally be found in the portfolio of any project developer. Published information can be
obtained by researching trade literature, through legal information services, and through
computer research services.

7.3.1 Issuing a Request for Proposals (RFP)

A landfill owner may find it advantageous to issue an RFP for a developer or partner,
because if the RFP is prepared correctly, respondents will generally offer creative, informative,
and useful responses. The RFP process is a good way to screen proposals and focus on the
best one(s) for further discussions and negotiation.

A landfill owner who plans on issuing an RFP should carefully examine his needs and
ask respondents to propose ways to meet those needs or solve problems. For example, if a
landfill gas energy project needs a power sales agreement or energy sales contract, then the
landfill owner should state in the RFP that the ability to secure one of these agreements is a
central selection criterion. Likewise, if ability to secure financing or environmental permits is
important, that should also be stated in the RFP. In this way, respondents will be encouraged
to offer innovative proposals that meet the project's specific needs.

In general, RFP respondents should be asked to provide the following information:

• Description of the energy project and available options;

• Scope of services being offered (e.g., developer, owner, operator);

• Project development history and performance;

• Pricing and escalation (e.g., royalties/payments to landfill owner, electricity
price, energy prices) including buyout price and terms;

• Turnkey facility bid (if appropriate);
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• Plan for obtaining energy revenues (e.g., PSA with utility, gas sales contract,
steam contract);

• Technology description and performance data;

• Well placement strategy (if applicable);

• Well field operations responsibility;

• Responsibility fc)r environmental compliance;

• Environmental permitting and community approval plan;

• Financing plan;

• Schedule; and

• Operation and Maintenance plan.

Landfill owners should state in the RFP that the owner reserves the right to select
none, one, or several respondents for further negotiation, depending on the proposal's
responsiveness to the owner's criteria. Appendix D contains a sample RFP that was issued
by one landfill. This particular RFP is not very detailed; therefore, the respondent would have
some leeway in preparing his e>r her bid package.

7.3.2 Preparing a Contract

. Once the partner has been selected, the terms of the partnership should be formalized
in a contract. The contract should accomplish several objectives, including allocating risk
among project participants. Some of the key elements of a partnership contract are listed in
Box 7.3.

As Box 7.3 indicates, contracting with a developer or partner in a landfill gas energy
project is a complex issue. Each contract will be different depending on the specific nature of
the project and the objectives and limitations of the participants. Because of this complexity,
it is imperative that the landfill owner consult in-house counselor hire a qualified attorney to
serve as a guide through the contracting process.
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Box 7.3 Elements of a Partnership Contract

The contract between the landfill owner and the developer or partner should
describe in detail the responsibilities of each party, any payments to be made, and any
warranties and/or guarantees. Some specific items that should be addressed include:

• Ownership shares;
• Allocation of development responsibility;
• Decisionmaking rights;
• Commitments of equity, financing, equipment, and/or services;
• Payments, fees, royalties;
• Hierarchy of project cash distributions;
• Allocation of tax credits;
• Allocation of specific risks (e.g., equipment performance, gas flow);
• Penalties, damages, bonuses;
• Schedule and milestones;
• Termination rights clause;
• Buy-out price; and
• Remedies/arbitration procedures.
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8. WINNING/NEGOTIATING AN ENERGY SALES CONTRACT

An energy sales contract will
determine the success or failure of a project,
since it secures the project's source of
revenue. Therefore, successfully obtaining
a contract is the crucial milestone in the
project development process. This chapter
provides a guide to the issues involved in
bidding for, winning, and negotiating an
energy sales contract. Because contract
negotiation is often a complex process,
owner/operators and developers may want
to consult an expert for further information
and guidance.

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

Depending on the configuration of
the landfill gas-to-energy project, one of two
types of energy sales contracts may be
obtained:

Part II
Detailed Assessment of

Project Economics

Evaluating Project Economics

Assessing Financing Options

Contracting for EPC and O&M Services

Securing Project Permits and Approvals

Selecting a Project Development Partner
h:~=

Power sales contract - A long-term
sales contract is necessary to ensure
revenues for power projects, and is
usually required to obtain financing.
The power sales contract may be
negotiated with an electric utility
and/or a local end user. Additionally,
if the sales contract is with a utility
other than the one directly
interconnected to the project, then arrangements with the local utility will be necessary
to transport the power to the buyer. If the landfill gas-to-energy project will also sell
steam or thermal energy, then the project must have a steam sales contract with the
end user. Such contracts are directly negotiated between the project developer and
the end user.

Gas sales contract - A gas sales contract is required when medium- or high-Btu gas
sales are made. In cases where medium-Btu gas is sold as boiler (or other industrial
equipment) fuel, a contract between the gas purchaser and the project developer is
necessary. Such contracts are the result of direct negotiation. If high-Btu gas sales
are made, the gas sales contract is typically between the local gas distribution
company and the project developer, although a contract with a gas marketer is also
possible.

The majority (about 69%) of existing landfill gas-to-energy projects have obtained
power and gas sales contracts with investor-owned utilities. The remaining projects have
contracts with private sector customers such as industrial facilities (14%), government-owned
gas or electric utilities (8%), other public sector buyers, or subsidiaries of landfill gas plant
owners [Berenyi and Gould, 1994]. These results are shown in Figure 8.1.
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Figure 8-1 Types of Companies that Contracted with Landfill Gas Energy Recovery
Projects fol' the Purchase of Gas or Electricity in 1994

• Investor Owned Electric/Gas Utility 68.9% D Subsidary of Owner 3.2%

• Government OwnE~d Electric/Gas Utility 7.9% • Public Sector 6.3%

Private Sector 13.7%

A landfill owner can eith43r pursue a contract on its own or bring in an experienced
project developer who will take the responsibility of obtaining a contract. This chapter
provides insights on how landfill owners and project developers can win energy sales
contracts with appropriate ener!~y buyers, and contains a detailed outline of a power sales
b,d to an electric utility. Because the terms and conditions of the energy sales contract will
determine the project's long-term Viability, critical contract provisions are also briefly
discussed.

8.1 POWER SALES CONTRAC"rS

There are two common types of power sales contracts: (1) standard offers and (2)
power sales agreements either negotiated or won through a competitive bidding process.
Figure 8.2 illustrates the steps involved in obtaining a power sales contract. As the figure
indicates, standard offer contracts with local utilities are generally preferred when they are
available at favorable terms. The majority of existing landfill gas power projects hold standard
offer contracts with their local utilities because in the past they have been the easiest to
obtain (however, standard offer contracts are disappearing and becoming more difficult to
obtain). In cases where standard offers are either not available or not appropriate, however,
power sales agreements may bH sought. It is likely that the power sales agreement will be
sought from the local utility. However, it may be possible to negotiate an agreement with a
utility other than the one directly interconnected to the project, or to negotiate a contract with
an end use consumer.
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Figure 8·2 Winning/Negotiating An Energy Sales Contract (Power Sales Agreement)
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Key issues related to power sales contracts are discussed below. Also discussed are
the considerations to be taken into account when the power sales contract is negotiated with
an entity other than the interccmnected utility and wheeling arrangements are necessary.

8.1.1 Standard Offer Contracts

A standard offer contract is sometimes available from electric utilities that forecast a
need for additional generating capacity. The standard offer contract specifies the terms and
price that the utility will grant to eligible projects. Many standard offers require that projects
be certified as "qualifying facilities" as defined by the Public Utilities Regulatory Policies Act
(PURPA). Landfill gas projects; are eligible to be qualifying facilities.

The standard offer price typically includes both a capacity payment and a variable
energy payment. Standard offer contract prices are based on the utility's avoided costs; that
is, the cost the utility would otherwise incur in providing electricity generating capacity and
energy if it did not purchase this capacity and energy from the qualifying facility (QF). Most
electric utilities are required to calculate their avoided cost and have it reviewed and approved
by their state regulatory authority.

Many utilities go through cycles where capacity is needed, contracts are offered,
contracts are signed, and then the standard offer is withdrawn until more capacity is needed.
During the periods when additional generating capacity is not needed, utilities are likely to
offer only a variable avoided short-term energy payment. Unfortunately, avoided energy
payments are often too low to economically justify developing a project. For example, 1992
average U.S. utility avoided energy costs were in the 2.9 to 3.5¢/kWh range [ICF, 1994].
Even though a standard offer contract may not be available, project developers should still
approach utilities to see if a contract can be negotiated.

How to Qualify for Standard Offers

In order to qualify for most standard offer contracts, a project must conform to the
guidelines set by PURPA. Under PURPA, an electric utility is obligated to buy electricity from
a power project at its current avoided cost rate if the project is granted OF status by the
Federal Energy Regulatory Commission (FERC) as either a "small power producer" or a
"qualifying cogenerator." PURPA prohibits utilities or utility holding companies from having
more than 50 percent ownership in OF projects, and it stipulates size and fuel requirements
as follows:

Small power producer -- Small power producers must be no more than 80 MW in size
and must use a primary energy source of biomass, waste, renewable resources, or
geothermal resources. Most landfill projects would be considered small power
producers. 1

Qualifying cogeneration facility - A cogeneration OF must produce useful thermal
energy as well as electricity for sale to the utility. There is no size limitation; however,
at least five percent of the cogeneration OF's total energy output must be provided to

1 There are proposals within Congress to lift the 80 MW size limit. There is also some debate as
to whether PURPA should be repealed completely.
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a thermal energy user if a "topping cycle" is used.2 An efficiency standard must also
be met for facilities using natural gas or oil. For topping cycles, this efficiency
standard will depend on the amount of useful thermal energy output provided [18
CFR, §292.205].

In addition to placing OF requirements into standard offer contracts, utilities also
commonly require that size and operating conditions be met. For example, the contract may
limit the amount of generating capacity (Le., MW) for which the utility will pay. Applicants are
also usually required to provide some type of reliability guarantee (e.g., posting a bond),
backed up by penalties or reduced payments for nonperformance. It should be noted that
reliability guarantee requirements vary from state to state. Note that some standard offer
contracts may be available only to projects such as renewable energy or waste-to-energy
projects that have special advantages. Such programs can create additional incentives to
develop landfill gas projects.

Executing a Standard Offer

The electric utility's supply planning or power purchase department can provide details
about available standard offer contracts and current avoided costs. This information can then
be used in project economic calculations to determine if the project is viable. Standard offers
usually provide variable short-term and fixed long-term payment options. The developer
should choose the option that produces acceptable economics and enables the project to
meet financing requirements. AppendiX C contains the executive summary of a representative
standard offer contract that was issued by one utility.

If the landfill owner/operator determines that the project is feasible under the set rates
and contract conditions, the standard offer contract can be signed. In most cases, however,
the state regulatory authority will review and approve the executed contract before it takes
effect.

8.1.2 Bidding/Negotiating a Power Sales Agreement (PSA) With an Electric Utility

If a suitable standard offer is not available, a PSA may be pursued either through a
utility bidding process or by presenting an unsolicited offer to the utility. This section
discusses how to successfully negotiate a PSA by describing: (1) the request for proposals
process; (2) what to inclUde in an offer; (3) how utilities judge offers; and (4) contract
considerations.

The Request for Proposal (RFP) Process

Utilities constantly review their energy needs and plan for the future, and this is usually
done through the development of an integrated resource plan. If an energy need is identified,

2 A "topping cycle" first uses energy input to produce power, then the rejected heat is used to
provide useful thermal energy. In a "bottoming cycle", the sequence of energy use is reversed. There
is no operating standard for a bottoming cycle OF.
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a utili~ will sometimes solicit bids from power producers to fulfill that need by issuing an
RFP.3 Sometimes, an RFP will call for specific project types, such as renewables, although
the majority of RFPs are all-source solicitations, meaning any technology bid is permitted.

A potential bidder must be aware of the specific type of electric capacity that a utility
needs (Le., baseload versus peaking capacity). Landfill gas projects are well-matched to
utility baseload, or around-the-clock, needs, because landfill gas must be continuously
recovered throughout the year to prevent migration and to efficiently operate the recovery
equipment. In contrast, landfill gas projects are not compatible with peaking needs, or needs
that occur only during the times of highest electric demand (typically 5 percent or less of the
year). In a peaking project, most of the landfill gas would have to be flared, and the energy
recovery project would be idle 'for the majority of the year.

Even when no RFP is outstanding, a project proponent can offer an unsolicited bid to
the utility. in this situation, the project proponent would take the initiative to approach the
utility (typically the supply planning or power purchase department) and present his or her
project concept.

Bid Requirements

Bid requirements will determine the level of detail and the specific components to be
included in a bid package. If an RFP is issued, the requirements are set by the utility, and its
format must be followed. However, if an unsolicited bid is to be offered, there is some
flexibility in format, although enc)ugh information should be included to allow the utility to
make a judgement. A completE! bid document is comprised of many components which
describe and document the various aspects of a project. The most important aspects are
pricing, equipment description, and contract terms. Standard bid components for RFP
responses are outlined in Table 8.1.

Before compiling the separate components of a bid document, the bidder shc)uld
identify the project's competitive advantages. A good way to do this is to first prepare a
project summary that sets the tone for the whole bid. By keeping the project's competitive
advantages in mind throughout the bid preparation process, each component can be
integrated to enhance the entire bid. Examples of a landfill gas project's potential competitive
advantages are listed in Box 8.1 .

Bid Evaluation Process

Cost will likely be an overriding factor when the utility is judging a bid, and landfill gas
projects may have to compete against a utility's self-build option or a conventional natural
gas-fired project. Additional non-price factors that impact bid evaluation and may benefit
landfill gas projects include: societal benefits, environmental benefits, location, project timing,
reliability, and risks.

3 Developers often study a utility's integrated resource plan (lAP) to anticipate upcoming capacity
needs and solicitations. The electric utility and state regulatory authority can usually provide copies of
the IRP.

Part II September 1996 Page 8-6

a utili~ will sometimes solicit bids from power producers to fulfill that need by issuing an
RFP.3 Sometimes, an RFP will call for specific project types, such as renewables, although
the majority of RFPs are all-source solicitations, meaning any technology bid is permitted.

A potential bidder must be aware of the specific type of electric capacity that a utility
needs (Le., baseload versus peaking capacity). Landfill gas projects are well-matched to
utility baseload, or around-the-clock, needs, because landfill gas must be continuously
recovered throughout the year to prevent migration and to efficiently operate the recovery
equipment. In contrast, landfill gas projects are not compatible with peaking needs, or needs
that occur only during the times of highest electric demand (typically 5 percent or less of the
year). In a peaking project, most of the landfill gas would have to be flared, and the energy
recovery project would be idle 'for the majority of the year.

Even when no RFP is outstanding, a project proponent can offer an unsolicited bid to
the utility. in this situation, the project proponent would take the initiative to approach the
utility (typically the supply planning or power purchase department) and present his or her
project concept.

Bid Requirements

Bid requirements will determine the level of detail and the specific components to be
included in a bid package. If an RFP is issued, the requirements are set by the utility, and its
format must be followed. However, if an unsolicited bid is to be offered, there is some
flexibility in format, although enc)ugh information should be included to allow the utility to
make a judgement. A completE! bid document is comprised of many components which
describe and document the various aspects of a project. The most important aspects are
pricing, equipment description, and contract terms. Standard bid components for RFP
responses are outlined in Table 8.1.

Before compiling the separate components of a bid document, the bidder shc)uld
identify the project's competitive advantages. A good way to do this is to first prepare a
project summary that sets the tone for the whole bid. By keeping the project's competitive
advantages in mind throughout the bid preparation process, each component can be
integrated to enhance the entire bid. Examples of a landfill gas project's potential competitive
advantages are listed in Box 8.1 .

Bid Evaluation Process

Cost will likely be an overriding factor when the utility is judging a bid, and landfill gas
projects may have to compete against a utility's self-build option or a conventional natural
gas-fired project. Additional non-price factors that impact bid evaluation and may benefit
landfill gas projects include: societal benefits, environmental benefits, location, project timing,
reliability, and risks.

3 Developers often study a utility's integrated resource plan (lAP) to anticipate upcoming capacity
needs and solicitations. The electric utility and state regulatory authority can usually provide copies of
the IRP.

Part II September 1996 Page 8-6



Contract Considerations

The economic terms of a PSA are vital to a project; however, other contract terms and
conditions affect the long-term viability and liability of the project as well. The entire contract
offered by a utility should be carefully reviewed by the project developer and reliable legal
counsel to ensure that each of the terms is acceptable. If they are not, a more acceptable,
revised version of the contract should be presented to the utility for negotiation.

Primary contract considerations include:

Term - The contract term should be sufficient to support financing and/or the life of
the project. A satisfactory term is usually 15 years or more [Knapp, 1990].

Termination - Grounds for contract termination should be very limited in order to
protect the long-term interests of all parties.

Assignment - The contract should contemplate assignment for purposes such
as financing. For example, allowing for contract assignment to a subsidiary or
to partners may be advisable to avoid ownership arrangement difficulties
[Knapp, 1990].

Force majeure4 - Situations that constitute force majeure (e.g., storms, acts
of war) should be agreed upon, otherwise this clause could be used to
interrupt operations or payment.

Schedule - There should be some flexibility allowed for meeting milestone
dates and extensions (e.g., in penalty provisions). This is necessary in case
unforeseen circumstances cause delays.

Price - The contract price shoUld ensure the long-term viability of the project,
which means that accounting for potential cost escalation through the contract
will be very important. An example price structure that can be negotiated to
accomplish this is multi-part pricing, described in Box 8.2.

4 A force majeure clause provides for situations that occur when circumstances beyond the control
of either party disrupt normal operations. Penalties may be waived or reduced during force majeure
events. Examples of force majeure events are earthquakes, hurricanes, strikes, riots, and acts of war.
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Box 8.1 Multi-Part Pricing

A multi-part pricing scheme is one way to ensure long-term project viability by matching
revenues with project expenses. The objective of this price structure is to ensure coverage
offixed costs (e.g., debt payment, fixed O&M), regardless of how often the project is called
upon to run. The utility's decision to run the project is based on how the project's energy
costs compare to those of other generating sources (in the case of landfill gas projects,
these costs are very low, thus encouraging high levels of operation). A multi-part price
contains two or more of the following components:

Capacity payment ($/kWl - This fixed payment is based on the capital costs of the
project. The payment should be high enough to ensure that the project can meet
its debt service and equity return requirements, regardless of how often the utility
chooses to run the project.

Energy payment ($/kWh) - A variable energy payment is usually tied to fuel costs,
which are very low for landfill gas projects.

Operation & Maintenance ($/kWh and/or $/kWl - This is a variable and/or fixed
payment, which covers O&M costs of the project.

Start-up payment ($) - A fixed price is sometimes paid to the project each time it
is called upon to run. It covers the costs of start-up (e.g., electric demand costs,
equipment wear).

8.1.3 Bidding/Negotiating a PSA with an End User

Some state regulatory authorities will allow non-utility power projects to make
electricity sales directly to end users. However, such sales, when permitted, are typically
limited to a number of contiguous neighbors.S In the near future, unconditional sales to
retail end users may be permitted as a result of deregulation in the electric industry. When
end user sales are sought, it is up to the landfill gas power project to negotiate contract terms
and conditions with the customer.

When negotiating an end user PSA, it will likely be necessary to offer the customer an
electricity rate that provides a discount over the rate currently paid to the local utility (Le., a
rate based on the customer's avoided cost). Since retail electric rates are typically higher
than the buyback rates available from utilities, this type of displacement arrangement can be
very attractive to both the buyer and seller. For example, in 1992, the average posted U.S.
retail electric rate to industrial customers was ¢4.8/kWh; commercial rates averaged ¢7.6/kWh
for the same period [Energy Information Administration, 1994]. In comparison, average 1992
utility avoided cost buyback rates ranged from ¢2.9/kWh to ¢3.5/kWh [ICF, 1994].

5 Because state regulatory pohcies vary, it is essential that landfill owners/operators contact
authorities to determine any limitations or conditions governing direct electricity sales to end users
before trying to negotiate a PSA.
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Table 8-1 Typical Bid Components

BID COMPONENT DOCUMENTATION CHECKLIST

Siting • map, showing site location (e.g., USGS map)
• site plan
• purchase option agreement (if necessary)
• description of rights-of-way (if applicable)
• environmental assessment

Electric Interconnect • load flow study (if required)
• location of point of interconnection

Technology • project design configuration
• equipment specifications
• teChnology status, experience
• vendor guarantees (performance, timing~ cost)

Fuel Supply • reports on viability of field (reliability is key)
• cost, fuel price escalation
• documentation of long-term supply (historical data)
• documentation of gas rights

Experience • description of developer experience

TIming • timeline for permitting, construction
• commercial operation date

Permitting • zoning plan
• air plan
• water plan

FinanCing • plan
• debt coverage ratios
• pro forma

Pricing • breakdown of project cost
• capacity
• energy
• indices (e.g. fuel price escalation)

Regulatory Status • FERC OF filing
• agreement with steam host (if applicable)

Operation & Maintenance • maintenance schedule
• flexibility

,
Contract Terms • marked-up contract terms

(see section on contract considerations)
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Box 8.2 Potential Competitive Advantages of Landfill Gas Projects

• Landfill gas comes from one local source, and it usually costs less than conventional
fuels.

• Landfill gas energy recovery is a proven technology. Operators and equipment
manufacturers have gained experience with the conversion technologies used in landfill
gas recovery operations..

• Landfill gas recovery pro.iects provide a net environmental benefit by reducing methane
and volatile organic compounds emissions, conserving fossil fuels, reducing explosive
hazards, and reducing odor. In addition these benefits ease the permitting process,
may be shared with the utility, or used as a bargaining chip.

• Most landfill gas projects are situated at a landfill site, which may ease or eliminate
local permitting and zoning requirements.

• The price of fuel and equipment is fixed at the project outset; there is only minimal
price escalation.

• Landfill gas projects can serve on-site electrical loads at dispersed locations, thus
reducing the need for new generating plants and transmission facilities.

• Landfill gas projects offer a way for utilities to attain Climate Challenge voluntary
greenhouse gas emission reduction targets.

• Title IV of the Clean Air Act (Acid Rain Program) creates a quantifiable value for
avoided 802 emissions. Each ton of 802 avoided through generation of electricity
from landfill methane saves one emission allowance for utilities affected by Title IV. For
those utilities not affected until the year 2000, each 500 MWh of electricity produced
by landfill gas may be worth one "bonus" allowance (currently at $150 each). See
Appendix I.

The basic contract terms and conditions to be considered when negotiating a P8A
with an end user will be the same as those outlined above for a utility P8A: term, termination,
assignment, force majeure, schedule, and price. Also, it is usually desirable to use a multi­
part price structure (see Box 8.2), even with non-utility customers. The concept should not be
foreign to industrial and commercial facilities, because electricity and gas are commonly
purchased under a tariff that includes an energy component, demand component, and
customer charge.

8.1.4 Wheeling Arrangements

A power project may be unable to obtain a favorable power sales contract with the
utility to which it is directly interconnected. In such instances it may be possible for the
project to transport, or "wheel," its power over the local utility's transmission system in order
to sell to a third party. When wheeling is necessary to reach a buyer, arrangements must be
made with the local utility to specify the terms and conditions for the wheeling service.
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The three basic types of wheeling services are: (1) wholesale'; (2) self-service; and, (3)
retail. As a result of recent regulation, all utilities will soon be required to provide wholesalE'
wheeling to power producers at specified rates. However, self-service wheeling is currently
only permitted in three states (Connecticut, Florida, and Maine) and retail wheeling is
currently only allowed in very limited circumstances in Nevada.

Wholesale Wheeling

Wholesale wheeling occurs when a utility transports power over its transmission
system for delivery to another utility. All utilities may soon be required by FERC to provide
wholesale wheeling services to power projects; however, there is currently much debate
about how to determine the rates charged for these services. It is important to keep in mind
that the transmission rates will determine if it is economical to make off-system sales. For
example, if it costs ¢4.7/kWh to produce electricity and ¢2/kWh to transport it to the buyer,
then the total delivered electricity cost of ¢6.7/kWh may not be low enough to justify the sales
transaction.

Self-Service Wheeling

If a landfill gas owner/operator wants to deliver power to another of its facilities located
elsewhere on the local utility's system, then it may be possible to have the utility transport the
project's output to the site on behalf of the landfill owner/operator. For example, if a county
that owns the local landfill, the county prison facility, and various other office buildings
located around town then develops a power project at the landfill site, it could arrange to
have the local utility transport (i.e., wheel) the electricity from the project to the prison and
courthouse. This type of transmission service is known as self-service wheeling.

Currently, only three states--Connecticut, Florida, and Maine-permit self-service
wheeling. However, self-service wheeling has never been tried in some states, so if it is
beneficial to a project, then the landfill owner/operator should contact state regulatory
authorities to determine if it would be permitted.

Retail Wheeling

In the future, there may be expanded opportunities for power projects to make sales
directly to retail end users such as industrial facilities, hotels, and commercial buildings.
Currently, "retail wheeling", which means the sale of electricity directly to a retail customer
using the local electric utility's transmission lines, is prohibited in most states. The concept of
retail wheeling includes transmission service, which sets it apart from on-site electric sales
from a power project to an adjacent facility. Retail wheeling is currently allowed in Nevada
under limited circumstances, Michigan will soon begin a retail wheeling experiment, and
California has proposed regulations which would permit retail wheeling for some customers
beginning in 1996. Several other states are also considering the issue. On-site electric sales
to adjacent facilities are allowed under certain circumstances in several states. In addition,
some utilities are beginning to launch pilot programs under which retail wheeling is allowed.
The possibility of direct sales to distant or adjacent facilities represents an important future
opportunity, since the revenues from retail electricity buyers would most likely be higher than
is available from wholesale (i.e., utility) buyers.
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8.2 GAS SALES CONTRACT (MEDIUM OR HIGH-BTU)

Gas sales contracts are a product of successful negotiation between the landfill gas
project developer and the gas user or distributor. When negotiating a contract, it is important
to keep in mind the project's requirements (Le., revenue, operational considerations),
while at the same time knowing where compromises can be made to accommodate the
customer's needs.

Figure 8.3 outlines the steps involved in winning a gas sales contract. As illustrated,
customer needs and contract considerations will vary, depending on whether the gas product
to be sold is medium-Btu or high-Btu gas. Medium-Btu sales contracts are obtained with
direct use customers, such as industrial companies or commercial complexes, whereas high­
Btu contracts are typically negotiated with local gas distribution companies. Customer
proximity is a primary factor in determining the feasibility of either type of project.

8.2.1 Medium-Btu Gas Sales

Medium-Btu sales contracts are usually unsolicited and initiated by the developer.
Negotiations for a contract should begin with a potential gas customer (as represented by a
plant manager or plant engineer) during initial feasibility studies. It is important that the
developer obtain an initial indication of the price and terms that the gas customer is willing to
accept, so that they can be taken into consideration during later contract negotiations.
Usually these are dependent on the price and delivery terms of the existing or alternate fuel
supply.

Specific contract items which document each party's responsibility and limit landfill
liability and risk exposure are:

Gas price - This $/MMBtu price could include fixed and variable components.

Equipment retrofit/modifications - It should be clear who is responsible for the
capital cost of any required changes to the gas purchaser's equipment; this will
avoid any confusion or misunderstanding between parties.

Pipeline construction and maintenance - Frequently, a dedicated pipeline will
be required to transport the landfill gas from the site to the customer.
Responsibility for pipelinE~ construction costs and O&M should be clearly
defined, which will help ensure that the pipeline is completed on time and is
properly maintained.

Minimum purchase amounts - The amount (daily, annual, or total) of gas that
the customer is required to buy, and that the landfill is required to provide,
should be set, with some tolerances allowed. This will help to define the size
of the project and will ensure revenues.

Changes in purchase amounts - The situation in which either party wishes to
increase/decrease purchase amounts should be addressed, with flexibility
allowed (e.g., decrease in landfill gas production or plant needs).

Alternate fuel - If a backup, or secondary, fuel is required to operate the gas
purchaser's equipment, then the contract should clearly define who is
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the customer is required to buy, and that the landfill is required to provide,
should be set, with some tolerances allowed. This will help to define the size
of the project and will ensure revenues.

Changes in purchase amounts - The situation in which either party wishes to
increase/decrease purchase amounts should be addressed, with flexibility
allowed (e.g., decrease in landfill gas production or plant needs).

Alternate fuel - If a backup, or secondary, fuel is required to operate the gas
purchaser's equipment, then the contract should clearly define who is
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responsible for purchasing the fuel under a variety of circumstances (e.g.,
landfill is responsible if production falls due to well maintenance problems).

8.2.2 High-Btu Gas Sales

Local distribution companies (LOCs) require a reliable supply of natural gas to serve
their customers, and they have a variety of supply contracts in place to meet these needs.
Some are long-term, while others only last for periods of one month or less. Contracts that
provide price stability and supply reliability are attractive. Landfill gas can provide both, and
may therefore have an advantage over conventional natural gas supplies if the energy
recovery project is economic.

Some LOCs occasionally request proposals for gas supply packages; however, it is
unlikely that an RFP process will be used to obtain a high-Btu sales contract. The best way
to obtain a contract is to first contact the LOC's gas supply department to determine pricing
options. If the project is economically viable given the LOCs projected buyback rates, further
consideration should be given to specific contract terms.

Things to consider in negotiating a contract with an LOC include:

Take-or-pay clauses - It will be advantageous to the project if the utility is
required to pay for a set amount of gas even if it does not take delivery;
however, the LOC will likely resist such a clause.

Interconnect costs - The responsibility for the cost of construction and
maintenance of interconnect facilities (e.g., pipelines, connections, metering,
pressure regUlation, filtering, moisture removal) should be clearly delineated.
Pass-through to the gas seller of taxes assessed on construction costs are an
especially important issue with interconnects, since project configuration may
determine their applicability.

Gas pressure and quality requirements - These must be defined at the outset,
, as they will determine the amount of gas processing needed. This is important
for landfill gas projects because gas compression and enrichment are
expensive.

Standby or non-performance clauses - These should be defined at the outset as they
will determine any fines or penalties that are incurred as a result of non-compliance
with the contract.

Terms and times of deli~ - The amount (daily, annual, or total) and times of
delivery of gas that the customer is required to buy, and that the landfill is required to
provide, should be set, with some tolerances allowed.
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9. SECURING PROJECT PERMITS AND ApPROVALS

Obtaining required environmental,
siting, and other permits is an essential step
in the development process. Permit
conditions often affect project design, and
neither construction nor operation can begin
until all permits are in place. The process of
permitting a landfill gas-to-energy project
may take anywhere from six to eighteen
months (or longer) to complete, depending
on the project's location and recovery
technology. For example, a project sited in
a location that requires no zoning variances
and that meets national air quality standards
will probably take much less time to permit
than a project sUbject to zoning hearings
and stringent air quality requirements.

Landfill gas energy recovery projects
must comply with federal regulations related
to both the control of landfill gas emissions
and the control of air emissions from the
energy conversion equipment. Regulations
promulgated under two separate federal
acts specifically address emissions from
municipal solid waste landfills:

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

Part II
Detailed Assessment of

Project Economics

Evaluating Project Economics

Assessing Financing Options

Selecting a Project Development Partner

• Resource Conservation and
Recovery Act (RCRA)
regulations focus on landfill gas hazard and nuisance abatement [40 CFR,
§258.23].

• Clean Air Act regulations focus on control of landfill gas emissions [61 FR
9905, March 12, 1996].

Air emissions from energy recovery projects are addressed in other sections of the
Clean Air Act. This chapter briefly discusses these major federal regulations and their
impacts on landfill gas energy recovery projects. It should be noted that states are generally
granted the authority to implement, monitor, and enforce the federal regulations by
establishing their own permit programs. As a result, some state permit program requirements
are more stringent than those outlined in the federal regulations and there is a large state-to­
state variance in agencies and standards. For this reason, landfill owner/operators and
project developers should determine state and local requirements before seeking project
permits.
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9.1 THE PERMITTING PROCESS

There are four general steps (outlined in the flowchart in Figure 9.1) that will help
ensure that the necessary permitting requirements under applicable state and federal
regulations are met:

Step 1. Hold preliminary meetings with key regulatory agencies. Discuss with
regulators the requirements and issues they feel must be addressed. These
meetings also give the developer the opportunity to educate regulators about
the project, since, in many cases, landfill gas-to-energy technologies may be
unfamiliar to regulators.

Step 2. Develop the permitting and design plan. Determine the requirements
and assess agency concerns early on, so permit applications can be designed
to address those concerns and delays will be minimized.

Step 3. Submit timely permit applications to regulators. Submit complete
applications as early as possible to minimize delays.

Step 4. Negotiate design changes with regulators in order to meet
reguirements. Permitting processes sometimes provide opportunities for
project sponsors to negotiate the appropriate control measure and level with
regulators. If negotiation is allowed, it may take into account technical as well
as economic considerations.

As these steps indicate, the success of the permitting process relies upon a
coordinated effort between the developer of the project and various local, state, and federal
agencies who must review project plans and analyze their impacts. For landfill gas projects
in particular, developers often must deal with separate agencies with overlapping jurisdictions
over landfill operations and energy recovery operations (e.g., solid waste and air quality
authorities). This underscores the importance of coordinating efforts to minimize difficulties
and delays.

In some cases, permitting authorities may be unfamiliar with the characteristics and
unique properties of landfill gas. Where appropriate, the landfill owner/operator or project
developer should approach the permitting process as an opportunity to educate the
permitting authorities, and should prOVide useful, targeted information very early in the
process.

Emphasizing the pollution control aspects of landfill gas energy recovery projects can
be an effective approach in seeking permits. If a landfill gas collection and flare system has
not yet been installed or does not collect the full quantity of landfill gas emitted, then there is
a substantial opportunity to reduce non-methane organic compounds (NMOC) and methane
emissions from the landfill. An energy recovery project can further reduce these emissions by
capturing additional landfill gas, as well as reducing emissions of carbon dioxide, sulfur
dioxide, and other pollutants by displacing a fossil fuel source. Approaching and presenting
the project as a pollution control project that will cause a net reduction in emissions can
make the air permitting process much easier.
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their concerns
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Design changes may be necessary
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The process approval time will vaty,
depending on a number of factors

RCRA Subtitle 0, established to ensure the protection of human health and the
environment, sets minimum national design, operating and closure criteria for municipal solid
waste landfills that were active on or after October 9, 1993. Virtually all currently operating
municipal solid waste landfills are considered affected landfills under RCRA. Landfill gas
control is one item addressed in the regulations. 1

place.
, ReRA Subtitle D applies to affected landfills, regardless of whether an energy recovery project is in
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Landfill gas control is a.chieved by requiring affected landfills to establish a program to
periodically check for methane emissions and prevent offsite migration. Landfill owners or
operators must ensure that the concentration of methane gas does not exceed: (1) 25
percent of the lower explosive limit for methane in facility structures (excluding gas control or
recovery system components); and, (2) the lower explosive limit for methane at the facility
boundary. Permitted limits on methane levels reflect the fact that methane is explosive within
the range of 5 to 15 percent concentration in air. If methane emissions exceed permit limits,
corrective action (Le., installation of a landfill gas collection system) must be taken [40 CFR,
§258.23]. Subtitle D may provide an impetus for some landfills to ins~all energy recovery
projects in cases where a gas collection system is required for compliance.

Subtitle D requirements for methane emissions monitoring affect landfills not only
during operation, but also for a period of thirty years after closure.

9.3 CLEAN AIR ACT

The Clean Air Act (CAA) addresses landfill gas-to-energy recovery project emissions in
two ways:

(1) Regulation to control the emissions of non-methane organic compounds found
in landfill gas, and

(2) Regulation of airborne emissions from the combustion sources used in landfill
gas energy recovery.

This section explains how the CAA regulations apply to and impact landfill gas energy
recovery projects.

9.3.1 Landfill Gas Emissions

On March 12, 1996, EP,A, promulgated New Source Performance Standards (NSPS)
and Emissions Guidelines (EG) for landfills under the authority of Title I of the Clean Air Act
(61 FR 49, 9905, March 12, 1996). The regUlations target landfill gas emissions because they
contain non-methane organic compounds (NMOCs), which contribute to smog formation.
The requirements of the NSPS and EG are basically the same, with the main difference being
the timing of implementation and the lead agency--the EPA administers the NSPS which takes
effect immediately, while the states implement the EG once they have completed and received
EPA approval of their implementation plans.

The regulations require landfill gas control at municipal solid waste landfills that meet
all of the following criteria:

Age - The NSPS apply to all "new" landfills--Le., those that began construction,
reconstruction, or accepting wastes for the first time on or after May 30, 1991 (the
date the proposed regulations were published in the Federal Register). The EG apply
to "existing" landfills--Le., those that accepted wastes on or after November 8, 1987.
Both "new" and "eXisting" landfills are referred to below as "affected" landfills." Landfills
that were closed prior to that date are not subject to the regulations.
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Capacity - Affected landfills with a design capacity greater than 2,500,000 Mg
(2,750,000 tons) are subject to the emission rate criterion described below.

Emission rate - Affected landfills meeting the capacity criterion must collect
and combust their landfill gas if their maximum annual NMOC emission rate is
greater than 50 metric tons. This emission rate can be determined either by
desktop calculation using an EPA model (known as a Tier One analysis), or by
EPA-defined physical testing procedures (known as Tier Two or Tier Three
determinations) .

Affected landfills that must collect and combust their landfill gas can use a flare system
or an energy recovery system that has been demonstrated to reduce NMOC emissions by 98
percent. Landfill gas-to-energy should be evaluated at each landfill site to determine whether
it is cost-effective, as it offers landfill owners an opportunity to mitigate the costs of
compliance with the regulations. In addition to control requirements, the proposed
regulations also contain recordkeeping and reporting requirements.

As the permitting process outlined in Figure 9.1 indicates, it will be important to
contact regulatory authorities in order to determine and verify applicability criteria before
developing a compliance plan. AppendiX B is a list of regional and federal EPA offices that
can provide detailed information about the regulations.

9.3.2 RegUlations Governing Air Emissions from Energy Recovery Systems

Regulations have been promulgated under the CAA governing airborne emissions
from new and existing sources. These regUlations require new stationary sources and
modifications to existing sources of certain air emissions to undergo the New Source Review
(NSR) permitting process before they can operate.2 The purpose of these regulations is to
ensure that sources meet the applicable air quality standards for the area in which they are
located. The applicable air quality standards are determined, in part, by the National Ambient
Air Quality Standards (NAAQS), which have been set by EPA for six criteria air pollutants.

Two aspects of the NAAQS affect the stringency of the NSR permitting process. First,
it sets overall regional ambient air loadings for the criteria pollutants. Using these levels, most
areas of the country are classified as in "attainment" or "nonattainment" for each criteria
pollutant. Areas that meet the NAAQS for a partiCUlar air pollutant are classified as in
"attainment" for that pollutant, while areas that do not meet the NAAQS for a particular air
pollutant are classified as in "nonattainment" for that pollutant. The same area may be in
attainment for one air pollutant, but in nonattainment for another pollutant. Nonattainment
areas are further categorized by their degree of nonattainment: marginal, moderate, serious,
severe, and extreme. The greater the degree of nonattainment, the more stringent the
regulations are in bringing that area to attainment and the lower the acceptable emission
levels of particular pollutants will be. Some areas of the country are "unclassified" for all or
some pollutants. An area that is listed as "unclassified" for a partiCUlar pollutant is one that
has not had a project undergo the air permitting process for that pollutant.

2The EPA's NSR regulations for nonattainment areas are set forth in 40 CFR 51.165, 52.24 and part 51,
AppendiX S. The PSD program is set forth in 40 CFR 52.21 and 51.166.
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Second, the NAAOS sets emission levels for new stationary sources and for
modifications to existing sources. These levels are expressed in terms of total atmospheric
loadings (Le. tons emitted per year), as opposed to emission rates (tons/kwh), and are
dependent upon location (attainment or nonattainment area) and the type of source (new or
existing and its quantity of emissions). New sources or modifications to existing sources that
exceed these NAAOS emission levels are classified as "major" sources while those that do not
are classified as "minor" sources.

The principal air permitting requirements for landfill projects in attainment and
nonattainment areas are described in detail below. As the discussion indicates, new
stationary sources and modifications to existing sources in attainment areas undergo
Prevention of Significant Deterioration (PSD) permitting while those in nonattainment areas
undergo Nonattainment Area permitting. The basic difference between these processes is
that the NSR permitting requirements are more stringent for major sources or modifications in
nonattainment areas than for those same sources or modifications in attainment areas.

Most landfill energy recovery projects will likely be affected by the NAAOS standards
for nitrogen oxides (NOx) and carbon monoxide (CO). Whether a major NSR is required at a
particular landfill project will depend on the level of emissions resulting from the project
(which is primarily a function of project size and technology) and the project's location
(attainment or one of the five degrees of nonattainment). As discussed below, small projects
and/or those located in attainment areas may find the air permitting process to be quite
straightforward (minor NSR), while larger projects, particularly those in nonattainment areas,
may require major NSR, which is more extensive. In any event, given the complexity of the air
permitting regulations, a landfill owner or operator may wish to consult a local attorney or
other expert familiar with NSR permitting requirements in a particular area.

Attainment Area Permitting or PSD Permitting

PSD review is used in attainment areas to determine whether or not a new or modified
emissions source will cause significant deterioration of local air quality. All areas are
governed to some extent by PSD regulations because it is unlikely that a given location will
be in nonattainment for all criteria pollutants. Applicants must determine PSD applicability for
each individual pollutant. For gas-fired sources, including landfill gas energy recovery
projects, PSD and major NSR is required if the new source will emit or has the potential to
emit any criteria pollutant at a ~evel greater than 250 tons per year. A modification to an
existing emission source is considered major if one of the following conditions is met: (1) the
existing source is already a major source of a particular air pollutant and the modification will
emit that air pollutant at a level greater than the PSD significance level or, (2) if the existing
source is minor for a particular air pollutant and the modification will emit that air pollutant at
a level greater than the major new source threshold. Figure 9.2 shows a simplified flow
diagram of determining whethe!r a new source or modification is major in an attainment area.

For each pollutant for which the source is considered major, the PSD major NSR
permitting process requires that the applicants determine the maximum degree of reduction
achievable through the application of available control technologies. Specifically, major
sources may have to undergo any or all of the following four PSD steps: (1) Best Available
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Figure 9·2 Applicability of New Source Review Requirements
in Attainment Areas for Ozone:

Emissions of NOx Used as an Example
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Part II
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Notes:

A Pollution Control Project must be both:

(0) environmentally beneficial; and
(b) not cause or contribute to a violation of a NMQS or PSD increment, or adversely affect

an AQRV in a Class I area.

In addition:

• The permitting authority must determine that the project qualifies as a pollution control
project.

• The permitting authority must provide an opportunity for public review and comment on
the project's application and the proposed NSR exclusion.
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control technology available must be used in a facility, unless the applicant can demonstrate
that it is not feasible due to energy, environmental, or economic reasons.

Minor sources and modifications are exempt from this rigorous process, but these
sources must still obtain construction and operating air permits. Minor sources must
demonstrate, through calculations, modeling, vendor guarantees, or other analysis, that the
source's emissions will not exceed applicable PSD levels. Many states require even minor
sources to complete a BACT analysis and use BACT, although minor sources are usually not
required to gather local air quality data or model impacts. New sources or modifications are
considered major for NOx or CO if they exceed the limits shown in Table 9.1.

Table 9-1 Attainment Area Limits for NOx and CO

Pollutant New Sources Modifications to Modifications to
are Considered an Existing Minor an Existing Major

Major if Emissions Source Source
Exceed are Considered are Considered
(in TPY) Major if Emissions Major if Emissions

Exceed Exceed
(in TPY) (in TPY)

NOx 250 250 40

CO 250 250 100

Nonattainment Area Permitting

If a particular area - usually a county-wide area -- does not meet the NMOS levels for
any of the six criteria pollutants, then it is classified as being in "nonattainment" for that
pollutant. A listing of ozone nonattainment areas is provided in Appendix F, since this is the
most pervasive nonattainment pollutant and the most likely to affect landfill energy recovery
projects. An area may be nonattainment for one or more pollutants. For example, if a county
exceeds the NOx levels set by the NMOS, but meets the standards for the other pollutants,
then the area is classified as nonattainment for ozone only (since ozone attainment is
regulated through NOx and VOCs).

A proposed new emission source or modification to an existing source located in a
nonattainment area must undergo nonattainment major NSR if the source or the modification
is classified as major. New sources or modifications are considered major for NOx or CO if
they exceed the limits shown in Table 9.2. Figure 9.3 shows a simplified flow diagram for
determining whether a new source or modification is major in a serious nonattainment area.

Two primary requirements must be fulfilled in order to obtain a nonattainment NSR
permit for criteria pollutants: (1) The project must use technology that achieves the Lowest
Achievable Emissions Rate (LAER) for the nonattainment pollutant, and (2) a source must
arrange for an emission reduction at an existing combustion source that more than offsets the
emissions from the new project.
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Figure 9·3 Applicability of New Source Review Requirements in
Serious Non-Attainment Areas for Ozone:
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project.

• The permitting authority must provide an opportunity for public review and comment on
the project's application and the proposed NSR exclusion.
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Table 9-2 Nonattainment Area Umits For NOx and CO

Pollutant New Sources Modifications to Modifications to
are Considered an Existing Minor an Existing Major

Major if Emissions Source Source
Exceed are Considered are Considered
(in TPY) Major if Emissions Major if Emissions

Exceed Exceed
(in TPY) (in TPY)

NOx

Marginal 100 100 40

Moderate 100 100 40

Serious 50 50 40

Severe 25 25 25

Extreme 10 10 10

CO

Moderate 100

I
100

I
100

Serious 50 50 50

Defining the lowest achievable emission rate (LAER) can be a challenge for landfill gas
projects. Permitting authorities unfamiliar with the characteristics of landfill gas may expect a
landfill gas project to achieve the same LAER as a natural gas project. This can be difficult
for a number of reasons, including the inability of the catalysts designed to reduce NOx
emissions to function effectively on landfill gas, the variable flow, composition, and Btu value
of landfill gas, and the fact that landfill gas projects are often too small for the use of turbines,
which have lower NOx rates than IC engines, to be economic. Cost, however, is not a
consideration in determining the LAER technology.

Obtaining emission offsets to ensure no net change in overall pollutant levels can also
be a challenge. Emission offsets are created when emission reductions are achieved at an
existing emissions source (typically, an industrial facility) in order to cover the increased
emissions of the new source. The most common type of offsets required by the new projects
are NOx offsets because there are many ozone nonattainment areas (Le. areas whose NOx
and VOC levels do not meet NAAQS), and many combustion sources emit NOx at high
enough levels to become major sources and require offsets. Most of the northeast U.S. is
designated as an ozone nonattainment area, for example, known as the Northeast Ozone
Transport Region.
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The number of offsets required by a project is determined by applying an offsets ratio
to its emission level above the threshold. The ratio varies from 1:1.1 to 1:1.5 for ozone,
depending upon an area's degree of nonattainment, and is 1:1 for CO and other criteria
pollutants. For example, a project proposed for a severe ozone nonattainment area that has
the potential to emit 100 tons per year of NOx would be required to obtain 97.5 tons per year
of NOx offsets.3

NSR Exemption for Pollution Control Projects

On July 1, 1994, EPA's Office of Air Quality and Planning Standards issued guidance
to regional and state staff that increases their flexibility in permitting projects that are classified
as "pollution control projects". Under the gUidance, the permitting authority may exempt the
project from major NSR, as long as emissions from the project and minor source
requirements are met. In nonattainment areas, offsets will still be required, but need not
exceed a 1:1 ratio. In order to qualify as a pollution control project, a landfill gas-to-energy
project must pass two tests: (1) the environmentally-beneficial test and (2) the air quality
impact assessment.

Under the environmentally-beneficial test, the proposed project is evaluated on its
overall environmental impact on air quality. If, on balance, there is a beneficial impact on air
quality, the project could qualify as a pollution control project. For example, a landfill gas-to­
energy recovery project could be considered a pollution control project if it reduces VOCs,
even if it generates some NOx.

Under the air quality impact assessment, the pollution control exclusion will not apply
if the emissions from the project would (e.g. NOx) cause or contribute to a violation of
NAAQS or PSD increment, or adversely impact visibility or other Air Quality Related Values
(AQRV) in a Class I area (see, e.g., Clean Air Act sections 11 O(a)(2)(C), 165, 169A(b), 173].
Therefore, where a pollution control project will result in a significant increase in emissions
and that increased level has not been previously analyzed for its air quality impact and raises
the possibility of a NAAQS, PSD increment, or AQRV violation, the permitting authority is to
require the source to provide an air quality analysis sufficient to demonstrate the impact of
the project. In the case of non-attainment areas, the State or the source must provide
offsetting emissions reductions (at a 1:1 ratio) for any significant increase in a nonattainent
pollutant (e.g. NOx) from the pollution control project. However, rather than having to apply
offsets on a case-by-case basis, States may consider adopting specific control measures or
strategies for the purpose of generating offsets to mitigate the projected collateral emissions
increases from a class or category of pollution control projects.

In addition to passing the two tests, there are two procedural safeguards that a
pollution control project must address. First, the project must receive approval from the
permitting authority (this is done on a case-by-case basis). Second, the application for
exclusion and the permitting agency's proposed decision must be subject to public notice
with the opportunity for public and EPA written comment.

3rhe number of tons that must be offset is calculated as follows: ["emissions level" (100 tons) minus
"threshold level for severe nonattainment" (25 tons)] multiplied by ["offsets ratio for severe nonattainment" (1.3)].
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This guidance memorandum is included in Appendix E. It is important to recognize
that this is a guidance document and not a promulgated rule, which means that permitting
authorities may choose to adopt the guidance and exercise greater flexibility, or disregard it.

NOx Emissions from Energy Conversion

Combustion of landfill gas -- in an engine, turbine, or other device - generates
nitrogen oxide (NOx). The amount of NOx generated and emitted depends primarily upon the
following two characteristics of the combustion process:

• Air/fuel Ratio: the ratio of air to fuel (Le., landfill gas) in the combustion
chamber is a key factor in determining the quantity of NOx generated from
combustion of landfill gas. If air in excess of what is needed to achieve
combustion is introduced into the combustion chamber, fewer NOx emissions
are generated.

• Residence time: the amount of time that the landfill gas is in the combustion
chamber has a significant effect on NOx formation. Longer residence times
allow greater quantities of NOx to be formed and ultimately emitted.

The air/fuel ratio and residence time vary between the major technologies used in
landfill gas-to-energy applications (Le., internal combustion engines and combustion
turbines) as well as among different types of engines; therefore, NOx emissions per cubic foot
of landfill gas burned as fuel in a combustion device also varies. When internal combustion
engines and turbines are used in conventional natural gas applications, catalysts are often
used to reduce NOx emissions. To date, catalysts have not proven effective in landfill gas
applications because the impurities found in landfill gas quickly limit the catalysts' ability to
control NOx emissions.

Table 9.3 provides emissions factors that can be used to estimate the range of NOx
emissions that could be expected from a landfill gas project employing internal combustion
engines (IC) or combustion turbines (Cn. As the table indicates, the potential emission
factors for IC engines span a relatively large range; the lower end of the range is represented
by lean-burn engines, which use excess air in the combustion process, while the high end is
represented by naturally aspirated IC engines. Depending on the specific type of engine
being used, it should be possible to select an appropriate emission factor from within this
range. In contrast, only one emission factor is provided for combustion turbines. This factor
is appropriate for the most common type of turbine used for landfill gas applications (the
Solar Centaur gas turbine).
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Table 9-3 Emission Factors By Technology Type

IC Engine CT

Emission factor 0.22 - 0.54 0.12
(Ib NO/MMBtu)

Annual NOx emissions can be calculated by multiplying the appropriate emission
factor from Table 9.3 by the energy content (in MMBtu/year) of the landfill gas fuel. The
energy content can be calculated easily from the landfill gas flow, as follows:

Energy Content (BtulYr) = LFG (cfd) * Btu * 365 days
cr yr

Landfill gas typically contains about 500 Btu per cubic foot. This can be used as a default if
the Btu value of landfill gas at a specific site is not known. For a 5 million ton landfill with a
gas flow of about 3 million cubic feet per day, the energy content would therefore be
calculated as follows:

3 mmcfd * 500 Btu * 365 = 548 * 103 MMBtu/yr
cf

Table 9.4 illustrates a potential range of emissions in tons of NOx per year for typical
1, 5, and 10 million ton landfills. As Table 9.4 illustrates, NOx emissions from IC engines are
substantially higher than emissions from CTs. Landfills located in ozone non-attainment areas
may therefore find that CTs are the most appropriate technology for medium or larger sized
landfill gas projects. The following sections describe the differences among IC engines and
between IC engines and CTs that result in the large range of emissions.

Table 9-4 NOx Emissions Table

Landfill Characteristics Estimated NOx Emissions (TPY)

Waste in Place Landfill Gas Flow IC Engine CT
(million ton) (1000 cfd)

1 642 13 - 32 nla

5 2988 60 - 147 35

10 5264 106 - 260 60

Internal Combustion Engines - There are two basic types of IC engines: naturally
aspirated and lean-burn. Naturally aspirated IC engines draw combustion air and
landfill gas through a carburetor in stoichiometric proportions, much the same way
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that an automobile equipped with a carburetor would draw its air/fuel mixture. Just
enough air is drawn into the combustion chamber to ignite the air/landfill gas mix. In
addition, residence time' in the combustion chamber is relatively long. Therefore, this
type of engine emits relatively high levels of NOx, and is represented by the high end
of the range shown in Table 9.4. For landfill gas-to-energy recovery projects, this type
of engine is best suited for smaller projects in ozone attainment areas.

Lean-burn IC engines c()mbust landfill gas with air in excess of the stoichiometric mix.
Since this type of engine uses a mixture with excess air, it provides both greater
engine power output and fewer NOx emissions than a comparable naturally aspirated
engine. This type of engine can be expected to emit NOx emissions on the low end
of the range shown in Table 9.4. It should be noted that manufacturers of these
engines are continually refining them and that newer, even lower NOx emitting engines
are expected to be commercially available soon. In addition, newer, more effective
add-on control systems are in development.

Combustion Turbines - CTs utilize large amounts of excess air and have relatively
short residence time. These factors combine to greatly reduce the amount of NOx
emitted relative to internal combustion engines. These lower emissions may be a
significant benefit of using a CT, particularly for medium to large landfill gas energy
recovery projects located in ozone non-attainment areas. However, because CTs are
not cost-effective at smaller projects (Le., less than 3 MW), these projects typically do
not have the option of using CTs.

9.4 LOCAL ISSUES

Local approval of a project is crucial to its success. This approval refers not only to
the granting of permits by local agencies, but also to community acceptance of the project.
Strong local sentiment against a project can make permitting difficult, if not impossible.

9.4.1 Zoning and Permitting

Project siting and operation are governed by local jurisdictions (in addition to federal
regulations); therefore, it is imperative to work with regulatory bodies throughout all stages of
project development in order to minimize permitting delays which cost both time and money.
This is especially important since the pollution prevention benefits of landfill gas projects may
not initially be considered and because different agencies' rules can often be conflicting
[Pacey, Doorn, Thorneloe, 1994].

Zoning/Land Use

The first local issue to be' addressed is the compatibility of the project site with
community land use specifications. Most communities have a zoning and land use plan that
identifies where different types of development are allowed (e.g., residential, commercial,
industrial). The local zoning board determines whether or not land use criteria are met by a
particular project, and can usually grant variances if conditions warrant.
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A landfill gas project site will likely require an industrial zoning classification. One
advantage of landfill gas projects is that they are usually located at the landfill site, thus
zoning reclassification may not be necessary, especially if the landfill is still active.

Permitting Issues

In addition to land use specifications, local agencies have jurisdiction over a number
of other project parameters, such as the following:

Noise - Most local zoning ordinances stipulate the allowable decibel levels for
noise sources, and these levels vary, depending on the zoning classification at
the source site (e.g., a site located near residential areas will have a lower
decibel requirement than one located in an isolated area). Even enclosed
facilities are usually required to meet these requirements; therefore, it is
important to keep them in mind when designing project facilities.

Condensate - There may be unique permitting or treatment requirements for
landfill gas condensate. While some landfill gas projects can return the
condensate to the landfill, many dispose of condensate through the public
sewage system after some form of on-site treatment [Berenyi and Gould, 1994].
It is possible that the condensate may contain high enough quantities of heavy
metals and organic chemicals for it to be classified as a hazardous waste, thus
triggering additional, federal regulation.

Wastewater - The primary types of wastewater likely to be generated by a
landfill gas power project include maintenance/cleaning wastewater, domestic
wastewater, and cooling tower blowdown. The municipal engineer's office
should be contacted to provide information about available wastewater
handling capacity, and any unique condensate treatment requirements or
permits for landfills. The wastewater treatment facility operator is likely to have
standards governing the pollutant concentrations in incoming wastewater
streams. For projects that intend to discharge wastewater into rivers, lakes, or
other surface water (typically only the large power projects that use a steam
cycle), a National Pollution Discharge Elimination System (NPDES) permit will
be required. The authority to issue these permits is delegated to state
governments by the U.S. EPA.

Water - Water requirements will depend on the type and size of the project
and the environmental control technologies used. The city engineer's office
should also be able to provide data about available water supply capacity. If
current facilities cannot meet the needs of the project, then new facilities (e.g.,
pipeline, pumping capacity, wells) may need to be constructed. Groundwater
permits could be required if new wells are needed to supply the project's water
needs. (Note that the landfill itself. if active, will already be required by RCRA
Subtitle D to monitor groundwater.)

Solid waste disposal - The only solid wastes generated by a landfill gas power
project will likely be packaging materials, cleaning solvents, and equipment
fluids. While there may only be a small amount of solid waste generated, it
must be properly disposed of; which may be an important consideration if the
project landfill is closed.
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Stormwater management - Public works departments regulate stormwater
management, and will require a permit for discharges during construction and
operation. Good facility design that maintains the predevelopment runoff
characteristics of the site will allow the project to easily meet permitting
requirements.

Stack height - Local codes may limit stack heights, especially near airports or
landing fields. Project design (e.g., plant layout, flare design) must take these
limits into account.

Other - There may be other issues that local agencies oversee. It is important
to find out what these issues are by contacting local authorities, especially
since they vary among project sites. As an example of such other issues, Box
9.1 partially lists the local permits that were required for the Fresh Kills Landfill
Methane Recovery Project, located in New York.

9.4.2 Community Acceptance

As any project developer will attest, community support is extremely important to the
success of a project, especially since some communities require public participation in project
zoning/siting cases. Uke landfills, many power projects in the past have encountered local
opposition such as the "not in my backyard (NIMBY)" syndrome, or false perceptions of
project dangers (e.g., explosion risks, adverse health effects from electromagnetic fields).
Therefore, it is important to educate the public and to develop a working relationship with the
host community in order to dispel any fears or doubts about the expected impact of the
project. Project details should always be presented in a very forthcoming and factual manner.

Landfill gas-to-energy projects bring many benefits to the host community (e.g.,
improved air quality, reduction of landfill gas odor and explosive potential). These benefits
should be emphasized during the permitting process.

Part II September 1996 Page 9-16

Stormwater management - Public works departments regulate stormwater
management, and will require a permit for discharges during construction and
operation. Good facility design that maintains the predevelopment runoff
characteristics of the site will allow the project to easily meet permitting
requirements.

Stack height - Local codes may limit stack heights, especially near airports or
landing fields. Project design (e.g., plant layout, flare design) must take these
limits into account.

Other - There may be other issues that local agencies oversee. It is important
to find out what these issues are by contacting local authorities, especially
since they vary among project sites. As an example of such other issues, Box
9.1 partially lists the local permits that were required for the Fresh Kills Landfill
Methane Recovery Project, located in New York.

9.4.2 Community Acceptance

As any project developer will attest, community support is extremely important to the
success of a project, especially since some communities require public participation in project
zoning/siting cases. Uke landfills, many power projects in the past have encountered local
opposition such as the "not in my backyard (NIMBY)" syndrome, or false perceptions of
project dangers (e.g., explosion risks, adverse health effects from electromagnetic fields).
Therefore, it is important to educate the public and to develop a working relationship with the
host community in order to dispel any fears or doubts about the expected impact of the
project. Project details should always be presented in a very forthcoming and factual manner.

Landfill gas-to-energy projects bring many benefits to the host community (e.g.,
improved air quality, reduction of landfill gas odor and explosive potential). These benefits
should be emphasized during the permitting process.

Part II September 1996 Page 9-16



Box 9-1 Some of the Local Permits Required for the Fresh Kills Landfill Methane
Recovery Project

Agency

Bureau of Gas and Electricity

Division of Fire Protection

Department of Sanitation

Board of Standards and Appeals

Community Planning Board of
Staten Island

Department of Environmental
Protection

Department of Ports and Terminal

Department of BUildings

Permits

Certification that all
equipment is explosion proof

One hundred percent x-ray of
all pipe joints

Site approval

Approval of equipment on site

Compliance with
height restrictions

Air Quality approval

Well permits

Construction approvals

Source: "Regulatory Barriers to Landfill Gas Recovery Projects"
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10. Contracting For EPC And O&M Services

As discussed in Chapter 7, many
landfill owners may decide to work with
firms with extensive experience during
project development. Likewise, because the
construction and operation of landfill gas
energy recovery projects are complex
processes, they may be best managed by a
firm with proven experience, gained over the
course of implementing similar landfill gas
projects. Landfill owners that choose to
contract with an engineering, procurement,
and construction (EPC) firm and/or an
operating firm should be aware of some of
the basic elements of effective contracting.
This chapter provides some contracting
considerations for landfill owners, and lists
operating insights gained from a survey of
technical literature and interviews with
landfill energy project owners, developers,
and operators.

The Project Development Process

Part I
Preliminary Assessment of

Project Options

Determining if a Project is Right for Your Landfill

Determining What Project Configuration is Right
for Your Landfill

Part II
Detailed Assessment of

Project Economics

Evaluating Project Economics

Assessing Financing Options

Selecting a Project Development Panner

Winning/Negotiating an Energy Sales Contract

Securing Project Permits and Approvals
h==!'!-!-l

After a project proponent has
secured an energy sales contract and the
required permits and approvals, he or she
may contract with an EPC or turnkey firm
who will take responsibility for construction of the project. The tasks performed by an EPC
contractor include: conducting engineering design, procuring the equipment, preparing the
project site for construction, and pre-operation start-up testing. A turnkey contractor extends
its services beyond those of an EPC contractor by taking on many of the owner's and
developer's duties as well, which include environmental permitting, regulatory licensing,
interconnections, and project management.

10.1 EPC/TURNKEY CONTRACTING

The process of contracting with an EPC or turnkey firm is charted in Figure 10.1. As
this figure shows, the process has several key steps, beginning with the landfill owner and/or
project developer soliciting bids from contractors and ending with the selection of a
contractor who will take the project to commercial operation. Along the way, the
owner/developer and its chosen contractor must conduct engineering design, site
preparation, and plant construction.

An effective EPC or turnkey contract clearly establishes the responsibilities of each
contracting entity, and it also should mesh with other existing project documents. The
contractor is generally responsible for engineering and building the plant to predetermined
specifications, making sure that project construction milestones are met, and ensuring that
acceptable performance is achieved at the commercial operation date. The landfill owner
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Figure 10-1 The EPCrrurnkey Contracting Process

OwnerlDeveloper
Solicits Bids from EPC
or Turnkey Contractors

OwnerlDeveloper
Selects EPC or

Turnkey Contractors

OwnerlDeveloper
Negotiates Contracts

SelectO&M
Contractor

Yes

EPC or Turnkey
Contractor Conducts
Engineering Design,
Site Preparation, &
Plant Construction

Start-Up
Commercial
Operation

and/or project developer is generally responsible for making sure funds are available as
needed, that the site is available and ready, and that provisions are made for any necessary
interconnections related to gas, utilization. The elements of an effective contract are
described in Table 10.1 .

Because of the importance of securing and fUlfilling the power sales agreement, the
EPC contract should specifically recognize each entity's role in meeting its key elements.
These elements include:
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Table 10-1 Elements of an Effective EPC or Turnkey Contract

Element Items to be Specified

Commercial operation date Date on which facility should achieve commercial
operation (should precede date in Power Sales
Agreement (PSA»

Milestones Engineering completion, construction commencement,
engine delivery, start-up

Cost, rates, and fees Structures include: fixed EPC or turnkey price, hourly
labor rates, cost caps, fee amount or percentage

Performance guarantees Specified output (kW, mcf), heat rate, aVailability,
power quality, gas quality (should match PSA)

Warranties qutput, performance degradation, heat rate, outage
rates, component replacement costs

Owner's acceptance criteria Testing methods and conditions, calculation formulae
and procedure

Bonus amounts and Bonus for early completion, exceeding specifications
conditions

Uquidated damages and Damages for late completion, failure to meet
conditions specifications

Assignment Ability to assign agreement to subsidiary, partnership,
bank

• Commercial operation date;
• Project output (e.g., kW electricity, mcf gas) and heat rate;
• Plant availability; and
• Interconnection requirements; and
• Maintenance provisions.

Power project developers usually prefer to sign fixed-price EPC or turnkey
agreements, which enable the plant's installed cost to be known up front. If a fixed-price
contract is selected, then the price, scope of services, and other t~rms must be clearly
specified in the contract. The contract price should have an underlying bUdget that includes
plant components as well as the services mentioned above. The most important budget
items are listed in Box 10.1 .

Contracting with a turnkey plant provider is an extension of contracting for EPC
services, because the turnkey provider usually agrees to include within its scope of services
the owner's and developer'S duties as well as EPC contracting. A turnkey plant provider is
usually an EPC firm or developer who agrees to develop and build a facility for a fixed price.
As shown in Table 10.1, a turnkey contract must include the following items that are in
addition to the typical EPC contract items: turnkey price, development milestones, and
contractor's responsibilities.
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Box 10.1 EPC and Turnkey Budget Items

The EPC budget for a landfill gas energy recovery project should include at least tne
following items:

• Engine skid (e.g., IC engine, CT, turbine/generator)
• Engine auxiliaries (e.g., lubricating oil system, cooling system, air intake

manifold and filters, intake and exhaust silencers, fuel injection system,
hydraulic system, piping, and ductwork)

• Foundations and sitework
• Gas processing system (e.g., filters, refrigeration)
• Gas compressor(s)
• Emissions controls
• Plant electrical equipment and switchgear
• Step up transformer(s)
• Interconnections (electric, water, landfill gas)
• Back-up fuel capability/storage
• Automatic control system
• Gas and electric metering
• Water treatment and cooling
• Building/enclosure
• Fire protection system
• Engineering costs and associated expenses
• EPC contingency

A turnkey facility provider should include the following additional items:

• Gas collection system (if applicable)
• Additional interconnection costs (e.g., rights-of-way, piping, transmission

lines)
• Permitting costs, legal, administration expenses, insurance
• Financing costs (if applicable)
• Escalation during construction
• Interest during construction
• Contingency
• Fee

10.2 O&M SERVICES CONTRACTING

Many landfill owners and/or project developers do not wish to take on the day-to-<:lay
responsibility of operating their landfill gas energy recovery project due to lack of manpower,
experience, or desire. When this is the case, hiring an O&M contractor may be an attractive
alternative. A survey of existing and planned landfill gas energy recovery projects shows that
about 80% of gas collection systems and 89% of gas processing/energy recovery systems
are operated by private O&M firms or in partnership with a private O&M firm [Berenyi and
Gould, 1994].
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When contracting with the provider of O&M services, the landfill owner should talk to
several competing companies and select a winner based on experience, price, and terms.
The O&M company should have experience operating and maintaining similar facilities, and
should demonstrate that its accumulated experience will be applied in the form of qualified
personnel and ongoing training activities. Competing O&M companies should be asked to
submit hourly rates, expected annual budgets for O&M services, and fees.

It is important that the scope of O&M services be well defined so all bids can be
compared on a consistent basis. For example, it should be clearly specified whether O&M
services are to be provided for the gas collection system and the energy recovery system
both or only for one. The EPC contractor or equipment vendor can usually supply estimates
for the costs and duration of periodic maintenance procedures and major overhauls.

The facility owner may choose to provide incentives to the O&M company in the form
of contractual bonus/damages clauses to improve performance. For example, if maximizing
annual operating hours is important to project economics, then the facility owner might
propose a cash bonus for plant availability or kWh generation which exceeds a
predetermined amount.

10.3 GOOD O&M PRACTICES

The power production and direct use technologies for landfill gas have been improved
since their first use about 15 years ago. Over this time, many of the operational problems
encountered have been addressed with technology or procedural improvements. Therefore,
many of the technical problems found in the landfill gas literature are no longer major
obstacles to successful landfill gas energy recovery (in fact, some of the problems are no
longer obstacles at all).

In a recent survey, however, at least 22% of operating landfill gas energy recovery
projects reported experiencing operating interruptions for reasons other than planned
maintenance [Berenyi and Gould, 1994]. Of the 29 plants that reported unplanned
interruptions, only two experienced problems resulting in plant failure. The main reason cited
for interruptions was gas collection or processing equipment problems. Other specific
operational problems related to the gas collection system causing plant interruptions include
pipe blockage or breakage and lack of landfill gas. In many cases, such problems can be
avoided with careful equipment selection and operation and maintenance. Good O&M
procedures are always important to the success of energy projects. They are even more
important with landfill gas projects due to the impurities and variability found in landfill gas.
This section presents insights on how to prevent or minimize operating problems.

10.3.1 Collection Systems

Before sizing an energy recovery project, a project developer should estimate landfill
gas quantity as accurately as possible to prevent oversizing the equipment and inefficiencies
due to gas shortfall during operation. After project start up, proper operation and
maintenance of the gas collection system is necessary to balance offsite gas migration
control with optimal equipment performance.

Collection system problems may occur when wellfields are located in active landfill
areas; therefore, it is important to account for future landfill operations when designing the
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both or only for one. The EPC contractor or equipment vendor can usually supply estimates
for the costs and duration of periodic maintenance procedures and major overhauls.
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of contractual bonus/damages clauses to improve performance. For example, if maximizing
annual operating hours is important to project economics, then the facility owner might
propose a cash bonus for plant availability or kWh generation which exceeds a
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10.3 GOOD O&M PRACTICES

The power production and direct use technologies for landfill gas have been improved
since their first use about 15 years ago. Over this time, many of the operational problems
encountered have been addressed with technology or procedural improvements. Therefore,
many of the technical problems found in the landfill gas literature are no longer major
obstacles to successful landfill gas energy recovery (in fact, some of the problems are no
longer obstacles at all).

In a recent survey, however, at least 22% of operating landfill gas energy recovery
projects reported experiencing operating interruptions for reasons other than planned
maintenance [Berenyi and Gould, 1994]. Of the 29 plants that reported unplanned
interruptions, only two experienced problems resulting in plant failure. The main reason cited
for interruptions was gas collection or processing equipment problems. Other specific
operational problems related to the gas collection system causing plant interruptions include
pipe blockage or breakage and lack of landfill gas. In many cases, such problems can be
avoided with careful equipment selection and operation and maintenance. Good O&M
procedures are always important to the success of energy projects. They are even more
important with landfill gas projects due to the impurities and variability found in landfill gas.
This section presents insights on how to prevent or minimize operating problems.

10.3.1 Collection Systems

Before sizing an energy recovery project, a project developer should estimate landfill
gas quantity as accurately as possible to prevent oversizing the equipment and inefficiencies
due to gas shortfall during operation. After project start up, proper operation and
maintenance of the gas collection system is necessary to balance offsite gas migration
control with optimal equipment performance.

Collection system problems may occur when wellfields are located in active landfill
areas; therefore, it is important to account for future landfill operations when designing the
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collection system. By planning ahead, plant shutdowns or reduced output levels due to
collection system repairs may be avoided. Two examples of potential problems that may be
prevented by good planning are:

• Decreased gas recovery rates due to limited well accessibility caused by
depositing additional refuse vertically on top of existing wells [WMNA, 1992];

• Reduced landfill gas generation and quality caused by reopening a section of
inactive landfill where an existing well is located.

Good operating procedures, in addition to good system design, will also help to
prevent problems. For example, routine monitoring and tuning of wells will ensure that gas
quality is suitable for the efficient operation of the recovery equipment.

10.3.2 Energy Recovery Systems

While energy recovery technologies have been adapted to landfill gas applications,
several important operating considerations must be kept in mind to minimize or avoid
problems that arise due to landfill gas's corrosive nature and low Btu content.

IC Engines

IC engines are the most susceptible of the three common electric generation
technologies to the effects of corrosion [Anderson], which attacks engine parts and causes
deposit buildup. Experience has shown the following steps to be useful in combatting
corrosion in IC engines used at landfills:

•

•

•

•

Perform frequent oil checks and changes.

Use an oil with a high alkalinity reserve (Le., oil with a high total base number)
[Schleifer, 1988]. Oils with a total base number (TBN) of 10 are commonly used
[WMNA, 1992].

Use oil filters that have been treated with chemicals to neutralize acids from the
combustion of landfill gas [Anderson].

Chrome-plate components that are subject to attack [Pacey, Doorn, and
Thorneloe, 1994].

CTs and Boiler/Steam 'Turbines

Although CTs and boiler/steam turbines are more resistant to corrosion than engines,
they each have their own set of operational considerations:

• An extra filtration step may be necessary if the compressors used to reach the
required pressure for CT operation cause oil entrainment and heating of the
landfill gas [WMNA, 1992].

• Due to the Btu variability in landfill gas, CT fuel/air controls must react very
quickly. If they do not, the temperature will overshoot and automatically shut
down the CT. To avoid temperature overshoot, landfill gas fueled-CTs should
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be operated at a lower temperature setpoint than CTs using conventional funis
[Pacey, Doorn, and Thorneloe, 1994].

• Silica deposits, which can lead to turbine failure, can be prevented with gas
refrigeration to condense dimethyl siloxane before combustion; however, this
step may not be economically justified [Anderson, WMNA, 1992J.

• Boiler tubes should be designed to withstand the corrosiveness of landfill gas.

The over 200 existing and planned landfill gas energy recovery projects illustrate that
the technology is well-demonstrated and generally reliable. As long as projects are well
planned, executed, and maintained, they can perform up to or beyond expectations for many
years.
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This Appendix contains sample cost estimates and calculations for three
landfill sizes-1, 5, and 10 million metric tons of waste in place. The cost data
are intended to illustrate the types of cost items that should be incluc;led when
evaluating project economics. The actual costs of a specific project. are
dependent on project configuration, design, equipment selection, location, and
site-specific factors. Thus, a qualified engineer should be consulted when
considering investing in a landfill gas energy recovery project.

This Appendix contains 20 tables. Tables A.1 through A.14 present
costs and calculations for a landfill gas power project, and Tables A.15 through
A.20 present costs and calculations for a medium-Btu gas project. Tables A.1
through A.10 contain capital and O&M cost information for each of the landfill
sizes. The remainder of the power project tables-Tables A.11 through A.14­
contain sample comparisons of expenses and revenues for a 5 million metric
ton landfill power project. Project finance and municipal bond finance cases
are included.
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TABLEA.l SUMMARY OF ESTIMATED POWER PROJECT CAPITAL COSTS

.._-_._-_._. -. .._-- ...._-------

CAPITAL COSTS
Estimated

Net Installed Installed Total
Sustainable Net LFG Energy Soft Total Incremental

LFG Electric Collection Conversion Costs + Capital Capital
LANDI~ILL SIZE Production Output System System Engineering Requirement Requirement
Waste in Place (mcf/day) (kW) ($/kW) ($/kW) ($/kW) ($/kW) ($/kW)

(a) (b)
1 million metric tons

ICEngine 642 984 $638 $1,052 $310 $2.000 $1.283
Combustion Turbine 642 963 $652 Sl.412 $359 S2.423 $1.691

5 million metric tons
ICEngine 2.988 4.934 $423 $958 $294 $1.675 St,l77
Combustion Turbine 2,988 4.727 $442 $1,153 $334 $1.928 $1.409
Combined Cycle cr 2,988 6,763 $309 $1,360 $356 $2.025 $1,658

10 million metric tons
IC Engine 5,266 8,709 $413 $919 $263 $1.595 $1.109
Combustion Turbine 5,266 8,344 $431 $1,037 S288 SI.756 SI.249
Combined Cycle cr 5,266 12,008 S300 $1,208 $306 Sl,813 SI,458

_._------------~ - _._-~.-_., ._.~----- ------~_._----_. -------------------

Notes:
Source is cost calculation tables for each size landfill.
All costs are based on net electric (kW) output.

(a) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (6 - 24 mos)
and interest during construction.

(b) Excludes capital and soft costs associated with the LFG collection system.
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TABLE A.2 ESTIMATED CAPITAL COSTS (1 million Mg case)

IEDmple: Landfill waste in place = 1 million metric toDS I
Combustion

Cost Cate Units ICEngine Turbine

OPERATING DATA
Net sustainable landfill gas production mcflday 642 642 (a>
Gross electric output kW 1,029 1,029 (b)
Auxiliary and compressor loads kW 46 66 (c)
Net electric output kW 984 963
On-line date 6/96 6196
Capacity factor (lifetime annual average) 80% 80% (d)
Annual full load operating hours hours 7,008 7,008
Annual electricity generated kWh 6,895,872 6,748,704

EQUIPMENT & INSTALLATION COSTS
Energy Conversion System ($1994)

Engine, auxiliaries, construction $000 825 1,050 (e)
Interconnections (elec, water, LFG) $000 110 110 (f)
Gas compressor $000 100 200

Energy conversion system cost $000 1,035 1,360

LFG collection system cost ($1994) $000 628 628 (g)

Engineering ($1994) @5.0% $000 83 99 (h)

CAPITAL REQUIREMENT
System cost ($1994) $000 1,746 2,087

ISoft Costs
135 142 (i)Owners costs, escalation, interest

Contingency @5.0% 87 104
Total Soft Costs $000 222 246

I
Total Capital Requirement $000 1,968 2,333

(as-spent dollars, 1996 on-line date) $/kWnet 2,000 2,423

Incremental Capital Requirement $000 1,263 1,628 (j)
(as-spent dollars, 1996 on-line elate) $/kWnet 1,283 1,691

Notes:
(a) Based on landfill size of approximately 1 million metric tons. [EPA] (met = thousand cubic feet)

1 cf landfill gas =0.5 cf methane
(b) kW = (cflhr methane) x (1000 Btu/cf) / (13,000 Btu/kWh)
(c) Compressor effects: IC engine- -~2% parasitic load; CTs- -4% parasitic load
(d) Conservative estimated capacity factor over project life. [EPA]
(e) Includes prime mover, generator, plant auxiliaries, construction, LFG modifications, emissions controls.
(f) Assumed to be $100,000 for electric, $10,000 for ~ter.
(g) Calculated based on EPA Exhibit 4-7; includes collection system + flare. [EPA]
(h) Calculated as 5% of conversion and collection system costs.
(i) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (6 mos)

and interest during construction.
CD Excludes capital and soft costs associated with the LFG collection system.

TABLE A.2 ESTIMATED CAPITAL COSTS (1 million Mg case)

IEDmple: Landfill waste in place = 1 million metric toDS I
Combustion

Cost Cate Units ICEngine Turbine

OPERATING DATA
Net sustainable landfill gas production mcflday 642 642 (a>
Gross electric output kW 1,029 1,029 (b)
Auxiliary and compressor loads kW 46 66 (c)
Net electric output kW 984 963
On-line date 6/96 6196
Capacity factor (lifetime annual average) 80% 80% (d)
Annual full load operating hours hours 7,008 7,008
Annual electricity generated kWh 6,895,872 6,748,704

EQUIPMENT & INSTALLATION COSTS
Energy Conversion System ($1994)

Engine, auxiliaries, construction $000 825 1,050 (e)
Interconnections (elec, water, LFG) $000 110 110 (f)
Gas compressor $000 100 200

Energy conversion system cost $000 1,035 1,360

LFG collection system cost ($1994) $000 628 628 (g)

Engineering ($1994) @5.0% $000 83 99 (h)

CAPITAL REQUIREMENT
System cost ($1994) $000 1,746 2,087

ISoft Costs
135 142 (i)Owners costs, escalation, interest

Contingency @5.0% 87 104
Total Soft Costs $000 222 246

I
Total Capital Requirement $000 1,968 2,333

(as-spent dollars, 1996 on-line date) $/kWnet 2,000 2,423

Incremental Capital Requirement $000 1,263 1,628 (j)
(as-spent dollars, 1996 on-line elate) $/kWnet 1,283 1,691

Notes:
(a) Based on landfill size of approximately 1 million metric tons. [EPA] (met = thousand cubic feet)

1 cf landfill gas =0.5 cf methane
(b) kW = (cflhr methane) x (1000 Btu/cf) / (13,000 Btu/kWh)
(c) Compressor effects: IC engine- -~2% parasitic load; CTs- -4% parasitic load
(d) Conservative estimated capacity factor over project life. [EPA]
(e) Includes prime mover, generator, plant auxiliaries, construction, LFG modifications, emissions controls.
(f) Assumed to be $100,000 for electric, $10,000 for ~ter.
(g) Calculated based on EPA Exhibit 4-7; includes collection system + flare. [EPA]
(h) Calculated as 5% of conversion and collection system costs.
(i) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (6 mos)

and interest during construction.
CD Excludes capital and soft costs associated with the LFG collection system.



TABLE A.3 ESTIMATED COST OF ELECTRICITY (1 million Mg case)
Project Finance Case

IExample: Landfill waste in place = 1 million metric toDS I .

Combustion
Cost Caterorv Units ICEngine Turbine

POWER PRomCf COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system $/kW 2,000 2,423
Conversion system only $/kW 1,283 1,691

O&M Costs (1996)
LFG collection system cJkWh 1.2 1.2 (a)
Conversion system cJkWh 1.8 15 (b)

Royalty Payments (1996) c/kWh 05 05 (c)

FIRST YEAR COST OF ELECI'RICITY (1996)
Capital charge rate (project finance) 0.136 0.136 (d)

Total Electricity Cost
Leve1ized capacity price c/kWh 3.9 4.7 (e)
1996 O&M price c/kWh 3.0 2.7
Royalty Payment c/kWh 0.5 05
ITotal 1996 cost of electricity c/kWh 7.4 7.9

Incremental Electricity Cost (f)
Leve1ized capacity price clkWh 25 3.3 (e)
1996 O&M price clkWh 1.8 15
Royalty Payment clkWh 0.5 05
ITotal 1996 cost of electricity ctkWh 4.8 53

Notes:
(a) Based on EPA estimate for collection + flare Systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations­

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% of revenues (4.9 c/kWh).
(d) Assumes: 20-year life, project finance with a 80(20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; 10-year depreciation.
(e) Calculated by multiplying capital $/kW by CCR and dividing by annual hours of operation.
(f) Conversion system only cost does not include capital and O&M costs associated with LFG collection system.
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TABLE A.4 ESTIMATED COST OF ELECTRICITY (1 million Mg case)
Municipal Bond Finance Case

IExample: Landfill waste in place = 1 million metric toDS , -

CostCate Units ICEngine
Combustion

Turbine

POWER PROJECf COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system
Conversion system only
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$/kW
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1,283

2,423
1,691
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12
1.8

12
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(a)
(b)
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(e)

7.0

3.8
2.7
05

3.2
3.0
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6.7

clkWh
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clkWh

ITotal 1996 cost of electricity

Total Electricity Cost

I
Levelized capacity price
1996 O&M price
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I
Incremental Electricity Cost

Levelized capacity price
I 1996 O&M price
! Royalty Payment
I !Total 1996 cost of electricity

i

clkWh
clkWh
c/kWh
clkWh

2.0
1.8
05
4.3

2.7
1.5
0.5
4.7

(f)
(e)

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations-

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% of revenues (4.9 c/kWh).
(d) Assumes tax-exempt municipal bond financing at 65%.
(e) Calculated by multiplying capital $/kW by CCR and dividing by annual hours of operation.
(f) Conversion system only cost does not include capital and O&M costs associated with LFG collection system.
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TABLE A.5 ESTIMATED CAPITAL COSTS (5 million Mg case)

IEDmple: Lanclfi11 waste in place = 5 million metric tons

Combustion Combined
Cost Cate20rv Units ICEngine Turbine Cycle CT

OPERATING DATA
Net sustainable landfill gas production mcflday 2,988 2,988 2,988 (a)
Gross electric output kW 5,188 5,188 7,324 (b)
Auxiliary and compressor loads kW 254 461 561 (c)
Net electric output kW 4,934 4,727 6,763
On-line date 6/96 6/96 6/96
Capacity factor (lifetime annual average) 80% 80% 80% (d)
Annual full load operating hours hours 7,008 7,008 7,008
Annual electricity generated kWh 34,577,472 33,126,816 47,395,104

EQUIPMENT &. INSTALLATION COSTS
Energy Conversion System ($1994)

Engine, auxiliaries, construction SOOO 4,075 4,300 7,950 (e)
Interconnections (elec, water, LFG) SOOO 400 400 500 (f)
Gas compressor SOOO 250 750 750

Energy conversion system cost SOOO 4,725 5,450 9,200

LFG collection system cost ($1994) SOOO 2,088 2,088 2,088 (g)

Engineering (Sl994) @5.0% SOOO 341 377 564 (h)

CAPITAL REQUIREMENT
System cost ($1994) SOOO 7,154 7,915 11,853

Soft Costs
Owners costs, escalation, interest 751 804 1,248 (i)
Contingency @5.0% 358 396 593
Total Soft Costs SOOO 1,109 1,200 1,841

Total Capital Requirement SOOO 8,263 9,115 13,694
(as-spent dollars, 1996 on-line date) S/kW net 1,675 1,928 2,025

Incremental Capital Requirement SOOO 5,807 6,659 11,216 (j)
(as-spent dollars, 1996 on-line date) S/kW net 1,177 1,409 1,658

Notes:
(a) Based on landfill size of approximately 5 million metric tons. [EPA] (mcf = thousand cubic feet)

1 cf landfill gas =05 cf methane
(b) kW =(cflhr methane) x (1000 Btu/cf) / (generator Btu/kWh)
(c) Compressor effects: IC engine- -2% parasitic load; CTs- -6% parasitic load
(d) Conservative estimated capacity factor over project life. [EPA]
(e) Includes prime mover, generator, plant auxiliaries, construction, LFG modifications, emissions controls.
(f) Assumed to be S350,000 to $450,000 for electric, $50,000 for water.
(g) Calculated based on EPA Exhibit 4-7; includes collection system + flare. [EPA]
(h) Calculated as 5% of conversion and collection system costs.
(i) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (12 - 18 mos)

and interest during construction.
(j) Excludes capital and soft costs associated with the LFG collection system.

TABLE A.5 ESTIMATED CAPITAL COSTS (5 million Mg case)

IEDmple: Lanclfi11 waste in place = 5 million metric tons

Combustion Combined
Cost Cate20rv Units ICEngine Turbine Cycle CT

OPERATING DATA
Net sustainable landfill gas production mcflday 2,988 2,988 2,988 (a)
Gross electric output kW 5,188 5,188 7,324 (b)
Auxiliary and compressor loads kW 254 461 561 (c)
Net electric output kW 4,934 4,727 6,763
On-line date 6/96 6/96 6/96
Capacity factor (lifetime annual average) 80% 80% 80% (d)
Annual full load operating hours hours 7,008 7,008 7,008
Annual electricity generated kWh 34,577,472 33,126,816 47,395,104

EQUIPMENT &. INSTALLATION COSTS
Energy Conversion System ($1994)

Engine, auxiliaries, construction SOOO 4,075 4,300 7,950 (e)
Interconnections (elec, water, LFG) SOOO 400 400 500 (f)
Gas compressor SOOO 250 750 750

Energy conversion system cost SOOO 4,725 5,450 9,200

LFG collection system cost ($1994) SOOO 2,088 2,088 2,088 (g)

Engineering (Sl994) @5.0% SOOO 341 377 564 (h)

CAPITAL REQUIREMENT
System cost ($1994) SOOO 7,154 7,915 11,853

Soft Costs
Owners costs, escalation, interest 751 804 1,248 (i)
Contingency @5.0% 358 396 593
Total Soft Costs SOOO 1,109 1,200 1,841

Total Capital Requirement SOOO 8,263 9,115 13,694
(as-spent dollars, 1996 on-line date) S/kW net 1,675 1,928 2,025

Incremental Capital Requirement SOOO 5,807 6,659 11,216 (j)
(as-spent dollars, 1996 on-line date) S/kW net 1,177 1,409 1,658

Notes:
(a) Based on landfill size of approximately 5 million metric tons. [EPA] (mcf = thousand cubic feet)

1 cf landfill gas =05 cf methane
(b) kW =(cflhr methane) x (1000 Btu/cf) / (generator Btu/kWh)
(c) Compressor effects: IC engine- -2% parasitic load; CTs- -6% parasitic load
(d) Conservative estimated capacity factor over project life. [EPA]
(e) Includes prime mover, generator, plant auxiliaries, construction, LFG modifications, emissions controls.
(f) Assumed to be S350,000 to $450,000 for electric, $50,000 for water.
(g) Calculated based on EPA Exhibit 4-7; includes collection system + flare. [EPA]
(h) Calculated as 5% of conversion and collection system costs.
(i) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (12 - 18 mos)

and interest during construction.
(j) Excludes capital and soft costs associated with the LFG collection system.



Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates publi'Shed by Wolfe & Maxwell in "Commercial Landfill Recovery Operations­

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% of revenues (4.9 ct1cWh).
(d) Assumes: 20-year life, project finance with a 80/20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; lO-year depreciation.
(e) Calculated by multiplying capital $t1cW by CCR and dividing by annual hours of operation.
(f) Incremental Electricity Cost does not include capital and O&M costs associated with LPG collection system.

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates publi'Shed by Wolfe & Maxwell in "Commercial Landfill Recovery Operations­

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% of revenues (4.9 ct1cWh).
(d) Assumes: 20-year life, project finance with a 80/20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; lO-year depreciation.
(e) Calculated by multiplying capital $t1cW by CCR and dividing by annual hours of operation.
(f) Incremental Electricity Cost does not include capital and O&M costs associated with LPG collection system.



TABLE A.7 ESTIMATED COST OF ELECTRICITY (5 million Mg case)
Municipal Bond Finance Case

IEDmple: Landfill waste in place = 5 million metric toDS

Combustion Combined
CostCate Units ICEngine Turbine CycieCT

POWER PROJECT COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system $/kW 1,675 1,929 2,025
Conversion system only (incremental) $/kW 1,177 1,409 1,658

O&M Costs (1996)
LPG collection system clkWh 0.5 0.5 0.5 (a)
Electric generation system clkWh 1.8 1.5 1.6 (b)

Royalty Payments (1996) clkWh 0.5 0.5 0.5 (c)

FIRST YEAR COST OF ELECfRICITY (1996)
Capital charge rate (muni bond finance) 0.111 0.111 0.111 (d)

Total Electricity Cost
Levelized capacity price c/kWh 2.7 3.1 32 (e)
1996 O&M price c/kWh 23 2.0 2.1
Ro 1 a ent clkWh 0.5 0.5 0.5
Total 1996 cost of electrici clkWh 5.5 5.6 5.8

Incremental Electricity Cost (f)
Levelized capacity price c/kWh 1.9 22 2.6 (e)
1996 O&M price c/kWh 1.8 1.5 1.6
Royalty payment c/kWh 0.5 0.5 05
ITotal 1996 cost of electricity clkWh 4.2 4.2 4.7

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA)
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations-

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% of revenues (4.9 c/kWh).
(d) Assumes tax-exempt municipal bond financing at 6.5%.
(e) Calculated by multiplying capital $/kW by CCR and dividing by annual hours of operation.
(f) Incremental Electricity Cost does not include capital and O&M costs associated with LFG collection system.

TABLE A.7 ESTIMATED COST OF ELECTRICITY (5 million Mg case)
Municipal Bond Finance Case

IEDmple: Landfill waste in place = 5 million metric toDS

Combustion Combined
CostCate Units ICEngine Turbine CycieCT

POWER PROJECT COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system $/kW 1,675 1,929 2,025
Conversion system only (incremental) $/kW 1,177 1,409 1,658

O&M Costs (1996)
LPG collection system clkWh 0.5 0.5 0.5 (a)
Electric generation system clkWh 1.8 1.5 1.6 (b)

Royalty Payments (1996) clkWh 0.5 0.5 0.5 (c)

FIRST YEAR COST OF ELECfRICITY (1996)
Capital charge rate (muni bond finance) 0.111 0.111 0.111 (d)

Total Electricity Cost
Levelized capacity price c/kWh 2.7 3.1 32 (e)
1996 O&M price c/kWh 23 2.0 2.1
Ro 1 a ent clkWh 0.5 0.5 0.5
Total 1996 cost of electrici clkWh 5.5 5.6 5.8

Incremental Electricity Cost (f)
Levelized capacity price c/kWh 1.9 22 2.6 (e)
1996 O&M price c/kWh 1.8 1.5 1.6
Royalty payment c/kWh 0.5 0.5 05
ITotal 1996 cost of electricity clkWh 4.2 4.2 4.7

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA)
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations-

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% of revenues (4.9 c/kWh).
(d) Assumes tax-exempt municipal bond financing at 6.5%.
(e) Calculated by multiplying capital $/kW by CCR and dividing by annual hours of operation.
(f) Incremental Electricity Cost does not include capital and O&M costs associated with LFG collection system.



TABLE A.8 ESTIMATED CAPITAL COSTS (10 millioD Mg case)

IEDmple: Landfill waste in place = 10 millioa metric toBS

CombQstion Combined
Cost CateroIV Units ICEngine Turbine CycleCf

OPERA11NG DATA
Net sustainable landfill gas production mdlday 5,266 5,266 5,266 (a)
Gross electric output kW 9,142 9,142 12,907 (b)
Auxiliary and compressor loads kW 433 799 899 (c)
Net electric output kW 8,709 8,344 12,008
On-line date 6/96 6/96 6/96
Capacity factor (lifetime annual average) 80% 80% 80% (d)
Annual full load operating hours hours 7,008 7,008 7,008
Annual electricity generated kWh 61,032,672 58,474,752 84,152,064

EQUIPMENT & INSTALLA110N COSTS
Energy Conversion System ($1994)

Engine, auxiliaries, construction $000 7,200 7,350 13,100 (e)
Interconnections (elec, water, LFG) $000 400 400 500 (f)
Gas compressor $000 400 900 900

Energy conversion system cost $000 8,000 8,650 14,500

LFG collection system cost ($1994) $000 3,599 3,599 3,599 (g)

Engineering ($1994) @5.0% $000 580 612 905 (h)

CAPITAL REQUIREMENT
System cost ($1994) $000 12,179 12,861 19,004

Soft Costs
Owners costs, escalation, interest 1,103 1,150 1,820 (i)
Contingency @5.0% 609 643 950
Total Soft Costs $000 1,711 1,793 2,770

Total Capital Requirement $000 13,890 14,654 21,774
(as-spent dollars, 1996 on-line date) $/kWnet 1,595 1,756 1,813

Incremental Capital Requirement $000 9,658 10,422 17,504 <D
(as-spent dollars, 1996 on-line date) $/kW net 1,109 1,249 1,458

Notes:
(a) Based on landfill size of approximately 5 million metric tons. [EPA] (mcf =thousand cubic feet)

1 cf landfill gas = 05 cf methane
(b) Calculated according to EPA formula: kW =(cfJhr methane) x (1000 Btu/cf) I generator BtulkWh)
(c) Compressor effects: IC engine-- - 2% parasitic load; Cfs- -6% parasitic load
(d) Conservative estimated capacity factor over project life. [EPA]
(e) Includes prime mover, generator, plant auxiliaries, construction, LFG modifications, emissions controls.
(f) Assumed to be $350,000 to $450,000 for electric, $50,000 for water.
(g) Calculated based on EPA Exhibit 4-7; includes collection system + flare. [EPA]
(h) Calculated as 5% of conversion and collection system costs.
(i) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (18 mos)

and interest during construction.
(j) Excludes capital and soft costs associated with the LFG collection system.

TABLE A.8 ESTIMATED CAPITAL COSTS (10 millioD Mg case)

IEDmple: Landfill waste in place = 10 millioa metric toBS

CombQstion Combined
Cost CateroIV Units ICEngine Turbine CycleCf

OPERA11NG DATA
Net sustainable landfill gas production mdlday 5,266 5,266 5,266 (a)
Gross electric output kW 9,142 9,142 12,907 (b)
Auxiliary and compressor loads kW 433 799 899 (c)
Net electric output kW 8,709 8,344 12,008
On-line date 6/96 6/96 6/96
Capacity factor (lifetime annual average) 80% 80% 80% (d)
Annual full load operating hours hours 7,008 7,008 7,008
Annual electricity generated kWh 61,032,672 58,474,752 84,152,064

EQUIPMENT & INSTALLA110N COSTS
Energy Conversion System ($1994)

Engine, auxiliaries, construction $000 7,200 7,350 13,100 (e)
Interconnections (elec, water, LFG) $000 400 400 500 (f)
Gas compressor $000 400 900 900

Energy conversion system cost $000 8,000 8,650 14,500

LFG collection system cost ($1994) $000 3,599 3,599 3,599 (g)

Engineering ($1994) @5.0% $000 580 612 905 (h)

CAPITAL REQUIREMENT
System cost ($1994) $000 12,179 12,861 19,004

Soft Costs
Owners costs, escalation, interest 1,103 1,150 1,820 (i)
Contingency @5.0% 609 643 950
Total Soft Costs $000 1,711 1,793 2,770

Total Capital Requirement $000 13,890 14,654 21,774
(as-spent dollars, 1996 on-line date) $/kWnet 1,595 1,756 1,813

Incremental Capital Requirement $000 9,658 10,422 17,504 <D
(as-spent dollars, 1996 on-line date) $/kW net 1,109 1,249 1,458

Notes:
(a) Based on landfill size of approximately 5 million metric tons. [EPA] (mcf =thousand cubic feet)

1 cf landfill gas = 05 cf methane
(b) Calculated according to EPA formula: kW =(cfJhr methane) x (1000 Btu/cf) I generator BtulkWh)
(c) Compressor effects: IC engine-- - 2% parasitic load; Cfs- -6% parasitic load
(d) Conservative estimated capacity factor over project life. [EPA]
(e) Includes prime mover, generator, plant auxiliaries, construction, LFG modifications, emissions controls.
(f) Assumed to be $350,000 to $450,000 for electric, $50,000 for water.
(g) Calculated based on EPA Exhibit 4-7; includes collection system + flare. [EPA]
(h) Calculated as 5% of conversion and collection system costs.
(i) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction (18 mos)

and interest during construction.
(j) Excludes capital and soft costs associated with the LFG collection system.



TABLE A.9 ESTIMATED COST OF ELECTRICITY (10 million Mg caSt:)
Project Finance Case

IExample: Landfill waste in place = 10 million metric toDS

Combustion Combined
Cost Catel!:orv Units ICEngine Turbine CycleCf

POWER PROJECf COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system $/kW 1,595 1,756 1,813
Conversion system only $/kW 1,109 1,249 1,458

O&M Costs (1996)
LFG collection system c/kWh 0.4 0.4 0.4 (a)
Conversion system c/kWh 1.8 13 1.5 (b)

Royalty Payments (1996) c/kWh 0.5 0.5 0.5 (c)

FIRST YEAR COST OF ELECI1UCIlY (1996)
Capital charge rate (project finance) 0.136 0.136 0.136 (d)

Total Electricity Cost
Levelized capacity price c/kWh 3.1 3.4 3.5 (e)
1996 O&M price c/kWh 2.2 1.7 1.9
Rovaltv Payment c/kWh 0.5 0.5 0.5
I Total 1996 cost of electricity c/kWh 5.8 5.6 5.9 I

Incremental Electricity Cost (f)
Levelized capacity price c/kWh 2.2 2.4 2.8 (e)
1996 O&M price c/kWh 1.8 1.3 1.5
Rovaltv Payment c/kWh 0.5 0.5 0.5
ITotal 1996 cost of electricity clkWh 4.5 4.2 4.8 I

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations­

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% ofrevenues (4.9 cIkWh).
(d) Assumes: 20-year life, project finance with a 80/20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; 10-year depreciation.
(e) Calculated by multiplying capital $/kW by CCR and dividing by annual hours of operation.
(f) Conversion system only cost does not include capital and O&M costs associated with LFG collection system.

TABLE A.9 ESTIMATED COST OF ELECTRICITY (10 million Mg caSt:)
Project Finance Case

IExample: Landfill waste in place = 10 million metric toDS

Combustion Combined
Cost Catel!:orv Units ICEngine Turbine CycleCf

POWER PROJECf COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system $/kW 1,595 1,756 1,813
Conversion system only $/kW 1,109 1,249 1,458

O&M Costs (1996)
LFG collection system c/kWh 0.4 0.4 0.4 (a)
Conversion system c/kWh 1.8 13 1.5 (b)

Royalty Payments (1996) c/kWh 0.5 0.5 0.5 (c)

FIRST YEAR COST OF ELECI1UCIlY (1996)
Capital charge rate (project finance) 0.136 0.136 0.136 (d)

Total Electricity Cost
Levelized capacity price c/kWh 3.1 3.4 3.5 (e)
1996 O&M price c/kWh 2.2 1.7 1.9
Rovaltv Payment c/kWh 0.5 0.5 0.5
I Total 1996 cost of electricity c/kWh 5.8 5.6 5.9 I

Incremental Electricity Cost (f)
Levelized capacity price c/kWh 2.2 2.4 2.8 (e)
1996 O&M price c/kWh 1.8 1.3 1.5
Rovaltv Payment c/kWh 0.5 0.5 0.5
ITotal 1996 cost of electricity clkWh 4.5 4.2 4.8 I

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations­

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill owner are estimated to be 10% ofrevenues (4.9 cIkWh).
(d) Assumes: 20-year life, project finance with a 80/20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; 10-year depreciation.
(e) Calculated by multiplying capital $/kW by CCR and dividing by annual hours of operation.
(f) Conversion system only cost does not include capital and O&M costs associated with LFG collection system.



TABLE A.tO ESTIMATED COST OF ELECI'RICITY (10 million Mg case)
Municipal Bond Finance Case

I&ample: Landfill waste in pJace = 10 million metric tons

Combustion Combined
CostCate Units ICEngine Turbine CycleCI'

POWER PRomCf COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system S/kW 1,595 1,756 1,813
Conversion system only S/kW 1,109 1,249 1,458

O&M Costs (1996)
LFG collection system clkWh 0.4 0.4 0.4 (a)
Conversion system clkWh 1.8 1.3 15 (b)

Royalty Payments (1996) clkWh 05 05 05 (c)

FIRST YEAR COST OF ELECTRICITY (1996)
Capital charge rate (muni bond finance) 0.111 0.111 0.111 (d)

Total Electricity Cost
Levelized capacity price clkWh 25 2.8 2.9 (e)
1996 O&M price clkWh 2.2 1.7 1.9
Royalty Payment clkWh 05 05 05
ITotal 1996 cost of electricity clkWh 5.2 5.0 5.3

Incremental Electricity Cost (f)
Levelized capacity price clkWb 1.8 2.0 2.3 (e)
1996 O&M price clkWb 1.8 13 15
Royalty Payment clkWb 05 05 05
ITotal 1996 cost of electricity clkWh 4.1 3.8 4.3

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations-

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill ownerare estimated to be 10% of revenues (4.9 c/kWb).
(d) Assumes tax-exempt municipal bond financing at 65%.
(e) Calculated by multiplying capital S/kW by CCR and dividing by annual hours of operation.
(f) Conversion system only cost does not include capital and O&M costs associated with LFG collection system.

TABLE A.tO ESTIMATED COST OF ELECI'RICITY (10 million Mg case)
Municipal Bond Finance Case

I&ample: Landfill waste in pJace = 10 million metric tons

Combustion Combined
CostCate Units ICEngine Turbine CycleCI'

POWER PRomCf COSTS
Capital Costs (as-spent, 1996 online)

Conversion system + collection system S/kW 1,595 1,756 1,813
Conversion system only S/kW 1,109 1,249 1,458

O&M Costs (1996)
LFG collection system clkWh 0.4 0.4 0.4 (a)
Conversion system clkWh 1.8 1.3 15 (b)

Royalty Payments (1996) clkWh 05 05 05 (c)

FIRST YEAR COST OF ELECTRICITY (1996)
Capital charge rate (muni bond finance) 0.111 0.111 0.111 (d)

Total Electricity Cost
Levelized capacity price clkWh 25 2.8 2.9 (e)
1996 O&M price clkWh 2.2 1.7 1.9
Royalty Payment clkWh 05 05 05
ITotal 1996 cost of electricity clkWh 5.2 5.0 5.3

Incremental Electricity Cost (f)
Levelized capacity price clkWb 1.8 2.0 2.3 (e)
1996 O&M price clkWb 1.8 13 15
Royalty Payment clkWb 05 05 05
ITotal 1996 cost of electricity clkWh 4.1 3.8 4.3

Notes:
(a) Based on EPA estimate for collection + flare systems (Exhibit 4-7), in $1996. [EPA]
(b) Based on O&M estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations-

Technology and Economics," and in EPA Report to Congress (Exhibit 4-7).
(c) Royalty payments to the landfill ownerare estimated to be 10% of revenues (4.9 c/kWb).
(d) Assumes tax-exempt municipal bond financing at 65%.
(e) Calculated by multiplying capital S/kW by CCR and dividing by annual hours of operation.
(f) Conversion system only cost does not include capital and O&M costs associated with LFG collection system.



TABLEAll COMPARISON OF PROJECf REVENUES & EXPENSES
(1 st Year)

IExample: Landfill waste in place = S million metric tons -I

Combustion . Combined
Units ICEngine Turbine Cyclecr

Revenues C/kWh 4.9 4.9 4.9

PROJECf FINANCE CASE
Expenses (including Owner's Return)

Total C/kWh 6.0 6.2 6.5
Incremental clkWh 4.6 4.7 5.3

Revenues Minus Expenses
Total clkWh (1.1) (1.3) (1.6)
Incremental clkWh 0.3 0.2 (0.4)

1996 Tax Credit clkWh 1.3 1.3 0.9

Estimated SlIJ1)lus (Shortfall) Cash Flow After Taxes and Owner's Return
Total Cost Basis clkWh 0.2 0.0 (0.7)

$000 $69 $0 ($332'
Incremental Cost Basis clkWh 1.6 1.5 0.5

$000 $553 $497 $237

MUNIOPAL BOND FINANCE CASE
Expenses (including financing costs)

Total clkWh 5.0 5.1 5.3
Incremental clkWh 3.7 3.7 4.2

Revenues Minus Expenses
Total clkWh (0.1) (0.2) (0.4)
Incremental clkWh 12 1.2 0.7

1996 REP! Subsidy clkWh 0.0 0.0 0.0

Estimated SlIJ1)lus (Shortfall) Cash Flow After Taxes and FinanciD.2 Emenses
Total Cost Basis clkWh (0.1) (0.2) (0.41

$000 ($35) ($66) ($190)
Incremental Cost Basis clkWh 12 1.2 0.7

$000 $415 $398 $332

Notes:
See Tables A12-A 14 for notes on calculations.

TABLEAll COMPARISON OF PROJECf REVENUES & EXPENSES
(1 st Year)

IExample: Landfill waste in place = S million metric tons -I

Combustion . Combined
Units ICEngine Turbine Cyclecr

Revenues C/kWh 4.9 4.9 4.9

PROJECf FINANCE CASE
Expenses (including Owner's Return)

Total C/kWh 6.0 6.2 6.5
Incremental clkWh 4.6 4.7 5.3

Revenues Minus Expenses
Total clkWh (1.1) (1.3) (1.6)
Incremental clkWh 0.3 0.2 (0.4)

1996 Tax Credit clkWh 1.3 1.3 0.9

Estimated SlIJ1)lus (Shortfall) Cash Flow After Taxes and Owner's Return
Total Cost Basis clkWh 0.2 0.0 (0.7)

$000 $69 $0 ($332'
Incremental Cost Basis clkWh 1.6 1.5 0.5

$000 $553 $497 $237

MUNIOPAL BOND FINANCE CASE
Expenses (including financing costs)

Total clkWh 5.0 5.1 5.3
Incremental clkWh 3.7 3.7 4.2

Revenues Minus Expenses
Total clkWh (0.1) (0.2) (0.4)
Incremental clkWh 12 1.2 0.7

1996 REP! Subsidy clkWh 0.0 0.0 0.0

Estimated SlIJ1)lus (Shortfall) Cash Flow After Taxes and FinanciD.2 Emenses
Total Cost Basis clkWh (0.1) (0.2) (0.41

$000 ($35) ($66) ($190)
Incremental Cost Basis clkWh 12 1.2 0.7

$000 $415 $398 $332

Notes:
See Tables A12-A 14 for notes on calculations.



TABLE AI2 EXAMPLE POWER PROJECT REVENUES (1st Year)

I- EDmple: Landfi11 waste ill pJac:e = S million metric toDS . ,

Combustion Combined
Units ICFngine Turbine CycleCT

PROJECf OPERA11NG DATA
Net sustaiDable landfill gas production mcfJday 2,988 2,988 2,988 (a)
Gross electric output kW 5,188 5,188 7,324
Net electric output kW 4,934 4,727 6,763
Annual electricity generated kWh 34,577,472 33,126,816 47,395,104

kWh 3,000,000 3,000,000 (b)
kWh 31 77 472 30 126 816

ANNUAL REVENUES
Electricity Sales to Utility in 1st Year SOOO SI,522 SI,452 $2,140 (c)

Electricity Sales On-Site in 1st Year $000 SI77 $177 $177 (d)

Total Annual Revenues $000 $1,699 SI,629 $2,317

IREVENUES ON PER kWh BASIS clkWh 4.9 4.9 4.91 (e)

Notes:
(a) Calculated using statistical model 4.2 in EPA Report to Congress. [EPA] The resulting methane

production estimate is within the range predicted by the models presented in Part I.
(b) Assumed for example purposes.
(c) Product of utility sales kWh and assumed 1996 buyback electricity rate of 4.8 clkWh.
(d) Product ofon-site sales kWh and assumed 1996 retail electricity rate of 5.9 clkWh.
(e) Total annual revenues divided by total kWh generated.

TABLE AI2 EXAMPLE POWER PROJECT REVENUES (1st Year)

I- EDmple: Landfi11 waste ill pJac:e = S million metric toDS . ,

Combustion Combined
Units ICFngine Turbine CycleCT

PROJECf OPERA11NG DATA
Net sustaiDable landfill gas production mcfJday 2,988 2,988 2,988 (a)
Gross electric output kW 5,188 5,188 7,324
Net electric output kW 4,934 4,727 6,763
Annual electricity generated kWh 34,577,472 33,126,816 47,395,104

kWh 3,000,000 3,000,000 (b)
kWh 31 77 472 30 126 816

ANNUAL REVENUES
Electricity Sales to Utility in 1st Year SOOO SI,522 SI,452 $2,140 (c)

Electricity Sales On-Site in 1st Year $000 SI77 $177 $177 (d)

Total Annual Revenues $000 $1,699 SI,629 $2,317

IREVENUES ON PER kWh BASIS clkWh 4.9 4.9 4.91 (e)

Notes:
(a) Calculated using statistical model 4.2 in EPA Report to Congress. [EPA] The resulting methane

production estimate is within the range predicted by the models presented in Part I.
(b) Assumed for example purposes.
(c) Product of utility sales kWh and assumed 1996 buyback electricity rate of 4.8 clkWh.
(d) Product ofon-site sales kWh and assumed 1996 retail electricity rate of 5.9 clkWh.
(e) Total annual revenues divided by total kWh generated.



TABLEA13 COMPARISON OF PROJECf REVENUES & EXPENSES
(1 st Year)
Project Finance Case

IEmmple: Landfill waste in place = 5 million metric toDS

Combustion Combined
Units ICEngine Turbine CVCleCT

REVENUES clkWb 4.9 4.9 4.9 (a)

EXPENSES (including Owner's Return) (b)
Total clkWb 6.0 62 6.5
Incremental clkWb 4.6 4.7 5.3

REVENUES MINUS EXPENSES
Total clkWb (1.1) (1.3) (1.6)
Incremental clkWb 0.3 02 (0.4)

1996 TAX CREDIT
SlMMBtu 1.049 1.049 1.049 (c)

clkWb 1.3 13 0.9 (d)

ESTIMAlED SURPLUS (SHOR1FALL) CASH AYlER TAXES &: OWNER'S RE1URN (e)
Total Cost Basis clkWh 0.2 0.0 (0.7)

SOOO S69 $0 (S332~ (t)

Incremental Cost Basis clkWh 1.6 15 05
SOOO $553 $497 $237

Notes:
(a) Calculated in Table AU
(b) Calculated in Table A6. Income taxes, property taxes, and owner's 15% return on equity are included in

these expenses.
(c) Based on a tax credit of $0.979/MMBtu ($1994) escalated for 2 years @3.5%. [PUR)

If only 60% of tax credit is applied to project, credit drops by about 05 clkWh, or about $173,000.
(d) C..alculated by multiplying by an electric heat rate of 12.0 MMBtu/MWh for the IC and cr,

and by 85 MMBtu/MWh for the combined cycle CT.
(e) Estimated Income is net of income taxes, property taxes, administrative expenses, and owner's 15% return

on equity. A negative value indicates that first-year cash flow does not cover the owner's desired 15%
return. It is assumed that the project/owner has sufficient tax liability to be able to take full advantage
of the tax credit. In many cases, only about 60% of the tax credit can be used

TABLEA13 COMPARISON OF PROJECf REVENUES & EXPENSES
(1 st Year)
Project Finance Case

IEmmple: Landfill waste in place = 5 million metric toDS

Combustion Combined
Units ICEngine Turbine CVCleCT

REVENUES clkWb 4.9 4.9 4.9 (a)

EXPENSES (including Owner's Return) (b)
Total clkWb 6.0 62 6.5
Incremental clkWb 4.6 4.7 5.3

REVENUES MINUS EXPENSES
Total clkWb (1.1) (1.3) (1.6)
Incremental clkWb 0.3 02 (0.4)

1996 TAX CREDIT
SlMMBtu 1.049 1.049 1.049 (c)

clkWb 1.3 13 0.9 (d)

ESTIMAlED SURPLUS (SHOR1FALL) CASH AYlER TAXES &: OWNER'S RE1URN (e)
Total Cost Basis clkWh 0.2 0.0 (0.7)

SOOO S69 $0 (S332~ (t)

Incremental Cost Basis clkWh 1.6 15 05
SOOO $553 $497 $237

Notes:
(a) Calculated in Table AU
(b) Calculated in Table A6. Income taxes, property taxes, and owner's 15% return on equity are included in

these expenses.
(c) Based on a tax credit of $0.979/MMBtu ($1994) escalated for 2 years @3.5%. [PUR)

If only 60% of tax credit is applied to project, credit drops by about 05 clkWh, or about $173,000.
(d) C..alculated by multiplying by an electric heat rate of 12.0 MMBtu/MWh for the IC and cr,

and by 85 MMBtu/MWh for the combined cycle CT.
(e) Estimated Income is net of income taxes, property taxes, administrative expenses, and owner's 15% return

on equity. A negative value indicates that first-year cash flow does not cover the owner's desired 15%
return. It is assumed that the project/owner has sufficient tax liability to be able to take full advantage
of the tax credit. In many cases, only about 60% of the tax credit can be used



TABLE A14 COMPARISON OF PROJECf REVENUES & EXPENSES
(1 5t Year)
Municipal Bond Finance Case

IEDmple: Laadfill waste in place = 5 million metric tons

Combustion Combined
Units ICEugine Turbine CycleCf

REVENUES clkWh 4.9 4.9 4.9 (a)

EXPENSES (b)
Total c/kWh 5.0 5.1 53
Incremental clkWh 3.7 3.7 42

REVENUES MINUS EXPENSES
Total clkWb (0.1) (02) (0.4)
Incremental clkWb 12 12 0.7

1996 REPI SUBSIDY c/kWb 0.0 0.0 0.0

ESTIMAlED SURPLUS (SHORTFALL) CASH AFI'ER TAXES It FINANCING EXPENSES
Total Cost Bas;s clkWb (0.1) (02) (0.4 (c)

$000 ($35) ($66) ($190'

Incremental Cost Bas;s clkWh
$000

12
$415

12
$398

0.7
$332

Notes:
(a) Calculated in TableAU
(b) Expenses include the financing costs associated with issuing tax-exempt municipal bonds with a 65%

interest rate (see Table A7)
(c) Estimated Income ;s net of property taxes, administrative expenses, and bond financing expenses.

A positive value indicates that first-year cash flow exceeds expenses, including the bond debt
service expenses.

TABLE A14 COMPARISON OF PROJECf REVENUES & EXPENSES
(1 5t Year)
Municipal Bond Finance Case

IEDmple: Laadfill waste in place = 5 million metric tons

Combustion Combined
Units ICEugine Turbine CycleCf

REVENUES clkWh 4.9 4.9 4.9 (a)

EXPENSES (b)
Total c/kWh 5.0 5.1 53
Incremental clkWh 3.7 3.7 42

REVENUES MINUS EXPENSES
Total clkWb (0.1) (02) (0.4)
Incremental clkWb 12 12 0.7

1996 REPI SUBSIDY c/kWb 0.0 0.0 0.0

ESTIMAlED SURPLUS (SHORTFALL) CASH AFI'ER TAXES It FINANCING EXPENSES
Total Cost Bas;s clkWb (0.1) (02) (0.4 (c)

$000 ($35) ($66) ($190'

Incremental Cost Bas;s clkWh
$000

12
$415

12
$398

0.7
$332

Notes:
(a) Calculated in TableAU
(b) Expenses include the financing costs associated with issuing tax-exempt municipal bonds with a 65%

interest rate (see Table A7)
(c) Estimated Income ;s net of property taxes, administrative expenses, and bond financing expenses.

A positive value indicates that first-year cash flow exceeds expenses, including the bond debt
service expenses.



TABLE A.IS ESTIMATED MEDIUM-BTU PROJECf CAPITAL COSTS
(1 million Mg case)

IEDmple: Landfill waste in place = 1 millioJl metric tODS I

Cost Cate~orv Units Baseload user Heaiload user
(continuous) (seasonal)

OPERATING DATA
Net sustainable landfill gas production mcflday 642 642 (a)
Net fuel output (MMBtu) MMBtu/day 321 321 (b)
On-line date 6196 6196
Capacity factor (lifetime annual average) 90% 40% (c)
Annual full load operating hours hours 7,884 3,504
Annual volume of gas sold MMBtu 105,488 46,884

EQUIPMENT It INSTALLATION COSTS
Gas Delivery System ($1994)

Condensate removallfiltration $000 8 8 (d)
CompressorlBlower station $000 75 75 (e)
Pipeline interconnect SOOO 350 350 (f)
Fuel burnin2 eauioment conversion SOOO 150 150 (g)

Gas delivery system cost ($1994) 583 583

LFG collection system cost ($1994) $000 628 628 (h)

Engineering (SI994) SOOO 61 61 (i)

CAPITAL REQUIREMENT
System cost ($1994) $000 1,271 1,271
System cost ($1996) SOOO 1,362 1,362

Soft costs(S1996)
Owners costs, escalation, interest 85 85 (j)
Contingency @5.0% 68 68
Total Soft Costs SOOO 153 153

Total Capital Requirement
(as-spent dollars, 1996 on-line date) SOOO 1,515 1,515

Incremental Capital Requirement $000 729 729 (k)

Notes:
(a) Based on landfill size of approximately 1 metric ton.[EPA]
(b) Assumes landfill gas has 500 Btu/cf, or 1 cf landfill gas = 05 cf methane.
(c) Assumes baseload user has a year-round need for gas, and heat load user only uses gas in the five winter months.
(d) Based on an estimate obtained from Perry Equipment for liquid and solid filtration system.
(e) Based on estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations ­

Technology and Economics", and in Augenstein and Pacey, "Landfill Gas Energy Utiliution:
Technology Options and Case Studies"

(f) Based on the cost of a one mile pipeline (pipeline costs can range from $250,000 to S5oo,000 per mile).
(g) Based on the cost of retrofitting one boiler.[PTI]
(h) Calculated based on EPA Exlubit 4-7; includes collection system + flare. [EPAJ
(i) Calculated as 5% of conversion and collection costs.
(j) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction

(6 months) and interest during construction.
(k) Excludes capital and soft costs associated with the LFG collection system.

TABLE A.IS ESTIMATED MEDIUM-BTU PROJECf CAPITAL COSTS
(1 million Mg case)

IEDmple: Landfill waste in place = 1 millioJl metric tODS I

Cost Cate~orv Units Baseload user Heaiload user
(continuous) (seasonal)

OPERATING DATA
Net sustainable landfill gas production mcflday 642 642 (a)
Net fuel output (MMBtu) MMBtu/day 321 321 (b)
On-line date 6196 6196
Capacity factor (lifetime annual average) 90% 40% (c)
Annual full load operating hours hours 7,884 3,504
Annual volume of gas sold MMBtu 105,488 46,884

EQUIPMENT It INSTALLATION COSTS
Gas Delivery System ($1994)

Condensate removallfiltration $000 8 8 (d)
CompressorlBlower station $000 75 75 (e)
Pipeline interconnect SOOO 350 350 (f)
Fuel burnin2 eauioment conversion SOOO 150 150 (g)

Gas delivery system cost ($1994) 583 583

LFG collection system cost ($1994) $000 628 628 (h)

Engineering (SI994) SOOO 61 61 (i)

CAPITAL REQUIREMENT
System cost ($1994) $000 1,271 1,271
System cost ($1996) SOOO 1,362 1,362

Soft costs(S1996)
Owners costs, escalation, interest 85 85 (j)
Contingency @5.0% 68 68
Total Soft Costs SOOO 153 153

Total Capital Requirement
(as-spent dollars, 1996 on-line date) SOOO 1,515 1,515

Incremental Capital Requirement $000 729 729 (k)

Notes:
(a) Based on landfill size of approximately 1 metric ton.[EPA]
(b) Assumes landfill gas has 500 Btu/cf, or 1 cf landfill gas = 05 cf methane.
(c) Assumes baseload user has a year-round need for gas, and heat load user only uses gas in the five winter months.
(d) Based on an estimate obtained from Perry Equipment for liquid and solid filtration system.
(e) Based on estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations ­

Technology and Economics", and in Augenstein and Pacey, "Landfill Gas Energy Utiliution:
Technology Options and Case Studies"

(f) Based on the cost of a one mile pipeline (pipeline costs can range from $250,000 to S5oo,000 per mile).
(g) Based on the cost of retrofitting one boiler.[PTI]
(h) Calculated based on EPA Exlubit 4-7; includes collection system + flare. [EPAJ
(i) Calculated as 5% of conversion and collection costs.
(j) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction

(6 months) and interest during construction.
(k) Excludes capital and soft costs associated with the LFG collection system.



TABLE A.16 ESTIMATED COST OF MEDIUM-BTUGAS (lMMgcase)

IEDmple: Landfill waste in place = 1 million metric toDS I

Cost Cate~orv Units Baseload user Heatload user
(continuous) (seasonal)

GAS PRODUcnON OOSTS
Capital Costs (as-spent, 1996 online) (a)

Total capital requirement $/MMBtu 14.36 32.31
Incremental capital requirement $!MMBtu 6.91 15.56

O&M Costs (1996)
LFG collection system $!MMBtu 0.84 1.89 (b)
Gas delivery system $!MMBtu 0.11 0.26 (c)

Tax Credit (1996) $!MMBtu 1.049 1.049 (d, h)

FIRST YEAR COST OF GAS (1996)
Capital charge rate 0.136 0.136 (e)

Total Gas Cost
Levelized capacity price $/MMBtu 1.95 4.39 (f)
1996 O&M Drice $!MMBtu 0.95 214
ITotal 1996 cost of gas $!MMBtu 2.91 6.541
Cost of gas includin~ tax credit $!MMBtu 1.86 5.4~

Incremental Gas Cost (g)
Levelized capacity price S/MMBtu 0.94 2.12
1996 O&M price S/MMBtu 0.11 0.26
ITotal 1996 cost of gas $!MMBtu 1.05 2371
I Cost of gas including tax credit S/MMBtu 0.01 1.32!

Notes:
(a) Assumes annual gas sales of 105,488 MMBtu to baseload user and 46,884 MMBtu to heat load user.
(b) Based on EPA estimate for collection + flare systems (Exhibit 4-7), escalated to $1996. [EPA]
(c) Based on pipeline delineation costs and minor filtration system maintenance costs. [Augenstein and Pacey]
Cd) Based on a tax credit value of $O.979/MMBtu ($1994), escalated for 2 years. (PUR]
(e) Assumes: 2O-year life, project finance with a 80120 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; lO-year depreciation
(f) Calculated by multiplying capital $/MMBtu by CCR.
(g) Incremental Gas Cost does not include capital and O&M costs associated with LFG collection system.
(h) Assumes total value of tax credit goes to the project. In some cases, only a percentage of the tax credit value

will be credited to the project due to transaction costs associated with transferring the credits to a third party.
For example, 60% of the tax credit may be realized by the project developer; therefore, the value of the tax credit
would only be (60% * $1.049), or SO.63IMMBtu.

TABLE A.16 ESTIMATED COST OF MEDIUM-BTUGAS (lMMgcase)

IEDmple: Landfill waste in place = 1 million metric toDS I

Cost Cate~orv Units Baseload user Heatload user
(continuous) (seasonal)

GAS PRODUcnON OOSTS
Capital Costs (as-spent, 1996 online) (a)

Total capital requirement $/MMBtu 14.36 32.31
Incremental capital requirement $!MMBtu 6.91 15.56

O&M Costs (1996)
LFG collection system $!MMBtu 0.84 1.89 (b)
Gas delivery system $!MMBtu 0.11 0.26 (c)

Tax Credit (1996) $!MMBtu 1.049 1.049 (d, h)

FIRST YEAR COST OF GAS (1996)
Capital charge rate 0.136 0.136 (e)

Total Gas Cost
Levelized capacity price $/MMBtu 1.95 4.39 (f)
1996 O&M Drice $!MMBtu 0.95 214
ITotal 1996 cost of gas $!MMBtu 2.91 6.541
Cost of gas includin~ tax credit $!MMBtu 1.86 5.4~

Incremental Gas Cost (g)
Levelized capacity price S/MMBtu 0.94 2.12
1996 O&M price S/MMBtu 0.11 0.26
ITotal 1996 cost of gas $!MMBtu 1.05 2371
I Cost of gas including tax credit S/MMBtu 0.01 1.32!

Notes:
(a) Assumes annual gas sales of 105,488 MMBtu to baseload user and 46,884 MMBtu to heat load user.
(b) Based on EPA estimate for collection + flare systems (Exhibit 4-7), escalated to $1996. [EPA]
(c) Based on pipeline delineation costs and minor filtration system maintenance costs. [Augenstein and Pacey]
Cd) Based on a tax credit value of $O.979/MMBtu ($1994), escalated for 2 years. (PUR]
(e) Assumes: 2O-year life, project finance with a 80120 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; lO-year depreciation
(f) Calculated by multiplying capital $/MMBtu by CCR.
(g) Incremental Gas Cost does not include capital and O&M costs associated with LFG collection system.
(h) Assumes total value of tax credit goes to the project. In some cases, only a percentage of the tax credit value

will be credited to the project due to transaction costs associated with transferring the credits to a third party.
For example, 60% of the tax credit may be realized by the project developer; therefore, the value of the tax credit
would only be (60% * $1.049), or SO.63IMMBtu.



TABLE A.17 ESTIMATED MEDIUM-BTU PROJECf CAPITAL COSTS
(S million Mg case)

IEDmple: Landfill waste in place = 5 million metric toDS I

Cost Cate20rv

OPERATING DATA
Net sustainable landfill gas production
Net fuel output (MMBtu)
On-line date
Capacity factor (lifetime annual average)
Annual full load operating hours
Annual volume of gas sold

EQUIPMENT &. INSTALLATION COSTS
Gas Delivery System ($1994)

Condensate removaJlfiltration
CompressorlBlower station
Pipeline interconnect
Fuel bumin2 . ent conversion

Gas delivery system cost ($1994)

LFG collection system cost ($1994)

Engineering ($1994)

CAPITAL REQUIREMENT
System cost ($1994)
System cost ($1996)

Soft costs($1996)
Owners costs, escalation, interest
Contingency @5.0%
Total Soft Costs

Total Capital Requirement
(as-spent dollars, 1996 on-line date)

Incremental Capital Requirement

Units

mcflday
MMBtuIday

hours
MMBtu

$000
$000
$000
$000

$000

$000

$000
$000

$000

$000

$000

Baseload user
(continuous)

2,988
1,494
6196
90%

7,884
490,811

15
100
350
150
615

2,098

136

2,848
3,051

190
153
343

3,394

769

Heat load user
(seasonal)

2,988 (a)
1,494 (b)
6196
40% (c)

3,504
218,138

15 (d)
100 (e)
350 (f)
150 (g)
615

2,098 (h)

136 (i)

2,848
3,051

190 G)
153
343

3,394

769 (k)

Notes:
(a) Based on landfill size of approximately 5 metric tons.[EPAJ
(b) Assumes landfill gas has 500 Btu/cf, or 1 cf landfill gas =05 cf methane.
(c) Assumes baseload user has a year-round need for gas, and heat load user only uses gas in the five winter months.
(d) Based on an estimate obtained from Perry Equipment for liquid and solid filtration system.
(e) Based on estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations ­

Technology and Economics", and in Augenstein and Pacey, "Landfill Gas Energy Utilization:
Technology Options and Case Studies"

(t) Based on the cost of a one mile pipeline (pipeline costs can range from $250,000 to $500,000 per mile).
(g) Based on the cost of retrofitting one boiler.[PTI]
(h) Calculated based on EPA Exlnbit 4-7; includes collection system + flare. [EPA]
(i) Calculated as 5% ofconversion and collection costs.
(j) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction

(6 months) and interest during constrUCtion.
(k) Excludes capital and soft costs associated with the LFG collection system.

TABLE A.17 ESTIMATED MEDIUM-BTU PROJECf CAPITAL COSTS
(S million Mg case)

IEDmple: Landfill waste in place = 5 million metric toDS I

Cost Cate20rv

OPERATING DATA
Net sustainable landfill gas production
Net fuel output (MMBtu)
On-line date
Capacity factor (lifetime annual average)
Annual full load operating hours
Annual volume of gas sold

EQUIPMENT &. INSTALLATION COSTS
Gas Delivery System ($1994)

Condensate removaJlfiltration
CompressorlBlower station
Pipeline interconnect
Fuel bumin2 . ent conversion

Gas delivery system cost ($1994)

LFG collection system cost ($1994)

Engineering ($1994)

CAPITAL REQUIREMENT
System cost ($1994)
System cost ($1996)

Soft costs($1996)
Owners costs, escalation, interest
Contingency @5.0%
Total Soft Costs

Total Capital Requirement
(as-spent dollars, 1996 on-line date)

Incremental Capital Requirement

Units

mcflday
MMBtuIday

hours
MMBtu

$000
$000
$000
$000

$000

$000

$000
$000

$000

$000

$000

Baseload user
(continuous)

2,988
1,494
6196
90%

7,884
490,811

15
100
350
150
615

2,098

136

2,848
3,051

190
153
343

3,394

769

Heat load user
(seasonal)

2,988 (a)
1,494 (b)
6196
40% (c)

3,504
218,138

15 (d)
100 (e)
350 (f)
150 (g)
615

2,098 (h)

136 (i)

2,848
3,051

190 G)
153
343

3,394

769 (k)

Notes:
(a) Based on landfill size of approximately 5 metric tons.[EPAJ
(b) Assumes landfill gas has 500 Btu/cf, or 1 cf landfill gas =05 cf methane.
(c) Assumes baseload user has a year-round need for gas, and heat load user only uses gas in the five winter months.
(d) Based on an estimate obtained from Perry Equipment for liquid and solid filtration system.
(e) Based on estimates published by Wolfe & Maxwell in "Commercial Landfill Recovery Operations ­

Technology and Economics", and in Augenstein and Pacey, "Landfill Gas Energy Utilization:
Technology Options and Case Studies"

(t) Based on the cost of a one mile pipeline (pipeline costs can range from $250,000 to $500,000 per mile).
(g) Based on the cost of retrofitting one boiler.[PTI]
(h) Calculated based on EPA Exlnbit 4-7; includes collection system + flare. [EPA]
(i) Calculated as 5% ofconversion and collection costs.
(j) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction

(6 months) and interest during constrUCtion.
(k) Excludes capital and soft costs associated with the LFG collection system.



TABLE A.IS ESTIMATED COST OF MEDIUM-BTU GAS (SM Mg case)

IEDmple: Landfill waste in place = 5 million metric toDS I

Cost Cate20rv Units Baseload user Heat load user
(continuous) (seasonal)

GAS PRODUCI10N COSTS
Capital Costs (as-spent, 1996 online) (a)

Total capital requirement. S/MMBtu 6.92 15.56
. Incremental capital requirement S/MMBtu 1.57 3.53

O&M Costs (1996)
LFG collection system S/MMBtu 0.31 0.70 (b)
Gas delivery system S/MMBtu 0.02 0.06 (c)

Tax Credit (1996) S/MMBtu 1.049 1.049 (d, h)

FIRST YEAR COST OF GAS (1996)
Capital charge rate 0.136 0.136 (e)

Total Gas Cost
Levelized capacity price SlMMBtu 0.94 2.12 (1)
1996 O&M orice SlMMBtu 0.34 0.75
ITotal 1996 cost of gas S/MMBtu 1.28 2.87

1
Cost of~ includinll: tax credit SlMMBtu 0.23 1.82

Incremental Gas Cost (g)
Levelized capacity price SlMMBtu 0.21 0.48
1996 O&M orice SlMMBtu 0.02 0.06
ITotal 1996 cost of gas S/MMBtu 0.24 0.53~
Cost of 2as includin2 tax credit SlMMBtu (0.81) (0.51

Notes:
(a) Assumes annual gas sales to baseload user of 490,811 MMBtu and sales of 218,138 MMBtu to heat load user.
(b) Based on EPA estimate for collection + flare systems (Exlnbit 4-7), escalated to $1996. [EPA]
(c) Based on pipeline delineation costs and minor filtration system maintenance costs. [Augenstein and Pacey]
(d) Based on a tax credit value of $O.979/MMBtu ($1994), escalated for 2 years. [PUR]
(e) Assumes: 2O-year life, project finance with a 80/.20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; 10-year depreciation
(1) Calculated by multiplying capital S/MMBtu by CCR.
(g) Incremental Gas Cost does not include capital and O&M costs associated with LFG collection system.
(h) Assumes total value of the tax credit goes to the project In some cases, only a percentage of the tax credit value

will be credited to the project due to transaction costs associated with transferring the credits to a third party.
For example, 60% of the credit may be realized by the project developer; therefore, the value of the tax credit
would only be (60% * S1.049), or SO.63/MMBtu.

TABLE A.IS ESTIMATED COST OF MEDIUM-BTU GAS (SM Mg case)

IEDmple: Landfill waste in place = 5 million metric toDS I

Cost Cate20rv Units Baseload user Heat load user
(continuous) (seasonal)

GAS PRODUCI10N COSTS
Capital Costs (as-spent, 1996 online) (a)

Total capital requirement. S/MMBtu 6.92 15.56
. Incremental capital requirement S/MMBtu 1.57 3.53

O&M Costs (1996)
LFG collection system S/MMBtu 0.31 0.70 (b)
Gas delivery system S/MMBtu 0.02 0.06 (c)

Tax Credit (1996) S/MMBtu 1.049 1.049 (d, h)

FIRST YEAR COST OF GAS (1996)
Capital charge rate 0.136 0.136 (e)

Total Gas Cost
Levelized capacity price SlMMBtu 0.94 2.12 (1)
1996 O&M orice SlMMBtu 0.34 0.75
ITotal 1996 cost of gas S/MMBtu 1.28 2.87

1
Cost of~ includinll: tax credit SlMMBtu 0.23 1.82

Incremental Gas Cost (g)
Levelized capacity price SlMMBtu 0.21 0.48
1996 O&M orice SlMMBtu 0.02 0.06
ITotal 1996 cost of gas S/MMBtu 0.24 0.53~
Cost of 2as includin2 tax credit SlMMBtu (0.81) (0.51

Notes:
(a) Assumes annual gas sales to baseload user of 490,811 MMBtu and sales of 218,138 MMBtu to heat load user.
(b) Based on EPA estimate for collection + flare systems (Exlnbit 4-7), escalated to $1996. [EPA]
(c) Based on pipeline delineation costs and minor filtration system maintenance costs. [Augenstein and Pacey]
(d) Based on a tax credit value of $O.979/MMBtu ($1994), escalated for 2 years. [PUR]
(e) Assumes: 2O-year life, project finance with a 80/.20 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; 10-year depreciation
(1) Calculated by multiplying capital S/MMBtu by CCR.
(g) Incremental Gas Cost does not include capital and O&M costs associated with LFG collection system.
(h) Assumes total value of the tax credit goes to the project In some cases, only a percentage of the tax credit value

will be credited to the project due to transaction costs associated with transferring the credits to a third party.
For example, 60% of the credit may be realized by the project developer; therefore, the value of the tax credit
would only be (60% * S1.049), or SO.63/MMBtu.



TABLE A.19 ESTIMAlED MEDIUM-BTU PROJECT CAPITAL COSTS
(10 million Mg case)

IEDmple: Landfill waste in place = 10 million mebic tODS I

Cost Cate20rv Units Baseload user Heat load user
(continuous) (seasonal)

OPERATING DATA
Net sustainable landfill gas production mct'day 5,266 5,266 (a)
Net fuel output (MMBtu) MMBtu/day 2,633 2,633 (b)
On-line date 6/96 6/96
Capacity factor (lifetime annual average) 90% 40% (c)
Annual full load operating hours hours 7,884 3,504
Annual volume of gas sold MMBtu 864,917 384,408

EQUIPMENT &INSTAllA1l0N COSTS
Gas DeliverySystem ($1994)

Condensate removallfiltration $000 25 25 (d)
CompressorlBlower station $000 200 200 (e)
Pipeline interconnect $000 350 350 (f)
Fuel bUI'llin2 equipment conversion ' $000 150 150 (g)

Gas delivery system cost ($1994) 725 725

LFG collection system cost ($1994) $000 3,599 3,599 (h)

Engineering ($1994) $000 216 216 (i)

CAPITAL REQUIREMENT
System cost ($1994) $000 4,540 4,540
System cost ($1996) $000 4,863 4,863

Soft costs($I996)
Owners costs, escalation, interest 303 303 G)
Contingency @5.0% 243 243
Total Soft Costs $000 546 546

Total Capital Requirement
(as-spent dollars, 1996 on-line date) $000 5,410 5,410

Incremental Capital Requirement $000 907 907 (k)

Notes:
(a) Based on landfill size of approximately 10 metric tons.[EPA]
(b) Assumes landfill gas has 500 Btu/cf, or 1 cf landfill gas = 0.5 cf methane.
(c) Assumes baseload user has a year-round need for gas, and heat load user only uses gas in the five winter months.
(d) Based on an estimate obtained from Perry Equipment for liquid and solid filtration system.
(e) Based on estimates published by Wolfe & Maxwell in "Commercial Landtill Recovery Operations ­

Technology and Economics", and in Augenstein and Pacey, "Landfill Gas Energy Utilization:
Technology Options and Case Studies"

(f) Based on the cost of a one mile pipeline (pipeline costs can range from $250,000 to $500,000 per mile).
(g) Based on the cost of retrofitting one boiler.[PTIJ
(h) Calculated based on EPA Exlnbit 4-7; includes collection system + flare. [EPA]
(i) Calculated as 5% of conversion and collection costs.
G) Included are owners' costs (legal, permitting, insurance, taxes), escalation during construction

(6 months) and interest during construction.
(k) Excludes capital and soft costs associated with the LFG collection system.
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TABLE A.20 ESTIMATED COST OF MEDIUM-BTU GAS (lOMMgcase)

IEDmple: Landfill waste in place = 10 million metric toDS I

CostCate 0 Units Baseload user Heai load user
(continuous) (seasonal)

GAS PRODUCIlON COSTS
Capital Costs (as-spent, 1996 online) (a)

Total capital requirement $/MMBtu 6.25 14.07
Incremental capital requirement $/MMBtu 1.05 236

O&M Costs (1996)
LPG collection system $lMMBtu 0.25 0.57 (b)
Gas delivery system $/MMBtu 0.01 0.03 (c)

Tax Credit (1996) $/MMBtu 1.049 1.049 (d,h)

FIRST YEAR COST OF GAS (1996)
Capital charge rate 0.136 0.136 (e)

$lMMBtu 0.85 1.91 (f)
$/MMBtu 0.27 0.60
$/MMBtu 1.12

~IS/MMBtu 0.07

Incremental Gas Cost (g)
l.evelized capacity price S/MMBtu 0.14 032
1996 O&M price S/MMBtu 0.01 0.03
ITotal 1996 cost of gas $/MMBtu 0.16 035J
I Cost of gas including tax credit $!MMBtu (0.89) (0.70

Notes:
(a) Assumes annual gas sales to baseload user of 864,917 MMBtu and sales of 384,408 MMBtu to heat load user.
(b) Based on EPA estimate for collection + flare systems (ExhIbit 4-7), escalated to $1996. [EPA]
(c) Based on pipeline delineation costs and minor filtration system maintenance costs. [Augenstein and Pacey]
(d) Based on a tax credit value of $O.979/MMBtu ($1994), escalated for 2 years. [PUR]
(e) Assumes: 2O-year life, project finance with a 80120 debt/equity ratio, 9% interest on debt;

includes 15% return on equity; IO-year depreciation
(f) Calculated by multiplying capital $!MMBtu by CCR.
(g) Incremental Gas Cost does not include capital and O&M costs associated with LPG collection system.
(h) Assumes total value of tax credit goes to the project. In some cases, only a percentage of the tax credit value

will be credited to the project due to transaction costs associated with transferring the credits to a third party.
For example, 60% of the credit may be realized by the project developer; therefore, the value of the taX credit
would only be (60% * $1.049), or $O.63IMMBtu.
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U.S. Environmental Protection Agency Offices

EPA EPA Address States Regional Phone Fax
Region Included in Contact

Region

Landfill Methane Program All 202-233-9042
401 M St., SW, 6202J
Washington, DC 20460

1 John F.Kennedy Federal Bldg. CT, ME, MA, Jeanne 617-565-9451 617-565-4940
One Congress Street NH, RI, VT Cosgrove
Boston, MA 02203

2 Federal Office Bldg. NJ, NY, Christine 212-637-4022 212-637-3998
26 Federal Plaza Puerto Rico, DeRosa
New York, NY 10278 Virgin

Islands

3 Curtis Building DE, DC, MD, Jim 215-566-2190 215-566-2124
Sixth and Walnut Streets PA, VA, WV Topsale
Philadelphia, PA 19106

4 345 Courtland, NE AL, FL, GA, Scott 404-347-5014 404-347-3059
Atlanta, GA 30308 MS, KY, NC, Davis Ext. 4144

SC,TN

5 230 South Dearborn St. IL, MN, MI, Charles 312-886-6031 312-886-5824
Chicago, IL 60604 OH,IN,WI Hatten

6 First International Bldg. AR, LA, NM, Mick Cote 214-665-7219 214-665-2164
1202 Elm Street OK, TX
Dallas, TX 75270

7 324 E. Eleventh Street lA, KS, MI, Ward 913-551-7960 913-551-7065
Kansas City, MO 64106 NE Burns
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EPA EPA Address States Regional Phone Fax
Region Included In Contact

Region

8 1860 Lincoln Street CO, MN, NO, John Dale 303-312-6934 303-312-6064
Denver, CO 80295 SO, UT, WY

9 215 Freemont Street AZ, CA, HI, Patricia 415-744-1188 415-744-1076
San Francisco, CA 94105 NY, Guam, Bowlin

American
Samoa

10 1200 Sixth Avenue WA, OR, 10, John 206-553-1817 206-553-011 0
Seattle, WA 98101 AK Keenan
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Seattle, WA 98101 AK Keenan
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DRAFT Nortb Qroiiml V~ri2b1eRa.te QF CoDtraas ODlyl DRAFT

1 EXECUTIVE SUMMARY
1 OF
3 PURCHASED POWER AGREEMENT
4
5 Su~~Jjer Name
6
7
8 This Executive Summary describes the principal terms and conditions of an agre:ment (the

9 "Agreement") between Duke Power Company ("Duke") and the owner/operatOr ("Supplier") of an

10 electric generating facility which is a qualified facility ("QF") under the Public Utilities Regulatory

11 Policies Act of 1978 ("PURPA"). In the event of an inconsistency or conflict between the
12 Agreement and this E.'teCutive Summary the tem1S of the Agreement shall apply.

13

14 ARTICLE 1 (Service Requirements) sets forth basic infor.mation about Supplier's facility (the

15 "Facility") including, among other things, its nameplate capacity, location of the delivery point

16 where Supplier will deliver energy to Duke, and the Supplier's "Capacity Commitment" (the

17 average capacity in kilowatts Supplier commits to deliver to Duke during On-Peak Hours).

18 Articles 1.6 and 1.7 set forth metering and fuel cost information requirements. Article 1.9 states

19 that back-up and maintenance power for the Facility's au.'ciliary electrical requirements shall be
20 purchased from Duke pursuant to a separate electric service agreement on an appropriate rate

schedule.

22

23
24

25
26
27
28
29
30

31
32

33

34

35

36

37

39

A.RTICLE 2 (Service Regulations and Regulatory Approval) states that the Agreement is

contingent upon the Supplier obtaining and maintaiDing approval from all applicable regulatory

bodies. Article 22 stateS that the provisions of the Agreement are subject to review by the North

Carolina Utilities Comm;Siion (the "Commis9on"), and Article 2.3 provides that the sale, delivery,

receipt and !Jse of electric power under the Ag:reemeDt is govemed by Duke's Service Regulations

as fIled with the CommjSiion, and th.a.t changes to said regulations upon order of the Commission,

which changes are in conflict with the provisions of this Agreemetlt, shall control over such

provisions. However. Article 2.4 stateS that to the extent this AgreemeDt is explicity approved by

an order of the Commission, Article 2.2 shall not apply, and the AgreemeDt shall control over any

changes to the Service Regulations except those which relate to extra facilities and metering.

Article 2.5 States that whether or not the Agreem.ent is e.'tplicity approved by the Commission, it

is thereafter subject to review in a general rate case or by complaint proceeding.

According to ARTICLE 3 (Term), the te.~ of the Agree::nent begins on the date of execution and
shall continue for years from the Commercial Operations Date. which is defmed in Anicle

3.4 as the date of the flISt regul~ meter reading following receipt by Duke of written notice from

the Supplier declaring the Facility to be in Commercial Operation, after the Facility has passed

FOR."" SC:'JEO.FR.M (12m;'}!)
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acc...."tance testing. The Anticipated Commercial Operations Date is , 199--,

but Supplier may revise the .A\nticipated Commercial Operations Date one time during the flISt six
months following execution of the Agreement, to a date not later than twelve months after the

originally specified date.

Article 3.2 provides that the Supplier shall notify Duke of the date of the commencement of

constrUCtion of the Facility, commencement of constrUction being defmed. therein.

Article 3.3 provides that the Initial Delivery Date shall be the flI'St date upon which energy is

generated by the Facility and delivered to and metered by Duke. Tne Anticipated Initial Delivery

Date is . The Supplier may change the Anticipated Initial Delivery Date on

written notice to Duke at least one year prior to the revised date, but in no event may the Initial
Delivery Date be earlier than _

Article 3.5 sets forth a procedure to determine the disposition of power produced by the plant after
the expiration of this Agreement, Between 45 and 60 months prior to the expiration of this
Agreement, Supplier must notify Duke as to whether it wishes to continue to generate electricity

at the Facility. If it does, Dub~ must then, within six months of Supplier's notice, respond by

notifying Supplier as to whether Duke wishes to continue to pur..hase energy and capacity. IfDuke

does wish to continue such purt:hases, the parnes will then enter into good-faith negotiations to

conclude a new purchased powe:r agreement, The rates for the new agreement will be deteImined

based upon Duke's then-cU!re:Jt projections of avoided capacity and energy costs and other

relevant factors. IfDuke notifies Supplier that it does not wish to continue to purchase energy and

capacity, or if the pa.."'ties cannot reach a new agreement, then they are to negotiate the disposition

of power to be generated at the Facility, provided that Duke is not to be obligated to transmit

power from the Facility directly to any ultimate consumers of electricity.

ARTICLE 4 (Rate Schedule) provides that energy and capacity payments to the Supplier will be
determined using the rates or rate formulas set [onh in Appendix A, applying the energy credit

rates to the KWH delivered to Duke during the On-Peak Hours and Off-Peak Hours (as defined

therein) of each month. and applying the capacity credit rates to the K.WH delivered. to Duke

during the On-Peak Hours of eal:h month.. up to a maximum of 110 percent of the then-applicable.-'

Capacity Commitment. Article 4.6 sets fom a mechanism for adjusting the energy in the event

the average monthly power factor is less than 90 percer.t or greater than 97 percent.

Articie 4.i provides that payments to be made to the Supplier 1re conditioned on recovery by Duke

of all of said payments from its customers. If Duke is denied such recovery. !Juke may reduce

FOR.'I.i SC:"EG.FR.'I.i (l2'JIJ921
..
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payments to Supplier to the highest level allowed by the Commjssion or other regulatory body.

If Duke initially recovers payments, but recovery is subsequently disallowed and charged back to

Duke. Duke may offset subsequent paymentS due from Duke to Supplier, or may I'l~quire

repayment by Supplier.

ARTICLE 5 (Capacity Commitment) states that Supplier shall operate its generating facilities so
as to meet its Capacity Commitment as designated in Article 1.5(b) in each On-Peak Month.

Article 5.1(a)-(d) sets forth the defmitions of "Capacity Commitment"; "Average On-Peak:

Capacity"; "Monthly Capacity Ratio" and "Annual Capacity Ratio" -e.d the methodologies for

calculating them. Article 5.1(e) states that reductions in capacity ,resulting from Service
Interruptions (as defmed in Article 8), changes in steam sales requirements or for reasons other

than Force Majeure that occur during the On-Peak Hours of the On-Peak Months are not

excluded from the calculations of the Average On-Peak Capacity and the Capacity Ratios. Article.
S.l(f) sets forth the circumstances under which On-Peak Months during which perfonnance has

been affected by conditions or events of Force Majeure shall be excluded from or included in the

calculation of the i\nnual Capacity Ratio.

Article 5.1 states that when the A..nnual Capacity Ratio is less than 90 percent for two consecutive

months, the Capacity Commiunent will automatically be reduced. T.lle revised Capacity

Commitment is caiculated by multiplying the previous Capacity Commitment by the Annual

Capacity Ratio e:cisting at the end of the two-month period. In the evc:.t of an automatic Capacity

Commitme::n reduction, pursuant to Article 5.1(a), or an agreed-upon Capacity Commitment

reduction pursuant to Article 5.1(b), the costs and damages provisions of Paragraph 11.1 shall
• ., A_~ I -.:1.applY, accoramg to ."'Uu.C!e ). '.

ARTICLE 6 (Interconnection Facilities) states that Duke will furnish. own and maintain
appropriate interConnection facilities in order to serve the Supplier. Supplier shall, upon

completion of installation of the Interconnection Facilities, pay a monthly charge totaling, as a

preliminary estimate, S , which is 1.7 percent of the installed cost. The final costs

and charges shall be calculated no earlier than 12 months prior to the installation of the

InterConnection Facilities. Duke reserves the right to i.ns""l.3.ll additional facilities. and to adjust the

InteIConnec".ion Facilities Charge for such additional facilities or to reflect Corntj'ljssion-approved.

changes in the EXL.-a Facilities provisions of Duke's Service Regulations.

ARTICLE 7 (paymentS) se:s forth billing and payment proc...odures. Duke reserves the right to set

off any aTIlOW1t5 due to it from Supplier against any amountS due from Duke to Suppiier.

FOR.'Yl. SC'EG.FR.."1: n:"31 9:1 III

DRAFT North C4roliml Variable &te QFCorJtraJ::ts OrJiy! DRAFT

1
,.
3

4

5

6

7

8
9

10

11

12

13

14

15

16

17

18

20
21

22

23

24

25
26

27

28

29
30
31

32....
jj

34

35

37

payments to Supplier to the highest level allowed by the Commjssion or other regulatory body.

If Duke initially recovers payments, but recovery is subsequently disallowed and charged back to

Duke. Duke may offset subsequent paymentS due from Duke to Supplier, or may I'l~quire

repayment by Supplier.

ARTICLE 5 (Capacity Commitment) states that Supplier shall operate its generating facilities so
as to meet its Capacity Commitment as designated in Article 1.5(b) in each On-Peak Month.

Article 5.1(a)-(d) sets forth the defmitions of "Capacity Commitment"; "Average On-Peak:

Capacity"; "Monthly Capacity Ratio" and "Annual Capacity Ratio" -e.d the methodologies for

calculating them. Article 5.1(e) states that reductions in capacity ,resulting from Service
Interruptions (as defmed in Article 8), changes in steam sales requirements or for reasons other

than Force Majeure that occur during the On-Peak Hours of the On-Peak Months are not

excluded from the calculations of the Average On-Peak Capacity and the Capacity Ratios. Article.
S.l(f) sets forth the circumstances under which On-Peak Months during which perfonnance has

been affected by conditions or events of Force Majeure shall be excluded from or included in the

calculation of the i\nnual Capacity Ratio.

Article 5.1 states that when the A..nnual Capacity Ratio is less than 90 percent for two consecutive

months, the Capacity Commiunent will automatically be reduced. T.lle revised Capacity

Commitment is caiculated by multiplying the previous Capacity Commitment by the Annual

Capacity Ratio e:cisting at the end of the two-month period. In the evc:.t of an automatic Capacity

Commitme::n reduction, pursuant to Article 5.1(a), or an agreed-upon Capacity Commitment

reduction pursuant to Article 5.1(b), the costs and damages provisions of Paragraph 11.1 shall
• ., A_~ I -.:1.applY, accoramg to ."'Uu.C!e ). '.

ARTICLE 6 (Interconnection Facilities) states that Duke will furnish. own and maintain
appropriate interConnection facilities in order to serve the Supplier. Supplier shall, upon

completion of installation of the Interconnection Facilities, pay a monthly charge totaling, as a

preliminary estimate, S , which is 1.7 percent of the installed cost. The final costs

and charges shall be calculated no earlier than 12 months prior to the installation of the

InterConnection Facilities. Duke reserves the right to i.ns""l.3.ll additional facilities. and to adjust the

InteIConnec".ion Facilities Charge for such additional facilities or to reflect Corntj'ljssion-approved.

changes in the EXL.-a Facilities provisions of Duke's Service Regulations.

ARTICLE 7 (paymentS) se:s forth billing and payment proc...odures. Duke reserves the right to set

off any aTIlOW1t5 due to it from Supplier against any amountS due from Duke to Suppiier.

FOR.'Yl. SC'EG.FR.."1: n:"31 9:1 III



DR.AFT NortiJ CaroJiml Vaziable lUtt: QFCol1traets O111y! DRAFT

1

3
4

5

6
7

8

9

10

11

12
13

14

15

16
17

18

20
21

22

23
24

25

26
27

28
29
30
31

32

34

35

37

ARnCLE 8 (Service InteI1"Uptions) states that, while the parties shall use reasonable diligence to

provide satisfactory service, they do not guarantee continuous service. JU'ticle 8.2 lists conditions
or events which are defined as "Service Intemlptions." Pursuant to Article 8.3, neither party shall

be liable for any 10$ or damage resulting from Service InterruptiOIJS, exc.."'Pt that Supplier shall be
liable to Duke for costs and damages as set fom in Article 11.1 if the OCCUlTeIlce of Service
InterrUptions results in a capacity reduction.

ARTICLE 9 (Force Majeure) defines certain circumstances which are "beyond the r-..asonable
control" of the parties as "conditions or events of Force Majeure", and also lists certain events and

circumstances which are excluded from that defInition. Pursuant to Article 9.3, if cenain
conditions are met, then the parties are not responsible for any delay or failure ofpeIfonnance due

solely to force majeure (except for the requir=:ru:nt for Supplier to begin commercial operation as
set forth in Article 3.4). However, notwithstanding Article 9.3, Article 9.4 states that such failures

of perfOImance may be excused by force majeure for periods of no longer than one year and not
beyond the term of the Agreement. Thus, delays or failures of performance, even ifexcused by

force majeure, become defaults one year from the date that the affected party notifIeS the other
party of the condition or event of Force Majeure.- At such time. the other party may terminate the

Agreement or may, in its sole discretion, extend the period for which the delay or failure in
performance is excused. If, under such circumstances, Duke does not ter.mina.te the Agreement,

and the condition or event of Force Majeure results in a capacity reduction, then the provisions

of Artjcle 5.1(£), which relate to the inclusion or exclusion ofmonths for calculation of the A.nnual

Capacity Ratio, apply_ Pursuant to Article 9.5, if the parties anticipate that any condition or event

of Force Majeure will cause a capacity reduction, the parties may thereafter agree to reduce the
Capacity CommitII:CIlt, pursuant to Article 5.2(b), with the Supplier paying costs and damages to
Duke for such reduction pursuant to Article 11.1.

ARTICLE 10 (Default) sets forth proc...-dures to be followed in the event ofdefault. Unless the

default arises out of a condition or event of Fon:e Majeure, in which event the provisions of Article
9 shall apply, the defaulting pany is given 60 days to cure the default (exc...-pt that if it cannot be

cured within 60 days with the exercise of due diligence, the defaulting party may submit a plan for
the other pany's approval which will correct the default within a reasonable period of time not to

exceed six montbs). If the defaulting party fails to submit such a plan, or if the other party decliDes

to approve it, or if the defaulting party fails to cure the default in conformance with the plan.tb.en

the other party may exercise its rights and remedies as set fOM ~ Article 10. Article 10.2 lists a

variety of specific circumstances and events which constitute a default by Supplier.
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1 ARTICLE 11 (Costs and Damages) sets forth certain damages which Supplier may be required to

2 pay to Duke upon occum:nce of: each capacity reduction (including agreed upon capacity

3 reductions PUISUant to Articles 5.2(b) or 9.5); tennination by Duke due to Suppliers default;

4 default by Supplier pursuant to Anicle 10 which does not result in a termination or reduction in
5 capacity; or rennjnation pursuant to Article 9.4. The costs and damages inclUde: unpaid charges

6 due to Duke including InterCoImection Facilities charges; costs associated with the removal of

7 Inu:rcoIU1eCtion Facilities; loss due to earlyre~t of the Intereonnection Facilities; and, in the

8 event of a termination or capacity reduction, liquidated damages to compensate Duke for the
9 denimeatal effect on Duke's cost of power. The liquidated damages shall be calculated pursuant

10 to the for.mulas in Appendix B. Also, in the event of a default by Supplier which does not result

11 in a termination or capacity reduction, any actual damages incurred by Duke shall be paid by

12 Supplier.

13
14 ARTICLE 12 (Operation of the Generating Facilities) sets fonh certain responsibilities of the
15 Supplier in its operation of the Facility. These include: Supplier is responsible for providing

16 devices on its equipment to assure that there is no disturbance to Duke's facilities or other

17 customers, and to proteCt Supplier's equipment from damage; Supplier agrees to operate and

18 maintain the Facility "in accordance with applicable electric utility industry standards and good

engineering practices" and in a prudent manper which will produce the maximum electric energy

20 output consistent with the Agreement'S dispatch and Capacity Commitment provisions; and

21 Supplier shall coordinate its schedule for routine maintenance so that scbed~ed outages and

22 capacity reductions occur during Off-Peak Hours or Off-Peak Months, with scheduled

23 maintenance resulting in outages or capacity reductions restricted to 45 days per year. Article 123

24 includes a chart which sets forth the required minimum advance notice to Duke of scheduled

2S outages according to the duration of the outage. Article 12.4 states that in the event of an

26 emergency condition on Duke's system, Supplier shall increase or decrowa.se the output of the
27 Facility upon Duke·s request, within the design limits of the facility.

28
29 ARTICLE 13 (Liability and Indemnity) sets fonn liability and indemnity provisions for the
30 Agree:nent. Tne indemnifying pany agrees to be responsible for damages to persons or property

31 arising out of the indemnifying pany's negligent or tortious acts, errors or omissions, whether such

32 persons or property are affiliateC with the indempifying party, the other party or third parties.

33 Indirect and .:onsequential damages are excluded.

34
35 ARTICLE 14 (Security) sets forth Supplier's obligation to provide security under the Purchased

Power Agreement ror its performance. including its obligation to pay costs 3lld damages pursuant

37 to .A..rticle 11.1. Such Security must be in place within 60 days after the Agreement is approved or

v
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accepted by filing by the Commission, and shall be maintained through the term of the Agreement.

Article 14.2 sets forth the foIII1Ula which ,shall be used annually to deremrine the amount of security
required. and provides that the Security may be reduced by 50 percent from the commencement

ofconstruCtion of the Facility until 15 days prior to the Commercial OperatiollS Date. Article 14.3
specifies the fOIm of security, which may be an iIIevocable standby letter of c:iedit, a performance

bond or cash. Articles 14.4 and 14.5 contain provisioDS designed to ensure that the security

remains in force continuously during the term of the Ag:re:ment.

ARTICLE 15 (Commtmications) sets fonh procedures for comrmmicatiollS and notices between

the parties.

APPENDICES:
APPENDIX A sets forth the rate or rate formulas.

ARTICLE 1i (Miscellaneous) contains various contraetu.al provisions. Supplier should review all
of the provisions of Article 1i.

ARTICLE 16 (Assignability) requires the Supplier to advise Duke and the CommjS!ion of my

plans to sell, transfer or assign the Facility, and restrictS the rights of the parties to assign or

subcontraet the Agre=ment and its rights and duties. In most cases consent of the other party
(which shall not be unreasonably withheld) is required prior to assignment or subcontracting.
However, such consent is not required prior to an assignment by Duke to a parent, subsidiary or

affiliated corporation, or by Supplier to a trustee or mortgagee pursuant to a financing agreement.

In the case of 3.ny assignment, with or without prior consent, prior notice must be given to the

other pany, the assignee shall e."<pressly assume the assignor's obligatioDS (but no such assignment
shall relieve the assignor of its obligations to perform in the event the assignee fails to perform),
the assigm:lent sha.li not impair .any security given by Seller, and the contemplated assignee must

obtain any necessary regulatory approvals including that of the Commission.

APPE-mrx B sets forth the formula for calculating liquidated damages.

APPENDIX C sets forth the estimated Interconnection Facilities charges.
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34 APPENDIX D sets forth the formulas for calculating the power factor adjustment.

35
APPENDIX E includes Duke's Se.."'Vice Regulations in effect as of the date cf execution of this

37 Agreement.
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Department of Solid Waste

REQUEST FOR PROPOSALS - LANDFILL GAS
15 July 94

The City is soliciting proposals from environmental or energy management
organizations, user industries, turnkey system providers and environmental
engineering firms for the beneficial use of landfill gas (LFG).

BACKGROUND

The City owns and operates a 200+ acre Solid Waste Management Center
(SWMC) which is managed by the Solid Waste Department. The SWMC
contains a recently closed landfill having a footprint of approximately 52 acres.
That landfill, the focus of this RFP, was originally placed on glacial till and is
now capped with materials in compliance with New York's Part 360
regulations.

The cap design includes a membrane and a series of vent structures.
Underneath the membrane is a permeable layer of natural materials which also
contains a series of collection pipes, all linked to two header pipes emerging
from under the cap at opposite points along the landfill's perimeter. A gravity
leachate interception system has also been constructed beneath the perimeter of
the landfill, leading to a single discharge point wherein any flowing condensate
and residual LFG may be intercepted.

The design principle was to allow for conversion from a passive to an active
LFG system by sealing the vents and activating a pumping system at one or
both of the headers.

Initial measurements suggest natural production of approximately 975,000
cubic feet of LFG each day. This was based on a composite of low pressure
measurements at 53 vent stacks. There are six other emission points were not
measured at the time. Qualitative data is attached, as measured on a Landtec
Gem 500. Data and observations suggest that the entire regime is currently
sensitive to ambient air pressure differentials induced by wind.

Other features within the SWMC include:

1) a separate new active landfill with a present 10 acre footprint
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and a loading rate of approximately 34,000 tons per year, which
began operations in Sept. '92,

2) a 4,000 s.f. maintenance building for department vehicles and
equipment, .

3) overhead electric transmission lines with various voltages,

4) underground natural gas (high pressure) pipelines,

5) a 650,000 gallon glass lined steel open top storage tank for
leachate (emergency use only), and

6) an improved roadway system between features.

Planned or contemplated improvements within or immediately adjacent to the
SWMC include:

a) a compost processing area for vegetative waste materials,

b) artificial wetlands for partial or full treatment of landfill
leachate,

c) a major structure for processing recyclable materials, possibly
linked with a privately operated manufacturing enterprise
utilizing recycled materials as feedstock(s), and

d) a new central garage facility within the SWMC for City owned
vehicles.

Adjacent to the SWMC is an industrial park, including a major facility for the
manufacture of air conditioning equipment and several other manufactures.
Approximately 50 acres remain available for development. The Park is
entirely within a NYS Economic Development Zone ("EDZ").

Nearby is a wastewater treatment plant which is owned and operated by the
City (land linked). It contains a sludge incinerator and numerous pumps.

The City's Utilities Department operates two hydroelectric generation plants
(combined 1.2 MW) and has plans for at least one additional plant in the near
future.
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Major intercepting sewer system components are located within contiguous
City-owned rights of way.

RESPONDENTS SHOULD TAKE INTO CONSIDERATION THAT IT IS
THE CITY'S INTENT TO MAXIMIZE THE USE AND BENEFIT OF ALL
AVAILABLE CITY RESOURCES AND INFRASTRUCTURE IN THE
MOST COST-EFFECTIVE MANNER POSSIBLE.

REQUEST FOR PROPOSALS

The City views the LFG at the SWMC as an untapped resource whose
collection system is installed. Primary interest is in LFG utilization with
maximum benefit to the City as a return on the substantial investment made in
the SWMC to data. This benefit may take the form of one or more of the
following:

• simplified sale of the LFG "as is, where is",

• royalties based on LFG utilization by others,

• direct earnings after additional investment in enterprise by the
City, and

• realized savings from avoided costs (to obtain other conventional
fuels).

The City and/or its agents are willing to consider conventional contracts,
"Performance Based" contracts, partnerships, joint ventures, management
agreements, and other appropriate mechanisms respondents may propose.

REQUIRED COMPONENTS OF RESPONSES

1) A basic component of all responsive proposals must be the provision of
sufficient professional engineering services to accurately and
responsibly portray technical issues regarding the complex medium of
landf:Ll1 gas, and do so gracefully within the arena of environmental
regulations as they are administered by the New York State DEC and
the federal EPA. As a minimum, flaring or any alternative backup
methodology is to be included in order to avoid reversion to a passive
venting system except under significant emergency conditions. A
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City, and

• realized savings from avoided costs (to obtain other conventional
fuels).

The City and/or its agents are willing to consider conventional contracts,
"Performance Based" contracts, partnerships, joint ventures, management
agreements, and other appropriate mechanisms respondents may propose.

REQUIRED COMPONENTS OF RESPONSES

1) A basic component of all responsive proposals must be the provision of
sufficient professional engineering services to accurately and
responsibly portray technical issues regarding the complex medium of
landf:Ll1 gas, and do so gracefully within the arena of environmental
regulations as they are administered by the New York State DEC and
the federal EPA. As a minimum, flaring or any alternative backup
methodology is to be included in order to avoid reversion to a passive
venting system except under significant emergency conditions. A
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permanent and adequate LFG monitoring system is to be included in
this component.

2) Additional components should address one or more means by which the
energy represented in combustible gas can be harnessed, either by
direct combustion of LPG or subsequent to refinement. Proposals
incorporating utilization of byproduct gas (from refinement) are
encouraged.

3) Since LFG production is presumed to remain relatively constant
throughout the year, additional components should also address
levelizing consumption or incorporating storage if necessary or
beneficial.

4) Any necessary design or structural adjustments to the existing LPG
collection system must be clearly stated.

5) Proposals incorporating electrical energy distribution beyond a local
regulated system should also address matters relating to wheeling.

6) Respondents are encouraged to incorporated design and
operations procedures adjustments for the currently operating
landfill (also within the SWMC) in order to capitalize on
increasing amounts of LFG being generated therein.

7) Proposals should clearly state the nature of the initial working
relationship between the City and the proposer. It should also state any
proprietary interest the proposer has in other proposed or operating
LFG utilization systems.

8) If proposers include subordinated or collaborative roles by other
organizations, those roles should be clearly stated.

ILLUSTRATIONS OF POTENTIAL RELATIONSHJPS WITH AUBURN

1) As consultant, providing professional engineering or management
services - with the City fully responsible for fiscal implementation with
or without contracted operations services.

2) As turnkey provider of a designed, permitted and constructed facility
with all user/sales agreements in place.

4

permanent and adequate LFG monitoring system is to be included in
this component.

2) Additional components should address one or more means by which the
energy represented in combustible gas can be harnessed, either by
direct combustion of LPG or subsequent to refinement. Proposals
incorporating utilization of byproduct gas (from refinement) are
encouraged.

3) Since LFG production is presumed to remain relatively constant
throughout the year, additional components should also address
levelizing consumption or incorporating storage if necessary or
beneficial.

4) Any necessary design or structural adjustments to the existing LPG
collection system must be clearly stated.

5) Proposals incorporating electrical energy distribution beyond a local
regulated system should also address matters relating to wheeling.

6) Respondents are encouraged to incorporated design and
operations procedures adjustments for the currently operating
landfill (also within the SWMC) in order to capitalize on
increasing amounts of LFG being generated therein.

7) Proposals should clearly state the nature of the initial working
relationship between the City and the proposer. It should also state any
proprietary interest the proposer has in other proposed or operating
LFG utilization systems.

8) If proposers include subordinated or collaborative roles by other
organizations, those roles should be clearly stated.

ILLUSTRATIONS OF POTENTIAL RELATIONSHJPS WITH AUBURN

1) As consultant, providing professional engineering or management
services - with the City fully responsible for fiscal implementation with
or without contracted operations services.

2) As turnkey provider of a designed, permitted and constructed facility
with all user/sales agreements in place.

4



3) As wellhead purchaser of LFG with or without lease/purchase of real
estate within the SWMC and/or industrial park.

4) As equity partner in the development and operation of a LFG system
and/or related enterprise, utilizing subordinated engineering seIvices.

5) As long term contractor for inclusion of LFG as part of more extensive
solid waste management services.

6) As federal/state research and development agency, sharing an equity
role.

Proposers are invited to counsel the City regarding the technical and business
merits of as many LFG utilization options as appear to be practical for the
City to independently or mutually pursue toward the goals of increasing
revenue and/or avoiding costs: and, leveraging this resource as a development
incentive for new enterprises. They may also be direct action proposals.

It is not the intent of this RFP to emphasize the need for further detailed
quantitative or qualitative analysis of LFG presently generated within the
SWMC.

Most aspects of proposals are considered to be public domain. Those aspects
considered to be proprietary should be identified and bound separately,
thereupon they will honored as such. Until such time as formal negotiations
begin with a selected proposer, it is suggested that cost and/or investment
information be stated in ranges. Cost and/or investment information will be
kept confidential during negotiations, but final agreements will be public
domain.

PROPOSAL TIMETABLE

The City is actively pursuing construction projects which may benefit from the
use of LFG. It is also mindful of the value lost while passive ventilation of
LFG takes place. Due to the potential complexity of different proposals, only
a target date of 1 Aug 94 has been established. Following an initial response
of interest (together with any generic qualification information), the City will
schedule a preproposal conference, during which time all available information
regarding the SWMC, the neighboring industrial park, and potentially related
City projects can be reviewed. Field orientation will also be provided.
Potential proposers will be canvassed regarding preparation time before a fmal
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proposal date is established.

TENTATIVE SCHEDULE

RFP available/mailed to prospective respondents

Initial expression of interest to City by

Preproposal conference, incl. site visit

Repeat preproposal conf., as needed

Proposal Submission Date:

15 July 94

27 July 94

wk of 1 Aug 94

3rd wk of August

15 Sept 94

CITY'S PROPOSAL EVALUATION TEAM

The team will consist of the City Manager, the Utilities Director, the
Solid Waste Director, the Corporation Counsel, and a member of the City
Council. The same team will later guide formal agreements to conclusion.

PROPOSAL EVALUATION CRITERIA

Proposals will be evaluated in terms of:

• comprehensiveness 20%

• creativity 10%

• earnings potential for City 50%

• recognition of solid waste priorities 10%

• recognition of environmental concerns 10%
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BRIEF SOLID WASTE HISTORY IN AUBURN

Since it's founding over 200 years ago, the City gradually became involved in
waste disposal, first as provider of various dumps, then as collector. Burning
dumps finally became a thing of the past in the 1950's with the most recent
one being along the edge of North Division S1. - at the entrance to the
SWMC.

Collection services for garbage and trash became more precise as interest grew
in recycling. At about the same time the State regulations were strengthening
with regard to land disposal.

Disposal operations continued on the large site at the extreme Northwest
corner of the City, but now as a sanitary landfill. Burning practices stopped.
A new section of the site was utilized, but liner systems had not yet entered
the regulatory regime. Wastes came in from many areas of Cayuga County,
and even portions of neighboring Onondaga County.

Between the 1950's and 1980's many on Auburn's older structures were
demolished as the economic base shifted away from a wide variety of
manufacturing, which had origins along the waterway running through the
center of the City. Remains of several factories and related structures ended
up in the (common) landfill, which was extended laterally over the relatively
tightly compacted natural ground. The entire site has a complex geologic
history due in part to glacial movements.

As solid waste matters came more into focus, New York's plans and
regulations evolved into some of the most sophisticated in the nation. It
became a common objective to switch away from unlined landfills to lined
ones.

Auburn's 50 acre+ landfill was one slated for closure. The City was destined
by plan to continue providing and disposal capacity for the entire county. A
replacement landfill was built on lands pardy within the City and partly on
lands acquired by the City and later annexed.

New York's regulatory standards for closure of all landfills continued to
strengthen, and Auburn suddenly faced a multi million dollar closure
investment toward the end of the landfill's permitted life. To meet those
costs, the City worked out a Consent Order with the NYSDEC to continue
operating in the then existing landfill, (known as Landfill No.1), while
constructing a new lined Landfill No.2. During this window of opportunity
for raising closure capital, the City allowed importation of large quantities of
waste from distant sources, which was allowable since no lateral expansion of
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the footprint was necessary.

Hence, during the final two years of its operation (ending 15 Sept 92), Landfill
No.1 commonly received up to 2,500 tons of waste per day, up from the
routine amount by a factor of at least 10. All of those wastes were added to
the relatively low and spread out landfill as it had evolved prior to
importation. For that short period of time, the operation was more similar to
those of larger metropolitan systems.

Landfill's NO.1's closure included some regarding, the placement of a more
rational means to intercept remaining leachate, and a circumfrential roadway.
Capping was begun on a North Slope even while filling continued to the
South. The first detailed engineering work was done by C&S Engineers, and
construction was by the Haseley Trucking Co.

After Landfill No.2 opened, waste importation ceased. Tonnage abruptly
returned to more "normal" levels. At that time, the South Slope closure work
was begun with Steams & Whaler providing engineering services and the Tug
Hill Construction company doing the improvements. With winter shutdowns,
it took just under two years to complete closure construction at an overall cost
approaching $10 million. Coordination of side by side engineering and
construction was provided by the Department, with a welcomed role played by
the Regional Office of the NYSDEC.

The City has developed an entrepreneurial approach to fiscal integrity. The
SWMC will continue to playa strong role in providing revenue to the general
fund. This will likely take several forms, as more and more management
strategies are developed particular components of the solid waste stream. The
City considers it prudent to only landfill those materials which cannot be
managed within higher priority methodologies.

The benefit, as such, from large scale recent waste intake is now the natural
production of an energy source. It is the City's objective to harness that
energy to the benefit of the city as a whole, and/or the direct benefit to higher
priority management of those wastes which do not have to be landfilled.

In its present configuration, the SWMC will continue to meet the needs of the
Local Planning Unit (Cayuga County) for decades to come.
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UNITED STATES ENVIFlONMENTAL PFlOTECTION AGENCY

RESEARCH TRIANGLE PAl'll<.. NC 2771 ,

OFFICE OF
AlA QUALITY Pl,ANflfIIllG

AND STANC.uOS

JUL I 199.4

MVOBANDUM

SUBJECT: Pollution Control Projects Review (NSR)
Applicability

FROM:~ s. seitz, Directo
7~ Office of Air Quality P {MD-10)

TO: Director, Air, Pesticides and
Manaqement Division, Regions I and IV

Director, Air and Waste Manaqement Division,
Reqion II

Director, Air, Radiation and Toxics Division,
Reqion III

Director, Air and Radiation Division,
Reqion V

Director, Air, Pest:~ides and Taxies Division,
Reqion VI

Director, Air and Taxies Divisipn,
Reqions VII, VIII, IX and X

This memorandum and attachment address issueS involvinq the
Environmental Protection Aqency's (EPA's) NSR rules and guidance
concerninq the exclusion from major NSR of pollution control
projects at existinq sources. '!'he attachllent provides a full
discussion of the issues and this policy, includinq illustrative
examples.

For several years, EPA has had a policy of excludinq certain
pollution control projects from the NSR requireJlents of partS C
and D of title I of the Clean Air Act (Act) on a case-by-case
basis. In 1992, EPA adopted an explicit pollution control
project exclusion for electric utility qeneratinq units [see
57 FR 32314 (the wWEK\) rulew or the "WEPCO rulemakinqW)]. At
the time, EPA indicated that it would, in a subsequent
rulemakinq, consider adoptinq a fonaal pollution control project
exclusion for other source cateqories [see 57 PR 32332]. . In the
interim, EPA stated that individual pollution control projects
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involving source categories other than utilities could continue
to be excluded from NSR by permitting authorities on a case-by­
case basis [see 57 FR at 32320]. At this time, EPA expects to
complete a rulemaking on a pollution control project exclusion
for other source categories in early 1996. This memorandum and
attachment provide interim quidance for permitting authorities on
the approvability of these projects pending EPA's final action on
a formal regulatory exclusion.

The attachment to this memorandum outlines in greater detail
the type of projects that JUly qualify for a conditional exclusion
from NSR as a pollution control project, the safeguards that are
to be met, and the procedural steps that perai.tting authorities
shoU1.d follow in issuinq an exclusion. Projects that do not aeet
these safeguards and procedural steps do not qualify for an
exclusion froa HSR under this policy. Pollution ccmtrol projects
potentially eligible for aD exclusion (provided all applicable
safequards are lIlet) include the installation of conventional or
innovative emissions control equipaent and projects undertaken to
accoJlDDOdate switcbing to an inherently less-pollutinq fuel, such
as natural gas. Onder this guidance, States 1I&y also exclude as
pollution control projects scme _terial and process changes
(e.g., the switch to a lesspollutinq coating, solvent, or
refrigerant) and some other types of pollution prevention
projects undertaken to reduce emissions of air pollutants subject
to regulation under the Act.

The replacement of an existing eIlissions un!t with a newer
or different one (albeit IlOre efficient and less polluting) or
the reconstruction of an existinq eJlissions unit does not qualify
as a pollution control project. Purthenaore, this guidance only
applies to physical or operational cbanqes whose priJaary function
is the reduction of air pollutants subject to regulation under
the Act at extstine) major sources. 'l'bis policy does not apply to
air pollution contro~s and ea1ssions associatec:l with a proposed
new source. Siailarly, the fabrication, unufacture or
production of pollution contr.ol/prevention equipaent and
inherently less-pollutinq fuels or raw _teriels are not
pollution control projects under this policy (e.g., a physical or
operational change for the purpose of produc1ncJ reformulated
qasoline at a refinery is not a pollution control project).

It is EPA's experience that IlaJlY bona fide pollution control
projects are not subject to _jor HSR requ1reaents for the sillple
reason that they rault in a reduction in annual ea1ssions at the
source. In this way, these polJ.:ution control projects are
outside _jar HSR coverage in accordance with the general rules
for determining applicability of HSR to IlOdificatioDS at existing
sources. However, so_ pollution control projects could result
in significant potential or actual increases of'soae pollutants.
These latter projects comprise the subcategory of pollution
control projects that can benefit from this quicJance.

2

involving source categories other than utilities could continue
to be excluded from NSR by permitting authorities on a case-by­
case basis [see 57 FR at 32320]. At this time, EPA expects to
complete a rulemaking on a pollution control project exclusion
for other source categories in early 1996. This memorandum and
attachment provide interim quidance for permitting authorities on
the approvability of these projects pending EPA's final action on
a formal regulatory exclusion.

The attachment to this memorandum outlines in greater detail
the type of projects that JUly qualify for a conditional exclusion
from NSR as a pollution control project, the safeguards that are
to be met, and the procedural steps that perai.tting authorities
shoU1.d follow in issuinq an exclusion. Projects that do not aeet
these safeguards and procedural steps do not qualify for an
exclusion froa HSR under this policy. Pollution ccmtrol projects
potentially eligible for aD exclusion (provided all applicable
safequards are lIlet) include the installation of conventional or
innovative emissions control equipaent and projects undertaken to
accoJlDDOdate switcbing to an inherently less-pollutinq fuel, such
as natural gas. Onder this guidance, States 1I&y also exclude as
pollution control projects scme _terial and process changes
(e.g., the switch to a lesspollutinq coating, solvent, or
refrigerant) and some other types of pollution prevention
projects undertaken to reduce emissions of air pollutants subject
to regulation under the Act.

The replacement of an existing eIlissions un!t with a newer
or different one (albeit IlOre efficient and less polluting) or
the reconstruction of an existinq eJlissions unit does not qualify
as a pollution control project. Purthenaore, this guidance only
applies to physical or operational cbanqes whose priJaary function
is the reduction of air pollutants subject to regulation under
the Act at extstine) major sources. 'l'bis policy does not apply to
air pollution contro~s and ea1ssions associatec:l with a proposed
new source. Siailarly, the fabrication, unufacture or
production of pollution contr.ol/prevention equipaent and
inherently less-pollutinq fuels or raw _teriels are not
pollution control projects under this policy (e.g., a physical or
operational change for the purpose of produc1ncJ reformulated
qasoline at a refinery is not a pollution control project).

It is EPA's experience that IlaJlY bona fide pollution control
projects are not subject to _jor HSR requ1reaents for the sillple
reason that they rault in a reduction in annual ea1ssions at the
source. In this way, these polJ.:ution control projects are
outside _jar HSR coverage in accordance with the general rules
for determining applicability of HSR to IlOdificatioDS at existing
sources. However, so_ pollution control projects could result
in significant potential or actual increases of'soae pollutants.
These latter projects comprise the subcategory of pollution
control projects that can benefit from this quicJance.



3

A pollution control project must be, on balance,
"environmentally beneficial" to be eligible for an exclusion.
Further, an environmentally-beneficial pollution control project
may be excluded from otherwise applicable major NSR requirements
only under conditions that ensure that the project will not cause
or contribute to a violation of a national ambient air quality
standard (NAAQS), prevention of significant deterioration (PSD)
increment, or adversely affect visibility or other air quality
related value (AQRV). In order to assure that air quality
concerns with these projects are adequately addressed, there are
two sUbstantive and two procedural safequards Which are to be
followed by pendttinq authorities reviewinq projects proposed
for exclusion.

First, the perm!ttinq authority aust determine that the
proposed pollution control project, after consideration of the
reduction in the targeted pollutant and any collateral effects,
will be environmentally beneficial. second, nothinq in this
guidance authorizes any pollution. control project which would
cause or contribute to a vielation of a HMQS, or PSD increJlent,
or adversely illlPact an AQRV in a class I area. Consequently, in
addition to this "environmentally-beneficial" standard, the
permittinq authority JlUSt ensure that adverse collateral
environmental i1llP&cts frcm the project are identified, Ilinimized,
and, where appropriate, JIl1tiqated. For exlUlple, the source or
the state must secure offsettinq reductions in the case of a
project Which will result in a significant increase in a
nonattainment pollutant. Where a significant collateral increase
in actual emissions is expected to result froll a pollution
control project, the Pendttinq authority IlUSt also assess
whether the increase could adversely affect any national ambient
air quality standard, PSD increment, or class I AQRV.

In addition to these substantive safequards, EPA is
specifyinq two procedural safequards Which are to be followed.
First, since the exclusion under this interim quidance is only
available on a case-by-ease basi.s, sources seekinq exclusion from
major NSR require.ents Prior to the forthcomnq EPA rulemaki.nq on
a pollution control project exclusion must, before beqinninq
construction, obtain a determination by the permi.ttinq authority
that a proposed project qualifies for an exclusion fr01l major NSR
requirements as a pollution control project. Second, in
considerinq this request, the pendttinq authority must afford
the public an opportunity to review and COlIDIIeftt on the source's
application for this exclusion. It is also important to note
that any project excluded from major new source review as. a
pollution control project must still comply with all otherwise
applicable requirelllents under the Act and the state
implementation plan (SIP), includinq minor source permitting.
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This guidance document does not supersede existing Federal
or State regulations or approved SIP's. The policies set out in
this memorandum and attachment are intended as guidance to be
applied only prospectively (including those projects_currently
under evaluation for an exclusion) during the interim period
until EPA takes action to revise its NSR rules, and do not
represent final Agency action. This policy statement is not ripe
for judicial review. Moreover, it is not intended, nor can it be
relied upon, to create any rights enforceable by any party in
litigation with the United States. Aqency officials may decide
to follow the guidance provided in this memorandum, or to act at
variance with the guidance, based on an analysis of specific
circwastances. The EPA also may c:banqe this guidance at any time
without public notice. The EPA presently intends to address the
matters discussed in this docmIent in a forthcoming HSR
rulemakiDg reqardiDq proposed cbancJes to the pzogram resulting
from the KSR Reform process and will t:ake ccmaent an these
matters as part of that rulemald.ng.

As noted above, a detailed discussion of the types of
projects potentially eligible for an exclusion from major NSR as
a pollution control project, as well as the safeguards such
projects must meet to qualify for the exclusion, is contained in
the attachment to this meJIlOrandlDl. The Regional Offices should
send this meaorand1Dl with the attacbllent to states within their
jurisdiction. Questions concerning SPeCific issues and cases
should be directed to the appropriate EPA .Reqional Office.
Regional Office staff may contact David SOlO1lon, Chief, New
Source Review section, at (919) 541-5375, if they have any
questions.

Attachment

cc: Air Branch Chief, Regions I-X
NSR Reform subco1IIIlittee Members
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Attachment

GUIDANCE ON EXCLUDING POLLUTION CONTROL PROJECTS
FROM MAJOR NEW SOURCE REVIEW (NSR)

I. Purpose

The Environmental Protection Agency (EPA) presently expects
to complete a rulemaking on an exclusion from major NSR for
pollution control projects by early 1996. In the interim
certain types of projects (involving source categories other than
utilities) may qualify on a case-by-case basis for an exclusion
from major NSR as pollution control projects. Prior to EPA's
final action on a regulatory exclusion, this attac:1uDent provides
interim quidance for permitting authorities on the types of
projects that may qualify on a case-by-case basis from major NSR
as pollution control projects, including the substantive and
procedural safequards which apply.

II. Background

The NSR provisions of part C [prevention of significant
deterioration (PSD)] and part D (nonattainment requirements) of
title I of the Clean Air Act (Act) apply to both the construction
of major new sources and the modification of existing major
sources. l The modification provisions of the NSR programs in
parts C and D are based on the broad definition of modification
in section 111(a) (4) of the Act. That section contemplates a
two-step test for determining whether activities at an existing
major facility constitute a modification subject to new source
requirements. In the first step, the reviewing authority
determines whether a physical or operational change will occur.
In the second step, the question is whether the physical or
operational change will result in any increase in emissions of
any requlated pollutant.

The definition of physical or operational chanqe in
section 111(a) (4) could, standing alone, encompass the most
mundane activities at an industrial facility (even the repair or
replacement of a single leakY piPe, or a insignificant ehanqe in
the way that piPe is utilized). However, EPA has recognized that
Congress did not intend to make every activity at a source
subject to new source requirements under parts C and D. As a
result, EPA has by' requ].ation lilllited the reach of the
modification provisions of parts C and D to only major
modifications. Under NSR, a "major modification" is qenerally a
physical chanqe or change in the method of operation of a major
stationary source which would result in a significant net
emissions increase in the emissions of any requlated pollutant

lIt'he EPA's NSR regulations for nonattainment areas are set
forth at 40 CFR 51.165, 52.24 and part 51, Appendix S. The PSD
program is set forth in 40 CFR 52.21 and" 51.166.
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[see, e.g., 40 CFR 52.21(b) (2) (i)]. A "net emissions increase"
is defined as the increase in "actual emissions" from the
particular physical or operational change together with any other
contemporaneous increases.or decreases in actual emissions [see,
e.g., 40 CFR 52.21(b) (3) (~)]. In order to trigger major new
source review, the net emissions increase must exceed specified
"significance" levels (see, e.g., 40 CFR 52.21(b) (2) (i) and 40
CFR 52.21(b) (23)]. The EPA has also adopted common-sense
exclusions from the "physical or operational change" component of
the definition of "major modification." For example, EPA's
regulations contain exclusions for routine maintenance, repair
and replacement; for certain increases in the hours of operati~n
or in the production rate; and for certain types of fuel switches
[see, e.g., 40 CPR 52.21(b)(2)(iii}].

In the 1992 "WEPCO" rulemaking (57 F.R 32314], EPA amended
its PSD and nonattainJllent NO regulations as they pertain to
utilities by adding certain pollution control projects to the
list of activities excluded from the definition of physical or
operational chanqes. In taki.nq that action, EPA stated it was
largely formalizinq an existinq policy under which it had been
excluding individual pollution control projects where it was
found that the project "would be environmentally beneficial,
taking into account ambient air quality" (57 FR at 32320; see
also ido, n. 15].%

The EPA has provided exclusions for ~llution control
projects in the form of "no action assurances" prior to
November 15, 1990 and nonapplicability determinations based on
Act changes as of November 15, 1990 (1990 Amendments).
Generally, these exclusions addressed clean coal technology
projects and fuel switches at electric utilities.

Because the WEPCO rulemaki.nq was directed at the utility
industry which faced "massive industry-wide undertakinqs of
pollution control projects" to comply With.the acid rain
provisions of the Act [57 FR 32314], EPA liJD.ited the types of
projects eligible for the exclusion to add-on controls and fuel
switches at utilities. Thus, pollution control projects under
the WEPCO rule are defined as:

any activity or project undertaken at an
existing electric utility steam generatinq
unit for purposes of reducing emissions from
such unit. Such activities or projects are
limited to:

~is guidance pertains only to source categories other than
electric utilities, and EPA does not intend for this guidance to
affect the WEPCO rulemaking in any way.
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(A) The installation of conventional or
innovative pollution control technology,
including but not limited to advanced flue
gas desulfurization, sorbent injection for
sulfur dioxide (S02) and nitrogen oxides (-NO,J
controls and electrostatic precipitators;

(B) An activity or project to accommodate
switching to a fuel which is less polluting
than the fuel in use prior to the activity or
project • • •

[40 CFR 51.165(a) (1) (xxv) (emphasis added»).
The definition also includes certain clean coal technology
demonstration projects. Id.

The EPA built two safeguards into the exclusion in the
rulemaking. First, a project that meets the definition of
pollution control project will not qualify for the exclusion
where the "reviewing authority determines that (the proposed
project) renders the unit less environmentally beneficial ••• "
[see, e.g., 51.165(a) (1) (v) ce)(s)]. In the WEPCO rule, EPA did
not provide any specific definition of the environmentally­
beneficial standard, although it did indicate that the pollution
control project provision "provides for a case-by-case assessment
of the pollution control project's net emissions and overall
impact on the environment" [57 FR 32321]. This provision is
bUttressed by a second safequard that directs permitting
authorities to evaluate the air quality impacts of pollution
control projects that could--through collateral emissions
increases or changes in utilization patterns--adversely impact
local air quality [see 57 FR 32322]. This provision generally
authorizes, as appropriate, a permitting authority to require
modelling of emissions increases associated with a pollution
control project. Id. More fundamentally, it explicitly states
that no pollution control project under any circumstances may
cause or contribute to violation of a national ambient air
quality standard (NAAQS), PSD- increment, or air quality related
value (AQRV) in a class I area. Id. l

Jtrhe WEPCO rule refers SPecifically to "visibility
limitation" rather than "air quality related values." However,
EPA clearly stated in the preamble to the final rule that
permitting agencies have the authority to "solicit the views of
others in taking any other appropriate remedial steps deemed
necessary to protect class I areas. • •• The EPA emphasiZes that
all environmental impacts, inclUding those on class I areas, can
be considered. • •• " [57 FR 32322]. Further,·the statutory
protections in section 165(d) plainly are intended to protect
against any "adverse impact on the AQRV of such (class I] lands
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As noted, the WEPCO rulemaking was expressly limited to
existing electric utility steam generating units (see, e.g., 40
CFR 51.165(~) (1) (v) (~)~8~ and 51.165(a)(1)(XX)]. The EPA limited
the rulemak1ng to ut1l1t1es because of the impending acid rain
requirements under title IV of the Act, EPA's extensive
experience with new source applicability issues for electric
uti~iti7s~ the gen7r~1 similar~ty of 7quipment, and the pUblic
~va1lab1l1ty ~f ut1l1ty.operat1ng proJections. The EPA indicated
1t would cons1der adopt1nga formal NSR pollution control project
exclusion for other source categories as part of a separate NSR
rulemaking. '!'he rulemaking in question is now expected to be
finalized by early 1996. On the other hand, the WEPCO rulemakinq
also noted that EPA's existing policy was, and would continue to
be, to allow permitting authorities to exclude pollution control
projects in other source categories on a case-by-case basis.

III. case-By-ease Pollution COntrol Project Determinations

The following sections describe the type of projects that
m.ay be considered by permitting authorities for exclusion from
major NSR as pollution control projects and two safeguards that
permitting authorities are to use in evaluating such projects-­
the environmentally-beneficial test and an air quality impact
assessment. To a large extent, these requirements are drawn from
the WEPCO rulemaking. However, because the WEPCO rule was
designed for a single source category, electric utilities, it
cannot and does not serve as a complete template for this
guidance. Therefore, the following descriptions expand upon the
WEPCO rule in the scope of qualifying projects and in the
specific elements inherent in the safeguards. These changes
reflect the far more complicated task of evaluating pollution
control projects at a wide variety of sources facing a myriad of
Federal, State, and local clean air requirements.

Since the safeguards are an integral component of the
exclusion, states must have the authority to impose the
safeguardS in approving an exclusion from major NSR under this
policy. Thus, state or local permitting authorities in order to
use this policy should provide statements to EPA describing and
affirming the basis for its authority to impose these safeguards
absent major NSR. Sources that obtain exclusions from permitting
authorities that have not provided this affirmation of authority
are at risk in seeking to rely on the exclusion issued by the

(including visibility)." Based on this statutory provision, EPA
believes that the proper focus of any air quality assessment for
a pollution control project should be on visibility and any other
relevant AQRV's for any class I areas that may be affected by the
proposed project. Permitting authorities should. notify Federal
Land Managers where appropriate concerning pollution control
projects which may adversely affect AQRV's in class I areas.
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permitting agency, because EPA may subsequently determine that
the project does not qualify as a pollution control project under
this policy.

A. Types of Projects Covered

1. Add-On Controls and Fuel Switches

In the WEPCO rulemaking, EPA found that both add-on
emissions control projects and fuel switches to less-polluting
fuels could be considered to be pollution control projects. For
the purposes of today's guidance, EPA affirms that these types of
projects are appropriate candidates for a case-by-case exclusion
as well. These types of projects inclUde:

- the installation of conventional and advanced flue gels
desulfurization and sorbent injection for S~;

electrostatic precipitators. baghouses, high efficiency
multiclones, and scrubbers' ~~r particulate or other
pollutants;

flue gas recirculation, low-NOli: burners, selective non­
catalytic reduction and selective catalytic reduction for
HOlt; and

reqenerative thermal oxidizers (RTO), catalytic
oxidizers, condensers, thermal incinerators, flares and
carbon adsorbers for volatile organic compounds (VOC)
and toxic air pollutants.

projects undertaken to accommodate switching to an
inherently less-polluting fuel such as natural gas can also
qualify for the exclusion. Any activity that is necessary to
accommodate switching to a inherently less-polluting fuel is
considered to be part of the pollution control project. In some
instances, where the emissions unit's capability would otherwise
be impaired as a result of the fuel switch, this may involve
certain necessary changes to the pollution qeneratinq equiPment
(e.q., boiler) in order to maintain the normal operatinq
capability of the unit at the time of the project.

2. Pollution Prevention projects

It is EPA's policy to promote pollution prevention
approaches and to remove requlatory barriers to sources se~inq

to develop and implement pollution prevention solutions to the
extent allowed under the Act. For this reason, permittinq
authorities may also apply this exclusion to switches to
inherently less-pollutinq raw materials and processes and certain

5

permitting agency, because EPA may subsequently determine that
the project does not qualify as a pollution control project under
this policy.

A. Types of Projects Covered

1. Add-On Controls and Fuel Switches

In the WEPCO rulemaking, EPA found that both add-on
emissions control projects and fuel switches to less-polluting
fuels could be considered to be pollution control projects. For
the purposes of today's guidance, EPA affirms that these types of
projects are appropriate candidates for a case-by-case exclusion
as well. These types of projects inclUde:

- the installation of conventional and advanced flue gels
desulfurization and sorbent injection for S~;

electrostatic precipitators. baghouses, high efficiency
multiclones, and scrubbers' ~~r particulate or other
pollutants;

flue gas recirculation, low-NOli: burners, selective non­
catalytic reduction and selective catalytic reduction for
HOlt; and

reqenerative thermal oxidizers (RTO), catalytic
oxidizers, condensers, thermal incinerators, flares and
carbon adsorbers for volatile organic compounds (VOC)
and toxic air pollutants.

projects undertaken to accommodate switching to an
inherently less-polluting fuel such as natural gas can also
qualify for the exclusion. Any activity that is necessary to
accommodate switching to a inherently less-polluting fuel is
considered to be part of the pollution control project. In some
instances, where the emissions unit's capability would otherwise
be impaired as a result of the fuel switch, this may involve
certain necessary changes to the pollution qeneratinq equiPment
(e.q., boiler) in order to maintain the normal operatinq
capability of the unit at the time of the project.

2. Pollution Prevention projects

It is EPA's policy to promote pollution prevention
approaches and to remove requlatory barriers to sources se~inq

to develop and implement pollution prevention solutions to the
extent allowed under the Act. For this reason, permittinq
authorities may also apply this exclusion to switches to
inherently less-pollutinq raw materials and processes and certain



6

other types of "pollution prevention" projects.· For instance
many voe users will be making switches to water-based or powd~r­
paint application systems as a strategy f~r m7etinq reasonably
available control technology (RACT) or sw~tch~ng to a non-toxic
voe to comply with maximum achievable control technology (MACT)
requirements.

AccC?rdingly, w::'der today's ~idance,.permittingauthorities
may cons~der exclud~nq raw mater~al subst~tutions, process
changes and other pollution prevention strateqies where the
pollution control aspects of the project are clearly evident and
will result in substantial emis~ions reductions per unit of
output for one or more pollutants. In jUdging whether a
pollution prevention project can be considered for exclusion as a
pollution control project, permitting- authorities may also
consider as a relevant factor whether a project is being
undertaken to bring a source into compliance with a MACT, RACT,
or other Act requirement.

Althouqh EPA is supportive of pollution control and
prevention projects and strateqies, special care must be taken in
classifyinq a project "as a pollution control project and in
evaluating a project under a pollution control project exclusion.
virtually every modernization or upgrade project at an existing
industrial facility which reduces inputs and lowers unit costs
has the concurrent effect of lowering an emissions rate per unit
of fuel, raw material or output. Nevertbe.less, it is clear that
these major capital investments in industrial equipment are the
very types of projects that Congress intended to address in the
new source modification provisions [see Wisconsin Electric Power
Co. v. Reilly, 893 F.2d 901, 907-10 (7th Cir. 1990) (rejecting
contention that utility life extension project was not a physical
or operational change); Puerto Rican cement Co. , Inc. v. EPA, 889
F.2d 292, 296-98 (1st eir. 1989) (NSR applies to modernization
project that decreases emissions per unit of output, but
increases economic efficiency such that utilization may increase
and result in net increase in actual emissions)]. Likewise, the
replacement of an existinq emissions unit with a newer or
different one (albeit more efficient and less pollutinq) or the

·For purposes of this guidance, pollution prevention means
any activity that through process chanqes, product reformulation
or redesign, or substitution of less polluting raw materials,
eliminates or reduces the release of air pollutants and other
pollutants to the environment (includinq fugitive emissions)
prior to recycling, treatment, or disposal; it does not mean
recycling (other than certain "in-process recycling" practices),
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also "EPA Definition of 'Pollution Prevention,'" memorandum from
F. Henry Habicht II, Kay 28, 1992].
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reconstruction of an existing emissions unit would not qualify as
a pollution control project. Adopting a policy that
automa~ically exclu~es fr~m NSR any project that, while lowering
oP7rat~ng.co7ts or ~mprov~ng ~erformance, coincidentally lowers a
un~t's em~ss~ons rate, would ~properly exclude almost all
modifications to existing emissions units, including those that
are likely to increase utilization and therefore result in
overall higher levels of emissions.

In order to limit this exclusion to the subset of pollution
prevention projects that will in fact lower annual emissions at a
source, permitting authorities should not exclude as pollution
control projects any pollution prevention project that, can be
reasonably expected to result in an increase in the utilization
of the affected emissions unit(s). For example, projects Which
significantly increase capacity, decrease production costs, or
improve prodUct marketability can be expected to affect
utilization patterns. With these chanqes, the environment Ilay or
may not see a reduction in overall source emissions; it depends
on the source's operations after the chanqe, which cannot be
predicted with any certainty.s This is not to say that these
types of projects are necessarily subject to major NSR
requirements, only that they should not be excluded as pollution
control projects under this guidance. The EPA may consider
different approaches to excluding pollution prevention projects
from major NSR requirements in the upcoming NSR rulemaking.
Under this guidance, however, permitting authorities should
carefully review proposed pollution prevention projects to
evaluate whether utilization of the source will increase as a
result of the project.

Furthermore, permitting authorities shOUld have the
authority to monitor utilization of an affected emissions unit or
source for a reasonable period of time subsequent to the project
to verify what effect, if any, the project has on utilization.
In cases where the project has clearly caused an increase in
utilization, the permitting authority may need to reevaluate the
basis for the original exclusion to verify that an exclusion is
still appropriate and to ensure that all applicable safeguards
are being met.

~s is in marked contrast to the addition of pollution
control equipment which typically does not, in EPA's experience,
result in any increase in the source's utilization of the
emission unit in question. In the few instances where this
presumption is not true, the safeguards discussed in the next
section should provide adequate environmental protections for
these additions of pollution control equipment.
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B. Safequards

The following safequards are necessary to assure that
projects being considered for an exclusion qualify as
environmentally beneficial pollution control projects and do not
have air quality impacts which would preclude the exclusion.
Consequently, a project that does not meet these safeguards does
not qualify for an exclusion under this policy.

1. Environmentally-Beneficial Test

Projects that meet the definition of a pollution control
project outlined above may nonetheless cause collateral emissions
increases or have other ac:lverse impacts. For instance, a large
VOC incinerator, while substantially eliminating VOC emissions,
may generate sizeable NOz eai.ssioDS well in excess of
significance levels. To protect aqai.Dst these sorts of problems,
EPA in the WEPCO rule provided for an assessment of the overall
environmental impact of a project and the specific impact, if
any, on air quality. The EPA believes that this safeguard is
appropriate in this policy as well.

Unless information regarding a specific case indicates
otherwise, the types of pollution control projects listed in
III. A. 1. above can be presumed, by their nature, to be
environmentally beneficial. This presumption arises from EPA's
experience that historically these are the very types of
pollution controls applied to new and modified emissions units.
The presumption does not apply, however, where there is reason to
believe that 1) the controls will not be designed, operated or
maintained in a manner consistent with standard and reasonable
practices; or 2) collateral emissions increases bave not been
adequately addressed as discussed below.

In making a determination as to whether a project is
environmentally beneficial, the permitting authority 1IlUst
consider the types and quantity of air pollutants emitted before
and after the project, as well as other relevant environmental
factors. While because of the case-by-case nature of projects
it is not possible to list all factors which should be considered
in any particular case, several concerns can be noted.

First, pollution control projects which result in an
increase in non-targeted pollutants should be reviewed to
determine that ·the collateral increase has been minimized and
will not result in environmental harm. Minimization here. does
not mean that the permitting aqency should conduct a BACT-type
review or necessarily prescribe add-on control equiPment to
treat the collateral increase. Rather, minimization means that,
within the physical confiquration and operational standards
usually associated with such a control device or strateqy, the
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source has taken reasonable measures to keep any collateral
increase to a minimum. For instance, the permitting authority
could require that a loW-NOx burner project be sUbject to
temperature and other appropriate combustion standards so that
carbon monoxide (CO) emissions are kept to a minimum~ but would
not review the project for a CO catalyst or other add-on type
options. In addition, a State's RACT or MACT rule may have
explicitly considered measures for minimizing a collateral
increase for a class or cateqory of pollution control projects
and requires a standard of best practices to minimize such
collateral increases. In such cases, the need to minimize
collateral increase from the covered class or cateqory of
pollution control projects can be presumed to have been
adequately addressed in the rule.

In addition, a project which would result in an unacceptable
increased risk due to the release of air toxics should not be
considered environmentally beneficial. It is EPA's experience,
however, that most projects undertaken to reduce emissions,
~specially add-on controls and fuel switChes, result in
concurrent reductions in air toxics. The EPA expects that many
pollution control projects seekinq an exclusion under this
quidance will be for the purpose of complyinq with KACT
requirements for reductions in air toxies. Consequently, unless
there is reason to believe otherwise, permittinq aqencies may
presume that such projects by their nature will result in reduced
risks from air toxics.

2. Additional Air Quality Impacts Assessments

(a) General

Nothinq in the Act or EPA's implementinq requlations would
allow a permittinq authority to approve a pollution control
project resultinq in an emissions increase that would cause or
contribute to a violation of a NAAQS or PSD increment, or
adversely impact visibility or other AQRV in a class I area [see,
e.q., Act sections 110(a) (2) (C), 165, 169A(b), 173].
Accordinqly, this quidance is not intended to allow any project
to violate any of these air quality standards.

As discussed above, it is possible that a pollution control
project--either tbrouqh an increase in an emissions rate of a
collateral pollutant or throuqh a chanqe in utilization--will
cause an increase in actual emissions, which in turn could cause
or contribute to a violation of a NAAQS or increment or
adversely impact AQRV's. For this reason, in the WEPCO rule the
EPA required sources to address whenever 1) the proposed chanqe
would result in a siqnificant net increase in actual emissions of
any criteria pollutant over levels used for that source in the
most recent air quality impact analysis; and 2) the permittinq
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authority has reason to believe that such an increase would cause
or contribute to a violation of a NAAQS, increment or visibility
limitation. If an air quality impact analysis indicates that the
increase in emissions will cause or contribute to a violation of
any ambient standard, PSD increment, or 'AQRV, the pollution
control exclusion does not apply.

The EPA believes that this safeguard needs to be applied
here as well. Thus, where a pollution control project will
result in a significant increase in emissions and that increased
level has not been previously analyzed for its air quality impact
and raises the possibility of a NAAQS, increment, or AQRV
violation, the permitting authority is to require the source to
provide an air quality analysis sUfficient to demonstrate the
impact of the project. The EPA will not necessarily require that
the increase be modeled, but the source must provide sufficient
data to satisfy the permittinq authority that the new levels of
emissions will not cause a NAAQS or increment violati,on and will
not adversely impact the AQRV's of nearby potentially affected
class I areas. .

In the case of nonattainment areas, the state or the source
must provide offsetting emissions reductions for any significant
increase in a nonattainment pollutant from the pollution control
project. In other words, if a siqnificant collateral increase of
a nonattainment pollutant resulting from a pollution control
project is not offset on at least a one-t~-one ratio then the
pollution control project would not qualify as environmentally
beneficial.' However, rather than having to apply offsets on a
case-by-case basis, States may consider adopting (as part of
their attainment plans) specific control measures ~r strategies
for the purpose of generating offsets to mitigate the projected
collateral emissions increases from a class or category of
pollution control projects.

(b) Determination of Increase in Emissions

The question of whether a proposed project will result in an
emissions increase over pre-modification levels of actual
emissions is both complicated and contentious. It is a question
that has been debated by the New Source Review Reform
Subcommittee of the Clean Air Act Advisory Co1llJllittee and is
expected. to be revisited by EPA in the same upcoming rulemaking
that will consider adopting a pollution control project
exclusion. In the interim, EPA is adopting a simplified approach

'Regardless of the severity of the classification of the
nonattainment area, a one-to-one offset ratio will be considered
Sufficient under this policy to mitigate a collateral increase
from a pollution control project. states may, however, require
offset ratios that are greater than one-to-one.
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to determining whether a pollution control project will result in
increased emissions.

The approach in this policy is premised on the fact that EPA
does not expect the vast majority of these pollution control
projects to change established utilization patterns at the
source. As discussed in the previous section, it is EPA'S
experience that add-on controls do not impact utilization, and
pollution prevention projects that could increase utilization may
not be excluded under this guidance. Therefore, in most cases it
will be very easy to calculate the emissions after the change:
the product of the new emissions rate times the existing
utilization rate. In the case of a pollution control project
that collaterally increases a non-targeted pollutant, the actual
increase (calculatecl usinq the new emissions rate ancl current
utilization pattern) would need to be analyzecl to cletermine its
air quality impact.

The permitting authority may presume that projects meeting
the definition outlined in section III (A) (1.) will not change
utilization patterns. However, the permitting authority is to
reject this presumption wbere there is reason to believe that the
project will result in debottlenecking, loadshifting to take
advantage of the control equipment, or other meaningfUl increase
in the use of the unit above current levels. Where the project
will increase utilization and emissions, the associated emissions
increases are calculated based on the post-modification potential
to emit of the unit considering the application of the proposecl
controls. In such cases the permitting agency should consider
the projected increase in emissions as collateral to the project
and determine wbether I notwithstandinq the emissions increases,
the project is still environmentally beneficial and meets all
applicable safeguards.

In certain limited circumstances, a permittinq agency may
take action to impose federally-enforceable limits on the
maqnitude of a projected collateral emissions increase to ensure
that all safeguards are met. . For example, where the clata used to
assess a projected collateral emissions increase is questionable
and there is reason to believe that emissions in excess of the
projected increase would violate an applicable air quality
standard or siqnificantly exceed the quantity of offsets
provided, restrictions on the magnitude of the collateral
increase may be necessary to ensure compliance with the
applicable safeguards.

IV. Procedural Safequards

Because EPA bas not yet promulqated regulations qoverning a
generally applicable pollution control project 'exclusion from
major NSR (other than for electric utilities), permitting
authorities must consider and approve requests for an exclusion
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on a case-by-case basis, a~d the exclusion is not self-executing.
Instead, sources must rece~ve case-by-case approval from the
permitting authority pursuant to a minor NSR permitting process
state nonapplicability determination or similar process. '
[Not~inq in ~his quidance voids or c~eates ~n exclusion from any
appl~cable m~nor source preconstruct~on rev~ew requirement in any
SIP that has been appro~ed pursuant to section 110(a) (2) (C) and
40 CFR 51.160-164.] Th1S process should also provide that the
application for the exclusion and the permittinq agency's
proposed decision thereon be sUbject to public notice and the
opportunity for public and EPA written comment. In those limited
cases where the applicable SIP already exempts a class or
cateqory of pollution controls project from the mino~ source
Permitting puDlic notice and comment requirements, and where no
collateral increases are expected (e.g., the installation of a
baqhouse) and all otherwise applicable environmental safeguards
are complied with, public notice and c01IIJIlent need not be provided
for such projects. However, even in such circumstances, the
Permitting agency should provide advance notice to EPA when it
applies this policy to provide an exclusion. For standard-wide.
applications to groups of sources (e.g., RACT or MACT), the
notice may be provided to EPA at the time the permitting
authority intends to issue a pollution control exclusion for the
class or category of sources and thereafter notice need not be
qiven to EPA on an individual basis for sources within the
noticed group.

V. Emission Reduction Credits

In general, certain pollution control projects which have
been approved for an exclusion from major NSR may~ result in
emission reductions which can serve as NSR offsets or netting
credits. Allor part of the emission reductions equal to the
difference between the pre-modification actual and post­
modification potential emissions for the decreased pollutant may
serve as credits provided that 1) the project will not result in
a significant collateral increase in actual emissions of any
criteria pollutant, 2) the project is still considered
environmentally beneficial, and J) all otherwise applicable
criteria for the cre<litinq of such reductions are met (e.q.,
quantifiable, surplus, permanent, and enforceable).· Where an
excluded pollution control project results in a significant
collateral increase of a criteria pollutant, emissions reduction
credits from the pollution control project for the controlled
pollutant may still be qrante<l provided, in addition to 2) and 3)
above, the actual collateral increase is reduced below the
applicable significance level, either through contemporaneous
reductions at the source or external offsets. However, neither
the exclusion from major NSR nor any credit (fUll or partial) for
emission reductions sbould be granted by the permittinq authority
where the type or amount of the emissions increase which would
result from the use of such credits would lessen the

12

on a case-by-case basis, a~d the exclusion is not self-executing.
Instead, sources must rece~ve case-by-case approval from the
permitting authority pursuant to a minor NSR permitting process
state nonapplicability determination or similar process. '
[Not~inq in ~his quidance voids or c~eates ~n exclusion from any
appl~cable m~nor source preconstruct~on rev~ew requirement in any
SIP that has been appro~ed pursuant to section 110(a) (2) (C) and
40 CFR 51.160-164.] Th1S process should also provide that the
application for the exclusion and the permittinq agency's
proposed decision thereon be sUbject to public notice and the
opportunity for public and EPA written comment. In those limited
cases where the applicable SIP already exempts a class or
cateqory of pollution controls project from the mino~ source
Permitting puDlic notice and comment requirements, and where no
collateral increases are expected (e.g., the installation of a
baqhouse) and all otherwise applicable environmental safeguards
are complied with, public notice and c01IIJIlent need not be provided
for such projects. However, even in such circumstances, the
Permitting agency should provide advance notice to EPA when it
applies this policy to provide an exclusion. For standard-wide.
applications to groups of sources (e.g., RACT or MACT), the
notice may be provided to EPA at the time the permitting
authority intends to issue a pollution control exclusion for the
class or category of sources and thereafter notice need not be
qiven to EPA on an individual basis for sources within the
noticed group.

V. Emission Reduction Credits

In general, certain pollution control projects which have
been approved for an exclusion from major NSR may~ result in
emission reductions which can serve as NSR offsets or netting
credits. Allor part of the emission reductions equal to the
difference between the pre-modification actual and post­
modification potential emissions for the decreased pollutant may
serve as credits provided that 1) the project will not result in
a significant collateral increase in actual emissions of any
criteria pollutant, 2) the project is still considered
environmentally beneficial, and J) all otherwise applicable
criteria for the cre<litinq of such reductions are met (e.q.,
quantifiable, surplus, permanent, and enforceable).· Where an
excluded pollution control project results in a significant
collateral increase of a criteria pollutant, emissions reduction
credits from the pollution control project for the controlled
pollutant may still be qrante<l provided, in addition to 2) and 3)
above, the actual collateral increase is reduced below the
applicable significance level, either through contemporaneous
reductions at the source or external offsets. However, neither
the exclusion from major NSR nor any credit (fUll or partial) for
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where the type or amount of the emissions increase which would
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environmental benefit associated with the polluti n control
project to the point where the project would not h?ve initially
qualified for an exclusion.

IV. Illustrative Examples

The following examples illustrate some of the guiding
principles and safeguards discussed above in reviewing proposed
pollution control projects for an exclusion from major NSR.

Example 1

PROJECT DESCRIPTION: A chemical manufacturing facility in
an attainment area for all pollutants is proposinq to install a
RTO to reduce vee emissions (including ·emissions of some
hazardous pollutants) at the plant by about 3000 tons per year
(tpy). The emissions reductions froll the RTO are currently
voluntary, but may be necessary in the future for title III MAC'!'
compliance. Although the RTO has been designed to minimize NOx
emissions, it will produce 200 tpy of new NOx emissions due to
the unique composition of the emissions stream. There is no
information about the project to rebut a presumption that the
project will not chanqe utilization of the source. Aside from
the NOx increase there are no other environmental impacts known
to be associated with the project.

EVALUATION: As a qualifying add-on control device, the
project may be considered a pollution control project and may be
considered for an exclusion. The permittinq aqency should:
1) verify that the NOx increase has been minimized to the extent
practicable, 2) confirm (through madelinq or other appropriate
means) that the actual siqnificant increase in NOx emissions does
not violate the applicable NAAQS,7 PSD increment, or adversely
impact any Class I area AQRV, and 3) apply all otherwise
applicable SIP and minor source permittinq requirements,
includinq opportunity for public notice and comment .

.
Example 2

PROJECT DESCRIPTION: A source proposes to replace an
existing coal-fired boiler with a qas-fired turbine as part of a
coqeneration project. The new turbine is an exact replacement
for the energy needs supplied by the existing boiler and will
emit less of each pollutant on an hourly basis than the boiler
did.

7If the source were located in an area in which
nonattainment NSR applied to NOx emissions increases, 200
tons of NOx offset creditS would be required for the project
to be eligible for an exclusion.
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. EVALUATI?N: The.replacemen~ ~f an existing emissions unit
w1th a n7w un1t (albe~t m~re eff1c1ent and less polluting) does
not qual~fy for an exclus10n as a pollution control project. The
company can, however, use any otherwise applicable netting
credits from the removal of the existing boiler to seek to net
the new unit out of major NSR.

Example 3

PROJECT DESCRIPTION: A source plans to physically renovate
and upgrade an existing process line by making certain changes to
the existing process, including extensive modifications to
emissions units. Following the changes, the source wUl expand
production and manufacture and market a new product line. The
project will cause an increase in the economic efficiency of the
line. The renovated line will also be less polluting on a per_
product basis than the original configuration.

EVALUATION: The change is not eligible for an exclusion as
a pollution control project. On balance, the project does not
have clearly evident pollution control aspects, and the resultant
decrease in the per-product emissions rate (or factor) is
incidental to the project. The project is a physical change or
change in the method of operation that will increase efficiency
and productivity.

Example 4

PROJECT DESCRIPTION: In response to the phaseout of
chlorofluorocarbons (CFC) under title VI of the Act, a major
source is proposing to substitute a less ozone-depletinq
substance (e.g., HCFC-14lb) for one it currently uses that has a
greater ozone depleting potential (e.g., CFC-ll). A larger
amount of.the less-ozone depleting substance will have to be
used. No other changes are proposed.

EVALUATION: The project may be considered a pollution
control project and may be considered for an exClusion. The
permittinq agency should verify that 1) actual annual emissions
of HCFC-141b after the proposed switch will ca~e less
stratospheric ozone depletion than current annual emissions of
CFC-11; 2) the proposed switch will not change utilization
patterns or increase emissions of any other pollutant which would.
impact a NAAQS, PSD increment, or AQRV and will not cause any
cross-media harm, inclUding any unacceptable increased risk
associated with toxic air pollutants; and 3) apply all otherwise
applicable SIP and minor source permitting requirements,
includ.ing opportunity for public notice and comment.
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Example 5

PROJECT DESCRIPTION: An existing landfill proposes to
install either flares or energy recovery equipment [i.e.,
turbines or internal combustion (IC) engines]. The reductions
from the project are estimated at over 1000 tpy of VOC and are
currently not necessary to meet Act requirements, but may be
necessary some time in the future. In case A the project is t~e

replacement of an existing flare or energy system and no increase
in NOx emissions will occur. In case B, the equipment is a first
time installation and will result in a 100 tpy increase in NO .
In case C, the equipment is an addition to existing equipment

X

which will accommodate additional landfill gas (resulting from
increased gas generation and/or capture consistent with the
current permitted limits for growth at the landfill) and will
result in a 50 tpy increase in N0lt •

EVALUATION: Projects A, S, and C may be considered
pollution control projects and may be considered for an
exclusion; however, in cases Band C, if the landfill is located
in an area required to satisfy nonattainment NSR for NOx
emissions, the source would be required to obtain NOx offsets at
a ratio of at least 1:1 for the project to be considered for an
exclusion. [NOTE: VOC-NOx netting and trading for NSR purposes
may be discussed in the upcoming NSR rulemaking, but it is beyond
the scope of this guidance.] Although neither turbines or Ie
engines are listed in section III.A.1 as add-on control devices
and would normally not be considered pollution control projects,
in this specific application they serve the same function as a
flare, namely to reduce voc emissions at the landfill with the
added incidental benefit of producing useful energy in the
process.'

The permitting agency should: 1) verify that the NOx
increase has been minimized to the extent practicable; 2) confirm
(through modeling or other appropriate means) that the actual
significant increase in NOx emissions will not violate the

~e production of energy here is incidental to the project
and is not a factor in qualifying the project for an exclusion as
a pollution control project. In addition, any supplemental or
co-firing of non-landfill gas fuels (e.g., natural gas, oil)
would disqualify the project from being considered a pollution
control project. The fuels would be used to maximize any
economic benefit from the project and not for the purpose of
pollution control at the landfill. However, the use of an
alternative fuel solely as.a" backup fuel to be used only during
brief and infrequent start-up or emergency situations would not
necessarily disqualify an energy recovery project from being
considered a pollution control project.
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applicable NAAQS, PSD increment, or adversely impact any AQRViand 3) apply all otherwise applicable SIP and minor source and,as noted above, in cases Band C ensures that NOz offsets areprovided in an area in which nonattainment review applies to NO
zemissions increases. permitting requirements, includingopportunity for pUblic notice and comment.
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Areas Designated Nonattainment for Ozone

Classification
• Extreme & Severe

• Serious

• Moderate
111 Marginal

Note: Unclasslfled areas are not shown.Designated NonaUalnment Areas as of September 1994-----------------------,--------'
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Table 1. Ozone NonaUalnment Areas· Air Quality Update, 1991-93

State Nonattainment Area Name
Clean Air Act
Classi fica tiOR

1991-93 Update
A. Q • Average

Value Est. Exc.

1993
2nd Daily
Max I-hr

1993
Estimated
I!:xceedances

AL
AZ
CA
CA
CA
CA
CA
CA
CA
CA
CA
CT
DC-MD-VA
DE
FL
FL
GA
IL-IN
IL
IN
IN
IN
KY
KY-WV
KY
KY-IN
KY
KY
LA
LA
MA-NH
MA
MD
MD
ME
ME
ME
ME
MI

Birmingham NA Area
Phoenix
Los Angeles South coast Air Basin
Monterey Bay Unified NA Area
Sacramento Metro NA Area
San Diego NA Area
San Francisco-Bay NA Area
San Joaquin Valley NA Area
Santa Barbara-Santa Maria-Lompoc
Southeast Desert Modified AQMD
Ventura Co NA Area
Greater Connecticut NA Area
Washington NA Area
Sussex Co NA Area
Miami-Fort Lauderdale-W. Palm Beach
Tampa-St. Petersburg-Clearwater
Atlanta NA Area
Chicago-Gary-Lake county NA Area
Jersey Co NA Area
Evansville NA Area
Indianapolis NA Area
South Bend-Elkhart NA Area
Edmonson Co NA Area
Huntington-Ashland NA Area
Lexington-Fayette NA Area
Louisville NA Area
Owensboro NA Area
Paducah NA Area
Baton Rouge NA Area
Lake Charles NA Area
Boston-Lawrence-Worcester NA Area
Springfield (W. Mass) NA Area
Baltimore NA Area
Kent County and Queen Anne's County
Hancock Co and Waldo Co NA Area
Knox Co and Lincoln Co NA Area
Lewiston - Auburn NA Area
Portland NA Area
Detroit-Ann Arbor NA Area

Marginal
Moderate
Extreme
Moderate
Serious
Severe 15
Moderate
Serious
Moderate
Severe 17
Severe 15
Serious
serious
Marginal
Moderate
Marginal
Serious
Severe 17
Marginal
Marginal
Marginal
Marginal
Marginal
Moderate
Marginal
Moderate
Marginal
Marginal
Serious
Marginal
serious
Serious
Severe 15
Marginal
Marginal
Moderate
Moderate
Moderate
Moderate

0.124
0.147
0.300
0.108
0.150
0.150
0.120
0.159
0.123
0.200
0.150
0.158
0.137
0.118
0.106
0.110
0.149
0.145
0.112
0.110
0.104
0.103
0.091
0.122
0.100
0.130
0.104
0.106
0.135
0.132
0.137
0.141
0.150
0.133
0.112
0.134
0.106
0.147
0.122

0.7
4.0 (#4)

104.3
0.4
9.7

11.8
0.7

18.9
1.0

59.3
15.9
7.5
1.4
1.0
0.0
0.0
4.2
4.7 (/5)
0.7
0.0
0.0
0.0
0.0
1.0
0.0
2.2
0.0
0.0
1.8
1.3 (#6)
3.1
4.6
4.8
2.8
1.3 (#7)
2.3
0.3

11.8
1.0

0.125
0.126
0.250
0.104
0.150
0.159
0.130
0.159
0.114
0.180
0.144
0.153
0.132
0.115
0.122
0.100
0.162
0.125
0.127
0.110
0.104
0.096
0.092
0.122
0.103
0.140
0.106
0"112
0.127
0.108
0.155
0.133
0.146
0.128
0.094
0.122
0.096
0.125
0.122

2.0
2.0

97.6
0.0
3.6
4.0
2.0

27.5
0.0

72.6
9.0
6.0
3.1
0.0
1.0
0.0
4.3
2.4
2.0
0.0
0.0
0.0
0.0
1.0
0.0
2.0
0.0
0.0
3.0
0.0
4.0
6.2
6.2
2.0
0.0
1.2
0.0
),8
1.0

Table 1. Ozone NonaUalnment Areas· Air Quality Update, 1991-93

State Nonattainment Area Name
Clean Air Act
Classi fica tiOR

1991-93 Update
A. Q • Average

Value Est. Exc.

1993
2nd Daily
Max I-hr

1993
Estimated
I!:xceedances

AL
AZ
CA
CA
CA
CA
CA
CA
CA
CA
CA
CT
DC-MD-VA
DE
FL
FL
GA
IL-IN
IL
IN
IN
IN
KY
KY-WV
KY
KY-IN
KY
KY
LA
LA
MA-NH
MA
MD
MD
ME
ME
ME
ME
MI

Birmingham NA Area
Phoenix
Los Angeles South coast Air Basin
Monterey Bay Unified NA Area
Sacramento Metro NA Area
San Diego NA Area
San Francisco-Bay NA Area
San Joaquin Valley NA Area
Santa Barbara-Santa Maria-Lompoc
Southeast Desert Modified AQMD
Ventura Co NA Area
Greater Connecticut NA Area
Washington NA Area
Sussex Co NA Area
Miami-Fort Lauderdale-W. Palm Beach
Tampa-St. Petersburg-Clearwater
Atlanta NA Area
Chicago-Gary-Lake county NA Area
Jersey Co NA Area
Evansville NA Area
Indianapolis NA Area
South Bend-Elkhart NA Area
Edmonson Co NA Area
Huntington-Ashland NA Area
Lexington-Fayette NA Area
Louisville NA Area
Owensboro NA Area
Paducah NA Area
Baton Rouge NA Area
Lake Charles NA Area
Boston-Lawrence-Worcester NA Area
Springfield (W. Mass) NA Area
Baltimore NA Area
Kent County and Queen Anne's County
Hancock Co and Waldo Co NA Area
Knox Co and Lincoln Co NA Area
Lewiston - Auburn NA Area
Portland NA Area
Detroit-Ann Arbor NA Area

Marginal
Moderate
Extreme
Moderate
Serious
Severe 15
Moderate
Serious
Moderate
Severe 17
Severe 15
Serious
serious
Marginal
Moderate
Marginal
Serious
Severe 17
Marginal
Marginal
Marginal
Marginal
Marginal
Moderate
Marginal
Moderate
Marginal
Marginal
Serious
Marginal
serious
Serious
Severe 15
Marginal
Marginal
Moderate
Moderate
Moderate
Moderate

0.124
0.147
0.300
0.108
0.150
0.150
0.120
0.159
0.123
0.200
0.150
0.158
0.137
0.118
0.106
0.110
0.149
0.145
0.112
0.110
0.104
0.103
0.091
0.122
0.100
0.130
0.104
0.106
0.135
0.132
0.137
0.141
0.150
0.133
0.112
0.134
0.106
0.147
0.122

0.7
4.0 (#4)

104.3
0.4
9.7

11.8
0.7

18.9
1.0

59.3
15.9
7.5
1.4
1.0
0.0
0.0
4.2
4.7 (/5)
0.7
0.0
0.0
0.0
0.0
1.0
0.0
2.2
0.0
0.0
1.8
1.3 (#6)
3.1
4.6
4.8
2.8
1.3 (#7)
2.3
0.3

11.8
1.0

0.125
0.126
0.250
0.104
0.150
0.159
0.130
0.159
0.114
0.180
0.144
0.153
0.132
0.115
0.122
0.100
0.162
0.125
0.127
0.110
0.104
0.096
0.092
0.122
0.103
0.140
0.106
0"112
0.127
0.108
0.155
0.133
0.146
0.128
0.094
0.122
0.096
0.125
0.122

2.0
2.0

97.6
0.0
3.6
4.0
2.0

27.5
0.0

72.6
9.0
6.0
3.1
0.0
1.0
0.0
4.3
2.4
2.0
0.0
0.0
0.0
0.0
1.0
0.0
2.0
0.0
0.0
3.0
0.0
4.0
6.2
6.2
2.0
0.0
1.2
0.0
),8
1.0



Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991-93, continued

State Nonattainment Area Name
Clean Air Act
Classification

1991-93 Update
A. Q. Average

Value Est. Exc.

1993
2nd Daily

Max 1-hr

1993
Estimated
Exceedances

o

i

HI
HI
MO-KS
MO-IL
MC
MC
MC
NH
NH
NJ
NV
NY
NY
NY
NY
NY-NJ-CT
NY

.... oHI .OH-KY
OH
OH
oH
OH
OH-PA
OR
PA-MJ
PA
PA
PA
PA
PA
PA-NJ-DE-MD
PA
PA
PA
PA

Grands Rapids NA Area.
Muskegon NA Area
Kansas City NA Area
st. Louis NA Area
Charlotte-Gastonia NA Area
Greensboro-Winston-Salem-High Point
Raleigh-Durham MA Area
Manchester NA Area
Portsmouth-Dover-Rochester, NH
Atlantic city NA Area
Reno
Albany-Schenectady-Troy NA Area
Buffalo-Niagara Falls NA Area
Essex Co NA Area
Jefferson Co NA Area
New York-No New Jersey-Long Island
poughkeepsie NA Area
Canton NA Area
Cincinnati-Hamilton NA Area
Cleveland-Akron-Lorain NA Area
Columbus NA Area
Dayton-Springfield NA Area
Toledo NA Area
Youngstown-Warren-Sharon NA Area
Portland-Vancouver AQMA NA Area
Allentown-Bethlehem-Easton NA Area
Altoona NA Area
Erie NA Area
Harrisburg-Lebanon-Carlisle NA
Johnstown NA Area
Lancaster NA Area
philadelphia-Wilmington-Trenton
Pittsburgh-Beaver Valley NA Area
Reading NA Area
Scranton-Wilkes-Barre NA Area
York NA Area

Moderate
Moderate
Attainment
Moderate
Moderate
Attainment
Attainment
Marginal
Serious
Moderate
Marginal
Marginal
Marginal
Marginal
Marginal
Severe 17
Marginal
Marginal
Moderate
Moderate
Marginal
Moderate
Moderate
Marginal
Marginal
Marginal
Marginal
Marginal
Marginal
Marginal
Marginal
Severe 15
Moderate
Moderate
Marginal
Marginal

0.146
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0.114
0.132
0.119
0.113
0.118
0.087
0.143
0.122
0.089
0.104
0.106
0.116
0.110
0.158
0.126
0.109
0.125
0.125
0.118
0.112
0.120
0.113
0.108
0.115
0.105
0.110
0.111
0.107
0.118
0.156
0.119
0.118
0.117
0.113

3.4
2.3
0.3
1.7
0.7
0.3
0.7
0.0
2.2
1.0
0.0
0.0
0.0
0.0
0.0
6.1
1.4
0.3
1.3
1.7
0.3
0.0
0.3
0.3
0.7
0.0
0.0
0.0
0.0
0.0
0.3

10.3
0.7
0.3
0.4
0.0

(#8)

(/9)

0.094
0.104
0.114
0.126
0.137
0.121
0.128
0.086
0.107
0.115
0.089
0.106
0.090
0.100
0.092
0.165
0.139
·0.109
0.121
0.117
0.105
0.120
0.121
0.120
0.103
0.110
0.100
0.101
0.118
0.099
0.118
0.141
0.124
0.110
0.112
0.112

1.0
1.0
1.0
2.1
2.1
1.0
2.1
0.0
1.1
0.0
0.0
0.0
0.0
0.0
0.0
6.0
2.0
0.0
1.0
0.0
0.0
1.0
1.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
5.2
0.0
0.0
0.0
0.0
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Altoona NA Area
Erie NA Area
Harrisburg-Lebanon-Carlisle NA
Johnstown NA Area
Lancaster NA Area
philadelphia-Wilmington-Trenton
Pittsburgh-Beaver Valley NA Area
Reading NA Area
Scranton-Wilkes-Barre NA Area
York NA Area

Moderate
Moderate
Attainment
Moderate
Moderate
Attainment
Attainment
Marginal
Serious
Moderate
Marginal
Marginal
Marginal
Marginal
Marginal
Severe 17
Marginal
Marginal
Moderate
Moderate
Marginal
Moderate
Moderate
Marginal
Marginal
Marginal
Marginal
Marginal
Marginal
Marginal
Marginal
Severe 15
Moderate
Moderate
Marginal
Marginal

0.146
0.141
0.114
0.132
0.119
0.113
0.118
0.087
0.143
0.122
0.089
0.104
0.106
0.116
0.110
0.158
0.126
0.109
0.125
0.125
0.118
0.112
0.120
0.113
0.108
0.115
0.105
0.110
0.111
0.107
0.118
0.156
0.119
0.118
0.117
0.113

3.4
2.3
0.3
1.7
0.7
0.3
0.7
0.0
2.2
1.0
0.0
0.0
0.0
0.0
0.0
6.1
1.4
0.3
1.3
1.7
0.3
0.0
0.3
0.3
0.7
0.0
0.0
0.0
0.0
0.0
0.3

10.3
0.7
0.3
0.4
0.0

(#8)

(/9)

0.094
0.104
0.114
0.126
0.137
0.121
0.128
0.086
0.107
0.115
0.089
0.106
0.090
0.100
0.092
0.165
0.139
·0.109
0.121
0.117
0.105
0.120
0.121
0.120
0.103
0.110
0.100
0.101
0.118
0.099
0.118
0.141
0.124
0.110
0.112
0.112

1.0
1.0
1.0
2.1
2.1
1.0
2.1
0.0
1.1
0.0
0.0
0.0
0.0
0.0
0.0
6.0
2.0
0.0
1.0
0.0
0.0
1.0
1.0
1.0
0.0
0.0
0.0
0.0
0.0
0.0
1.0
5.2
0.0
0.0
0.0
0.0



Table 1. Ozone Nonattalnment Areas - Air Quality Update, 1991-93, continued

1991-93 Update 1993 1993
Clean Air Act A.Q. Av.rag. 2nd Daily Illstimat.d

State Nonattaioment Area Name Classification Value Est. Exa. Max I-hr Illxae.danaes

RI Providence (all of RI) NA Area Serious 0.152 4.0 0.117 ,1.4
SC Cherokee Co NA Area Attainment 0.105 0.3 0.108 0.0
TN Knoxville NA Area Attainment 0.118 0.0 0.120 0.0
TN Memphis NA Area Marginal 0.115 0.3 0.119 1.0
TN Nashville NA Area Moderate 0.124 1.1 0.126 2.1
TX Beaumont-Port Arthur NA Area Serious 0.130 2.7 0.122 0.0
TX Dallas-Fort Worth NA Area Moderate 0.141 2.0 0.140 2.3
TX El Paso NA Area Serious 0.136 3.7 0.135 4.1
TX Houston-Galveston-Brazoria NA Severe 17 0.200 6.3 0.197 10.4
UT Salt Lake City-Ogden NA Area Moderate 0.106 0.0 0.104 0.0
VA Norfolk-Virginia Beach-Newport News Marginal 0.131 1.7 0.131 3.0
VA Richmond-petersburg .. NA Area Moderate 0.128 1.4 0.132 3.1

0 VA Smyth County NA Area Marginal NO NO (110) NO NO

I
WA Seattle - Taooma NA Area Marginal 0.105 0.0 0.100 0.0
WI Ooor Co NA Area Marginal 0.125 1.6 0.098 0.0
WI Kewaunee Co NA Area Moderate 0.107 0.8 0.095 0.0
WI Manitowoc Co NA Area Moderate 0.132 2.0 0.095 0.0

-A WI Milwaukee-Racine NA Area Severe 17 0.148 3.9 0.125 2.4I WI Sheboygan NA Area Moderate 0.139 2.6 (#11 ) 0.095 0.0
WI Walworth Co NA Area Marginal 0.120 0.3 0.093 0.0
WV Charleston NA Area Attainment 0.106 0.3 0.075 0.0
WV Greenbrier NA Area Marginal 0.101 0.4 0.090 0.0
NV Parkersburg NA Area Attainment 0.118 0.0 0.104 0.0

91 Monattafoment Area.

SOURCE:

NOTES:

EPA's air quality data system, the Aerometric Information Retrieval System (AIRS), with supplemental data from
EPA Regional Offlces.

1. Designations and classifications for ozone nonattainment areas as published in the Federal Register,
40 CFR Part 81. Unclassified and transitional nonattainment areas are not included in this listing.

2. The updated air quality value is estimated for the 1991-93 period using EPA guidance for calculating design
values (Laxton Memorandum, June 1B, 1990). Generally, the fourth highest monitored value with 3 complete years of data is
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10. The site was located atop Whitetop Mountain, VA as part of the Mountain Cloud Study. Site elevation 1s 5520
feet. No data reported after 1988. This is a rural transport area. The nonattainment area is that portion of Whitetop
Mountain above 4500 feet elevation.

selected as the updated air quality value because the standard allows one exceedance for each year. It is important to note
that the 1990 Clean Air Act Amendments required that 03 nonattainment areas be classified on the basis of the design value
at the time the Amendments were passed, generally the 1987-89 period was used.

3. The National Ambient Air Quality standard for ozone is 0.12 parts per million (ppm) daily maximum I-hour average
not to be exceeded more than once per year on average. The average estimated number of exceedances column shows the number
of days the 0.12 ppm standard was exceeded on average at the site recording the highest updated air quality value. This
is done after adjustment for incomplete, or missing days, during the J-year period, 1991-93. The last two columns contain
data from the site recording the highest second daily maximum I-hour concentration in 1993. The last column shows the
estimated exceedances for 1993 at the site recording the highest second maximum 1-hour concentration listed in the previous
column.

4. Special purpose monitoring (SPM) operating during the ozone monitoring season.

5. The nonattainmentfupdated air quality value aite for the Chicago NA Area is in Kenosha County, WI.

6. The Regional Office is reviewing the status of the area based on data through 1994.

7. Incomplete data reported in 1991.

o 8. Calculation of the updated air quality value and estimated exceedances adjusted to account for start-up of a LMOS

...
~D study s9it.e with data only in 1991.

~ Data from a monitoring site located at the water treatment plant not used due to localized interference.

j

11. calculation of estimated exceedances adjusted for Wisconsin ozone season not yet reflected in AIRS.

10. The site was located atop Whitetop Mountain, VA as part of the Mountain Cloud Study. Site elevation 1s 5520
feet. No data reported after 1988. This is a rural transport area. The nonattainment area is that portion of Whitetop
Mountain above 4500 feet elevation.
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3. The National Ambient Air Quality standard for ozone is 0.12 parts per million (ppm) daily maximum I-hour average
not to be exceeded more than once per year on average. The average estimated number of exceedances column shows the number
of days the 0.12 ppm standard was exceeded on average at the site recording the highest updated air quality value. This
is done after adjustment for incomplete, or missing days, during the J-year period, 1991-93. The last two columns contain
data from the site recording the highest second daily maximum I-hour concentration in 1993. The last column shows the
estimated exceedances for 1993 at the site recording the highest second maximum 1-hour concentration listed in the previous
column.
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~D study s9it.e with data only in 1991.

~ Data from a monitoring site located at the water treatment plant not used due to localized interference.

j

11. calculation of estimated exceedances adjusted for Wisconsin ozone season not yet reflected in AIRS.



Region I

Table 1. Ozone NonaUalnment Areas - Air Quality Update, 1991-93

State

CT
MA-NH
MA
ME
ME
ME
ME
NH
NH
NY-NJ-CT
RI

Nonattainment Area Name

Greater Connecticut NA Area
Boston-Lawrence-Worcester NA Area
Springfield (W. Mass) NA Area
Hancock Co and Waldo Co NA Area
Knox Co and Lincoln Co NA Area
Lewiston - Auburn NA Area
Portland NA Area
Manchester NA Area
Portsmouth-Dover-Rochester, NH
New York-No New Jersey-Long Island
Providence (all of RI) NA Area

Clean Air Act
Classification

Serious
Serious
Serious
Marginal
Moderate
Moderate
Moderate
Marginal
Serious
Severe 17
serious

1991-93 Update 1993 1993
A.Q. Average 2nd Daily Estimated

Value Est. Exc. Max I-hr Exceedances

0.158 7.5 0.153 6.0
0.137 3.1 0.155 4.0
0.141 4.6 0.133 6.2
0.112 1.3 (#7 ) 0.094 0.0
0.134 2.3 0.122 1.2
0.106 0.3 0.096 0.0
0.147 11.8 0.125 3.8
0.087 0.0 0.086 0.0
0.143 2.2 0.107 1.1
0.158 6.1 0.165 6.0
0.152 4.0 0.117 1.4
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Region II

Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991·93

State
NJ
NY
NY
NY
NY
NY-NJ-CT
NY
PA-NJ
PA-NJ-DE-MD

Nonattainment Area Name
Atlantic City NA Area
Albany-Schenectady-Troy NA Area
Buffalo-Niagara FaIle NA Area
Essex Co NA Area
Jefferson Co NA Area
New York-No New Jersey-Long Island
Poughkeepsie NA Area
Allentown-Bethlehem-Easton NA Area
Philadelphia-Wilmington-Trenton

Clean Air Act
Classification
Moderate
Marginal
Marginal
Marglnal
Marginal
Severe 17
Marginal
Marginal
Severe 15

1991-93
A.a.

Value
0.122
0.104
0.106
0.116
0.110
0.158
0.126
0.115
0.156

Update
Average
Est. Exc.

1.0
0.0
0.0
0.0
0.0
6.1
1.4
0.0

10.3

1993
2nd Daily
Max I-hr

0.115
0.106
0.090
0.100
0.092
0.165
0.139
0.110
0.147

1993
Estimated
Exceedances

0.0
0.0
0.0
0.0
0.0
6.0
2.0
0.0
5.2
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Region III

Table 1. Ozone Nonattalnment Areas - Air Quality Update, 1991-93

1991-93 Update 1993 1993
Clean Air Act A.Q. Average 2nd Daily Estimated

State Nonattainment Area Name Classification Value Est. Exe. Max 1-hr Exeeedanees

OC-MO"'VA Washington NA Area serious 0.131 1.4 0.132 J.l
DE Sussex Co NA Area Marginal 0.118 1.0 O.l1S 0.0
MD Baltimore UA Area Severe 15 0.150 4.8 0.14~ 6.2
MD Kent county and Queen Anne's County Marginal 0.133 2.8 0.128 2.0
Olt-PA Youngstown-Warren-Sharon NA Area Marglnal 0.113 0.3 0.120 1.0
PA-NJ Allentown-Bethlehem-Easton NA Area Marglnal. 0.115 0.0 0.110 0.0
PA Altoona NA Area Marginal 0.105 . 0.0 0.100 0.0
PA Erie NA Area Marginal 0.110 0.0 0.107 0.0
PA Harrisburg-Lebanon-carllsle NA Marginal 0.111 0.0 0.118 0.0

I
PA Johnstown NA Area Marginal 0.101 0.0 0.099 0.0
PA Lancaster NA Area Marginal 0.118 0.3 0.118 1.0
PA-NJ-DE-MD philadelphia-Wilmington-Trenton severe 15 0.156 10.3 0.141 5.2
PA Pittsburgh-Beaver Valley NA Area Moderate 0.119 0.7 0.124 0.0
PA Reading NA Area Moderate 0.118 0.3 0.110 0.0

~ PA Scranton-Wilkes-Barre NA Area Marginal 0.117 0.4 0.112 0.0
I PA York NA Area Marginal 0.113 0.0 0.112 0.0

ttv Charleston NA Area Moderate 0.106 0.3 0.015 0.0
ttv Greenbrier NA Area Marginal 0.101 0.4 0.090 0.0
WV Parkersburg NA Area Moderate 0.118 0.0 0.104 0.0
VA Norfolk-Virginia Beach-Newport News Marginal 0.131 1.1 0.131 3.0
VA Richmond-Petersburg NA Area Modsrate 0.128 1.4 0.132 J.l
VA Smyth County NA Area Merglnal ND ND (110) ND ND
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VA Smyth County NA Area Merglnal ND ND (110) ND ND



Region IV

Table 1. Ozone NonaUalnment Areas • Air Quality Update, 1991·93

1"1-93 Update 1993 1993
Clean Air Act A.Q. Average 2nd Daily B8ti.ated

State Nonattainment Area Name Cla••ifieation Value B.t. Bxe. Max I-hr Bxee.danee.

AL Birmingham NA Area Marginal 0.124 0.7 0.125 2.0
FL Miami-Fort Lauderdale-W. Palm Beach Moderate 0.106 0.0 0.122 1.0
FL Tampa-st. Petersburg-Clearwater Marginal 0.110 0.0 0.100 0.0
GA Atlanta NA Area Serious 0.149 4.2 0.162 4.3
KY Edmonson Co NA Area Marginal 0.091 0.0 0.092 0.0
KY-WV Huntington-A.hland NA Area Moderate 0.122 1.0 0.122 1.0
KY Lexington-Fayette NA Area Marginal 0.100 0.0 0.103 0.0
KY-IN Louisville NA Area Moderate 0.130 2.2 0.140 2.0
KY Owensboro NA Area Marginal 0.104 0.0 0.106 0.0
KY Paducah NA Area Marginal 0.106 0.0 0.112 0.0

0 NC Charlotte-Gastonia NA Area Moderate 0.119 0.7 0.137 2.1

i NC Greensboro-Winston-Salem-High Point Attainment 0.113 0.3 0.121 1.0
NC Raleigh-Durham NA Area Attainment 0.118 0.7 0.128 2.1
OH-KY Cincinnati-Hamilton NA Area Moderate 0.125 1.3 0.121 1.0....... SC Cherokee Co NA Area Attainment 0.105 0.3 0.108 0.0

I TN Knoxville NA Area Attainment 0.118 0.0 0.120 0.0
TN Memph 1& NA Area Marginal 0.115 0.3 0.119 1.0
TN Nashville NA Area Moderate 0.124 1.1 0.126 2.1
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Region V

Table 1. Ozone Nonattalnment Areas - Air Quality Update, 1991-93

1991-93 Update 1993 1993
Clean Air Act A.a. Average 2nd Daily Estimated

State Nonattainment Area Name Classi fica tion Value Bst. Exe. Max I-hr Exoeedanoes

IL-IN Chicago-Gary-Lake county NA Area Severe 17 0.145 4.7 (#5) 0.125 2.4
IL Jersey Co NA Area Marginal 0.112 0.7 0.127 2.0
IN Evansville NA Area Marginal 0.110 0.0 0.110 0.0
IN Indianapolis NA Area Marginal 0.104 0.0 0.104 0.0
IN South Bend-Elkhart NA Area Marginal 0.103 0.0 0.096 0.0
MI Detroit-Ann Arbor NA Area Moderate 0.122 1.0 0.122 1.0
MI Grande Rapids NA Area Moderate 0.146 3.4 (#8) 0.094 1.0
MI Muskegon NA Area Moderate 0.141 2.3 0.104 1.0
OH Canton NA Area Marginal 0.109 0.3 0.109 0.0
OH-KY cincinnati-Hamilton NA Area Moderate 0.125 1.3 0.121 1.0

0 OH Cleveland-Akron-Lorain NA Area Moderate 0.125 1.7 (#9) 0.117 0.0£ OH Columbus NA Area Marginal 0.118 0.3 0.105 0.0
fJ 0" Dayton-springfield NA Area Moderate 0.112 0.0 0.120 1.0
lD OH Toledo NA Area Moderate 0.120 0.3 0.121 1.0..,
..& OH-PA Youngstown-warren-Sharon NA Area Marginal 0.113 0.3 0.120 1.0
~ WI Door Co NA Area Marginal 0.125 1.6 0.098 0.0

WI 'Kewaunee Co NA Area Moderate 0.107 0.8 0.095 0.0
WI Manitowoc Co NA Area Moderate 0.132 2.0 0.095 0.0
WI Milwaukee-Racine NA Area Severe 17 0.148 3.9 0.125 2.4
WI Sheboygan NA Area Moderate 0.139 2.6 (#11 ) 0.095 0.0
WI Walworth Co NA Area Marginal 0.120 0.3 0.093 0.0
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~ WI Door Co NA Area Marginal 0.125 1.6 0.098 0.0

WI 'Kewaunee Co NA Area Moderate 0.107 0.8 0.095 0.0
WI Manitowoc Co NA Area Moderate 0.132 2.0 0.095 0.0
WI Milwaukee-Racine NA Area Severe 17 0.148 3.9 0.125 2.4
WI Sheboygan NA Area Moderate 0.139 2.6 (#11 ) 0.095 0.0
WI Walworth Co NA Area Marginal 0.120 0.3 0.093 0.0
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Region VI

Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991-93

1991-93 Update 1993 1993
Clean Air Aot A.Q. Average 2nd Daily Bstimated

State Nonattainment Area Name Classifioation Value Est. Bxc. Max I-hr Exceedances

LA Baton Rouge NA Area Serious 0.135 1.8 0.121 3.0
LA Lake Charles NA Area Marginal 0.132 1.3 (16) 0.108 0.0
TX Beaumont-Port Arthur NA Area Serious 0.130 2.7 0.122 0.0
TX Dallas-Fort Worth NA Area Moderate 0.141 2.0 0.140 2.3
TX £1 Paso NA Area Serious 0.136 3.7 0.135 4.1
TX Houston-Oalveston-Brazoria NA Severe 17 0.200 6.3 0.197 10.4
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Region VII

Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991·93

1991-93 Update 1993 1993
Clean Air Act A.Q. Average 2nd Daily Estimated

State Honattainment Area Name Classification Value Est. Exc. Max 1-hr Exceedances

MO-KS Kansas City NA Area Attainment 0.114 0.3 0.114 1.0
MO-IL St. Louis NA Area Moderate 0.132 1.7 0.126 2.1

Region VII

Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991·93

1991-93 Update 1993 1993
Clean Air Act A.Q. Average 2nd Daily Estimated

State Honattainment Area Name Classification Value Est. Exc. Max 1-hr Exceedances
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Region VIII

Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991·93

State Nonattainment Area Name
Clean Air Act
Classification

1991-93 Update
A. Q. Average

Value Est. Exc.

1993
2nd Daily

Max I-hr

1993
Estimated
Exceedances

UT Salt Lake City-ogden NA Area Moderate 0.106 0.0 0.104 0.0

Region VIII

Table 1. Ozone Nonattalnment Areas· Air Quality Update, 1991·93

State Nonattainment Area Name
Clean Air Act
Classification

1991-93 Update
A. Q. Average

Value Est. Exc.

1993
2nd Daily

Max I-hr

1993
Estimated
Exceedances

UT Salt Lake City-ogden NA Area Moderate 0.106 0.0 0.104 0.0



Region IX

Table 1. Ozone Nonattalnment Areas - Air Quality Update, 1991-93

State

AZ
CA
CA
CA
CA
CA
CA
CA
CA
CA

o NV

I
.....

~

1991-93 Update 1993 1993
Clean Air Act A.Q. Average 2nd Daily Estimated

Nonattainment Area Name Classification Value Est. Exc. Max I-hr Exceedances

Phoenix Moderate 0.147 4.0 (#4) 0.126 2.0
Los Angeles South Coast Air Basin Extreme 0.300 104.3 0.250 97.6
Monterey Bay Unified NA Area Moderate 0.108 0.4 0.104 0.0
Sacramento Metro NA Area Serious 0.150 9.7 0.150 3.6
San Diego NA Area Severe 15 0.150 11.8 0.160 4.0
San Francisco-Bay NA Area Moderate 0.120 0.7 0.130 2.0
San Joaquin Valley NA Area Serious 0.160 18.9 0.160 27.5
Santa Barbara-Santa Maria-Lompoc Moderate 0.123 1.0 0.114 0.0
Southeast Desert Modified AQMD Severe 17 0.200 59.3 0.180 72.6
Ventura Co NA Area Severe 15 0.150 15.9 0.144 9.0
Reno Marginal 0.089 0.0 0.089 0.0
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Region X

Table 1. Ozone Nonattalnment Areas - Air Quality Update, 1991-93

1991-93 Update 1993 1993
Clean Air Act A.Q. Average 2nd Daily E8 tillla ted

State Nonattainment Area Name Classification Value Bst. Exe. Max 1-hr Exceedances

OR Portland-Vancouver AQMA NA Area Marginal 0.108 0.7 0.103 0.0
WA Seattle - Tacoma NA Area Marginal 0.105 0.0 0.100 0.0

Region X

Table 1. Ozone Nonattalnment Areas - Air Quality Update, 1991-93

1991-93 Update 1993 1993
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SOURCE:

NOTES:

EPA's air quality data system, the Aerometric Information Retrieval System (AIRS), with supplemental data from
EPA Regional Offices.

Special purpose monitoring (SPM) operating during the ozone monitoring season.

The Regional Office is reviewing the status of the area based on data through 1994.

The nonattainmentfupdated air quality value site for the Chicago NA Area is in Kenosha County, WI.

1. Designations and classifications for ozone nonattainment areas as published in the Federal Register,
40 eFR Part 81. Unclassified and transitional nonattainment areas are not included in this listing.

2. The opdated air quality value is estimated for the 1991-93 period using EPA guidance for calculating design
values (Laxton Memorandum, June 18, 1990). Generally, the fourth highest monitored value with 3 complete years of data is
selected as the updated air quality value because the standard allows one exceedance for each year. It is important to note
that the 1990 Clean Air Act Amendments required that 03 nonattaLnment areas be classified on the basis of the design value
at the time the Amendments were passed, generally the 1987-89 period was used.

3. The National Ambient Air Quality standard for ozone is 0.12 parts per million (ppm) daily maximum I-hour average
not to be exceeded more than once per year on average. The average estimated number of exceedances column shows the number
of days the 0.12 ppm standard was exceeded on average at the site recording the highest updated air quality value. This
is done after adjustment for incomplete, or missing days, during the 3-year period, 1991-93. The last two columns contain
data from the site recording the highest second daily maximum I-hour concentration in 1993. The last column shows the
estimated exceedances for 1993 at the site recording the highest second maximum I-hour concentra~ion listed in the previousfCOlumn •••

j 5.

6.

7. Incomplete data reported in 1991.

8. Calculation of the updated air quality value and estimated exceedances adjusted to account for start-up of a LMOS
Study site with data only in 1991.

9. Data from a monitoring site located at the water treatment plant not used due to localized interference.

10. The site was located atop Whitetop Mountain, VA as part of the Mountain Cloud study. Site elevation 1s 5520
feet. No data reported after 1988. This is a rural transport area. The nonattainment area is that portion of Whitetop
Mountain above 4500 feet elevation.

11. Calculation of estimated exceedances adjusted for Wisconsin ozone season not yet reflected in AIRS.

SOURCE:

NOTES:

EPA's air quality data system, the Aerometric Information Retrieval System (AIRS), with supplemental data from
EPA Regional Offices.

Special purpose monitoring (SPM) operating during the ozone monitoring season.

The Regional Office is reviewing the status of the area based on data through 1994.

The nonattainmentfupdated air quality value site for the Chicago NA Area is in Kenosha County, WI.

1. Designations and classifications for ozone nonattainment areas as published in the Federal Register,
40 eFR Part 81. Unclassified and transitional nonattainment areas are not included in this listing.

2. The opdated air quality value is estimated for the 1991-93 period using EPA guidance for calculating design
values (Laxton Memorandum, June 18, 1990). Generally, the fourth highest monitored value with 3 complete years of data is
selected as the updated air quality value because the standard allows one exceedance for each year. It is important to note
that the 1990 Clean Air Act Amendments required that 03 nonattaLnment areas be classified on the basis of the design value
at the time the Amendments were passed, generally the 1987-89 period was used.

3. The National Ambient Air Quality standard for ozone is 0.12 parts per million (ppm) daily maximum I-hour average
not to be exceeded more than once per year on average. The average estimated number of exceedances column shows the number
of days the 0.12 ppm standard was exceeded on average at the site recording the highest updated air quality value. This
is done after adjustment for incomplete, or missing days, during the 3-year period, 1991-93. The last two columns contain
data from the site recording the highest second daily maximum I-hour concentration in 1993. The last column shows the
estimated exceedances for 1993 at the site recording the highest second maximum I-hour concentra~ion listed in the previousfCOlumn •••

j 5.

6.

7. Incomplete data reported in 1991.

8. Calculation of the updated air quality value and estimated exceedances adjusted to account for start-up of a LMOS
Study site with data only in 1991.

9. Data from a monitoring site located at the water treatment plant not used due to localized interference.

10. The site was located atop Whitetop Mountain, VA as part of the Mountain Cloud study. Site elevation 1s 5520
feet. No data reported after 1988. This is a rural transport area. The nonattainment area is that portion of Whitetop
Mountain above 4500 feet elevation.

11. Calculation of estimated exceedances adjusted for Wisconsin ozone season not yet reflected in AIRS.



mallaire
Intentionally Blank



APPENDIX G

LISTING OF MUNICIPAL SOLID WASTE LANDFILL
ORGANIZATIONS AND RELATED SERVICE PROVIDERS
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Usting of Municipal Solid Waste Landfill Organizations
and Related Service Providers

Solid Waste Association of North America
(SWANA)
P.O. Box 7219
Silver Spring, MD 20910-7219
Contact: Michael Ohlsen
Phone: (301) 585-2989
Fax: (301) 585-7068

Environmental Industry Associations (EIA)/
National Solid Wastes Management
Association (NSWMA)
4301 Connecticut Avenue, NW
Suite 300
Washington, DC 20008
Contact: Ed Repa
Phone: (202) 244-4700
Fax: (202) 966-4818

Association of State and Territorial Solid
Waste Management Officials (ASTSWMO)
Hall of States
Suite 343
444 North Capitol Street, NW
Washington, DC 20001
Phone: (202) 624-5828
Fax: (202) 624-7875

National Business Industries Association
122 C Street, NW
Fourth Floor
Washington, DC 20001
Phone: (202) 383-2540
Fax: (202) 383-2670

Department of Energy Regional Biomas~;
Energy Program
OffIce of National Programs
U.S. Department of Energy
1000 Independence Avenue, S.W.
Washington, D.C. 20585
Contact: N. Michael Voorhies,

National Coordinator
Phone: (202) 586-9104

American Public Works Association
1301 Pennsylvania Avenue, NW
Suite 601
Washington, DC 20004
Contact: Sarah Layton
Phone: (202) 347-0612
Fax: (202) 737-9153

Regional Biomass Energy Programs:

Northeast Region
Richard Handley, Program Manager
CONEG Policy Research Center,
Inc.
400 North Capitol Street, NW
Suite 382
Washington, DC 20001
Phone: (202) 624-8454
Fax: (202) 624-8463

Northwest Region
Jeff James, Program Manager
U.S. Department of Energy
Seattle Regional Support Office
905 NE 11 th Avenue
Portland, OR 97232
Phone: (503) 230-3449
Fax: (503) 230-4973

September 1996
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Regional Biomass Energy Programs
(continued):

Great Lakes Region
Frederick J. Kuzel
Council of Great Lakes Governors
35 East Wacker Drive #1850
Chicago, IL 60601
Phone: (312) 407-0177
Fax: (312) 407-0038

Southeast Region
Philip Badger, Program Manager
Tennessee Valley Authority
435 Chemical Engineering Building
Muscle Shoals, AL 35660
Phone: (205) 386-3086
Fax: (205) 386-2963

Western Region
Dave Swanson
Western Area Power Authority
1627 Cole Boulevard
P.O. Box 3402
Golden, CO 80401
Phone: (303) 231-1615
Fax: (303) 231-1632

September 1996
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Methane gas emissions from our country's growing landfill sites are a serious
threat to greenhouse gas stabilization. Capturing methane from landfill sites for
electrical generation serves both economic and environmental goals. Landfill
methane is alreadya cost-effective energyresource in manyareas ofthe country.
The Clean AirAct incentives will further enhance the cost-effectivenessoflandfill
methane energy projects.

The Clean Air Act Incentives

The 1990 Clean Air Act Amendments
call for a 10 million ton annual reduction
in national SO2 emissions from 1980
levels. This program creates a new
tradeable commodity, the SO2 emission
allowance. Each allowance represents
an authorization to emit one ton of SO2

(i.e., a unit that emits 5,000 tons of S02
must hold at least 5,000 allowances that
are usable that year). By avoiding the
emission of SO2 with landfill methane
systems, utilities will both earn and save
tradeable emission allowances. And
these emission allowances have a real
market value.

To promote pollution prevention, Title IV
of the Clean Air Act includes two
incentives for energy efficiency and
renewable energy. These incentives
are:

1. Avoided emissions

2. Conservation and Renewable Energy
Reserve

Avoided emissions is perhaps the most
lucrative of the incentives;' each ton of
SO2 avoided through the generation of
electricity from landfill methane saves
one emission allowance. Allowances
are saved at the utility's own rate of

emissions. The avoided emissions
incentive is automatic; there are no
application or verification requirements.

The Sonoma County, Ca6fomialandfRlgas-to-energy
fact7ity. Photo courtesyofLandfillEnergySystems.

The Conservation and Renewable Energy
Reserve is a special bonus pool of
300,000 allowances set aside to reward
new initiatives in technologies such as
landfill methane. For every 500 MWh of
electricity generated through landfill
methane systems, a utility earns one
allowance from the Reserve.

For more information on these incentives,
see Energy Efficiency and Renewable
Energy: Opportunities from Title IV of
the Clean Air Act. '

1. US EPA, Energy Efficiency and Renewable Energy: Opponunities from Title IV of the Clean Air Act. Document no. EPA
430-R-94-001. February 1994. To obtain a copy. contact the Acid Rain Hotline at (202) 233-9620.
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--
In general, the value of the Clean Air Act
incentives will be the number of
allowances earned or saved by the landfill
methane installation multiplied by the
market price of an SO 2 emission
allowance. The hypothetical example
below illustrates the potential savings
from the Clean Air Act incentives.2

The market for tradeable emission
allowances is continuing to evolve. A
recent report issued by the Electric Power
Research Institute (EPRI) indicates that
prices could rise from $250 per allowance
in 1995 to $480 per allowance in 2007.3

Price signals are also being provided by
private trades and trading exchanges.

$'l.~+:'.:: •. j .
EOO' , .!!iii

$'l.500

Cumulative Value of the 502 Incentives

EicanJPIi! ' .. .. '. ..' .. . ' '.

:.k~a:~~~.
•.• allow&nCe$'tJntiI2000;<Assuming_tvPicaIcapacityfactOl'
.. ofO.85,1heYalueafthe ReserveallowancesiscatcdB!edas
follows:·

7MWx8~760hoursiyrxO;'85= .52,122 MWtt/y( ,... .
52.122MWh/yr ",··500MWhlaBowanc:e=l04a1low;/yr
$250/aUowance x 104 aUowanceslyr = $ 26,OOOlyr

Thus.' for the six years frcm1994through 1999,the utility
c:ouIdeam$156,;OOO iromthe ReserveaJone. However.
landfill methane wWcontinue toadel value in the year 2000
and beyond ttvough the avoided emissions incentive. ' And
the benefits frcmavoided ernissionswiJIbeeven greaterthan
'those from.the Reserve.

Assuming1he utifrty's marginahate of S02emissionsis 1.21bsJmmBtu ttheemisSionlimitforthe Ac:idRain
Program) and a typical heat rate of 10.000 BtulkWh, the value of avoided emissions in the year 2000 is:

1.2 fbslmmBtu x 1O,OOOBtulkWh x mmBtu/1 ,000,000 Btu = 0.0121bs1kWh
.. 52,122,000 kWh x 0.012 'IbsJkWh x ltonl2000 Ibs .= 313 tons =313 allowances
313 aUowances x $340/allowance= $106,420

Assuming a 20 yearprojeetlife and a 6% discount factor. the net present "3Iue of the •CIean·AirAct
incentives for this landfinmethaneprojectis $980,000.

Since landfill methane is a local resource, transmission losses are reduced and thus further improve the
project's cOst-effectiveness.

2. For a more detailed explanation of the calculations in this example, contact the Acid Rain Hotline at (202) 233·9620 and
ask for the Landfill Methane Example.

3. EPRI, Integrated Analysis of Fuel, Technology and Emission Allowance Markets: Bectric Utility Responses to the Clean
Air Act Amendments of 1990. Report no. TR-102510, August 1993, p. 1-20.

1995 ~ 2003 ~
Price ($/ton) $250 $340 $400 $480
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Complying Cost-Effectively

landfill methane resources can be cost­
effective components to an integrated
compliance strategy by:

• Complementing or offsetting the use
.of other compliance strategies such
as fuel-switching;

• Delaying or eliminating the need for
expensive alternative strategies such
as scrubbing;

• Helping to avoid the noncompliance
penalty of $2,000 per ton of S02; and

..

• Increasing revenues through the sale
of extra allowances.

The extent to which the Clean Air Act
incentives affect the financial outlook of
landfill methane systems will depend
upon each utility's own circumstances.
Utilities that currently emit high levels of
SO2 can benefit significantly from the
incentives. However, even utilities
already in compliance can benefit from
the revenues generated from extra
allowances.
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Benefiting the Environment

Eliminating 360 Barrels of Crude Oil

-
-

..
..

Landfill methane systems can be cost­
effective solutions for simultaneously
eliminating multiple pollutants. Rather
than installing costly controls for each
pollutant, landfill methane technology
can be a solution for many pollutants.
Landfill methane systems also provide
insurance against the risk of future
environmental regulations, including
regulations on greenhouse gasemissions.

The real, quantifiable value of the Clean
Air Act incentives can maximize autility's
overall cost-effectiveness in serving its
customers and protecting the
environment.

global climate change. Not only does
this resource offset emissions from fossil
fuel energy generation, but it also
prevents the escape of methane gas, a
greenhouse gas that is over 20 times
more potent than carbon dioxide. Every
10,000 kilowatt hours of electricity
generated from landfill methane is
equivalent to:~

- ..~

Emissions from fossil fuel generation
harm watersand forests, endangeranimal
species, accelerate the decay ofbuildings
and monuments, and impairpublic health.
In many sensitive lakes and streams
acidification has completely eradicated
fish species.

Research has pointed to the increas~d

health risks from particulatematter, which
includes sulfates and other pollutants
emitted during the combustion of fossil
fuels. A recent study by Harvard
University's School ofPublic Health linked
these emissions to higher mortality rates
and lung dysfunction in children and
other sensitive populations.4

Emissions from fossil-fuel sources have damaged
many ftxests.

8ectricity generated from landfill methane
helps combat not only acid rain, but
other environmental harms as well,
including global climate change. Landfill
methane systems avoid emissions of
S02' toxics, and particulates, as well as
the production of ash and scrubber
sludge.

Electricity generated from landfill methane
will also help minimize emissions affecting

4. Dockery, Douglas W., ot al., AnAssociationbetweenAirPollution andMortalityin Six US Cities. The New England Journal
of Medicine, vol. 329, no. 24, December 9, 1993, p. 1753-9.

5. Based on the 1990 average CO, emission rate for US utility generation.
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these emissions to higher mortality rates
and lung dysfunction in children and
other sensitive populations.4

Emissions from fossil-fuel sources have damaged
many ftxests.

8ectricity generated from landfill methane
helps combat not only acid rain, but
other environmental harms as well,
including global climate change. Landfill
methane systems avoid emissions of
S02' toxics, and particulates, as well as
the production of ash and scrubber
sludge.

Electricity generated from landfill methane
will also help minimize emissions affecting

4. Dockery, Douglas W., ot al., AnAssociationbetweenAirPollution andMortalityin Six US Cities. The New England Journal
of Medicine, vol. 329, no. 24, December 9, 1993, p. 1753-9.

5. Based on the 1990 average CO, emission rate for US utility generation.
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Detroit Edison's ·involvement with 120-acreSonoma .Central landfill in Catifomiais
relativelynew• Through asubsidiary~landfill gas is collected. cleaned, compressed and
delivered. as fuel toaplant producing 3.2 megawatts. Sonoma County, owner of the
facility. has been selling the electricity since May 1993• The facility uses about 1,200
cubic feet per minute of landfill gas to produce its power.

The Riverview andSonomafacilities are licensed to operate well into the 21 st century.
Their successhas.promptedDetroit>Ecfison to pursue similarventures in Rorida. lUinois,
Texas, Ohio, and elsewhere in Michigan.
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Glossary of Terms

AFFECTED LANDFILL: Landfills that meet criteria set by the EPA under
authority of Title I of the Clean Air Act for capacity, age, and emission rates;
affected landfills are required to collect and combust their landfill gas

ATTAINMENT AREA: A geographic region that meets National Ambient Air
Quality Standards (NAAQS) for· specific air pollutants

AVOIDED COST: The cost a utility would incur to generate the next increment
of electric capacity using its own resources; many landfill gas projects'
buyback rates are based on avoided costs

BASELOAD: A term referring to the energy use of a facility that has a
consistent, year-round need for energy; baseload can also refer to the
minimum amount of electricity supplied to a facility on a continuous basis

BEST AVAILABLE CONTROL TECHNOLOGY (BACl): The most stringent
technology available for controlling emissions; major sources are required to
use BACT, unless it can be demonstrated that it is not feasible due to energy,
environmental, or economic reasons

BUYBACK RATE: The price a utility will pay a third party supplier for electricity
or gas

CAPACITY FACTOR: The ratio of the energy produced by a piece of
equipment during a given time period to the energy the unit could have
produced if it had been operating at its full rated capacity

CAPACITY PRICE: The fixed price in $/kW a utility pays a third party supplier
for a guaranteed availability of generating capacity; capacity price is based on
the capital costs of a generating unit

CAPITAL CHARGE RATE: A number used to convert the installed cost of a
power project into a levelized capital cost that can be charged to the project in
each year of the project life

CAPITAL COST: The total installed cost of equipment, emissions control,
interconnections, gas compression, engineering, soft costs, etc. for landfill gas
projects

COGENERATION: The consecutive generation of useful thermal energy and
electric energy from the same fuel source
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COMBINED-CYCLE: Technology in which waste heat from a gas turbine is
used to produce steam in a waste-heat boiler; the steam is then used to
generate electricity in a steam turbine/generator

CONDENSATE: Uquid formed when warm landfill gas cools as it
travels through the collection system

COST OF CAPITAL: The cost to a company of acquiring funds to finance the
company's capital investments and operations

DEBT COVERAGE RATJO: Ratio of operating income to debt service
requirement, usually calculated on an annual basis

DEBT SERVICE REQUIREMENT: Monthly requirement to meet the principal
and interest amounts of a loan

DISPLACEMENT SAVINGS: Savings realized by displacing purchases of
natural gas or electricity from a local utility by using landfill gas

EPC FIRM: A company that provides engineering, procurement, and
construction services

FLARE: A device used to combust excess landfill gas that is not used in
energy recovery; flares may be open or enclosed

GREENHOUSE GAS: A gas, such as carbon dioxide or methane, which
contributes to global warming

GROSS POWER GENERATION POTENTIAL: The installed power generation
capacity that landfill gas flows can support

HEAT RATE: A measure of generating unit thermal efficiency, expressed in
units of Btu/kWh

LOWEST ACHIEVABLE EMISSIONS RATE (LAER): The most stringent
technology available for controlling emissions; major sources are required to
use LAER (cost is not a consideration in determining the LAER technology)

MAJOR SOURCE: New emissions sources or modifications to existing
emissions sources that exceed NAAOS emission levels

METHANE (CHJ: The major component of natural gas and landfill gas;
produced in landfills when organic matter in waste decomposes
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METRIC TON: Measurement of mass; one metric ton equals one megagram
(Mg)

MINOR SOURCE: New emissions sources or modifications to existing
emission sources that do not exceed NAAQS emission levels

NATIONAL AMBIENT AIR QUALITY STANDARDS (NAAQS): Air quality
standards, established by the Clean Air Act, for six criteria pollutants

NET PRESENT VALUE (NPV): The amount of money, that if invested today at
a given rate of return, would be equivalent to a fixed amount to be received at
a specified future time

NEW SOURCE REVIEW (NSR): Process by which an air quality regulatory
agency evaluates an application for a permit to construct a new generating
facility

NONATTAINMENT AREA: A geographic region designated by the EPA that
exceeds NAAQS for one or more criteria pollutants

NON-METHANE ORGANIC COMPOUNDS (NMOCs): Compounds found in
landfill gas which affect human health and vegetation; NMOCs include several
compounds that are known carcinogens to humans

PARASITIC LOAD: The electric load required to run generation equipment;
contributes to the difference between gross and net output

PREVENTION OF SIGNIFICANT DETERIORATION (PSD): Regulations
designed to limit the increase of .criteria air pollutants in attainment areas

PRO FORMA: A computer model of project cash flows over the life of the
project, usually containing several standard items

PROJECT FINANCE: A method for obtaining commercial debt financing for the
construction of a facility where lenders look to the creditworthiness of the
facility to ensure debt repayment, rather than to the assets of the project
developer

PUMP TEST: A procedure used to determine the gas generation rate of a
landfill; it involves drilling test wells and installing pressure probes

PUBLIC UTILITIES REGULATORY POLICIES ACT (PURPA): Act that requires
utilities to purchase the electric output from QFs at the utility's avoided cost

September 1996
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QUALIFYING FACILITY (QF): A cogenerator or small power producer, as
defined by PURPA, that is entitled to special regulatory treatment; utilities are
required to purchase the electrical output from QFs at the utility's avoided cost

RATE OF RETURN (ROR) ON EQUITY: Financial measurement used to jUdge
the percent of return on equity capital used in business

RENEWABLE ENERGY PRODUCTION INCENTIVE (REPI): Incentive
established by the Energy Policy Act, that is available to renewable energy
power projects owned by a state or local government or nonprofit electric
cooperative

REQUEST FOR PROPOSALS (RFP): A solicitation by a utility for project
proposals

ROYALTIES: Compensation given to a landfill owner for gas rights

SENIOR DEBT LENDER: Institution or person who lends money with the
intention that the debt will be repaid before project earnings get distributed to
equity investors

SOFT COSTS: Transaction and legal costs, escalation during construction,
interest during construction, and contingency costs associated with a project

STANDARD OFFER: A power purchase agreement, sanctioned by the state
utility commission, t~lat is typically based on avoided costs

SUBORDINATED DEBT: Money that is repaid after any senior debt lenders
are paid and before equity investors are paid

VOLATILE ORGANIC CHEMICALS (VOCs): Chemicals found in landfill gas that
are contributors to smog

WHEELING: The transmission of electricity owned by one entity using the
facilities owned by another entity (usually a utility)

September 1996
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