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NOTICE

The Emission Factor And Inventory Group (EFIG) has been working for several months on this
Fifth Edition of AP-42. It is the result of a major technical undertaking by EFIG's AP-42 Team and
the several contractors who assisted. This document represents a substantial step toward complying
with Section 130 of the Clean Air Act Amendments Of 1990, which direct the U. 8. Environmental
Protection Agency to review and revise its air pollutant emission factors every three years. Although
such updating is required only for ozone-related pollutants (total organic compounds, oxides of
nitrogen, and carbon monoxide), the AP-42 Team has also addressed the other criteria pollutants,
hazardous pollutants, global warming gases and speciation information, where data are available.
Sections of AP-42 are continuously being developed, reviewed and/or updated.

Even though there are significant additions and improvements in this book, many data gaps and
uncertainties still exist. All'readers and users of AP-42 are asked to provide comments, test data, and
any other information for our evaluation and possible use to improve future updates. :

~ Users familiar with this document may notice changes in factor quality ratings, specifically that
some factors, although unchanged or supported by even newer and more extensive data, are rated
lower in quality than previously in the AP-42 scries. This is attributable to the adoption of more
consistent and stringently applied rating criteria. There are some factors in this edition with lower
ratings than previously, but they are believed to represent appropriate estimates. AP-42 emission
factors are truly for estimation purposes and are no substitute for exact measurements taken at a
source.

Users should especially note this edition’s expanded "Introduction”, for its information on
poliutant definition, factor limitations, the factor rating system, and cautionary notes on the use of
factors for anything other than emission estimation and inventory and approximation purposes..

In addition to print, the' AP-42 series is available in several other media. The Air CHIEF compact
disc (CD-ROM), with AP42 and other hazardous air pollutant emission estimation reports and data
bases, can be purchased from the Government Printing Office. Also, The CHIEF electronic bulletin
board (by modem, 919-541-5742) posts the latest AP-42 and other reports and tools before they are
available on paper. Fina! sections of AP-42 can be obtained quickly from our automatic Fax CHIEF
service (919-541-5626 or -0548). These last two media operate 24 hours per day, 7 days per week.
If you have questions or need further information on these tools or other aspects of emission
estimation, call our help line, Info CHIEF, at 919-541-5285, during regular office hours, eastern time.

If you have factor needs, new data, questions, or suggestions, please send them to the address
below. You may also ask for a free subscription to The CHIEF, our quarterly newsletter (also on the
electronic bulletin board and Fax CHIEF). Our abilities to respond to individual questions often get
impinged by time and resource constraints and the sheer volume of requests, so please use the above
capabilities and tools whenever possible. Though we are a client-oriented organization, we have
neither staff nor structure to provide engineering support. o

AP-42 Team (MD 14)

Emission Factor And Inventory Group
Emissions, Monitoring, And Analysis Division
Office Of Air Quality Planning And Standards

U. S. Environmental Protection Agency

Research Triangle Park, NC 27711
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Processing, SECONAATY . .« . o v v v v vt 12.11
Products, MiScellameous . . ... ... .eovvvnmrsonnannnn s 12.17
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Lightweight Aggregate Manufacturing ... .. ..ot 11.20
Lignite CombUStOn . . ..o vo v v L LT
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INTRODUCTION

Emission factors and emission inventories have long been fundamental tools for air quality
management. Emission estimates are important for developing emission control strategies,
determining applicability of permitting and control programs, ascertaining the effects of sources and
appropriate mitigation strategies, and a number of other related applications by an array of users,
including federal, state, and local agencies, consultants, and industry. Data from source-specific
emission tests or continuous emission monitors are usually preferred for estimating a source’s
emissions because those data provide the best representation of the tested source’s emissions.
However, test data from individual sources are not always available and, even then, they may not
reflect the variability of actual emissions over time. Thus, emission factors are frequently the best or
only method available for estimating emissions, in spite of their limitations.

The passage of the Clean Air Act Amendments Of 1990 (CAAA) and the Emergency Planning
And Community Right-To-Know Act (EPCRA) of 1986 has increased the need for both criteria and
Hazardous air pollutant (HAP) emission factors and inventories. The Emission Factor And Inventory
Group (EFIG), in the U. S. Environmental Protection Agency’s (EPA) Office Of Air Quality
- Planning And Standards (OAQPS), develops and maintains emission estimating tools to support the
many activities mentioned above. The AP-42 series is the principal means by which EFIG can
document its emission factors. These factors are cited in numerous other EPA publications and
electronic data bases, but without the process details and supporting reference material provided in
AP-42.

What Is An AP-42 Emission Factor?

An emission factor is a representative value that attempts to relate the quantity of a pollutant
released to the atmosphere with an activity associated with the release of that pollutant. These factors
are usually expressed as the weight of pollutant divided by a unit weight, volume, distance, or
duration of the activity emitting the pollutant (e. g., kilograms of particulate emitted per megagram of
coal burned). ‘Such factors facilitate estimation of emissions from various sources of air pollution. In
most cases, these factors are simply averages of all available data of acceptable quality, and are
generally assumed to be representative of long-term averages for all facilities in the source category
@i. e., a population average). '

The general equation for emission estimation is:

E = A x EF x (1-ER/100)

where:
E = emissions,
A = activity rate,
EF = emission factor, and

ER = overall emission reduction efficiency, %.

ER is further defined as the product of the control device destruction or removal efficiency and the
capture efficiency of the control system. When estimating emissions for a long time period
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(e. g., one year), both the device and the capture efﬁcienéy terms should account for upset periods as
“well as routine operations.

- Teactant concentrations, For a few cases, however, such as in estimating emissions from petroleum
storage tanks, this document containg empirical formulae (or emission models) that relate emissions to.
variables such as tank diameter, liquid temperature, and wind velocity. Emission factor formulae that
account for the influence of such variables tend to yield more realistic estimates than would factors
that do not consider those parameters. : :

The extent of completeness and detail of the emissions information in AP42 is determined by
the information available from published references. Emissions from some processes are better -
documented than others, For example, several emission factors may be listed for the production of
one substance: one factor for each of a number of steps in the production process such as
neutralization, drying, distillation, and other operations. However, because of less extensive

processes may exist, or because different control devices may be used. Therefore, it is necessary to
look at more than just the emission factor for a particular application and to observe details in the text
and in table footnotes. : _

The fact that an emission factor for a pollutant or process is not available from EPA does not
imply that the Agency believes the source does not emit that pollutant or that the source should not be
inventoried, but it is only that EPA does not have enough data to provide any advice.

Uses Of Emission Factors

Emission factors may be appropriate to use in a number of situations such as making
source-specific emission estimates for areawide inventories. These inventories have many purposes
including ambient dispersion modeling and analysis, control strategy development, and in screening
sources for compliance investigations., Emission factor use may also be appropriate in some
permitting applications, such as in applicability determinations and in establishing operating permit
fees. '

Emission factors in AP-42 are neither EPA-recommended emission limits (e. g., best available
control technology or BACT, or lowest achievable emission rate or LAER) por standards . g.,
National Emission Standard for Hazardous Air Pollutants or NESHAP, or New Source Performance
Standards or NSPS). Use of these factors as source-specific permit limits and/or as emission
regulation compliance determinations is not recommended by EPA. Because emission factors
essentially represent an average of a range of emission rates, approximately half of the subject sources
will have emission rates greater than the emission factor and the other half will have emission rates
less than the factor. As such, a permit limit using an AP42 emission factor would result in half of
the sources being in noncompliance, '

Also, for some sources, emission factors may be presented for facilities having air pollution
control equipment in place. Factors noted as being influenced by control technology do not
necessarily reflect the best available or state-of-the-art controls, but rather reflect the level of (typical)
control for which data were available at the time the information was published. Sources often are
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tested more ‘frequent]y when they are new and when they are believed to be operating properly, and
either situation may bias the results. : :

As stated, source-specific tests or continuous emission monitors can determine the actual
pollutant contribution from an existing source better than can emission factors. Even then, the results
will be applicable only to the conditions existing at the time of the testing ot monitoring. To provide
the best estimate of longer-term (e. g., yearly or typical day) emissions, these conditions should be
representative of the source’s routine operations.

A material balance approach also may provide reliable average emission estimates for specific
sources. For some sources, a material balance may provide a better estimate of emissions than
emission tests would. In general, material balances are appropriate for use in situations where a high
percentage of material is lost to the atmosphere (e. g., sulfur in fuel, or solvent loss in an
uncontrolled coating process.) In contrast, material balances may be inappropriate where material is
consumed or chemically combined in the process, or where losses to the atmosphere are a small
portion of the total process throughput. As the term implies, one needs to account for all the
materials going into and coming out of the process for such an emission estimation to be credible.

If representative source-specific data cannot be obtained, emissions information from
equipment vendors, particularly emission performance guarantees or actual test data from similar
equipment, is a better source of information for permitting decisions than an AP-42 emission factor.
When such information is not available, use of emission factors may be necessary as a last resort.
Whenever factors are used, one should be aware of their limitations in accurately representing a
particular facility, and the risks of using emission factors in such situations should be evaluated
- against the costs of further testing or analyses.

Figure 1 depicts various approaches to emission estimation, in a hierarchy of requirements
and levels of sophistication, that one should consider when analyzing the tradeoffs between cost of the
estimates and the quality of the resulting estimates. Where risks of either adverse environmental
effects or adverse regulatory outcomes are high, more sophisticated and more costly emission
determination methods may be necessary. Where the risks of using a poor estimate are low, and the
costs of more extensive methods are unattractive, then less expensive estimation methods such as
emission factors and emission models may be both satisfactory and appropriate. In cases where no
emission factors are available but adverse risk is low, it may even be acceptable to apply factors from
similar source categories using engineering judgment. Selecting the method to be used to estimate
source-specific emissions may warrant a case-by-case analysis considering the costs and risks in the
specific situation. All sources and regulatory agencies should be aware of these risks and costs and
should assess them accordingly.

Variability Of Emissions

Average emissions differ significantly from source to source and, therefore, emission factors
frequently may not provide adequate estimates of the average emissions for a specific source. The
extent of between-source variability that exists, even among similar individual sources, can be large
depending on process, control system, and pollutant. Although the causes of this variability are
considered in emission factor development, this type of information is seldom included in emission
test reports used to develop AP-42 factors. As a result, some emission factors are derived from tests
that may vary by an order of magnitude or more. Even when the major process variables are
accounted for, the emission factors developed may be the result of averaging source tests that differ
by factors of five or more.

1/95 Introduction 3




RISK SENSITIVITY EMISSION ESTIMATION APPROACHES ‘

CEM
R ——
c : Paramettic Source Tests

Single Source Tests

Material Balance

Source Category Erﬁissions Mode!

Inc&easing -
st }
o Statendustry Factors -

Emission Factors (AP-42)

E

D_lc

B’A

Engineering Judgment

P

Increasing Reliability of Estimate

Figure 1. Approach to emission estimation.

Air pollution control devices also may cause differing emission characteristics. The design : .
criteria of air pollution control equipment affect the resulting emissions. Design criteria include such
items as the type of wet scrubber used, the pressure drop across a scrubber, the plate area of an
electrostatic precipitator, and the alkali feed rate to an acid gas scrubber. Often, design criteria are
not included in emission test reports (at least not in a form conducive to detailed analysis of how
varying process parameters can affect emissions) and therefore may not be accounted for in the
resulting factors. : :

Before simply applying AP-42 emission factors to predict emissions from new or proposed
sources, or to make other source-specific emission assessments, the user should review the latest
literature and technology to be aware of circumstances that might cause such sources to exhibit
emission characteristics different from those of other, typical existing sources. Care should be taken
to assure that the subject source type and design, controls, and raw material input are those of the
source(s) analyzed to produce the emission factor. This fact should be considered, as well as the age
~ of the information and the user’s knowledge of technology advances. :

Estimates of short-term or peak (e..g., daily or hourly) emissions for specific sources are
often needed for regulatory purposes. Using emission factors to estimate short-term emissions will
add further uncertainty to the emission estimate. Short-term emissions from a single specific source
often vary significantly with time (1. e., within-source variability) because of fluctuations in process
operating conditions, control device operating conditions, raw materials, ambient conditions, and
other such factors. Emission factors generally are developed to represent long-term average
emissions, so testing is usually conducted at normal operating conditions. Parameters that can cause \
short-term fluctuations in emissions are generally avoided in testing and are not taken into account in ‘
test evaluation. Thus, using emission factors to estimate short-term emissions will cause even greater
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uncertainty. The AP-42 user should be aware of this limitation and should evaluate the possible.
effects on the particular application. - g

To assess within-source variability and the range of short-term emissions from a source, one
needs either a number of tests performed over an extended period of time or continuous monitoring
data from an indiwidual source. Generally, material balance data are not likely to be sufficient for
assessing short-term emission variability because the accuracy of a material balance is greatly reduced
for shorter time intervals. In fact, one of the advantages of a material balance approach is that it
averages out all of the short-term fluctuations to provide a good long-term average.

Pollutant Terminology And Conventions

The need for clearly and precisely defined terms in AP-42 should be evident to all. The
factors in this document represent units of pollutants (or for ozone, precursors) for which there are
National Ambient Air Quality Standards (NAAQS). These are often referred to as "criteria”
pollutants. Factors may be presented also for HAPs ("hazardous” air pollutants designated in the
Clean Air Act) and for other "regulated” and unregulated air pollutants. If the pollutants are organic
compounds or particulate matter, additional species or analytical information may be needed for
specific applications. It is often the case that the ideal measure of a pollutant for a specific
application may not be available, or even possible, because of test method or data limitations, costs,
or other problems. When such qualifications exist in AP-42, they will be noted in the document. If 2
pollutant is not mentioned in AP-42, that does not necessarily mean that the pollutant is not emitted.

Many pollutants are defined by their chemical names, which often may have synonyms and
trade names. Trade names are often given to mixtures to obscure proprietary information, and the
same components may have several trade names. For assurance of the use of the proper chemical
identification, the Chemical Abstract Service (CAS) number for the chemical should be consulted
along with the list of synonyms. Some pollutants, however, follow particular conventions when used
in air quality management practices. The pollutant terminology and conventions currently used in
AP-42 are discussed below.

Particulate Matter -

Terms commonly associated with the general pollutant, "particulate matter” (PM), include
PM-10, PM-X, total particulate, total suspended particulate (TSP), primary particulate, secondary
particulate, filterable particulate, and condensable particulate. TSP consists of matter emitted from
sources as solid, liquid, and vapor forms, but existing in the ambient air as particulate solids or
liquids. Primary particulate matter includes that solid, liquid, or gaseous material at the pressure and
temperature in the process or stack that would be expected to become a particulate at ambient
temperature and pressure. AP-42 contains emission factors for pollutants that are expected to be
primary particulate matter. Primary particulate matter includes matter that may eventually revert to a
gaseous condition in the ambient air, but it does not include secondary particulate matter. Secondary
particulate matter is gaseous matter that may eventually convert to particulate matter through
atmospheric chemical reactions. The term "total particulate” is used in AP-42 only to describe the
emissions that are primary particulate matter. The term "Total PM-X" is used in AP-42 to describe
those emissions expected to become primary particulate matter smaller than "X" micrometers (um) in
aerodynamic diameter. For example, "PM-10" is emitted particulate matter less than 10 pm in
diameter. In AP-42, "Total Particulate” and "Total PM-X" may be divided into "Filterable
Particulate”, "Filterable PM-X", "Condensable Organic Particulate”, and “Condensable Inorganic
Particulate”. The filterable portions include that material that is smaller than the stated size and is
collected on the filter of the particulate sampling train. '
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Unless noted, it is reasonable to assume that the emission factors in AP-42 for processes that
operate above ambient temperatures are for filterable particulate, as defined by EPA Method 5. or its
equivalent (a filter temperature of 121°C (250°F). The condensable portions of the particulate matter
consist of vaporous matter at the filter temperature that is collected in the sampling train impingers
and is analyzed by EPA Method 202 or its equivalent. AP-42 follows conventions in attempts to
define Total Particulate and its subcomponents, filterable particulate, condensable particulate, and

PM-10 and their interrelationships. Because of test method and data limitations, this attempt may not
always be successful, and some sources may not generate such components,

Because emission factors in AP42 are usually based upon the results of emission test reports,
and because Method 202 was only recently developed, AP-42 emission factors often may adequately
characterize only in-stack filterable PM-10, Recent parts of the AP-42 series have used a clearer
nomenclature for the various particulate fractions. It is reasonable to assume that, where AP-42 does
not define the components of particulate clearly and specifically, the PM-10 factor includes only the
filterable portion of the total PM-10. Therefore, an evaluation of potential condensable particulate
emissions should be based upon additional data or engineering judgment.

As an additional convention, users should note that many hazardous or toxic compounds may
be emitted in particulate form. In such cases, AP-42 factors for particulate matter represent the total,
and factors for such compounds or elements are reported as mass of that material.

Organic Compounds -

compounds deemed to have "negligible photochemical reactivity”, and these are therefore exemnpt
from the definition of VOC. These exempt compounds include methane, ethane, methylene chioride,
methyl chloroform, many chlorofluorocarbons, and certain classes of perfluorocarbons. Additional
compounds may be added to the exempt list in the future. '

for broader applications. ‘Therefore, this document strives to report the total organic emissions and
component species, so that the user may choose those that are necessary for a particular application,
In many cases, data are not available to identify and quantify either all the components (such as some
oxygenated compounds that are not completely measured by many common test methods), the total
organics, or other variations of the quantities desired. In such cases, the available information is
annotated in an effort to provide the data to the user in a clear and unambiguous manner. It is not
always possible to present a complete picture with the data that are available,

The term "total organic compounds” (TOC) is used in AP-42 to indicate all VOCs and all
exempted organic compounds including methane, ethane, chlorofluorocarbons, toxics and HAPs,
aldehydes, and semivolatile compounds. Component species are separately identified and quantified,
if data are available, and these component species are included in TOCs. Often, a test method will
produce a data set that excludes methane. In such cases, the term total nonmethane organic
compound (TNMOC) may be used. Here, methane will be separately quantified if the data are
available. Factors are nominally given in terms of actual weight of the emitted substance. ‘However,
in some cases where data do not allow calculation of the result in this form, factors may be given "as
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methane”, "as propane”, etc. Once the species distribution is determined, actual mass can be
calculated based on molecular weight of each compound represented. In an AP-42 table giving
organic emission factors, the ideal table headings would be:

TOC Methane Ethane vocC Other
Species

Many organic compounds are also HAPs. Where such species can be quantified, an emission
factor representing their individual mass will be presented. This quantity will also be included in the
total VOC and/or TOC factors, as appropriate. To avoid double counting regarding permit fees, etc.,
this fact should be taken into consideration. :

Sulfur Dioxide - -

The ptimary product from combustion of sulfur is sulfur dioxide, SO,. However, other
oxidation states are usually formed. When reported in this document, these compounds are jointly
referred to as SO,, or oxides of sulfur. SO, means sulfur dioxide, and SO, means the combination
of all such emissions reported on the basis of the molecular weight of SO,.

Oxides Of Nitrogen -

The primary combustion product of nitrogen is nitrogen dioxide, NO,. However, several
other nitrogen compounds are usually emitted at the same time (nitric oxide or NO, nitrous oxide or
N,O, etc.), and these may or may not be distinguishable in available test data. They are usually in a
- rapid state of flux, with NO, being, in the short term, the ultimate product emitted or formed shortly
downstream of the stack. The convention followed in AP-42 is to report the distinctions wherever
possible, but to report total NO, on the basis of the molecular weight of NO,.

Lead -

Lead is emitted and measured as particulate and often will be reported for a process both
separately and as a component of the particulate matter emission factor. The lead may exist as pure
metal or as compounds. The convention followed in AP-42 is that all emissions of lead are expressed
as the weight of the elemental lead. Lead compounds will also be reported on the basis of the weight
of those compounds if the information is available. :

Toxic, Hazardous, And Other Noncriteria Pollutants -

Hazardous Air Pollutants are defined for EPA regulatory purposes in Title III of the CAA44.
However, many states and other authorities designate additional toxic or hazardous compounds,
organic or inorganic, that can exist in gaseous or particulate form. Also, as mentioned, compounds
emitted as VOCs may be of interest for their participation in photochemical reactivity. Few EPA
Reference Test Methods exist for these compounds, which may come from the myriad sources
covered in this document. However, test methods are available to allow reasonably reliable
quantification of many compounds, and adequate test results are available to yield estimates of
sufficient quality to be included in this document. Where such compounds are quantified herein with
emission factors, they represent the actual mass of that compound emitted. Totals for PM or VOC,
as appropriate, are inclusive of the component species unless otherwise noted. There are a limited
number of gaseous hazardous or toxic compounds that may not be VOCs, and whenever they occur
they will be identified separately.

The Emission Factor And Inventory Group produces a separate seties of reports that focus on

a number of the more significant HAPs and related sources. Titles of these documents generally
follow the format of Locating And Estimating Emissions From Sources Of . . . (Substance).
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Examples Of Emission Factor Application - _ ‘

Calculating carbon monoxide (CO) emissions from distillate oil combustion serves as an
example of the simplest use of emission factors, Consider an industrial boiler that burns 90,000 liters
of distillate oil per day. In Section 1.3 of AP-42, "Fuel Oil. Combustion", the CO emission factor for
industrial boilers burning distillate oil is 0.6 kilograms (kg) CO per 10° liters of oil burned. ‘

Then CO emissions

= CO emission factor x distillate oil burned/day
= 0.6 x 90 ‘ .

= 54 kg/day

In a more complex case, suppose a sulfuric acid (H,S0,) plant produces 200 Mg of 100
percent H,SO, per day by converting sulfur dioxide (50,) into sulfur trioxide (805) at 97.5 percent
efficiency. In Section 8.10, "Sulfuric Acid”, the SO, emission factors are listed according to
$0,-t0-8O; conversion efficiencies in whole numbers. The reader is directed by footnote to an
interpolation formula that may be used to obtain the emission factor for 97.5 percent 30,-t0-S0,4
conversion, :

The emission factor for kg SO,/Mg 100% H,S0,

= 682 - [(6.82)(% $0,-t0-SO5 conversion)] |
= 682 - [6.82)(97.5)] '
= 682 - 665

- * ®

In the production of 200 Mg of 100 percent H,80, per day, SO, emissions are calculated thus:

SO, emissions - : .

= 17 kg SO, emissions/Mg 100 percent H,S0, x 200 Mg 100 percent
H,S0,/day :

= 3400 kg/day

Emission Factor Ratings

Each AP-42 emission factor is given a rating from A through E, with A being the best. A
factor’s rating is a general indication of the reliability, or robustness, of that factor. This rating is
assigned based on the estimated reliability of the tests used to develop the factor and on both the
amount and the representative characteristics of those data. In general, factors based on many
observations, or on more widely accepted test procedures, are assigned higher rankings. Conversely, ‘
a factor based on a single observation of questionable quality, or one extrapolated from another factor |
for a similar process, would probably be rated much lower. Because ratings are subjective and only _
indirectly consider the inherent scatter among the data used to calculate factors, the ratings should be ‘
seen only as approximations. AP-42 factor ratings do not imply statistical error bounds or confidence
intervals about each emission factor. At most, a rating should be considered an indicator of the
accuracy and precision of a given factor being used to estimate emissions from a large number of
sources. This indicator is largely a reflection of the professional judgment of AP-42 authors and
reviewers concerning the reliability of any estimates derived with these factors. ‘ ' ‘
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Because emission factors can be based on source tests, modeling, mass balance, or other
information, factor ratings can vary greatly. Some factors have been through more rigorous quality
assurance than others. _ S E

Two steps are involved in factor rating determination. The first stép is an appraisal of data
quality, the reliability of the basic emission data that will be used to develop the factor. The second

step is an appraisal of the ability of the factor to stand as a national annual average emission factor fo
that source activity.

Test data quality is rated A through D, and ratings are thus assigned:

A = Tests are performed by a sound methodology and are reported in enough detail for

adequate validation. _

B = Tests are performed by a generally sound methodology, but lacking enough detail for
adequate validation.

C = Tests are based on an unproven or new methodology, or are lacking a significant amount

of background information. _
D = Tests are based on a generally unacceptable method, but the method may provide an
order-of-magnitude value for the source.

“The quality rating of AP-42 data helps identify good data, even when it is not possible to
extract a factor representative of a typical source in the category from those data. For example, the
data from a given test may be good enough for a data quality rating of "A", but the test may be for a
unique feed material, or the production specifications may be either more or less stringent than at the
typical facility. :

The AP-42 emission factor rating is an overall assessment of how good a factor is, based on
both the quality of the test(s) or information that is the source of the factor and on how well the factor
represents the emission source. Higher ratings are for factors based on many unbiased observations, -
or on widely accepted test procedures. For example, ten or more source tests on different randomly
selected plants would likely be assigned an "A" rating if all tests are conducted using a single valid
reference measurement method. Likewise, a single observation based on questionable methods of
testing would be assigned an "E", and a factor extrapolated from higher-rated factors for similar
processes would be assigned a "D" or an "E".

- AP-42 emission factor quality ratings are thus assigned:

A — Excellent. Factor is developed from A- and B-rated source test data taken from many
randomly chosen facilities in the industry population. The source category population is
sufficiently specific to minimize variability.

B — Above average. Factor is developed from A- or B-rated test data from a "reasonable
number” of facilities. Although no specific bias is evident, it is not clear if the
facilities tested represent a random sample of the industry. As with an A rating, the
source category population is sufficiently specific to minimize variability.

C — Average. Factor is developed from A-, B-, and/or C-rated test data from a reasonable
number of facilities. Although no specific bias is evident, it is not clear if the facilities
tested represent a random sample of the industry. As with the A rating, the source
category population is sufficiently specific to minimize variability.
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- D — Below average. Factor is developed from A-, B- and/or C-rated test data from a small
number of facilities, and there may be reason to suspect that these facilities do not
represent a random sample of the industry. There also may be evidence of variability
within the source population.

E — Poor. Factor is developed from C- and D-rated test data, and there may be reason to
suspect that the facilities tested do not represent a random sample of the industry.
There also may be evidence of variability within the source category population.

Public Review Of Emission Factors

Since AP-42 emission factors may have effects on most aspects of air pollution control and air
quality management including operating permit fees, compliance assessments, and SIP attainment
emission inventories, these factors are always made available for public review and comment before
publication. The Emission Factor And Inventory Group panel of public and peer reviewers includes
representatives of affected industries, state and local air pollution agencies, and environmental groups.
More information on AP-42 review procedures is available in the document, Public Participation
Procedures For EPA’s Emission Estimation Guidance Materials, EPA-454/R-94-022, J uly 1994. This
publication is available on EFIG’s CHIEF (Clearinghouse For Inventories And Emission Factors)
electronic bulletin board (BB) and its Fax- CHIEF, an automated facsimile machine. It is also _
available in conventional paper copy from the National Technical Information Service (NTIS). The.
Agency encourages all interested parties to take every opportunity to review factors and to provide
information for factor quality improvement, Toward this objective, EFIG invites comments and
questions about AP-42, and users are invited to submit any data or other information in accordance
with this procedures document.

Other Ways To Obtain AP-42 Information And Updates

All or part of AP-42 can be downloaded either from the CHIEF BB or Fax CHIEF, and it is
available on the Air CHIEF CD-ROM (Compact Disc - Read Only Memory). AP-42 is available in
conventional paper copy from the Government Printing Office and NTIS, as well as through the Fax
CHIEF., :

The emission factors contained in AP42 are available in the Factor Information Retrieval
System (FIRE). Also, software has been developed for emission models such as TANKS, WATER?,
the Surface Impoundment Modeling System (SIMS), and fugitive dust models. This software and the
FIRE data base are available through the CHIEF BB. FIRE is also on the dir CHIEF compact disc.
The Fax CHIEF and the CHIEF BB will always contain the latest factor information, as they are
updated frequently, whereas Air CHIEF, the FIRE program, and printed AP-42 portions are routinely
updated only once per year.

For information or assistance regarding the availability or use of any of these tools and
services, an AP-42 telephone help desk, Info CHIEF, is available at (919) 541-5285.
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1. EXTERNAL COMBUSTION SOURCES

External combustion sources include steam/electric generating plants, industrial boilers, and
commercial and domestic combustion units. Coal, fuel oil, and natural gas are the major fossil fuels
used by these sources. Liquefied petroleum fuels are also used in relatively small quantities. Coal,
oil, and natural gas currently supply about 95 percent of the total thermal energy consumed in the
United States. Nationwide consumption in 1980 was over 530 x 10° megagrams (585 million tons) of
bituminous coal, nearly 3.6 x 10° megagrams (4 million tons) of anthracite coal, 91 x 10 liters
(24 billion gallons) of distillate oil, 114 x 10° liters (37 billion gallons) of residual oil, and
57 x 10'2 cubic meters (20 trillion cubic feet) of natural gas. '

Power generation, process heating, and space heating are some of the largest fuel combustion

sources of sulfur oxides, nitrogen oxides, and particulate emissions. The following sections present
emission factor data on the major fossil fuels and others.
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1.1 Bituminbus And Subbituminous Coal Combustion
1.1.1 General

Coal is a complex combination of organic matter and inorganic ash formed over eons from
successive layers of fallen vegetation. Coal types are broadly classified as anthracite, bituminous,
subbituminous, or lignite. These classifications are based on coal heating value together with relative
amounts of fixed carbon, volatile matter, ash, sulfur, and moisture. Formulae and tables for
classifying coals are given in Reference 1. See AP-42 Section 1.2 and Section 1.7 for discussions of
anthracite and lignite combustion, respectively.

There are three major coal combustion techniques: suspension firing, grate firing, and
fluidized bed combustion. Suspension firing is the primary combustion mechanism in pulverized coal
and cyclone systems. Grate firing is the primary mechanism in underfeed and overfeed stokers. Both
mechanisms are employed in spreader stokers. Fluidized bed combustion, while not constituting a
significant percentage of the total boiler population, has nonetheless gained popularity in the last
decade and today generates steam for industries, cogenerators, independent power producers, and
utilities. :

Pulverized coal furnaces are used primarily in utility and large industrial boilers. In these
systems, the coal is pulverized in a mill to the consistency of talcum powder (i. e., at least 70 percent
of the particles will pass through a 200-mesh sieve). The pulverized coal is generally entrained in
primary air before being fed through burners to the furnace, where it is fired in suspension.
Pulverized coal furnaces are classified as either dry or wet bottom, depending on the ash removal
technique. Dry bottom furnaces fire coals with high ash fusion temperatures and use dry ash removal
techniques. In wet bottom (or slag tap) furnaces, coals with low ash fusion temperatures are
combusted and molten ash is drained from the bottom of the furnace. Pulverized coal furnaces are
further classified by the firing position of the burners, i. e., single (front or rear) wall, horizontally
opposed, vertical, tangential (or corner-fired). Wall-fired boilers can be either single wall-fired (with
burners on only 1 wall of the furnace firing horizontally) or opposed wall-fired (with burners mounted
on two opposing walls). Tangentially fired boilers have burners mounted in the corners of the
furnace. The fuel and air are injected toward the center of the furnace to create a vortex that
enhances air and fuel mixing. '

Cyclone furnaces burn low ash fusion temperature coal which has been crushed to below
4-mesh particle size. The coal is fed tangentially in a stream of primary air to a horizontal cylindrical
furnace. Within the furnace, small coal particles are burned in suspension while larger particles are
forced against the outer wall. Because of the high temperatures developed in the relatively small
furnace volume, and because of the low fusion temperature of the coal ash, much of the ash forms a
liquid slag on the furnace walls. The slag drains from the walls to the bottom of the furnace where it
is removed through a slag tap opening. Cyclone furnaces are used mostly in utility and large
industrial applications.

In spreader stokers, -a flipping mechanism throws the coal into the furnace and onto a moving
fuel bed. Combustion occurs partly in suspension and partly on the grate. Because of significant
carbon content in the particulate, fly ash reinjection from mechanical collectors is commonly
employed to improve boiler efficiency. Ash residue from the fuel bed is deposited in a receiving pit
at the end of the grate.
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as it progresses through the furnace. Ash particles fall into an ash pit at the rear of the stoker. The
term "overfeed” applies because the coal is fed onto the moving grate under an adjustable gate.
Conversely, in "underfeed" stokers, coal is fed into the firing zone from below by mechanical rams
or screw conveyors. The coal moves in a channel, known as a retort, from which it is forced
upward, spilling over the top of each side to form and to feed the fuel bed. Combustion is completed
by the time the bed reaches the side dump grates, from which the ash is discharged into shallow pits.
Underfeed stokers include single retort units and multiple retort units, the latter having several retorts
side by side. '

In overfeed stokers, coal is fed onto a traveling or vibrating grate and burns on the fuel bed ;

Small hand-fired boilers and furnaces are sometimes found in small industrial, commercial,
institutional, or residential applications. In most hand-fired units, the fuel is primarily burned in
layers on the bottom of the furnace or on a grate. From an emissions standpoint, hand-fired units
generally have higher carbon monoxide (CO) and volatile organic compounds (VOC) emissions than
larger boilers because of their lower combustion efficiencies.

In a fluidized bed combustor (FBC), the coal is introduced to a bed of either sorbent
(limestone or dolomite) or inert material (usually sand) which is fluidized by an upward flow of air.
Most of the combustion occurs within the bed, but some smaller particles burn above the bed in the.
"freeboard” space. The two principal types of atmospheric FBC boilers are bubbling bed and
circulating bed.12 The fundamental distinguishing feature between these types is the fluidization
velocity. In the bubbling bed design, the fluidization velocity is relatively low, ranging between
1.5 and 4 m/sec (5 and 12 fi/sec), in order to minimize solids carryover or elutriation from the
combustor. Circulating FBCs, however, employ fluidization velocities as high as 9 m/sec (30 ft/sec)
to promote the carryover or circulation of solids. High-temperature cyclones are used in circulating .

FBCs and in some bubbling FBCs to capture the solid fuel and bed material for return to the primary
- combustion chamber. The circulating FBC maintains a continuous, high-volume recycle rate which
increases the fuel residence time compared to the bubbling bed design. Because of this feature,
circulating FBCs often achieve higher combustion efficiency and better sorbent utilization than
bubbling bed units.2 = ' ' )

1.1.2 Emissions And Controls

The major pollutants of concern from bituminous and subbituminous coal combustion are
particulate matter (PM), sulfur oxides (S0,), and nitrogen oxides (NO,). Emissions from coal
combustion depend on the rank and composition of the fuel, the type and size of the boiler, firing
conditions, load, type of control technologies, and the level of equipment maintenance. Some unburnt
combustibles, including numerous organic compounds and CO, are generally emitted even under
proper. boiler operating conditions. Emission factors for major and minor pollutants are given in
Tables 1.1-1, 1.1-2, 1.1-3, 1.14, 1.1-5, 1.1-6, 1.1-7, 1.1-3, 1.1-9, 1.1-10, 1.1-11, 1.1-12, 1.1-13,
and 1.1-14. :

Particulate Matter - _

Particulate matter composition and emission levels are a complex function of firing
configuration, boiler operation, and coal properties.>+> In pulverized coal systems, combustion is
almost complete, and thus emitted particulate is largely comprised of inorganic ash residues. In wet -
bottom pulverized coal units and cyclones, the quantity of ash leaving the boiler is lower than in dry
bottom units, because some of the ash liquifies, collects on the furnace walls, and drains from the
furnace bottom as molten slag. Particulate emission limits specified in applicable New Source _

Performance Standards (NSPS) are summarized in Table 1.1-15. : ‘
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Table 1.1-6 (Metric And English Units). CUMULATIVE PARTICLE SIZE DISTRIBUTION AND
SIZE-SPECIFIC EMISSION FACTORS FOR WET BOTTOM BOILERS BURNING PULVERIZED
BITUMINOUS COAL?

'EMISSION FACTOR RATING: E

Cumulative Emission Factor®
Cumulative Mass % < Stated Size (kg/Mg [Ib/ton] Coal, As Fired)
| Controlled Controlledd
Particle Size® Multiple ‘ Multiple |
(um) Uncontrolled | Cyclones ESP Uncontrolled | Cyclones ESP
15 0 99 83 C14A 0.69A  0.023A
 (2.8A) (1.38A)  (0.046A)
10 37 93 75 1.30A 0.65A 0.021A
| . (2.6A) (1.3A) (0.042A)
6 33 84 63  1.16A 0.59A 0.018A
| (2.32A) (1.18A)  (0.036A) Yoo
2.5 21 61 40 0.74A . 0.43A 0.011A |
| (1.48A) (0.86A)  (0.022A) |
1.25 6 31 17 0.21A 0.22A 0.005A
0.424) = (0.44A)  (0.01A)
'1.00 4 19 8 0.14A 0.13A . 0.002A
(0.28A) (0.26A)  (0.004A)
- 0.625 2 —° —e 0.07A =t e
(0.14A) : _
"TOTAL 100 100 100 3.5A 0.7A - 0.028A
(7.0A) (1.4A) (0.056A)

# Reference 32. Applicable Source Classification Codes are 1-01-002-01, 1-02-002-01, and
1-03-002-05. ESP = electrostatic precipitator.

b Expressed as aerodynamic equivalent diameter.

© A = coal ash weight %, as fired. .

d Estimated control efficlency for multiple cyclones is 94%; and for ESP, 99.2%.

© Insufficient data.
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Table 1.1-7 (Metric And English Units). CUMULATIVE SIZE DISTRIBUTION AND
SIZE-SPECIFIC EMISSION FACTORS FOR CYCLONE FURNACES BURNING
BITUMINOUS COAL?

EMISSION FACTOR RATING: E

: _ Cumulative Emission Factor®
Cumulative Mass % < Stated Size (kg/Mg [Ib/ton] Coal, As Fired)
Controlled Controlled®
Particle
SizeP Multiple Multiple

(um) Uncontrolled | Cyclones ESP Uncontrolled Cyclones ESP
15 33 95 90 0.33A 0.057A 0.0064A
0.66A) - (0.114A) (0.013A)
10 13 94 68 0.13A 0.056A 0.0054A
| (0.26A) (0.112A) (0.011A)
6 8 93 56 0.08A 0.056A 0.0045A
' : (0.16A) 0.112A) (0.009A)
2.5 - 0 92 36 0 0.055A 0.0029A
0.11A) (0.006A)
1.25 0 85 22 0 0.051A 0.0018A
' (0.10A) - (0.004A)
1.00 0 82 17 0 0.049A 0.0014A
(0.10A) (0.003A)

0.625 0 - ~d 0 -4 —d
TOTA_L 100 100 100 1A (2A) 0.06A 0.008A
(0.12A) (0.016A)

2 Reference 32. Applicable Source Classification Codes are 1-01-002-03, 1-02-002-03, and
1-03-002-03. ESP = electrostatic precipitator.

b Expressed as aerodynamic equivalent diameter.

© A = coal ash weight percent, as fired.

4 Insufficient data.

~ ¢ Estimated control efficiency for multiple cyclones is 94%; and for ESP, 99.2%.
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Table 1.1-9 (Metric And English Units). CUMULATIVE PARTICLE SIZE DISTRIBUTION AND
SIZE-SPECIFIC EMISSION FACTORS FOR OVERFEED STOKERS BURNING
BITUMINOUS COAL*?

Cumulative Mass % Cumulative Emission Factor®
< Stated Size (kg/Mg [Ib/ton] Coal, As Fired)
] | . Multiple Cyclones
Particle Multiple - Uncontrolled Controlledd
Sizeb Cyclones
(um) Uncontrolled | Controlled Factor RATING Factor RATING
15 49 60 3.9 (7.8) Cc 2.7(5.4) E
10 37 55 3.0 (6.0 C 2.5 (5.0 E
6 24 49 ‘ 1.9 (3.8) C 2.2 (4.9 E
2.5 14 43 - 1122 C 1.9 (3.8) E
1.25 13 39 1.0 2.0 C 1.8 (3.6) E
1.00 12 39 - 1.0 2.0 (o} 1.8 (3.6) E
0.625 —° 16 _ —° C 0.7(1.49 E
TOTAL 100 100 8.0 (16.0) C 4.5 9.0 E

4 Reference 32. Applicable Source Classification Codes are 1-01-002-05, 1-02-002-05, and
1-03-002-07. '

b Expressed as aerodynamic equivalent diameter.

° Insufficient data. )

4 Estimated control efficiency for multiple cyclones is 80%.

Table 1.1-10 (Metric And English Units). CUMULATIVE PARTICLE SIZE DISTRIBUTION AND
SIZE-SPECIFIC EMISSION FACTORS FOR UNDERFEED STOKERS BURNING
BITUMINQUS COAL?

Uncontrolled Cumulative Emission Factor®
Particle Size® Cumulative Mass % (kg/Mg [lo/ton] Coal, As Fired)

(um) = Stated Size Factor RATING
15 50 _ ' 3.8 (7.6) C
10 41 3.1 (6.2) o
6 32 2.4 (4.8) C
2.5 25 1.9 (3.8) C
1.25 22 1.7 3.4 C
1.00 21 1.6 (3.2) c
0.625 18 1.4 2.7) C
TOTAL 100 75 (15.0) C

2 Reference 32. Applicable Source Classification Codes are 1-02-002-06 and 1-03-002-08.
b Expressed as acrodynamic equivalent diameter.
¢ May also be used for uncontrolled hand-fired units.
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Table 1.1-15 (Metric And Engli

sh Units). NEW SOURCE PERFORMANCE STANDARDS FOR
FOSSIL FUEL-FIRED BOILERS

 Standard/ Boiler Size Fuel PM S0, NO,
Boiler Types/ MW Or ng/J ng/J ng/)
Applicability ~ (Million Boiler (b/MMBtu) (Ib/MMBtu) (Ib/MMBtu)
Criteria Btu/hr) Type [% reduction] | [% reduction] | [% reduction]
Subpart D >173  Gas 43 ~ NAd 86
(>250) (0.10) (0.20)
Industrial-Utility Qil 43 340 129
(0.10) (0.80) (0.30)
Commence construction Bit./Subbit. 43 520 300
after 8/17/71 Coal (0.10) (1.20) 0.70)
Subpart Da >73 Gas 13 340 86
: (>250) (0.03) (0.80) (0.20)
[NA] [90]2 [25]
Utility
Commence construction oil 13 340 - 130
after 9/18/78 (0.03) (0.80) (0.30)
[70] [o0* ~ [30]
Bit./Subbit. 13 520 260/210°
Coal (0.03) (1.20) (0.60/0.50)
[99] [90]2 [65/65]
Subpart Db >29 Gas NAd Nad 43f
(>100) (0.10)
Industrial-Commercial Distillate Oil 43 340 43f
Institution (0.10) (0.80) (0.10)
[90]
Commence construction Residual Qil (Sarne as for | (Same as for 1308
after 6/19/84™ | distillate oil) | distillate oil) (0.30)
Pulverized 22¢ 520° 300
| Bit./Subbit. (0.05) (1.20) (0.70)
Coal [90]
Spreader 22¢ 520° 260
Stoker & (0.05) (1.20) (0.60)
FBC [90]
Mass-Feed 22° 520° 210
Stoker (0.05) (1.20) (0.50)
_ [90]
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Table 1.1-15 (cont.).

Standard/ Boiler Size Fuel PM S0, NO,
Boiler Types/ MW Or ng/J ng/y ng/] .
Applicability (Million Boiler (Ib/MMBtu) (Ib/MMBtu) (Ib/MMBtu)

Criteria Bou/hr) Type [% reduction] | [% reduction] | [% reduction]
Subpart Dc 2.9-29 Gas —h — —
(10 -100)
Small Industrial - Qil —hj 215 —
Commercial- (0.50)
Institutional
Commence construction Bit./Subbit. 220k 520k -
after 6/9/89 Coal (0.05) (1.20)
[90]

Subpart Db).

1/95
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@ Zero percent reduction when emissions are less than 86 ng/J (0.20 1b/MMBw). FBC = fluidized
bed combustion. NA = not applicable.
b 70% reduction when emissions are less than 260 ng/J (0.60 1b/MMBtu).
¢ The first number applies to bituminous coal and the second to subbituminous coal.
d Standard applies when gas is fired in combination with coal, see 40 CFR 60, Subpart Db.
¢ Standard is adjusted for fuel combinations and capacity factor limits, see 40 CFR 60, Subpart Db.
f For furnace heat release rates greater than 730,000 J/s-m> (70,000 Btulhr-ft3), the standard is
86 ng/J (0.20 Ib/MMBtu).
£ For furnace heat release rates greate
170 ng/J (0.40 1b/MMBtu).
!‘ Standard applies when gas or oil is fired in combination with coal, see 40 CFR 60, Subpart Dc.
J 20 percent capacity limit applies for heat input capacities of 8.7 Mwt (30 MMBtu/hr) or greater.
k Standard is adjusted for fuel combinations and capacity factor limits, see 40 CFR 60, Subpart Dc.
m Additional requirements apply to facilities which commenced construction, modification, or
reconstruction after 6/19/84 but on or before 6/19/86 (see 40 Code of Federal Regulations Part 60,

r than 730,000 J/s-m® (70,000 Bru/hr-£t3), the standard is

™ 215 ng/J (0.50 Ib/million Btu) limit (but no percent reduction requirement) applies if facilities
combust only very low sulfur oil (< 0.5 wt. % sulfur).

Because a mixture of fine and coarse coal particles is fired in spreader stokers, significant
unburnt carbon can be present in the particulate. To improve boiler efficiency, fly ash from
collection devices (typically multiple cyclones) is sometimes reinjected into spreader stoker furnaces.
This practice can dramatically increase the particulate loading at the boiler outlet and, to a lesser
extent, at the mechanical collector outlet. Fly ash can also be reinjected from the boiler, air heater,
and economizer dust hoppers. Fly ash reinjection from these hoppers increases particulate loadings
less than from multiple cyclones. '

Uncontrolled overfeed and underfeed stokers emit considerably less particulate than do
pulverized coal units and spreader stokers, since combustion takes place in a relatively quiescent fuel
bed. Fly ash reinjection is not practiced in these kinds of stokers.

Variables other than firing configuration and fly ash reinjection can affect PM emissions from
stokers. Particulate loadings will often increase as load increases (especially as full load is
approached) and with sudden load changes. Similarly, particulate can increase as the coal ash and
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“fines” contents increase. Fines, in this context, are coal particles smaller than about 1.6 millimeters
(1/16 inch) in diameter. Conversely, particulate can be reduced significantly when overfire air
pressures are increased.

FBCs may tax conventional particulate control systems. The particulate mass concentration
exiting FBCs is typically 2 to 4 times higher than that from pulverized coal boilers.1® Fluidized bed
combustor particles are also, on average, smaller in size, irregularly shaped, and have higher surface
area and porosity relative to pulverized coal ashes. Fluidized bed combustion ash is more difficult to
collect in electrostatic precipitators (ESPs) than pulverized coal ash because FBC ash has a higher
electrical resistivity. In addition, the use of multiclones for fly ash recycling, inherent with FBC
processes, tends to reduce flue gas stream particulate size.}?

The primary kinds of PM control devices used for coal combustion include multiple cyclones,
ESPs, fabric filters (or baghouses), and scrubbers. Some measure of control will even result from fly
ash settling in boiler/air heater/economizer dust hoppers, large breeching, and chimney bases. The
effects of such settling are reflected in current emission factors.

ESPs are the most common high-efficiency PM control device used on pulverized coal and
cyclone units; they are also being used increasingly on stokers. Generally, ESP collection efficiencies
are a function of collection plate area per unit volumetric flow rate of flue gas through the device.
Particulate control efficiencies of 99.9 percent or above are obtainable with ESPs. ESPs located
downstream of air preheaters (i. e., cold side precipitators) operate at significantly reduced
efficiencies when low sulfur coal is fired. Fabric filters have recently seen increased use in both
utility and industrial applications, generally achieving at least 99.8 percent efficiency. An advantage
of fabric filters is that they are unaffected by the high fly ash resistivities associated with low sulfur
coals. Scrubbers are also used to control particulate, although their primary use is to control sulfur
oxides. One drawback of scrubbers is the high energy usage required to achieve control efficiencies
comparable to those for ESPs and baghouses.> '

Mechanical collectors, generally multiple cyclones, are the primary means of PM control on
many stokers. They are sometimes installed upstream of high-efficiency control devices in order to
reduce the ash collection burden on these devices. Cyclones are also an integral part of most FBC
designs. Depending on application and design, multiple cyclone efficiencies can vary widely. Where
cyclone design flow rates are not attained (which is common with underfeed and overfeed stokers),
these devices may be only marginally effective and may prove little better in reducing particulate than
a large breeching. Conversely, well-designed multiple cyclones, operating at the required flow rates,
can achieve collection efficiencies on spreader stokers and overfeed stokers of 90 to 95 percent. Even
higher collection efficiencies are obtainable on spreader stokers with reinjected fly ash because of the
larger particle sizes and increased particulate loading reaching the. controls.56

Sulfur Oxides -

Gaseous SO, from coal combustion are primarily sulfur dioxide (SO,), with a much lower
quantity of sulfur trioxide (SO) and gaseous sulfates.”® These compounds form as the organic and
pyritic sulfur in the coal is oxidized during the combustion process. On average, about 95 percent of
the sulfur present in bituminous coal will be emitted as gaseous SO,, whereas somewhat less will be
emitted when subbituminous coal is fired. The more alkaline nature of the ash in some subbituminous
coals causes some of the sulfur to react in the furnace to form various sulfate salts that are retained in
the boiler or in the flyash. In general, boiler size, firing configuration and boiler operations have

little effect on the percent conversion of fuel sulfur to SO,.'* Sulfur dioxide emission limits specified

in applicable NSPS are summarized in Table 1.1-15.
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Several techniques are used to reduce SO, emissions from coal combustion.!> One way is to
switch to lower sulfur coals, since SO, emissions are proportional to the sulfur content of the coal.
This alternative may not be possible where lower sulfur coal is not readily available or where a
different grade of coal cannot be satisfactorily fired. In some cases, various coal cleaning processes
may be employed to reduce the fuel sulfur content. Physical coal cleaning removes mineral sulfur
such as pyrite but is not effective in removing organic sulfur. Chemical cleaning and solvent refining
processes are being developed to remove organic sulfur.

Many flue gas desulfurization (FGD) techniques can remove SO, formed during
combustion.!® Flue gases can be treated using wet, dry, or semi-dry desulfurization processes of
gither the throwaway type (in which all waste streams are discarded) or the recovery/regenerable type
(in which the SO, absorbent is regenerated and reused). To date, wet systems are the most

-commonly applied. Wet systems generally use alkali slurries as the SO, absorbent medium and can

be designed to remove greater than 90 percent of the incoming SO,. Particulate reduction of up to
99 percent is also possible with wet scrubbers, but fly ash is often collected by upstream ESPs or
baghouses, to avoid erosion of the desulfurization equipment and possible interference with FGD
process reactions.? Also, the volume of scrubber sludge is reduced with separate fly ash removal and
contamination of the reagents and byproducts is prevented. Lime/limestone scrubbers, sodium
scrubbers, and dual alkali scrubbing are among the commercially proven wet FGD systems. The
effectiveness of these devices depends not only on control device design but also operating variables.
A summary table of commercial post-combustion SO, controls is provided in Table 1.1-16.

A number of dry and wet sorbent injection technologies are under development to capture
SO, in the furnace, the heat transfer sections, or ductwork downstream of the boiler.  These
technologies are generally designed for retrofit applications and are well-suited for coal combustion
sources requiring moderate SO, reduction and which have a short remaining life.

Nitrogen Oxides - S
Nitrogen oxides (NO,) emissions from coal combustion are primarily nitrogen oxide (NO),

~ with only a few volume percent as nitrogen dioxide (NO,).1%1! Nitrous oxide (N,0) is also emitted

at ppm levels. Nitrogen oxides formation results from thermal fixation of atmospheric nitrogen
(thermal NO,) in the combustion flame and from oxidation of nitrogen bound in the coal.
Experimental measurements of thermal NO, formation have shown that the NO, concentration is
exponentially dependent on temperature and is proportional to N, concentration in the flame, the
square root of oxygen (O,) concentration in the flame, and the gas residence time.22 Typically, only
20 to 60 percent of the fuel nitrogen is converted to NO,. Bituminous and subbituminous coals '
usually contain from 0.5 to 2 weight percent nitrogen, mainly present in aromatic ring structures.
Fuel nitrogen can account for up to 80 percent of total NO, from coal combustion. Nitrogen oxide
emission limits in applicable NSPS are summarized in Table 1.1-15.

A number of combustion modifications have been used to reduce NO, emissions from boilers.
A summary of currently utilized NO, control technology for stokers is given in Table 1.1-17. Low
excess air (LEA) firing is the most widespread combustion modification, because it can be practiced
in both old and new units and in all sizes of boilers. Low excess air firing is easy to implement and
has the added advantage of increasing fuel use efficiency. Low excess air firing is generally effective
only above 20 percent excess air for pulverized coal units and above 30 percent excess air for stokers.
Below these levels, the NO, reduction from decreased O, availability is offset by increased NO,
production due to higher flame temperatures. Another NO, reduction technique is simply to switch to
a coal having a lower nitrogen content, although many boilers may not properly fire coals with
different properties. ‘
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Table 1.1-16. POST-COMBUSTION SO, CONTROLS FOR COAL COMBUSTION SOURCES

into duct, sometimes

- combined with water

- spray

Typical
Control L
Control Technology - Process Efficiencies Remarks
‘Wet scrubber Lime/limestone 80 -95+% | Applicable to high sulfur
: fuels,
Wet sludge product
Sodium carbonate 80-98% | 1-125 MW (5430 million
Btu/hr) typical application
range, :
High reagent costs
Magnesium oxide/ 80 - 95+ % Can be regenefated
hydroxide
Dual alkali 90 - 96% Uses lime to regenerate
' sodium-based scrubbing
liquor
Spray drying Calcium hydroxide 70 - 90% Applicable to low and
slurry, vaporizes in medium sulfur fuels,
spray vessel Produces dry product -
Furnace injection Dry calcium 25-50% | Commercialized in
carbonate/hydrate Europe,
injection in upper Several U. S.
furnace cavity demonstration projects
'| underway
Duct injection Dry sorbent injection 25-50+% | Several R&D and

demonstration projects
underway,

Not yet commercially
available in the U. S,

Off-stoichiometric (or staged) combustion is also an effective means of controlling N O,

emissions from coal-fired equipment. This can be achieved by using overfire air or low-NO, burners

designed to stage combustion in the flame zone., Other NO, reduction techniques include flue gas

recirculation, load reduction, and steam or water injection. However, these techniques are not very
effective for use on coal-fired equipment because of the fuel nitrogen effect. Ammonia injection is a

post-combustion technique which can also be used, but it is costly relative to other methods. For

cyclone boilers, the use of natural gas reburning for NO, emission control is under investigation on a

1.1-30

EMISSION FACTORS

1/95




9)EJ[NS1q WATEOUNIY
£q 3unnog sayeayaad Lie puw
I5[10Q WO SUOKOLIISaI PBo|
o[qissod -pesmbar wojsds
jonuo? pug ‘Suuciuow
‘wonoafur EHN oywi0quig

fouarngje
IS[I0G Tl $50] JO 9sNBIS(
onb{uyoa) djqeIIsap ¥ 10N

Kouao1yya Japi0q

Ul S5O JO 95nB3q Snbluw[oa)
o[quIISap B JON Il 5530%0
Suseasoul MOYIM pRO]

payrIszowap Jo4 10U Jnq
PIJJO A[RIDISUNLOD

Jojeay

3§# UOTISNGILOD Sey
I5[10q J§ MOU S[qB[IEAY

ON/*HN §°1

0) pajuy

ayes wonoefur EYN
a[qissag -Answoad
eouwny £q paymar]

Aesy 0

JELy woy pasnpal
asnyuradus)

118 UoNSNQUIC)

peo| % 6T 0) UMOp

(eousnradxa
19[ioq pally-[io pus
-su8 woxy) 0y-0p

{oseaioap

8, C1 93uv10AR)
XON u1 9seatoul
95 GZ O} 35830

10109
JO UDI}O3S DATIIDAUDD
1 EHN jo uonoefu]

ameiadws
318 UCHSNQUIOD
Jo uononpay

: 19035
uﬁ&ﬁo&.:uﬁ:u

uonalus
L

(dvy) 1woyerd
ite padnpay

b))
uoniOnpay peo]

20npal ued 8y SIYO)S L[U0 oqejieAy posn ussq S8y 9 6b WOIJ SalIeA 80D Jo uononpay
VHT Wt 58 [9A3]
a1quidasde mo[aq paonpal
SI MOJj3I8 9)erdropun
J1 30000 198D UOISSID
0D 431g pue ‘uoIsO1Id
‘ojesd Sunpayronp $301A9p
“[031U0> uoIsSIIR *ON [0NuOD MO 1S Jayaq moyy e axyenc | ([vd0]) 3w a1y
10 sped v, O Jo uonRUSLIO peou AvuI Jng SIOIASP WINUTUT JO 95B3IOUL PUY -I3A0 4+ VID)
pue uoneoo] wnwndo joxuod ojows s spod % G 0} paynur] molj 18 ejeIfiopun ucHsSnquIod
SUTMIISISP 0} YIB3sAL paaN | VIO 9ABY S19301s 15O uoFAx0 sse0Xq 5Z-S Jo uononpay paduig
STUOISSTIND
0D U3y pus ‘BOISOL0D 11y §500X9 L
‘monyeuLIo] JoNuo ‘oje1d | Jo mmy Jomo] o ORY %5-§ O} paynuy paq Jo)0)s Jopun (vaD
Surjeagiono Jo ofue( | POU NG MOU IqB[IBAY uoB4Ax0 sseoxg SZ-S MO I18 JO UOTIONPAY Iy §590XH MO
SIUSTRLOD smes QWA/ANpQEIRAY uonesddy {uononpay “ON %) anbruye ], anbrnps],
BIOIOUIKIO)) JO °3umy [onuo) Jo wondmsaq onuo)
JO ssauRANlH

SYFTI0E TVRILSNANI dTA14-TVOD ¥IN0LS 404 STOULNOD *ON NOLLYDIdIGOW NOLLSNEGWOD “LI-1°1 9198l

1.1-31

External Combustion Sources

1/95




full-scale utility boiler.?® The net reduction of NO, from any of these techniques or combinations
thereof varies considerably with boiler type, coal properties, and boiler operating practices. Typical
reductions will range from 10 to 60 percent. References 10 and 27 may be consulted for detailed
discussion of each of these NO, reduction techniques. To date, flue gas treatment has not been used
commercially to reduce NO, emissions from coal-fired boilers because of its higher relative cost.

Carbon Monoxide - :

The rate of CO emissions from combustion sources depends on the fuel oxidation efficiency
of the source. By controlling the combustion process carefully, CO emissions can be minimized,
Thus, if a unit is operated improperly or not well maintained, the resulting concentrations of CO (as
well as organic compounds) may increase by several orders of magnitude. Smaller boilers, heaters,
and furnaces tend to emit more CO and organics than larger combustors. This is because smaller
units usually have less high-temperature residence time and, therefore, less time to achieve complete
combustion than larger combustors. Various combustion modification techniques used to reduce NO,
can produce increased CO emissions.

Organic Compounds - _

Small amounts of organic compounds are emitted from coal combustion. As with CO
emissions, the rate at which organic compounds are emitted depends on the combustion efficiency of
the boiler: Therefore, any combustion modification which reduces the combustion efficiency will
most likely increase the concentrations of organic compounds in the flue gases. .

Total organic compounds (TOC) include volatile organic compounds (VOCs), semivolatile
organic compounds, and condensable organic compounds. Emissions of VOCs are primarily
characterized by the criteria pollutant class of unburned vapor-phase hydrocarbons. Unburned
hydrocarbon emissions can include essentially all vapor phase organic compounds emitted from a
combustion source. These are primarily emissions of aliphatic, oxygenated, and low molecular
weight aromatic compounds which exist in the vapor phase at flue gas temperatures. These emissions
include alkanes, alkenes, aldehydes, carboxylic acids, and substituted benzenes (e. g., benzene,
toluene, xylene, and ethyl benzene).17:!

The remaining organic emissions are composed largely of compounds emitted from
combustion sources in a condensed phase. These compounds can almost exclusively be classed into a
group known as polycyclic organic matter (POM), and a subset of compounds called polynuclear
aromatic hydrocarbons (PNA or PAH). There are also PAH-nitrogen analogs. Polycyclic organic
matter can be especially prevalent in the emissions from coal combustion, because a large fraction of
the volatile matter in coal exits as POM. 19 :

Formaldehyde is formed and emitted during combustion of hydrocarbon-based fuels such as
coal. Formaldehyde is present in the vapor phase of the flue gas. Formaldehyde is subject to
oxidation and decomposition at the high temperatures encountered during combustion. Thus, larger
units with efficient combustion (resulting from closely regulated air-fuel ratios, uniformly high
combustion chamber temperatures, and relatively long gas residence times) have lower formaldehyde
emission rates than do smaller, less efficient combustion units, 2921 - :

Trace Elements - _

- Trace elements are also emitted from the combustion of coal. For this update of AP-42, trace
metals included in the list of 189 hazardous air pollutants under Title ITI of the 1990 Clean Air Act
Amendments® were considered. The quantity. of trace metals depends on combustion temperature,
fuel feed mechanism, and the composition of the fuel. The temperature determines the degree of
volatilization of specific trace elements contained in the fuel. The fuel feed mechanism affects the

1.1-32 EMISSION FACTORS ' 1/95




| .

partitioning of elements between bottom ash and fly ash. The quantity of any given metal emitted, in
general, depends on: ' -

- the physical and chemical properties of the element itself;
- its concentration in the fuel;
- the combustion conditions; and

- the type of particulate control device used, and its collection efficiency as a
function of particle size. -

It has become widely recognized that some trace metals become concentrated in certain waste
particle streams from a combustor (e. g., bottom ash, collector ash, and flue gas particulate) while
others do not.}® Various classification schemes have been developed to describe this partitioning
behavior.2426 The classification scheme used by Baig et al.?® is as follows:

- Class 1: Elements which are approximately equally distributed between fly ash
and bottom ash, or show little or no small particle enrichment.

- Class 2;: Elements which are enriched in fly ash relative to bottom ash, or show
increasing enrichment with decreasing particle size.

- Class 3: Elements which are intermediate between Class 1 and 2.
- Class 4: Elements which are emitted in the gas phase.

Fugitive Emissions - _

Fugitive emissions are defined as pollutants which escape from an industrial process due to
leakage, materials handling, inadequate operational control, transfer, or storage. The fly ash handling
operations in most modern utility and industrial combustion sources consist of pneumatic systems or
enclosed and hooded systems which are vented through small fabric filters or other dust control
devices. The fugitive PM emissions from these systems are therefore minimal. Fugitive particulate
emissions can sometimes occur during fly ash transfer operations from silos to trucks or rail cars.

Emission factors for SO, NO,, and CO are presented in Tables 1.1-1 and 1.1-2, along with
emission factor ratings. Particulate matter and PM-10 emission factors and ratings are given in
Tables 1.1-3 and 1.1-4. Cumulative particle size distribution and particulate size-specific emission
factors are given in Figure 1.1-1, Figure 1.1-2, Figure 1.1-3, Figure 1.1-4, Figure 1.1-5, and
Figure 1.1-6 and Tables 1.1-5, 1.1-6, 1.1-7, 1.1-8, 1.1-9, and 1.1-10, respectively. Emission factors
and ratings for speciated organics and N,O are given in Tables 1.1-11 and 1.1-12. Emission factors
and ratings for other noncriteria pollutants and lead are listed in Tables 1.1-13 and 1.1-14.

In general, the baseline emissions of criteria and noncriteria pollutants are those from
uncontrolled combustion sources. Uncontrolled sources are those without add-on pollution control -
(APC) equipment, low-NO,_ burners, or other modifications designed for emission control. - Baseline
emission for SO, and PM can also be obtained from measurements taken upstream of APC
equipment. '

Because of the inherently low NO, emission characteristics of FBCs and the potential for in-
bed SO, capture by calcium-based sorbents, uncontrolled emission factors for this source category
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were not developed in the same sense as with the other source categories.
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1.2 Anthracite Coal Combustion
1.2.1 Genperall*

Anthracite coal is a high-rank coal with more fixed carbon and less volatile matter than either
bituminous coal or lignite; anthracite also has higher ignition and ash fusion temperatures. In the
United States, nearly all anthracite is mined in northeastern Pennsylvania and consumed in
Pennsylvania and its surrounding states. The largest use of anthracite is for space heating. Lesser
amounts are employed for steam/electric production; coke manufacturing, sintering, and pelletizing;
and other industrial uses. Anthracite currently is only a small fraction of the total quantity of coal
combusted in the United States.

Another form of anthracite coal burned in boilers is anthracite refuse, commonly known as
culm. Culm was produced as breaker reject material from the mining/sizing of anthracite coal and
was typically dumped by miners on the ground near operating mines. It is estimated that there are
over 15 million Mg (16 million tons) of culm scattered in piles throughout northeastern Pennsylvania.
The heating value of culm is typically in the 1,400 to 2,800 kcal/kg (2,500 to 5,000 Bw/lb) range,
compared to 6,700 to 7,800 kcal/kg (12,000 to 14,000 Btu/lb) for anthracite coal.

1.2.2 Firing Practices™”

Due to its low volatile matter content, and non-clinkering characteristics, anthracite coal is

largely used in medium-sized industrial and institutional stoker boilers equipped with stationary or
traveling grates. Anthracite coal is not used in spreader stokers because of its low volatile matter

content and relatively high ignition temperature. This fuel may also be burned in pulverized coal-
fired (PC-fired) units, but, due to ignition difficulties, this practice is limited to only a few plants in
eastern Pennsylvania. Anthracite coal has also been widely used in hand-fired furnaces. Culm has
been combusted primarily in fluidized bed combustion (FBC) boilers because of its high ash content
and low heating value.

Combustion of anthracite coal on a traveling grate is characterized by a coal bed of 8 to
13 cm (3 to 5 inches) in depth and a high blast of underfire air at the rear or dumping end of the
grate. This high blast of air lifts incandescent fuel particles and combustion gases from the grate and
reflects the particles against a long rear arch over the grate towards the front of the fuel bed where
fresh or "green" fuel enters. This special furnace arch design is required to assist in the ignition of
the green fuel.

A second type of stoker boiler used to burn anthracite coal is the underfeed stoker. Various
types of underfeed stokers are used in industrial boiler applications but the most common for
anthracite coal firing is the single-retort side-dump stoker with stationary grates. In this unit, coal is
fed intermittently to the fuel bed by a ram. In very small units the coal is fed continuously by a
screw. Feed coal is pushed through the retort and upward towards the tuyere blocks. Air is supplied
through the tuyere blocks on each side of the retort and through openings in the side grates. Overfire
air is commonly used with underfeed stokers to provide combustion air and turbulence in the flame
zone directly above the active fuel bed.

In PC-fired boilers, the fuel is pulverized to the consistency of powder and pneumatically
injected through burners into the furnace. Injected coal particles burn in suspension within the \

1/95 External Combustion Sources 1.2-1




furnace region of the boiler. Hot flue gases rise from the furnace and provide heat exchange with
boiler tubes in the walls and upper regions of the boiler. In general, PC-fired boilers operate either
in a wet-bottom or dry-bottom mode; because of its high ash fusion temperature, anthracite coal is
burned in dry-bottom furnaces. '

For anthracite culm, combustion in conventional boiler systems is difficult due to the fuel’s
high ash content, high moisture content, and low heating value. However, the burning of culm in a
fluidized bed system was demonstrated at a steam generation plant in Pennsylvania. A fluidized bed
consists of inert particles (e. g., rock and ash) through which air is blown so that the bed behaves as -
a fluid. Anthracite coal enters in the space above the bed and burns in the bed. Fluidized beds can
handle fuels with moisture contents up to near 70 percent (total basis) because of the large thérmal
mass represented by the hot inert bed particles. Fluidized beds can also handle fuels with ash
contents as high as 75 percent. Heat released by combustion is transferred to in-bed steam-generating
tubes. Limestone may be added to the bed to capture sulfur dioxide formed by combustion of fuel
sulfur. o ' :

1.2.3 Emissions And Controls*$

Particulate matter (PM) emissions from anthracite coal combustion are a function of furnace
firing configuration, firing practices (boiler load, quantity and location of underfire air, soot blowing,
flyash reinjection, etc.), and the ash content of the coal. Pulverized coal-fired boilers emit the highest
quantity of PM per unit of fuel because they fire the anthracite in suspension, which results in a high
percentage of ash carryover into exhaust gases. Traveling grate stokers and hand-fired units produce
less PM per unit of fuel fired, and coarser particulates, because combustion takes place in a quiescent
fuel bed without significant ash carryover into the exhaust gases. In general, PM emissions from
traveling grate stokers will increase during soot blowing and flyash reinjection and with higher fuel
bed underfeed air flowrates. Smoke production during combustion is rarely a problem, because of
anthracite’s low volatile matter content. :

Limited data are available on the emission of gaseous pollutants from anthracite combustion.
It is assumed, based on bimminous. coal combustion data, that a large fraction of the fuel sulfur is
emitted as sulfur oxides. Also, because combustion equipment, excess air rates, combustion
temperatures, etc., are similar between anthracite and bituminous coal combustion, nitrogen oxide
emissions are also assumed to be similar. Nitrogen oxide emissions from FBC units burning culm are
typically lower than from other anthracite coal-burning boilers due to the lower operating
. temperatures which characterize FBC beds.

‘Carbon monoxide and total organic compound emissions are dependent on combustion
efficiency. Generally their emission rates, defined as mass of emissions per unit of heat input,
decrease with increasing boiler size. Organic compound emissions are expected to be lower for
pulverized coal units and higher for underfeed and overfeed stokers due to relative combustion
efficiency levels.

Controls on anthracite emissions mainly have been applied to PM. The most efficient
particulate controls, fabric filters, scrubbers, and electrostatic precipitators have been installed on
large pulverized anthracite-fired boilers. Fabric filters can achieve collection efficiencies exceeding
99 percent. Electrostatic precipitators typically are only 90 to 97 percent efficient, because of the
characteristic high resistivity of low sulfur anthracite fly ash. It is reported that higher efficiencies
can be achieved using larger precipitators and flue gas conditioning. Mechanical collectors are
frequently employed upstream from these devices for large particle removal.

1.2-2 | EMISSION FACTORS 195




Older traveling grate stokers are often uncontrolled. Indeed, particulate control has often

been considered unnecessary because of anthracite’s low smoking tendencies and the fact that a

the breeching and base of the stack. Cyclone collectors have been employed on traveling grate
stokers, and limited information suggests these devices may be up to 75 percent efficient on
particulate. Flyash reinjection, frequently used in traveling grate stokers to enhance fuel use
efficiency, tends to increase PM emissions per unit of fuel combusted. High-energy venturi scrubbers
can generally achieve PM collection efficiencies of 90 percent or greater.

- significant fraction of large size flyash from stokers is readily collected in flyash hoppers as well as in

Emission factors and ratings for pollutants from anthracite coal combustion and anthracite
culm combustion are given in Tables 1.2-1, 1.2-2, 1.2-3, 1.24, 1.2-5, 1.2-6, and 1.2-7. Cumulative
size distribution data and size-specific emission factors and ratings for particulate emissions are
summarized in Table 1.2-8. Uncontrolled and controlled size-specific emission factors are presented
in Figure 1.2-1. Particle size distribution data for bituminous coal combustion may be used for
uncontrolled emissions from pulverized anthracite-fired furnaces, and data for anthracite-fired

traveling grate stokers may be used for hand-fired units (Figure 1.2-2

3
).10-1‘

Table 1.2-1 (Metric And English Units). EMISSION FACTORS FOR SPECIATED METALS
FROM ANTHRACITE COAL COMBUSTION IN STOKER FIRED BOILERS®

EMISSION FACTOR RATING: E

Emission Factor Range Average Emission Factor
Pollutant kg/Mg Ib/ton kg/Mg Ib/ton
Mercury 4.4E05-6.5E05 8.7 E-05-13E04 6.5 E-05 1.3 E-04
| Arsenic BDL - 1.2 E-04 BDL - 2.4 E-04 9.3 E-05 1.9 E-04
_ Antimony _ BDL BDL BDL BDL
Beryllium 1.5E05-27E04 3.0E05-54E04 . 1.5 E-04 3.1 E-04
Cadmium 2.3 E05-55E03 45E-05-1.1E-04 3.6 E-05 7.1 E-05
Chromium 3.0 E-03 - 2.5 E-02 5.9 E-03 - 4.9 E-02 1.4 02 2.8 E-02
Manganese 49E04-27E03 9.8 E-04-53E-03 1.8 E-03 3.6 E-03
Nickel 3.9E-03-1.8E02 7.8 E-03-3.5E-02 1.3 B-02 2.6 E-02
Selenium 2.4E04-1.1E03 4.7E04-2.1E-03 6.3 E-04 1.3 E-03

2 Reference 9. Units are kg of pollutant/Mg of coal burned and Ib of pollutant/ton of coal burned.
Source Classification Codes are 1-01-001-02, 1-02-001-04, and 1-03-001-02. BDL = below

detection lindit.
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Table 1.2-2 (Metric And English Units). EMISSION FACTORS FOR TOTAL ORGANIC
COMPOUNDS (TOC) AND METHANE (CH,) FROM ANTHRACITE COAL COMBUSTORS?

TOC Emission Factor CH, Emission Factor
Source Category kg/Mg Io/ton RATING kg/Mg Ib/ton RATING
Stoker fired boilers® 0.10 0.20 E ND ND NA
(SCC 1-01-001-02,
- 1-02-001-04, 1-03-001-02) -
Residential space heaters® ND  ND NA 4 g E
# Units are kg of pollutant/Mg of coal burned and 1b of pollutant/ton of coal burned. SCC = Source

Classification Code. ND
b Reference 9.
¢ Reference 14.

Table 1.2-3 (Metric Units). EMISSION FACTORS FOR SPECIA

= no data. NA = not applicable.

FROM ANTHRACITE COAL COMBUSTORS?

EMISSION FACTOR RATING: E

TED ORGANIC COMPOUNDS

Stoker Fired Boilers®
(SCC 1-01-001-02, : :
1-02-001-04, Residential Space Heaters®
1-03-001-02) (No 8CC)
Pollutant Emission Factor Emission Factor Range Emission Factor
Biphenyl 1.25 E-02 . ND ND
Phenanthrene 3.4 E-03 - 4.6 E02-2.1E-02 1.6 E-01
Naphthalene 0.65 E-01  45E-03-24E-02 1.5 E-01
Acenaphthene ND 7.0 E-03 - 3.4 E-01 3.5 E-01
Acenaphthalene ND 7.0 E-03 - 2.0 E-02 2.5 E-01
Fluorene ND 45E-03-29EQ2 1.7 E-02
Anthracene ND 4.5 E-03 - 2.3 E-02 1.6 E-02
Fluoranthrene ND 4.8 E02 -1.7 E-01 1.1 E-01
Pyrene ND 2.7 E-02 - 1.2 E-01 7.9 E-02
Benzo(a)anthracene ND 7.0 E-03 - 1.0 E-01 2.8 E-01
Chrysene ND 1.2 E-02 - 1.1 E-01 5.3 Eg2
Benzo(k)fluoranthrene ND 7.0 E-03 - 3.1 E-02 2.5 E-01
Benzo(e)pyrene ND - 2.3 E-03 - 7.3 E-03 4.2 E-03
Benzo(a)pyrene ND 1.9 E-03 - 4.5 E-03 3.5 E-03
Perylene _ ND 3.8E-04-12E-03 8.5 E-04
Indeno(123-cd) perylene ND 2.3 E-03 - 7.0 E-03 2.4 E-01
Benzo(g,h,i,) perylene ND 1 2.2 E-03 - 6.0 E-03 2.1 E-01
Anthanthrene ND 9.5E-05-55 E-04 3.5 E-03
Coronene ND 5.5 E-04 - 4.0 E-03 1.2 E-02

# Units are kg of pollutant/Mg of anthracite coal burned. SCC = Source Classification Code.

ND = no data.
b Reference 9.
¢ Reference 14.

1.24
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Table 1.2-4 (English Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS
FROM ANTHRACITE COAL COMBUSTORS"

EMISSION FACTOR RATING: E

Stoker Fired Boilers®
(SCC 1-01-001-02,
1-02-001-04, Residential Space Heaters®
1-03-001-02) ~(No 5CC)
Pollutant Emission Factor Emission Factor Range Emission Factor
Biphenyl 2.5 E-02 ND ND
Phenanthrene 6.8 E-03 9.1 E-02 - 4.3 E-02 3.2 E-01
Naphthalene 1.3 E01 9.0 E-03 - 4.8 E-02 3.0 E-01
Acenaphthene ND 1.4 E-02 - 6.7 E-01 7.0 E-01
Acenaphthalene ND 1.4 E-02 - 3.0 E-01 4.9 BE-01
Fluorene ND 9.0 E-03 - 5.8 E-02 34 E02
Anthracene ND 9.0 E-03 - 4.5 E02 3.3 E-02
| Fluoranthrene ND 9.6 E-02 - 3.3 E-01 2.2 E01
Pyrene ND 5.4 E-02-24E01 1.6 E-01
Benzo(a)anthracene ND 1.4 E-02 - 2.0 E-01 5.5 E-01
Chrysene ND 2.3 E-02 - 2.2 E-01 1.1 E-01
Benzo(k)fluoranthrene ND 1.4 E-02 - 6.3 E-Q2 5.0 E-01
Benzo(g)pyrenc ND 4.5 E-03 - 1.5 E-02 8.4 E-03
Benzo(a)pyrene ND 3.8 E-03 - 9.0 E-03 7.0 E-03
Perylene ND " 7.6 E-04 - 2.3 E-03 1.7 E03
Indeno(123-cd) perylene ND 4.5 E-03 - 1.4 E-02 4.7 E01
Benzo(g,h,i,) perylene ND 43 E-03-12E02 4.2 E01
Anthanthrene ND 1.9 E-04 - 1.1 E-03 7.0 E-03
Coronene ND 1.1 E-03 - 8.0 E-03 2.4 EQ2

2 Units are Ibs. of pollutant/ton of anthracite coal burned. SCC =

ND = no data.
b Reference 9.
¢ Reference 14.
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Table 1.2-7 (Metric And English Units). EMISSION FACTORS FOR

AND CARBON DIOXIDE (CO,) FROM AN

THRACITE COAL COMBUSTORS?

CARBON MONOXIDE (CO) ‘

CO Emission Factor | CO, Emission Factor
Source Category kg/Mg | Ib/ton RATING | kg/Mg { Ib/ton | RATING
Stoker fired boilers® 0.3 06 B 2840 - 5680 C
(SCC 1-01-001-02, _
1-02-001-04, 1-03-001-02) _ _
FBC boilers® 015 03 E "ND . ND NA
(no SCC) ' T

b References 10,13.

# Units are kg of pollutant/Mg of coal burned and Ib of
Classification Code. FBC = fluidized bed combustio

pollutant/ton of coal burned. SCC = Source
0. ND = no data. NA = not applicable.

¢ Reference 15. FBC boilers burning culm fuel; all other sources burning anthracite coal.

Table 1.2-8 (Metric And English Units). CUMULATIVE PARTICLE SIZE-DISTRIBUTION AND

SIZE-SPECIFIC EMISSION FACTORS FOR DRY BOTTOM BOILERS BURNING PULVERIZED

ANTHRACITE COAL®?

EMISSION FACTOR RATING: D

. : .C.umulative Erhiésion Factord
‘Cumulative Mass % < Stated Size - kg/Mg (Ib/ton) Coal, As Fired
_ Controlled® " " Controlled®
Particle - : ‘ —n .
Size® Multiple _ Multiple -
(pm) Uncontrolled Cyclone | Baghouse Uncontrolled  |. Cyclone Baghouse
15 32 . 63 79 1.6A (3.2A)¢ 0.63A 0.0079A
(1.26A) (0.016A)
10 23 - 55 67 1.2A (2.3A) -0.55A 0.0067A
| (1.10A) (0.013A)
6 17 46 51 0.9A (1.7A) 0.46A 0.0051A
' : (0.92A) (0.010A)
2.5 6 24 32 0.3A (0.6A) 0.24A 0.0032A
(0.48A) (0.006A)
1.25 2 13 21 0.1A (0.2A) 0.13A 0.0021A
_ : - (0.26A) (0.004A)
1.00 2 10 18 0.1A (0.2A) 0.10A 0.0018A
| 0.20A) - (0.004A)
0.625 1 7 ND 0.05A (0.1A) 0.07A —f
. ‘ - (0.144)
TOTAL 100 100 100 5A (10A) 1A (2A) 0.01A
(0.02A)

1.2-8
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Table 1.2-8 (cont.).

a Reference 8. Source Classification Codes are 1-01-001-01, 1-02-001-01, and 1-03-001-01.
b Expressed as aerodynamic equivalent diameter.

¢ Estimated control efficiency for multiple cyclone is 80%; for baghouse, 99.8%.

d Units are kg of pollutant/Mg of coal burned and Ib of pollutant/ton of coal burned.

¢ A = coal ash weight %, as fired.

f Insufficient data. :

1.0 -0.010A
2.0 5 T
1.8A 1 Hooa s H0.000R
[ e
+  1.6A | -0.8A § Jo.c08a 2
b} _ - -
LS K w— . -
2% .l Baghause do.7a %?. do.oorn 5%
s< x aE
- - .
ag 1.2A b ...O.GA'u_:m' —{0.006A €.
€ - e° w®
8- 10 Wl tiol 0.5 5= —o.0088 2
28 Toe 88  BO
= 0.8 eyclone Jo.4a to.004a &
k¥ 3 ef gs
.l:“a O . L¥ Y
2 0.64 |- Jdoaa$d Jo.oo3a 2
g &= £~
= 0al uncontrolled -40.2A 2 ~Jo.002a £
. o
. el [--]
0.2a = - O.IAoEJ -10.001A

0 ! 141 1 Lot 1 lJD Jo
. .1 .2 4 .6 1 2 4 &6 10 20 4c 6C 100
Particle diameter (um)

Figure 1.2-1. Cumulative size-specific emission factors for dry bottom boilers burning pulverized
anthracite coal.

[ "]
1

Uncontrolled emission fector
{kg/Mg coal, as fired)
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T

—_
|

i

' }

'] 1 lljnnnl 1 v 1 a2l 1 l‘ll_l_LI_l
.2 4 .6 1 - 4 6 10 20 40 & 100

Particle dismeter (o)

.
-

. o Figure 1.2-2. Cumulative size-specific emission factors for traveling grate stokers
burning anthracite coal.
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1.3.2 Emissions

1.3 Fuel Oil Combustion
1.3.1 Generall2: 26

Two major categories of fuel oil are burned by combustion sources: distillate oils and
residual oils. These oils are further distinguished by grade numbers, with Nos. 1 and 2 being
distillate oils; Nos. 5 and 6 being residual oils; and No. 4 either distillate oil or a mixture of distillate
and residual oils. No. 6 fuel oil is sometimes referred to as Bunker C. Distillate oils are more
volatile and less viscous than residual oils. They have negligible nitrogen and ash contents and
usually contain less than 0.3 percent sulfur (by weight). Distillate oils are used mainly in domestic
and small commercial applications. Being more viscous and less volatile than distillate oils, the
heavier residual oils (Nos. 5 and 6) must be heated for ease of handling and to facilitate proper
atomization. Because residual oils are produced from the residue remaining after the lighter fractions
(gasoline, kerosene, and distillate oils) have been removed from the crude oil, they contain significant
quantities of ash, nitrogen, and sulfur. Residual oils are used mainly in utility, industrial, and large
commercial applications. '

27

. Emissions from fuel oil combustion depend on the grade and composition of the fuel, the type
and size of the boiler, the firing and loading practices used, and the level of equipment maintenance,
Because the combustion characteristics of distillate and residual oils are different, their combustion
can produce significantly different emissions. In general, the baseline emissions of criteria and
noncriteria pollutants are those from uncontrolled combustion sources. Uncontrolled sources are
those without add-on air pollution control (APC) equipment or other combustion modifications
designed for emission control. Baseline emissions for sulfur dioxide (SO,) and particulate matter
(PM) can also be obtained from measurements taken upstream of APC equipment.

In this section, point source emissions of nitrogen oxides (NO,), SO,, PM, and carbon
monoxide (CO) are being evaluated as criteria pollutants (those emissions for which National Primary
and Secondary Ambient Air Quality Standards have been established. Particulate matter emissions are
sometimes reported as total suspended particulate (TSP). More recent data generally quantify the
portion of inhalable PM that is considered to be less than 10 micrometers in aerodynamic diameter
(PM-10). In addition to the criteria pollutants, this section includes point source emissions of some
noncriteria pollutants, nitrous oxide (N,0), volatile organic compounds (VOCs), and hazardous air
pollutants (HAPs), as well as data on particle size distribution to support PM-10 emission inventory
efforts. Emissions of carbon dioxide (CO,) are also being considered because of its possible
participation in global climatic change and the corresponding interest in including this gas in emission
inventories, Most of the carbon in fossil fuels is emitted as CO, during combustion. Minor amounts
of carbon are emitted as CO, much of which ultimately oxidizes to CO, or as carbon in the ash.
Finally, fugitive emissions associated with the use of oil at the combustion source are being included
in this section. '

Tables 1.3-1, 1.3-2, 1.3-3, and 1.3-4 present emission factors for uncontrolled emissions of
criteria pollutants from fuel oil combustion. A general discussion of emissions of criteria and
noncriteria pollutants from coal combustion is given in the following paragraphs. Tables 1.3-5,
1.3-6, 1.3-7, and 1.3-8 present cumulative size distribution data and size-specific emission factors for

1/95 External Combustion Sources 1.3-1
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Table 1.3-3 (Metric Units). EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS i
(TOC), METHANE, AND NONMETHANE TOC (NMTOC) FROM UNCONTROLLED
FUEL OIL COMBUSTION '

ToCh Methane® '~ NMTOC
EMISSION EMISSION' EMISSION
Firing Configuration : FACTOR : FACTOR ' | . FACTOR
(8CC)? kg/I* L | RATING | kg/10°L | RATING | ke/103L | RATING
Utility boilers '
~ No. 6 oil fired, normal 0.125 A 0.034 A 0.091 A
firing (1-01-004-01) ' :
No. 6 oil fired, tangential 0.125 A 0.034 A - 0.091 A
firing (1-01-004-04) ' : o
No. 5 oil fired, normal 0.125 A 0.034 A -0.091 A
firing (1-01-004-05) .
No. 5 oil fired, tangential 0.125 A 0.034 A ©0.091 A
firing (1-01-004-06) _ ; _
No. 4 oil fired, normal 0.125 A . 0.034 A - 0.091 A
firing (1-01-005-04) : _
No. 4 oil fired, tangential 0.125 A . 0.034 A ©0.091 A
firing (1-01-005-05) . ' ‘
Industrial boilers ' ' '
No. 6 oil fired 0.154 A - 0.12 A 0.034 A
(1-02-004-01/02/03)
No. 5 oil fired 0.154 A 0.12 A 0.034 A
(1-02-004-04)
Distillate oil fired | o.030 A ~0.006 A 0.024 A
(1-02-005-01/02/03)
No. 4 oil fired 0.030 A 0.006 A - 0.024 A
(1-02-005-04) .
Commercial/institutional/
" residential combustors _
- No. 6 oil fired 0.193 A 0.057 A 0,136 . A
(1-03-004-01/02/03) _
No. 5 oil fired 0.193 A 0.057 A 0.136 A
(1-03-004-04) ' o ‘
Distillate oil fired 0.067 A 0.026 A 0.041 . A *
(1-03-005-01/02/03)
No. 4 oil fired 0.067 A 0.026 A 0.041 A
(1-03-005-04) _ _
Residential furnace- 0.299 ’ A 0.214 A 0.085 A
(No SCC) : _
8 8CC = Source Classification Code. _' _
® References 16-19. Volatile organic compound emissions can increase by several orders of :

magnitude if the boiler is improperly operated or is not well maintained.
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(TOC), METHANE, AND NONMETHANE TOC (NMTOC) FROM UNCONTROLLED

' . Table 1.3-4 (English Units). EMISSION FACTORS FOR TOTAL ORGANIC COMPOUNDS
FUEL OIL COMBUSTION

TOCP Methane? NMToCP
EMISSION EMISSION EMISSION
Firing Configuration FACTOR FACTOR FACTOR
(8CC)? 1b/103 gal RATING Ib/10° gal RATING 1b/10° gal RATING
Utility boilers .
No. 6 oil fired, normal 1.04 A 0.28 A 0.76 A
firing (1-01-004-01)
No. 6 oil fired, tangential 1.04 A 0.28 A 0.76 A
firing (1-01-004-04)
No. 5 oil fired, normal 1.04 A 0.28 A 0.76 A
firing (1-01-004-05) :
No. 5 oil fired, tangential 1.04 A 0.28 A 0.76 A
firing (1-01-004-06)
No. 4 oil fired, normal 1.04 A 0.28 A 0.76 A
firing (1-01-005-04)
No. 4 oil fired, tangential 1.04 A 0.28 A 0.76 . A
firing (1-01-005-05)
Industrial boilers
. No. 6 oil fired ' 1.28 A 1 A 0.28 A
(1-02-004-01/02/03)
No. 5 oil fired 1.28 A 1 A 0.28 A
(1-02-004-04) _
Distillate oil fired 0.252 A 0.052 A 0.2 A
(1-02-005-01/02/03)
No. 4 oil fired 0.252 A 0.052 A 0.2 A
(1-02-005-04) .
Commercial/institutional/
residential combustors _
No. 6 oil fired 1.605 A 0.475 A 1.13 A
(1-03-004-01/02/03)
No. 5 oil fired 1.605 A 0.475 A 1.13 A
(1-03-004-04)
Distillate oil fired 0.556 A 0.216 A 0.34 A .
(1-03-005-01/02/03)
No. 4 oil fired 0.556 A 0.216 A 0.34 A
(1-03-005-04)
Residential furnace 2.493 A 1.78 A 0.713 . A
(No SCC)

b References 16-19. Volatile organic compound emissions can increase by several orders of

2 SCC = Source Classification Code.
. magnitude if the boiler is improperly operated or is not well maintained.
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Table 1.3-7 (Metric And English Units). CUMULATIVE PARTICLE SIZE DISTRIBUTION AND B
SIZE-SPECIFIC EMISSION FACTORS FOR UNCONTROLLED INDUSTRIAL BOILERS FIRING
DISTILLATE OIL?

EMISSION FACTOR RATING: E

Cumulative Mass % =< Stated Cumulative Emission Factor

Pasticle Sige? Size Tkg/10° L Qb/10° gal)]
(pm) Uncontrolled : Uncontrolled
15 68 | 0.16 (1.33)
10 | 50 | 0.12 (1.00)
6 | 30 | 0.07 (0.58)
2.5 | 12 0.03 (0.25)
1.25 9 ~0.02 (0.17)
1.00 | 8 0.02 (0.17)

1 0.625 2 | 0.005 (0.04)
TOTAL 100 _ 0.24 (2.00)

- @ Reference 29. Source Classification Codes 1-02-005-01/02/03. |
b Expressed as aerodynamic equivalent diameter. _ ‘
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SIZE-SPECIFIC EMISSION FACTORS FOR UNCONTROLLED COMMERCIAL BOILERS

{ . Table 1.3-8 (Metric And English Units). CUMULATIVE PARTICLE SIZE DISTRIBUTION AND
BURNING RESIDUAL AND DISTILLATE OIL?

EMISSION FACTOR RATING: D

' Cumulative Emission Factor®
Cumulative Mass % < Stated Size [kg/10° L (1b/10° gal)]

Particle Uncontrolled, Uncontrolled, Uncontrolled, Uncontrolled,

SizeP Residual Distillate Residual Distillate

(xm) oil oil oil oil

15 78 - 60 0.78A (6.50A) 0.14 (1.17)
10 62 55  0.62A (5.17A) 0.13 (1.08)
6 44 49 0.44A (3.67A) 0.12 (1.00)
2.5 23 42 0.23A (1.92A) 0.10 (0.83)
125 16 ' 38 0.16A (1.33A) 0.09 (0.75)
1.00 14 37 0.14A (1.17A) 0.09 (0.75)
0.625 13 35 0.13A (1.08A) 0.08 (0.67)
TOTAL 100 100 1A (8.34A) 0.24 (2.00)

. a Reference 29. Source Classification Codes: 1-03-004-01/02/03/04 and 1-03-005-01/02/03/04.

b Expressed as aerodynamic equivalent diameter.
¢ Particulate emission factors for residual oil combustion thhout emission controls are, on average, a
function of fuel oil grade and sulfur content:
No. 6 oil: A = 1.12(S) + 0.37 kg/10® L, where § is the weight % of sulfur in the oil.
No. 50il: A =12kg/10°L
No. 4 oil: A = 0.84 kg/10° L
No.2oil: A = 0.24kg/10° L

particulate emissions from fuel oil combustion. Uncontrolled and controlled size-specific emission
factors are presented in Figure 1.3-1, Figure 1.3-2, Figure 1.3-3, and Figure 1.3-4. Distillate and
residual oil categories aregiven separately, because their combustion produces significantly different
particulate, SO,, and NO, emissions.
1.3.2.1 Particulate Matter Emissions™7-12-13,21,23-24 _

Particulate matter emissions depend predominantly on the grade of fuel fired. Combustion of
lighter distillate oils results in significantly lower PM formation than does combustion of heavier
residual oils. Among residual oils, firing of NOS 4 or 5 oils usually produces less PM than does the
firing of heavier No. 6 oil.

In general, PM emissions depend on the completeness of combustion as well as on the oil ash
_ content. The PM emitted by distillate oil-fired boilers is primarily carbonaceous particles resulting
. from incomplete combustion of oil and is not correlated to the ash or sulfur content of the oil.
However, PM emissions from residual oil burning is related to the oil sulfur content. This is because
low sulfur No. 6 oil, either refined from naturally low sulfur crude oil or desulfurized by one of

1/95 External Combustion Sources 1.3-11
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several processes, exhibits substantially lower viscosity and reduced asphaltene, ash, and sulfur
contents, which results i in better atomization and more complete combustnon

Boiler load can also affect partlculat'e emissions in units firing No. 6 oil. At low load
conditions, particulate emissions from utility boilers may be lowered by 30 to 40 percent and by as
much as 60 percent from small industrial and commercial units, However, no significant particulate
emissions reductions have been noted at low loads from boilers firing any of the lighter grades. At
very low load conditions, proper combustion conditions may be difficult to maintain and particulate
emissions may increase'signiﬁcantly. ‘ ' -

1.3.2.2 Sulfur Oxides Emissions!"62 -

Sulfur oxides (SO,) emissions are generated durmg oil combustion from the oxidation of
sulfur contained in the fuel. The emissions of SO, from conventional combustion systems are
predominantly in the form of SO,. Uncontrolled SO emissions are almost entirely dependent on the
sulfur content of the fuel and are not affected by boﬂer size, burner design, or grade of fuel being
fired. On average, more than 95 percent of the fuel sulfur is converted to SO,: about 1 to 5 percent
is further oxidized to sulfur trioxide (SO3), and about 1 to 3 percent is emitted as sulfate particulate.
SO, readily reacts with water vapor (both in ‘the atmosphere and in flue gases) to form a sulfuric acid

- mist. _

1.3.2 3 Nitrogen Oxides Emissions!-11:14,15.:20,24-25,28-29,41 -

Oxides of mtrogen (NO,) formed in combustion processes are due either to thermal fixation
of atmospheric mtrogen in the combustion air ("thermal NO,"), or to the conversion of chemically
bound nitrogen in the fuel ("fuel NO,"). The term NO, refers to the composite of nitric oxide (NO)
and nitrogen dioxide (NO,). Nitrous oxide is not mcluded in NO, but has taken on recent interest
because of atmospheric effects. Test data have shown that for most external fossil fuel combustion
systems, over 95 percent of the emitted NO is in the form of NO -

Experimental measurements of thermal NO,, formation have shown that NO concentration is
exponentially dependent on temperature, and proportlonal to N, concentration in the flame, the square
root of O, concentration in the flame, and the residence time. Thus, the formation of thermal NO, is
affected by four factors: (1) peak temperature, (2) fuel nitrogen concentration, (3) oxygen
concentration, and (4) time of exposure at peak temperature. The emission trends due to changes in
- these factors are generally consistent for all types of boilers® an increase in flame temperature,
“oxygen availability, and/or residence time at high temperatures leads to an increase in NO;
production. - ' :

Fuel nitrogen conversion is the more important NO,-forming mechanism in residual oil
boilers. It can account for 50 percent of the total NO, emissions from residual oil firing. The
percent conversion of fuel nitrogen to NO, varies greatly, however; typically from 20 to 90 percent
of nitrogen in oil is converted to NO,. Except in certain large units having unusually high peak ‘
flame temperatures, or in units firing a low nitrogen content residual oil, fuel NO, generally accounts
for over 50 percent of the total NO, generated. Thermal fixation, on the other hand, is the dominant
NO, forming mechanism in units ﬁrmg distillate oils, primarily because of the negligible nitrogen
content in these lighter oils. Because distillate oil-fired boilers usually have lower heat release rates,
the quantity of thermal NO, formed in them is less than that of larger units. 50

A number of variables mﬂuence how much NO is formed by these two mechanisms. One
important variable is firing configuration. NO, emissions from tangentially (corner) fired boilers are,
on the average, less than those of horizontally opposed units. Also important are the firing practices
employed during boiler operation. Low excess air (LEA) firing, flue gas recirculation (FGR), staged

1.3-14 : - EMISSION FACTORS 1/95




combustion (SC), reduced air preheat (RAP), low NO, burners (LNBs), or some combination thereof
may result in NO, reductions of 5 to 60 percent. Load reduction (LR) can likewise decrease NO,

‘production. Nitrogen oxides emissions may be reduced from 0.5 to 1 percent for each percentage

reduction in load from full load operation. It should be noted that most of these variables, with the
exception of excess air, influence the NO, emissions only of large oil fired boilers. Low excess air-
firing is possible in many small boilers, but the resulting NO, reductions are less significant.

Recent N,O emissions data indicate that direct N,O emissions from oil combustion units are
considerably below the measurements made prior to 1988. Nevertheless, the N,O formation and
reaction mechanisms are still not well understood or well characterized. Additional sampling and
research is needed to fully characterize N,O emissions and to understand the N,O formation
mechanism. Emissions can vary widely from unit to unit, or even from the same unit at different
operating conditions. It has been shown in some cases that N,O increases with decreasing boiler
temperature. For this update, average emission factors based on reported test data have been
developed for conventional oil combustion systems. These factors are presented in Table 1.3-9.

Table 1.3-9 (Metric And English Units). EMISSION FACTORS FOR NITROUS OXIDE (N0,
POLYCYCLIC ORGANIC MATTER (POM), AND FORMALDEHYDE (HCOH)
FROM FUEL OIL COMBUSTION

EMISSION FACTOR RATING: E

Emission Factor, kg/10° L (1b/10'2 Btu)

Firing Configuration

(SCC)* N,0b POM® HCOH®
Utility/industrial/commercial boilers
No. 6 oil fired 0.013 (0.11) 3.2-3.6 (7.4-8.4)9  69-174 (161-405)
(1-01-004-01, 1-02-004-01, 1-03-004-01)
Distillate oil fired 0.013 (0.11) 9.7 (22)° 100-174 (233-405)
(1-01-005-01, 1-02-005-01, 1-03-005-01)
Residential furnacgs (No SCC) 0.006 (0.05) ND ND

2 SCC = Source Classification Code. ND = no data.
b References 28-29.

€ References 16-19. ,

4 Particulate and gaseous POM.

¢ Particulate POM only.

The new source performance standards (NSPS) for PM, S0,, and NO, emissions from
residual oil combustion in fossil fuel-fired boilers are shown in Table 1.3-10.

1.3.2.4 Carbon Monoxide Emissions!®!® -

The rate of CO emissions from combustion sources depends on the oxidation efficiency of the
fuel. By controlling the combustion process carefully, CO emissions can be minimized. Thus if a
unit is operated improperly or not well maintained, the resulting concentrations of CO (as well as
organic compounds) may increase by several orders of magnitude. Smaller boilers, heaters, and
furnaces tend to emit more of these pollutants than larger combustors. This is because smaller units
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Table 1.3-10 (Metric And English Units). NEW SOURCE PERFORMANCE STANDARDS FOR

FOSSIL FUEL FIRED BOILERS
Standard/  Boiler Size Fuel PM SO, NO,
Boiler Types/ MW - Or ng/J ng/Y ng/J
Applicability (Million Boiler (b/MMBtu) | (Ib/MMBtu) | (Ib/MMBtu)
. Criteria Btu/hr) Type [% reduction] | [% reduction] | [% reduction]
Subpart D >73 Gas 43 NAd 86
: (>2350) (0.10) (0.20)
Industrial-Utility Oil 43 340 129
_ (0.10) (0.80) (0.30)
Commence construction Bit./Subbit. 43 520 300
after 8/17/71 Coal (0.10) (1.20) (0.70)
Subpart Da >73 Gas 13 340 86
(>250) (0.03) (0.80) (0.20)
[NA] {901* [25]
Utility
'Commence construction Qil 13 340 130
after 9/18/78 (0.03) (0.80) (0.30)
[70] [90]* . [301
Bit./Subbit. 13 520 260/210°
Coal (0.03) (1.20) (0.60/0.50)
[99] [90] [65/65]
Subpart Db >29 Gas NAd NAd 43f
(>100) (0.10)
Industrial-Commercial Distillate Oil 43 3407 - 43f
Institution (0.10) (0.80) (0.10)
[90]
Commence construction Residual Oil | (Same as for | (Same as for - 1302
after 6/19/84™ distillate oil) distillate oil) - (0.30)
Pulverized 22¢ 520° 300
Bit./Subbit. © (0.05) (1.20) (0.70)
Coal [90]
. Spreader 22° . 520° 260
Stoker & (0.05) (1.20) (0.60)
FBC [90]
~ Mass-Feed 22¢ 520° 210
Stoker (0.05) (1.20) (0.50)
o [90]
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Table 1.1-10 (cont.).

Standard/ | Boiler Size Fuel PM S0, NO,
Boiler Types/ MW Or ng/J ng/J . ngl/l
Applicability Million Boiler (Ib/MMBtu) | (b/MMBtu) | (Ib/MMBtu)

Criteria Btu/hr) Type [% reduction] | [% reduction] | [% reduction]
Subpart Dc 2.9-29 Gas —h - —
(10 - 100)
Small Industrial oil —hy 215 —
Commercial- (0.50)
Institutional
Commence construction Bit./Subbit. 20ik 520k =
after 6/9/89 Coal (0.05) (1.20)
' [90]

& Zero percent reduction when emissions are less than 86 ng/J (0.20 lb/MMBtu) FBC = fluidized
bed combustion. NA = not applicable.

b 70 percent reduction when emissions are less than 260 ng/J (0.60 1b/MMBtu).

° The first number applies to bituminous coal and the second to subbituminous coal.

d Standard applies when gas is fired in combination with coal; see 40 CFR 60, Subpart Db. .

© Standard is adjusted for fuel combinations and capacity factor limits; see 40 CFR 60, Subpart Db,

f For furnace heat release rates greater than 730,000 J/s-m® (70,000 Btu/hr-ft3), the standard is

: 86 ng/J (0.20 Ib/MMBtu).

& For furnace heat release rates greater than 730,000 J/s-m® (70,000 Btu/hr-£%), the standard is
170 ng/¥ (0.40 Ib/MMBtu).

h Standard applies when gas or oil is fired in combination with coal; see 40 CFR 60, Subpart Dc.

J 20 percent capacity limit applies for heat input capacities of 8.7 Mwt (30 MMBtu/hr) or greater.
k Standard is adjusted for fuel combinations and capacity factor limits; see 40 CFR 60, Subpart Dec.

™ Additional requirements apply to facilities which commenced construction, modification, or
reconstruction after 6/19/84 but on or before 6/19/86 (see 40 Code of Federal Regulations Part 60,
Subpart Db).

1 215 ng/J (0.50 Ib/million Btu) limit (but no percent reduction requirement) applies if facilities
combust only very low sulfur oil (<0.5 wt. % sulfur).

- usually have a higher ratio of heat transfer surface area to flame volume leading to reduced flame
temperature and combustion mtensxty and, therefore, lower combustion efficiency than larger
combustors.

The presence of CO in the exhaust gases of combustion systems results principally from
incomplete fuel combustion. Several conditions can lead to incomplete combustion, including:

- insufﬁciént oxygen (O,) availability;
- poor fuel/air mixing;
- cold wall flame quenching;

.' - reduced combustion temperature;
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- decreased combustion gas residence time; and | : _ .
- load reduction (i. e., reduced combustion intensity).

Since various combustion modifications for NO, reduction can produce one or more of the above
conditions, the possibility of increased CO emissions is a concern for environmental, energy
efficiency, and operational reasons.

1.3.2.5 Organic Compound Emissions16-19:30-35,64 _

Small amounts of organic compounds are emitted from combustion. As with CO emissions,
the rate at which organic compounds are emitted depends, to some extent, on the combustion
efficiency of the boiler. Therefore, any combustion modification which reduces the combustion
efficiency will most likely increase the concentrations of organic compounds in the flue gases.

Total organic compounds (TOCs) include VOCs, semi-volatile organic compounds, and
condensible organic compounds. Emissions of VOCs are primarily characterized by the criteria
pollutant class of unburned vapor phase hydrocarbons. Unburned hydrocarbon emissions can include
- essentially all vapor phase organic compounds emitted from a combustion source. These are
primarily emissions of aliphatic, oxygenated, and low molecular weight aromatic compounds which
exist in the vapor phase at flue gas temperatures. These emissions include all alkanes, alkenes,
aldehydes, carboxylic acids, and substituted benzenes (e. g., benzene, toluene, xylene, and ethyl
benzene).

combustion sources in a condensed phase. These compounds can almost exclusively be classed into a
group known as polycyclic organic matter (POM), and a subset of compounds called polynuclear
aromatic hydrocarbons (PNA or PAH). There are also PAH-nitrogen analogs. Informatnon available
in the literature on POM compounds generally pertains to these PAH groups.

The remaining organic emissions are composed largely of compounds emitted from o %

Formaldehyde is formed and emitted during combustion of hydrocarbon-based fuels including
coal and oil. Formaldehyde is present in the vapor phase of the flue gas. Formaldehyde is subject to
oxidation and decomposition at the high temperatures encountered during combustion. Thus, larger
units with efficient combustion (resulting from closely regulated air-fuel ratios, uniformly high
combustion chamber temperatures, and relatively long gas retention times) have lower formaldehyde
emission rates than do smaller, less efficient combustion units. Average emission factors for POM
and formaldehyde from fuel oil combustors are presented in Table 1.3-9, together w1th N,O
emissions ‘data.
1.3.2.6 Trace Element Emissions!6193640 .

Trace elements are also emitted from the combustion of oil. For this update of AP-42 trace
metals included in the list of 189 hazardous air pollutants under Title III of the 1990 Clean Air Act
Amendments are considered. The quantity of trace metals emitted depends on combustion
temperature, fuel feed mechanism, and the composition of the fuel. The temperature determines the
. degree of volatilization of specific compounds contained in the fuel. The fuel feed mechanism affects -

the separation of emissions into bottom ash and fly ash. ‘

The quantity of any given metal emitted, in general, depends on:
- the physical and chemical properties of the element itself; . ' : ‘

© - its concentration in the fuel; .
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1 N - M)
. - the combustion conditions; and

- the type of partlculate control device used, and its collection efficiency as a function of
~ particle size.

It has become widely recognized that some trace metals concentrate in certain waste particle
streams from a combustor (bottom ash, collector ash, flue gas particulate), while others do not.
Various classification schemes have been developed to describe this partitioning. The classification
scheme used by Baig, et al. is as follows:

- Class 1: Elements which are approximately equally distributed between fly ash and bottom
ash, or show little or no small particle enrichment.

- Class 2: Elements which are enriched in fly ash relative to bottom ash, or show increasing
enrichment with decreasing particle size.

- Class 3: Blements which are intermediate between Classes 1 and 2.
- Class 4: Elements which are emitted in the gas phase.

By understanding trace metal partitioning and concentration in fine particulate, it is possible to
postulate the effects of combustion controls on incremental trace metal emissions. For example,
several NO, controls for boilers reduce peak flame temperatures (e. g., SC, FGR, RAP, and LR). If
combustion temperatures are reduced, fewer Class 2 metals will initially volatilize, and fewer will be

. available for subsequent condensation and enrichment on fine PM. Therefore, for combustors with
particulate controls, lowered volatile metal emissions should result due to improved particulate
removal. Flue gas emissions of Class 1 metals (the non-segregating trace metals) should remain
relatively unchanged.

Lower local O, concentrations are also expected to affect segregating metal emissions from
boilers with particle controls. Lower O, availability decreases the possibility of volatile metal
oxidation to less volatile oxides. Under these conditions, Class 2 metals should remain in the vapor
phase as they enter the cooler sections of the boiler. More redistribution to small particles should
occur and emissions should increase. Again, Class 1 metal emissions should remain unchanged.

Other combustion NO, controls which decrease local O, concentrations (e. g., SC and FGR)
also reduce peak flame temperatures. Under these conditions, the effect of reduced combustion
temperature is expected to be stronger than that of lower O, concentrations. Available trace metals
emissions data for fuel oil combustion in boilers are summarized in Table 1.3-11.

1.3.3 Controls

The various control techniques and/or devices employed on oil combustion sources depend on
the source category and the pollutant being controlled. Only controls for criteria pollutants are
discussed here because controls for noncriteria emissions have not been demonstrated or
commercialized for oil combustion sources.

combustion modification, and postcombustion control. Fuel substitution involves using "cleaner”
fuels to reduce emissions. Combustion modification and postcombustion control are both applicable
and widely commercialized for oil combustion sources. Combustion modification is applied primarily

. Control techniques may be classified into three broad categories: fuel substitution,
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for NO, control purposes, although for small units, some reduction in PM emissions may be available
through improved combustion practice. Postcombustion control is applied to emissions of particulate
matter, SO,, and, to some extent, NO,, from oil combustion.

1.3.3.1 Fuel Substitution?512.56 .
Fuel substitution, or the firing of "cleaner” fuel oils, can substantially reduce emissions of a
number of pollutants. Lower sulfur oils, for instance, will reduce SO, emissions in all boilers,

- regardless of the size or type of boiler or grade of oil fired. Particulates generally will be reduced

when a lighter grade of oil is fired. Nitrogen oxide emissions will be reduced by switching to either

a distillate oil or a residual oil with less nitrogen. The practice of fuel substitution, however, may be
limited by the ability of a given operation to fire a better grade of oil and by the cost and availability

of that fuel.

1.3.3.2 Combustion Modificationl#89,13-14,20 _

Combustion modification includes any physical change in the boiler apparatus itself or in its
operation. Regular maintenance of the burner system, for example, is important to ensure proper
atomization and subsequent minimization of any unburned combustibles. Periodic tuning is important
in small units for maximum operating efficiency and emissions control, particularly for PM and CO
emissions. Combustion modifications, such as LEA, FGR, SC, and reduced load operation result in
lowered NO, emissions in large facilities. '

Particulate Matter Control”® -

Control of PM emissions from residential and commercial units is accomplished by improved
burner servicing and by incorporating appropriate equipment design changes to improve oil
atomization and combustion aerodynamics. Optimization of combustion aerodynamics using a flame
retention device, swirl, and/or recirculation is considered to be the best approach toward achieving
the triple goals of low PM emissions, low NO, emissions, and high thermal efficiency.

Large industrial and utility boilers are generally well-designed and well-maintained so that
soot and condensible organic compound emissions are minimized. Particulate matter emissions are
more a result of entrained fly ash in. such units.  Therefore, postcombustion controls are necessary to
reduce PM emissions from these sources.

NO, Control37-57-60 .

In boilers fired on crude oil or residual oil, the control of fuel NO, is very important in
achieving the desired degree of NO, reduction since, typically, fuel NO, accounts for 60 to
80 percent of the total NO, formed. Fuel nitrogen conversion to NO, is highly dependent on the
fuel-to-air ratio in the combustion zone and, in contrast to thermal NO, formation, is relatively
insensitive to small changes in combustion zone temperature, In general, increased mixing of fuel
and air increases nitrogen conversion which, in turn, increases fuel NO,. Thus, to reduce fuel NO,
formation, the most common combustion modification technique is to suppress combustion air levels
below the theoretical amount required for complete combustion. The lack of oxygen creates reducing
conditions that, given sufficient time at high temperatures, cause volatile fuel nitrogen to convert to
N, rather than NO. .

In the formation of both thermal and fuel NO,, all of the above reactions and conversions do
not take place at the same time, temperature, or rate. The actual mechanisms for NO, formation in a
specific situation are dependent on the quantity of fuel-bound nitrogen, if any, and the temperature
and stoichiometry of the flame zone. Although the NO, formation mechanisms are different, both
thermal and fuel NO, are promoted by rapid mixing of fuel and combustion air, This rate of mixing
may itself depend on fuel characteristics such as the atomization quality of liquid fuels. Additionally, -
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thermal NO, is greatly increased by increased residence time at high temperatures, as mentioned
above. Thus, primary combustion modification controls for both thermal and fuel NO, typically rely
on the following control approaches:

- Decrease primary flame zone O, level by:
- decreasing overall O, level; :
- controlling (delaying) mixing of fuel and air; and

-- use of fuel-rich primary flame zone.

- Decrease residence time at high temperatures by:

decreasing adiabatic flame temperature through dilution;
decreasing combustion intensity;

increasing flame cooling; and

decreased primary flame zone residence time.

Table 1.3-12 shows the relationship between these control strategies and the combustion -
modification NO, control techniques currently in use on boilers firing fuel oil.

1.3.3.3 Postcombustion Control?4-36 -

Postcombustion control refers to removal of pollutants from combustion flue gases
downstream of the combustion zone of the boiler. Flue gas cleaning is usually employed on large oil-
fired boilers.

Particulate Matter Control®® - ‘
Large industrial and utility boilers are generally, well-designed and well-maintained. Hence,

particulate collectors are usually the only method of controlling PM emissions from these sources.

Use of such collectors is described below.

Mechanical collectors, a prevalent type of control device, are primarily useful in controlling
particulates generated during soot blowing, during upset conditions, or when a very dirty heavy oil is
fired. For these situations, high efficiency cyclonic collectors can achieve up to 85 percent control of
particulate. Under normal firing conditions, or when a clean oil is combusted, cyclonic collectors are
not nearly so effective because of the high percentage of small particles (less than 3 mlcrometers in
diameter) emitted.

Electrostatic precipitators (ESPs) are commonly used in oil-fired power plants. Older
precipitators, usually small, typically remove 40 to 60 percent of the emitted PM. Because of the low
ash content of the oil, greater collection efficiency may not be required. Currently, new or rebuilt
ESPs can achieve collection efficiencies of up to 90 percent.

Scrubbing systems have also been installed on oil-fired boilers to control both sulfur oxides
and particulate. These systems can achieve SO, removal efficiencies of 90 to 95 percent and
particulate control efficiencies of 50 to 60 percent,

NO Control®! -

The variety of flue gas treatment NO, control technologies is nearly as great as combustion
modification techniques. Although these technolognes differ greatly in cost, complexity, and
effectiveness, they all involve the same basic chemical reaction: the combination of NO with
ammonia (NH,) to form nitrogen (N,) and water (H,0).
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In selective catalytic reduction (SCR), the reaction takes place in the presence of a catalyst,
improving performance. Noncatalytic systems rely on a direct reaction, usually at higher
temperatures, to remove NO,. Although removal efficiencies are lower, noncatalytic systems are
typically less complex and often significantly less costly. Table 1.3-13 presents various catalytic and
noncatalytic NO,-reduction technologies. _

SO, Control62-63 - _ '
Commercialized postcombustion flue gas: desulfurization (FGD) processes use an alkaline

reagent to absorb SO, in the flue gas and produce a sodium or a calcium sulfate compound. These
 solid sulfate compounds are then removed in downstream equipment. Flue gas desulfurization

technologies are categorized as wet, semi-dry, or dry depending on the state of the reagent as it leaves

the absorber vessel. These processes are either regenerable (such that the reagent material can be

treated and reused) or are nonregenerable (in which case all waste streams are de-watered and

discarded). \

Wet regenerable FGD processes are attractive because they have the potential for better than
95 percent sulfur removal efficiency, have minimal waste water discharges, and produce a saleable
sulfur product. Some of the current nonregenerable calcium-based processes can, however, produce a
saleable gypsum product. :

To date, wet systems are the most commonly applied. Wet systems generally use alkali
slurries as the SO, absorbent medium and can be designed to remove greater than 90 percent of the
incoming SO,. Lime/limestone scrubbers, sodium scrubbers, and dual alkali scrubbing are among the
commercially proven wet FGD systems. Effectiveness of these devices depends not only on control
device design but also operating variables. Table 1.3-14 summarizes commercially available
postcombustion SO, control technologies. ‘
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Q.

Table 1.3-14. POSTCOMBUSTION SO, CONTROLS FOR FUEL OIL '

COMBUSTION SOURCES
- Typical Control
Control Technology Process Efficiencies Remarks
Wet scrubber Lime/limestone 80-95+ % Applicable to high
sulfur fuels,
Wet sludge product
Sodium carbonate 80-98% 1-125 MW
‘ - (5-430 million Btu/hr)
typical application
range,
High reagent costs
Magnesium 80-95+% Can be regenerated
oxide/hydroxide
Dual alkali 90-96% Uses lime to
regenerate sodium-
based scrubbing liquor
Spray drying Calcium hydroxide 70-90% Applicable to low and
slurry, vaporizes in medium sulfur fuels,
spray vessel Produces dry product
Furnace injection Dry calcium 25-50% Commercialized in
carbonate/hydrate Europe,
injection in upper Several U.S.
furnace cavity demonstration projects
underway '
Duct injection Dry sorbent injection 25-50+ % Several R&D and
into duct, sometimes demonstration projects
combined with water underway,
spray Not yet commercially
available in the U.S.
References For Section 1.3
1. W. S. Smith, Atmospheric Emissions From Fuel Oil Combustion: An Inventory Guide,

999-AP-2, U. S. Environmental Protection Agency, Washington, DC, November 1962.

J. A. Danielson (ed.), Air Pollution Engineering Manual, Second Edition, AP-40,

U. S. Environmental Protection Agency, Research Triangle Park, NC, 1973. Out of Print.
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1.4 Natural Gas Combustion
1.4.1 General!?

Natural gas is one of the major fuels used throughout the country. It is used mainly for
industrial process steam and heat production; for residential and commercial space heating; and for
electric power generation. Natural gas consists of a high percentage of methane (generally above
80 percent) and varying amounts of ethane, propane, butane, and inerts (typically nitrogen, carbon
‘dioxide, and helium). Gas processing plants are required for the recovery of liquefiable constituents
and removal of hydrogen sulfide before the gas is used (see Section 5.3, Natural Gas Processing).
The average gross heating value of natural gas is approximately 8900 kilocalories per standard cubic
meter (1000 British thermal units per standard cubic foot), usually varying from 8000 to
9800 kcal/scm (900 to 1100 Btu/scf).

1.4.2 Emissions And Controls®

Even though natural gas is considered to be a relatively clean-burning fuel, some emissions
can result from combustion. For example, improper operating conditions, including poor air/fuel
mixing, insufficient air, etc., may cause large amounts of smoke, carbon monoxide (CO), and organic
compound emissions. Moreover, because a sulfur-containing mercaptan is added to natural gas to
permit leak detection, small amounts of sulfur oxides will be produced in the combustion process.

Nitrogen oxides (NO,) are the major pollutants of concern when burning natural gas.
Nitrogen oxides emissions depend primarily on the peak temperature within the combustion chamber
as well as the furnace-zone oxygen concentration, nitrogen concentration, and time of exposure at -
peak temperatures. Emission levels vary considerably with the type and size of combustor and with
operating conditions (particularly combustion air temperature, load, and excess air level in boilers).

Currently, the two most prevalent NO, control techniques being applied to natural gas-fired
boilers (which result in characteristic changes in emission rates) are low NO, burners and flue gas
recirculation. Low NO, burners reduce NO, by accomplishing the combustlon process in stages.
Staging partially delays the combustion process, resulting in a cooler flame which suppresses NO,
formation. The three most common types of low NO, burners being applied to natural gas-fired
boilers are staged air burners, staged fuel burners, and radiant fiber burners. Nitrogen oxide
emission reductions of 40 to 85 percent (relative to uncontrolled emission levels) have been observed
with low NO, burners. Other combustion staging techniques which have been applied to natural gas-
fired boilers include low excess air, reduced air preheat, and staged combustion (e. g., burners-out-
of-service and overfire air). The degree of staging is a key operatmg parameter influencing NO,
emission rates for these systems.

In a flue gas recirculation (FGR) system, a portion of the flue gas is recycled from the stack
to the burner windbox. Upon entering the windbox, the gas is mixed with combustion air prior to
being fed to the burner. The FGR system reduces NO, emissions by two mechanisms. The recycled
flue gas is made up of combustion products which act as inerts during combustion of the fuel/air
mixture. This additional mass is heated in the combustion zone, thereby lowering the peak flame
temperature and reducing the amount of NO, formed. To a lesser extent, FGR also reduces NO,
formation by lowering the oxygen concentration in the primary flame zone. The amount of flue gas
recirculated is a key operating parameter influencing NO, emission rates for these systems. Flue gas
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recirculation is normally used in combination with low NO, burners. When used in combination,

these techniques are capable of reducing uncontrolled NO, emissions by 60 to 90 percent.

‘ Two post-combustion technologies that may be applied to natural gas-fired boilers to réduce
NO; emissions by further amounts are selective noncatalytic reduction and selective catalytic _
reduction, These systems inject ammonia (or urea) into combustion flue gases to reduce inlet NO,

emission rates by 40 to 70 percent.

Although not measured, all particulate matter (PM) from natural gas combustion has been
estimated to be less than 1 micrometer in size, Particulate matter is composed of filterable and
condensable fractions, based on the EPA sampling method. Filterable and condensable emission rates
are of the same order of magnitude for boilers; for residential furnaces, most of the PM is in the form
of condensable material. ‘

The rates of CO and trace organic emissions from boilers and furnaces depend on the
efficiency of natural gas combustion. These emissions are minimized by combustion practices that.
promote high combustion temperatures, long residence times at those temperatures, and turbulent
mixing of fuel and combustion air. In some cases, the addition of NO, control systems such as FGR
and low NO, burners reduces combustion efficiency (due to lower combustion temperatures),
resulting in higher CO and organic emissions relative to uncontrolled boilers.

Emission factors for natural gas combustion in boilers and furnaces are presented in
Tables 1.4-1, 1.4-2, and 1.4-3.5 For the purposes of developing emission factors, natural gas
combustors have been organized into four general categories: utility/large industrial boilers, smali
industrial boilers, commercial boilers, and residential furnaces. Boilers and furnaces within these
categories share the same general design and operating characteristics and hence have similar emission
characteristics when combusting natural gas. The primary factor used to demarcate the individual
combustor categories is heat input. :
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1.5 Liquefied Petroleum Gas Combustion
1.5.1 General!

Liquefied petroleum gas (LPG or LP-gas) consists of propane, propylene, butane, and
butylenes; the product used for domestic heating is substantially propane. This gas, obtained mostly
from gas wells (but also to a lesser extent as a refinery by-product) is stored as a liquid under
moderate pressures. There are three grades of LPG available as heating fuels: commercial-grade
propane, engine fuel-grade propane (also known as HD-5 propane), and commercial-grade butane. In
addition, there are high purity grades of LPG available for laboratory work and for use as aerosol
propellants, Specifications for the various LPG grades are available from the American Society for
Testing and Materials and the Gas Processors Association. A typical heating value for commercial-
grade propane and HD-5 propane is 6,090 kcal/liter (91,500 Btu/gallon), after vaporization; for
commercial-grade butane, the value is 6,790 kcal/liter (102,000 Btu/gallon).

The largest market for LPG is the domestic/commercial market, followed by the chemical
industry (where it is used as a petrochemical feedstock) and agriculture. Propane is also used as an
engine fuel as an alternative to gasoline and as a stand-by fuel for facilities that have interruptible
natural gas service contracts. .

1.5.2 Emissions And Controls!™

Liquefied petroleum gas is considered a "clean" fuel because it does not produce visible
emissions. However, gaseous pollutants such as carbon monoxide (CO), organic compounds, and
nitrogen oxides (NO,) do occur. The most significant factors affecting these emissions are burner
design, burner adjustment, and flue gas venting. Improper design, blocking and clogging of the flue
vent, and insufficient combustion air result in improper combustion and the emissions of aldehydes,
CO, hydrocarbons, and other organics. Nitrogen oxide emissions are a function of a number of
variables, including temperature, excess air, fuel/air mixing, and residence time in the combustion
zone. The amount of sulfur dioxide (SO,) emitted is directly proportional to the amount of sulfur in
the fuel. Emission factors for LPG combustion are presented in Tables 1.5-1 and 1.5-2.

Nitrogen oxides are the only pollutant for which emission controls have been developed.
Propane and butane are being used in Southern California as backup fuel to natural gas, replacing
distillate oil in this role pursuant to the phaseout of fuel oil in that region. Emission controls for NO,
have been developed for firetube and watertube boilers firing propane or butane. Vendors are now
warranting retrofit systems to levels as low as 30 to 40 ppm (based on 3 percent oxygen). These low-
NO, systems use a combination of low NO, burners and flue gas recirculation. Some burner vendors
use water or steam injection into the flame zone for NO, reduction. This is a trimming technique
which may be necessary during backup fuel periods because LPG typically has a higher NO,-forming
potential than natural gas; conventional natural gas emission control systems may not be sufficient to

_reduce LPG emissions to mandated levels. Also, LPG burners are more prone to sooting under the

modified combustion conditions required for low NO, emissions. The extent of allowable combustion
modifications for LPG may be more limited than for natural gas.

One NO, control system that has been demonstrated on small commercial boilers is flue gas
recirculation (FGR). Nitrogen oxide emissions from propane combustion can be reduced by as much
as 50 percent by recirculating 16 percent of the flue gas. Nitrogen oxide emission reductions of over
60 percent have been achieved with FGR and low NO, burners used in combination.
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Table 1.5-1 (Metric Units). EMISSION FACTORS FOR LPG COMBUSTION®

EMISSION FACTOR RATING: E

Butane Emission Factor

Propane Emission Factor =

(kg/1000 liters) (kg/1000 liters)
Industrial Commercial Industrial Commercial
Boilers® Boilers® Boilers® Boilers®
Pollutant (1-02-010-01) | (1-03-010-01) | (1-02-010-02) | (1-03-010-02)
Filterable particulate matterd 0.07 0.06 0.07 0.05
Sulfur oxides® | . 0.0118 0.0118 0.0128 0.012S
Nitrogen oxidesf 2.5 1.8 2.3 1.7
- Carbon dioxide 1,760 - 1,760 1,500 1,500
Carbon monoxide 0.4 0.3 0.4 0.2
Total organic compounds 0.07 0.07 0.06 0.06

® Assumes emissions (except SO, and NO,) are the same, on a heat input basis, as for natural gas
combustion. The NO, emission factors have been multiplied by a correction factor of 1.5, which is

the approximate ratio of propane/butane NO
Classification Codes in parentheses.

® Heat input capacities generally between 3 and 29 MW.
© Heat input capacities generally between 0.1 and 3 MW.

4 Filterable particulate matter (PM) is that PM collected on or

(or equivalent) sampling train,

x emissions to natural gas NO, emissions. Source

prior to the filter of an EPA Method 5

© Expressed as SO,. S equals the sulfur content expresséd in gr/100 ft* gas vapor. For example, if
the butane sulfur content is 0.18 gr/100 ft3, the emission factor would be 0.011x 0.18) =
0.0020 kg of SO,/1000 liters butane burned. '

T Expressed as NO,.

1.5-2
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Table 1.5-2 (English Units). EMISSION FACTORS FOR LPG COMBUSTION?®

EMISSION FACTOR RATING: E

Butane Emission Factor Pi‘opane Emission Factor
_ (1b/1000 gal) (1b/1000 gal)
Industrial Commercial Industrial Commercial
. Boilers® Boilers® Boilers? Boilers®
Pollutant (1-02-010-01) (1-03-010-01) | (1-02-010-02) | (1-03-010-02)
Filterable particulate matterd 0.6 0.5 0.6 0.4
Sulfur oxides® 0.09S 0.09S 0.10S 0.108
Nitrogen oxidesf 21 15 19 14
Carbon dioxide 14,700 14,700 12,500 12,500
Carbon monoxide 3.6 2.1 3.2 1.9
Total organic compounds 0.6 0.6 0.5 0.5

2 Assumes emissions (except SO, and NO,) are the same, on a heat input basis, as for natural gas
combustion. The NO, emission factors have been multiplied by a correction factor of 1.5, which is
the approximate ratio of propane/butane NO, emissions to natural gas NO, emissions. Source
Classification Codes in parentheses.

b Heat input capacities generally between 10 and 100 million Btu/hour.

© Heat input capacities generally between 0.3 and 10 million Btu/hour.

d Filterable particulate matter (PM) is that PM collected on or prior to the filter of an EPA Method 5
(or equivalent) sampling train.

© Expressed as SO,. S equals the sulfur content expressed in gr/100 ft> gas vapor. For example, if
the butane sulfur content is 0.18.gr/100 ft>, the emission factor would be (0.09 x 0.18) = 0.016 Ib
of S0,/1000 gal butane burned.

I Expressed as NO,.
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1.6 Wood Waste Combustion In Boilers
1.6.1 Generall?

The burning of wood waste in boilers is mostly confined to those industries where it is
available as a byproduct. It is burned both to obtain heat energy and to alleviate possible solid waste
disposal problems. In boilers, wood waste is normally burned in the form of hogged wood, sawdust,
shavings, chips, sanderdust, or wood trim. Heating values for this waste range from about 2,200 to
2,700 kcal/kg (4,000 to 5,000 Btu/lb) of fuel on a wet, as-fired basis. The moisture content of as-
fired wood is typically near 50 weight percent, but may vary from 5 to 75 weight percent depending
on the waste type and storage operations.

Generally, bark is the major type of waste burned in pulp mills; either a mixture of wood and
bark waste or wood waste alone is burned most frequently in the lumber, furniture, and plywood
industries. As of 1980, there were approximately 1,600 wood-fired boilers operating in the U S.,
with a total capacity of over 30 GW (1.0 x 1011 Btu/hr).

1.6.2 Firing Practices™’

Various boiler firing configurations are used for burning wood waste. One common type of
boiler used in smaller operations is the Dutch oven. This unit is widely used because it can burn
fuels with very high moisture content. Fuel is fed into the oven through an opening in the top of a
refractory-lined furnace. The fuel accumulates in a cone-shaped pile on a flat or sloping grate.
Combustion is accomplished in two stages: (1) drying and gasification, and (2) combustion of
gaseous products. The first stage takes place in the primary furnace, which is separated from the
secondary furnace chamber by a bridge wall. Combustion is completed in the secondary chamber
before gases enter the boiler section. The large mass of refractory helps to stabilize combustion rates
but also causes a slow response to fluctuating steam demand.

In another boiler type, the fuel cell oven, fuel is dropped onto suspended fixed grates and is
fired in a pile. Unlike the Dutch oven, the refractory-lined fuel cell also uses combustion- air
preheating and positioning of secondary and tertiary air injection ports to improve boiler efficiency.
Because of their overall design and operating similarities, however, fuel cell and Dutch oven boilers
have comparable emission characteristics.

The most common firing method employed for wood-fired boilers larger than 45,000 kg/hr
(100,000 Ib/hr) steam generation rate is the spreader stoker. With this boiler, wood enters the
furnace through a fuel chute and is spread either pneumatically or mechanically across the furnace,
where small pieces of the fuel burn while in suspension. Simultaneously, larger pieces of fuel are
spread in a thin, even bed on a stationary or moving grate. The burning is accomplished in three
stages in a single chamber: (1) moisture evaporation; (2) distillation and burning of volatile matter;
and (3) burning of fixed carbon. This type of operation has a fast response to load changes, has
improved combustion control, and can be operated with multiple fuels. Natural gas or oil is often
fired in spreader stoker boilers as auxiliary fuel. This is done to maintain constant steam when the
wood waste supply fluctuates and/or to provide more steam than can be generated from the waste
supply alone. Although spreader stokers are the most common stokers among larger wood-fired
boilers, overfeed and underfeed stokers are also utilized for smaller units.
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Another boiler type sometimes used for wood combustion is the suspension-firing boiler.
This boiler differs from a spreader stoker in that small-sized fuel (normally less than 2 mm) is blown
into the boiler and combusted by supporting it in air rather than on fixed grates. Rapid changes in
combustion rate and, therefore, steam generation rate are possible because the finely divided fuel
particles burn very quickly. : :

A recent development in wood firing is the fluidized bed combustion (FBC) boiler. A
fluidized bed consists of inert particles through which air is blown so that the bed behaves as a fluid,
Wood waste enters in the space above the bed and burns both in suspension and in the bed. Because
of the large thermal mass represented by the hot inert bed particles, fluidized beds can handle fuels
with moisture contents up to near 70 percent (total basis). Fluidized beds can also handle dirty fuels
(up to 30 percent inert material). Wood fuel is pyrolyzed faster in a fluidized bed than on a grate due
to its immediate contact with hot bed material. As a result, combustion is rapid and results in nearly
complete combustion of the organic matter, thereby minimizing emissions of unburned organic
compounds.

1.6.3 Emissions And Controls®!!

The major emission of concern from wood boilers is particulate matter (PM), although other
pollutants, particularly carbon monoxide (CO) and organic compounds, may be emitted in significant
quantities under poor operating conditions. These emissions depend on a number of variables,
including (1) the composition of the waste fuel burned, (2) the degree of flyash reinjection employed,
and (3) furnace design and operating conditions. ‘ '

The composition of wood waste depends largely on the industry from which it originates.
Pulping operations, for example, produce great quantities of bark that may contain more than
70 weight percent moisture, sand, and other non-combustibles. As a result, bark boilers in pulp mills
may emit considerable amounts of particulate matter to the atmosphere unless they are well :
controlled. On the other hand, some operations, such as furniture manufacturing, generate a clean,
dry wood waste (e. g., 2 to 20 weight percent moisture) which produces relatively low particulate
emission levels when properly burned. Still other operations, such as sawmills, burn a varying
mixture of bark and wood waste that results in PM emissions somewhere between these two extremes.

Furnace design and operating conditions are particularly important when firing wood waste.
For example, because of the high moisture content that may be present in wood waste, a larger than
- usual area of refractory surface is often necessary to dry the fuel before combustion. In addition,
sufficient secondary air must be supplied over the fuel bed to burn the volatiles that account for most
of the combustible material in the waste. When proper drying conditions do not exist, or when
secondary combustion. is incomplete, the combustion temperature 1s lowered, and increased PM, CO,
and organic compound emissions may result. Short-term emissions can fluctuate with significant
variations in fuel moisture content. '

Flyash reinjection, which is commonly used with larger boilers to improve fuel efficiency, has
a considerable effect on PM emissions. Because a fraction of the collected flyash is reinjected into -
the boiler, the dust loading from the furnace and, consequently, from the collection device increase
significantly per unit of wood waste burned. More recent boiler installations typically separate the
collected particulate into large and small fractions in sand classifiers. The larger particles, which are
mostly carbon, are reinjected into the furnace. The smaller particles, mostly inorganic ash and sand,

are sent to ash disposal. _ . ‘ .
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Currently, the four most common control devices used to reduce PM emissions from wood-
fired boilers are mechanical collectors, wet scrubbers, electrostatic precipitators (ESPs), and fabric
filters.  The use of multitube cyclone (or multiclone) mechanical collectors provides particulate
control for many hogged boilers. Often, two multiclones are used in series, allowing the first
collector to remove the bulk of the dust and the second to remove smaller particles. The efficiency of
this arrangement is from 65 to 95 percent. The most widely used wet scrubbers for wood-fired
boilers are venturi scrubbers. With gas-side pressure drops exceeding 4 kPa (15 inches of water),
particulate collection efficiencies of 90 percent or greater have been reported for venturi scrubbers
operating on wood-fired boilers.

Fabric filters (i. ¢., baghouses) and ESPs are employed when collection efficiencies above
95 percent are required. When applied to wood-fired boilers, ESPs are often used downstream of
mechanical collector precieaners which remove larger-sized particles. Collection efficiencies of 93 to
99.8 percent for PM have been observed for ESPs operating on wood-fired boilers.

A variation of the ESP is the electrostatic gravel bed filter. In this device, PM in flue gases
is removed by impaction with gravel media inside a packed bed; collection is augmented by an
electrically charged grid within the bed. Particulate collection efficiencies are typically near
95 percent. '

Fabric filters have had limited applications to wood-fired boilers. The principal drawback to
fabric filtration, as perceived by potential users, is a fire danger arising from the collection of
combustible carbonaceous fly ash. Steps can be taken to reduce this hazard, including the installation
of a mechanical collector upstream of the fabric filter to remove large burning particles of fly ash
(. e., "sparklers"). Despite complications, fabric filters are generally preferred for boilers firing salt-
laden wood. This fuel produces fine particulates with a high salt content. Fabric filters are capable
of high fine particle collection efficiencies; in addition, the salt content of the particles has a
quenching effect, thereby reducing fire hazards. In two tests of fabric filters operating on salt-laden
wood-fired boilers, particulate collection efficiencies were above 98 percent,

Emissions of nitrogen oxides (NO,) from wood-fired boilers are lower than those from coal-
fired boilers due to the lower nitrogen content of wood and the lower combustion temperatures which
characterize wood-fired boilers. For stoker and FBC boilers, overfire air ports may be used to lower
NO, emissions by staging the combustion process. In those areas of the U. S. where NO, emissions
must be reduced to their lowest levels, the application of selective non-catalytic reduction (SNCR) and
selective catalytic reduction (SCR) to waste wood-fired boilers has either been accomplished (SNCR)
or is being contemplated (SCR). Both systems are post-combustion NO, reduction techniques in
which ammonia (or urea) is injected into the flue gas to selectively reduce NO, to nitrogen and water,
In one application of SNCR to an industrial wood-fired boiler, NO, reduction efﬁcnencxes varied
between 35 and 75 percent as the ammonia-to-NO, ratio increased from 0.4 t0 3.2,

Emission factors and emission factor ratings for wood waste boilers are summarized in
Tables 1.6-1, 1.6-2, 1.6-3, 1.64, 1.6-5, 1.6-6, and 1.6-7.21"22 Emission factors are for uncontrolled
combustors unless otherwise indicated. Cumulative particle size distribution data and associated
emission factors are presented in Tables 1.6-8 and 1.6-9. Uncontrolled and controlled size-specific
emission factors are plotted in Figure 1.6-1 and Figure 1.6-2. All emission factors presented are
based on the feed rate of wet, as-fired wood with average properties of 50 weight percent moisture
and 2,500 kcal/kg (4,500 Btu/lb) higher heating values.
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. Table 1.6-3 (Metric And English Units). EMISSION FACTORS FOR TOTAL ORGANIC
COMPOUNDS (TOC) AND CARBON DIOXIDE (CO,) FROM WOOD WASTE COMBUSTION®

TOC® CO,¢
Source Category _
(SCC)P kg/Mg Ib/ton | RATING | kg/Mg Ib/ton | RATING
Fuel cell/Dutch oven 0.09 0.18 C 1100 2100 0 B
~ boilers (no SCC)
Stoker boilers - 0.11 0.22 C 1100 2100 B
(no SCC)
FBC boilers ND ND 1100 2100 B
(no SCC) '

# Units are kg of pollutant/Mg of wood waste burned and Ib of pollutant/ton of wood waste burned.
Emission factors are based on wet, as-fired wood waste with average properties of 50 weight
percent moisture and 2500 kcal/kg (4500 Btu/Ib) higher heating value. FBC = fluidized bed
combustion. ND = no data. _

b SCC = Source Classification Code.

¢ References 11,14-15,18. Emissions measured as total hydrocarbons, converted from kg carbon/Mg
fuel (Ib carbon/ton fuel).

d References 11,14-15,17,27.
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Table 1.64 (Metric Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS .
FROM WOOD WASTE COMBUSTION? '

_ Average Emission EMISSION
' Emission Factor Range® . Factor FACTOR
Organic Compound® _ (kg/Mg) (kg/Mg) RATING
Phenols 3.2 B-05- 6.0 E05 1.9 E-04 - ' c
Acenaphthene 4.3 E-08 - 2.1 E-06 . 1.7E-06 c
Fluorene 8.5 E08- 1.4 E-05 4.8 E-06 c .
Phenanthrene ' 1.0 E-06 - 9.0 E-0S 2.8 E-05° c
Anthracene ‘ , 4.3 E-08 - 1.7 E-04 1.9 B05 C
Fluoranthene " 43 E-08:43E-04 4.5 E05 c.
Pyrene _ : _ 2.1 B-07-2.9 E-05 8.5 E-06 c
Benzo(a)anthracene - 4.3 E-08 - 3.2 E-06 1 9.0 E-07 C
Benzo(b +k)fluoranthene 1.7 BO7 - 9.5 E-05 1.9 E05 C
Benzo(a)pyrene . - 4.3 E08- 1.5 E-07 9.5 E-08 D
Benzo(g,h,i)perylene 4.3 E08 - 1.7 B-06 6.0 E-07 C
Chrysene . 4.3 E-08 - 1.5 E-04 2.1 E-05 C
Indeno(1,2,3,c,d)pyrene . 4.3 E-08 - 3.0 E07 1.7 E-07 D
Polychlorinated dibenzo-p-dioxins 1.5 E-09 - 1.7 E-08 6.0 E-god° C
Polychlorinated dibenzo-p-furans 2.3 B-09 - 3.6 E-08 " 1.5 Bogdf c
Acenaphthylene . 3.0 E07 - 3.4 E05 2.2 E-05 C )
Pyrene : 4.5 B-068 D .
Methyl anthracene 7.0 E-058 D
Acrolein 2.0 E-068 D
Solicyladehyde 1.1 E-058 D
Benzaldehyde 6.0 E-068 D
Formaldehyde 1.2 B-04 - 1.6 E02 3.3 E-03 C
Acetaldehyde 3.0E-05-12E0Q 1.5 E-03 C
Benzene 4.3 B-05 - 7.0 E-03 1.8 E-03 c
Naphthalene 2.5 E-05 - 2.9 E-03 1.1 E-03 Cc
2,3,7,8-Tetrachlorodibenzo-p-dioxin 1.1 E-011 - 2.6 E-011 1.8 E-11 . D

- OB

Units are kg of pollutant/Mg of wood waste burned. Emission factors are based on wet, as-fired
wood waste with average properties of 50 weight percent moisture and 2500 kcal/kg higher heating
value. Source Classification Codes are 1-01-009-01/02/03, 1-02-009-01/02/03/04/05/06/07, and
1-03-009-01/02/03.
® Pollutants in this table represent organic species measured for wood waste combustors. Other
organic species may also have been emitted but were either not measured or were present at
concentrations below analytical limits. ‘.
© References 11-15,18,26-28.
d Emission factors are for total dioxins and furans, not toxic equivalents.
- ¢ Excludes data from combustion of salt-laden wood For salt-laden wood, emission factor is

6.5 E-07 kg/Mg with a D rating.
I Excludes data from combustion of salt-laden wood. For salt-laden wood, emission factor is '

2.8 E-07 kg/Mg with a D rating.
£ Based on data from one source test.
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Table 1.6-5 (English Units). EMISSION FACTORS FOR SPECIATED ORGANIC COMPOUNDS
FROM WOOD WASTE COMBUSTION?

Average Emission EMISSION
: Emission Factor Rangce® Factor FACTOR
Organic Compound® (Ib/ton) (Ib/ton) RATING
Phenols 6.4 E05 - 1.2 E-04 3.9 B-04 C
Acenaphthene 8.6 E-08 - 4.3 B06 3.4 E06 c
Fluorene 1.7 E-Q7 - 2.8 B-05 9.6 E-06 C
Phenanthrene 2.0E06 - 1.8 E-04 5.7 B-05 Cc
Anthracene 8.6 E-08 - 3.5 E-04 3.8 B-05 Cc
Fluoranthene 8.6 E-08 - 8.6 E-04 9.0 E-05 c
Pyrene 4.3 E-07 - 5.9 E-05 1.7 E-05 C
Benzo(a)anthracene 8.6 E-08 - 6.4 E-06 1.8 E-06 C
Benzo(b+k)fluoranthene 3.4 E-07 -1.9 E-04 2.9 BO5 C
Benzo(a)pyrene ' 8.6 E-08 - 3.0 E-07 1.9 E-07 D
Benzo(g,h,i)perylene 8.6 E-08 - 3.5 E-06 1.2 BE-06 (o
Chrysene 8.6 E-08 - 3.0 E-04 4.3 E-05 c
Indeno(1,2,3,¢,d)pyrene 8.6 E-08 - 6.0 E-07 3.4 E07 D
Polychlorinated dibenzo-p-dioxins 3.0 E09 - 3.3 E-08 1.2 B-0gde c
Polychlorinated dibenzo-p-furans 4.6 E09 - 7.2 E-08 2.9 E-089f C
Acenaphthylene 6.0 B-07 - 6.8 E-05 4.4 E-05 C
Pyrene 9.0 B-065 D
Methy! anthracene ' 1.4 E-04% D
Acrolein ' 4.0 B-068 D
Solicyladehyde 2.3 E-058 D
Benzaldehyde . 1.2 E-058 .D
Formaldehyde 2.3 E-04 - 3.3 E-02 6.6 E-03 (o
Acetaldehyde 6.1 E-05 - 2.4 E-O2 3.0 E-03 C
Benzene . 8.6 E-05 - 1.4 E-02 3.6 E-03 Cc
Naphthalene 5.0 E-05 - 5.8 E-03 2.3 B-03 C
2,3,7,8-Tetrachlorodibenzo-p-dioxin 2.12 E011 - 5.11 E-011 3.6 E-11 _ D

& Units are b of pollutant/ton of wood waste burned. Emission factors are based on wet, as-fired
wood waste with average properties of 50 weight percent moisture and 4500 Btu/Ib higher heating
value. Source Classification Codes are 1-01-009-01/02/03, 1-02-009-01/02/03/04/05/06/07, and
1-03-009-01/02/03.

Y Pollutants in this table represent organic species measured for wood waste combustors. Other
organic species may also have been emitted but were either not measured or were present at
concentrations below analytical limits.

¢ References 11-15,18,26-28.

4 Emission factors are for total dioxins and furans, not toxic equivalents.

* © Excludes data from combustion of salt-laden wood. For salt-laden wood, emission factor is

1.3 E-06 Ib/ton with a D rating.

f Excludes data from combustion of salt-laden wood. For salt-laden wood emission factor 1
5.5 E-07 Ib/ton with a D rating.

& Based on data from one source test.
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Table 1.6-6 (Metric Units). EMISSION FACTORS FOR SPECIATED METALS
FROM WOOD WASTE COMBUSTION?

Average Emission- EMISSION
A - Emission Factor Range® Factor FACTOR
Trace Element? kegMg) kgMg) RATING
Chromium (VT) _ _ 1.5 E-05 - 2.9 B-05 2.3 B0S D
Copper | 7.0 E-06-6.0 E04 9.5 E-05 o
Zinc 49 E05-1.1 B02 2.2 B-03 o]
Barium 2.2 B-039 D
Potassium 3.9 B-019 D
Sodium . 9,0 E-039 D
Iron ' Co 4.3 E-04 - 3.3 F-02 2.2 E-02 D
Lithium _ 3.5 B05¢ D
Boron o : 4.0 B-04¢ D
Chlorine ' o 3.9 E-039 D
Vanadium _ 6.0 B-059 D
Cobalt® ' 6.5 E-054 D
Thorium _ 8.5 E.064 D -
Tungsten ' 5.5 E-06¢ D
Dysprosium S 6.5 E-06¢ - D
Samarium . _ 1.0 E-059 D
Neodymium o 1.3 B-05¢ D
Praeseodymium 1.5 E-05¢ D
Todine _ 8.0 E-064 D
Tin - 1.5 B-059 D
Molybdenum _ 9.5 E-059 D
Niobium 1.7 E-05¢ D
Zirconium ' : 1.7 B-04¢ D
Yttrium 2.8 E-054 D
Rubidium ' - ' : 6.0 E-04¢ D
Bromine ' ! 1.8 BE-04d D
Germanium ' o 1.7 B-06° D
Arsenic ‘ 7.0 E07 -1.2 E-04 4.4 E-05 C
Cadmium 1.3 B06-2.7E-04 8.5 E-06 c
Chromium (Total) -+ 3, 0B-06 - 2.3 E-04 6.5 E-05 C
Manganese 1.5 B-04 - 2.6 B-02 4.4 B-03 C
Mercury ' 1.3 E-06 - 1.0 E-05 3.7 E-06 c -
Nickel 1.7 E-05 - 2.9 E-03 2.8 E-04 c
Selenium : 8.5 B-06 - 9.0 E-06 8.8 E06 D

-]

Units are kg of pollutant/Mg of wood waste burned. Emission factors are based on wet, as-fired -
- wood waste with average properties of 50 weight percent moisture and 2500 kcal/kg higher heating
value. Source Classification Codes are 1-01-009-01/02/03, 1-02-009-01/02/03/04/05/06/07, and -
1-03-009-01/02/03.

Pollutants in this table represent metal species measured for wood waste combustors. Other metal
species may also have been emitted but were either not measured or were present at concentratnons
below analytical limits.

© References 11-15,

4 Based on data from one source test.

o
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Table 1.6-7 (English Units). EMISSION FACTORS FOR SPECIATED METALS
FROM WOOD WASTE COMBUSTION®

. Average Emission EMISSION
Emission Factor Range® Factor FACTOR
Trace Element? (b/ton) (Ib/ton) , RATING
Chromium (VI) 3.1 E-05 - 5.9 E05 4.6 B05 D
Copper 1.4 E-05 - 1.2 E03 1.9 E-04 c
Zinc _ 9.9 E-05 - 2.3 E-02 4.4 E-03 D
Barium : 4.4 8039 D
Potassium : : 7.8 E01¢ D
Sodium 1.8 B-02¢ D
Tron ' 8.6 E-04 - 8.7 E-02 4.4 B02 ‘D
Lithium ' 7.0 B-05¢ D
Boron 8.0 B-044 D
Chlorine ' 7.8 B-039 D.
Vanadium ' 1.2 E-049 D -
Cobalt 1.3 B-04¢ D
Thorium 1.7 E-05¢ D
Tungsten : 1.1 B-054 D
Dysprosium 1.3 B-059 D
Samarium © 2.0 E-05° D
Neodymium 2.6 B-05¢ D
Praeseodymium 3.0 B-059 D
Todine 1.8 B-05¢ D
Tin 3.1 B-059 D
Molybdenum 1.9 E-04¢ D
Niobium 3.5 E-059 D
Zirconium 3.5 B-04¢ D
Yitrium _ 5.6 E-059 D
Rubidium 1.2 B-03¢ D
Bromine _ 3.9 E-04¢ D
Germanium 2.5 B06d D
Arsenic 1.4 B-06 - 2.4 B-04 8.8 E-05 o
Cadmium 2.7 E-06 - 5.4 B-04 1.7 B-05 o
Chromium (Total) 6.0 E-06 - 4.6 E-04 1.3 E-04 c
Manganese . 3.0E04-52E-02 2.9 E-03 C
Mercury ' 2.6 B06-2.1 EO5 6.5 E-06 c
Nickel _ 3.4 B-05 - 5.8 B-03 5.6 E-04 o
Selenium 1.7 E-05 - 1.8 E05 1.8 E-05 D

2 Units are Ib of pollutant/ton of wood waste burned. Emission factors are based on wet, as-fired
wood waste with average properties of 50 weight percent moisture and 4500 Btu/Ib higher heating
value. Source Classification Codes are 1-010-09-01/02/03, 1-02-009-01/02/03/04/05/06/07, and
1-03-009-01/02/03. ' '

Pollutants in this table represent metal species measured for wood waste combustors. Other metal

-species may also have been emitted but were either not measured or were present at concentrations
below analytical limits.

¢ References 11-15.

d Based on data from one source test.
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Figure 1.6-1. Cumulative size-specific particulate
matter emission factors for bark-fired boilers.
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1.7 Lignite Combustion
1.7.1 Generall*

Lignite is a coal in the early stages of coalification, with properties intermediate to those of
bituminous coal and peat. The 2 geographical areas of the U. S. with extensive lignite deposits are
centered in the States of North Dakota and Texas. The lignite in both areas has a high moisture
content (30 to 40 weight percent) and a low heating value (1,400 to 1,900 kcal/kg [2,500 to
3,400 Bru/lb], on a wet basis). Consequently, lignite is burned near where it is mined. A small
amount is used in industrial and domestic situations, but lignite is mainly used for steam/electric
production in power plants. Lignite combustion has advanced from small stokers and the first
pulverized coal (PC) and cyclone-fired units to large (greater than 800 MW) PC power plants.

The major advantages of firing lignite are that it is relatively abundant (in the North Dakota
and Texas regions), relatively low in cost, and low in sulfur content. The disadvantages are that
more fuel and larger facilities are necessary to generate a unit of power than is the case with
bituminous coal. The reasons for this are: (1) lignite’s higher moisture content means that more
energy is lost in evaporating water, which reduces boiler efficiency; (2) more energy is required to
grind lignite to combustion-specified size, especially in PC-fired units; (3) greater tube spacing and
additional soot blowing are required because of lignite’s higher ash fouling tendencies; and
(4) because of its lower heating value, more lignite must be handled to produce a given amount of
power. Lignite usually is not cleaned or dried before combustion (except for incidental drying in the
crusher or pulverizer and during transport to the burner). No major problems exist with the handling
or combustion of lignite when its unique characteristics are taken into account.

1.7.2 Emissions 211,17

The major pollutants generated from firing lignite, as with any coal, are particulate matter
(PM), sulfur oxides (SO,), and nitrogen oxides (NO,). Emissions rates of organic compounds and
carbon monoxide (CO) are much lower than those for the major pollutants under normal operating
conditions.

Emission levels for PM appear most dependent on the firing configuration of the boiler.
Pulverized coal-fired units and spreader stokers fire much or all of the lignite in suspension; they emit
a greater quantity of flyash per unit of fuel burned than do cyclones and other stokers. Cyclone
furnaces collect much of the ash as molten slag in the furnace itself. Stokers (other than spreader)
retain a large fraction of the ash in the fuel bed and bottom ash.

The NO, emissions from lignite combustion are mainly a function of the boiler design, firing
configuration, and excess air level. Stokers produce lower NO, levels than PC units and cyclones,
mainly because most stokers are relatively small and have lower peak flame temperatures, The
boilers constructed since implementation of the 1971 and 1979 New Source Performance Standards
(NSPS) (40 Code of Federal Regulations, Part 60, Subparts D and Da, respectively) have NO,
controls integrated into the boiler design and have comparable NO, emission levels to the small
stokers. In most boilers, regardless of firing configuration, lower excess combustion air results in
lower NO, emissions. However, lowering the amount of excess air in a lignite-fired boiler can also
affect the potential for ash fouling.
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The rate of SO, emissions from lignite combustion are a function of the alkali (especially
sodium) content of the ash For combustion of most fossil fuels, over 90 percent of the fuel sulfur is
emitted as sulfur dioxide (SO,) because of the low alkali content of the fuels. By contrast, a
significant fraction of the sulfur in lignite reacts with alkaline ash components during combustion and
is retained in the boiler bottom ash and flyash. Tests have shown that less than 50 percent of the
available sulfur may be emitted as SO, when a high-sodium lignite is burned, whereas more than
90 percent may be emitted from a low-sodium lignite. As an approximate average, about 75 percent
of the lignite sulfur will be emitted as SO,; the remainder will be retained in the ash as various
sulfate salts.

1.7.3 Controlsz’“‘”

Most lignite-fired utility boilers are equipped with electrostatic precipitators (ESPs) with
collection efficiencies as high as 99.5 percent for total PM. Older and smaller ESPs have lower
collection efficiencies of approximately 95 percent for total PM. Older industrial and commercial
units also may be equipped with cyclone collectors that normally achieve 60 to 80 percent collectlon
efficiency for total PM.

Flue gas desulfurization (FGD) systems (comparable to those used on bituminous coal-fired
boilers) are in current operation on several lignite-fired utility boilers. Flue gases are treated through
wet or dry desulfurization processes of either the throwaway type (in which all waste streams are
discarded) or the recovery/regenerable type (in which the SO, absorbent is regenerated and reused).
Wet systems generally use alkali slurries as the SO, absorption medium and can reduce SO, '
emissions by 90 percent or more. Spray dryers (or dry scrubbers) spray a solution or slurry of
alkaline material into a reaction vessel as a fine mist that mixes with the flue gas. The SO, reacts
with the alkaline mist to form salts. The solids from the spray dryer and the salts formed are
collected in a particulate control device,

Over 50 percent reduction of NO, emissions can be achieved by changing the burner
geometry, controlling air flow in the furnace, or making other changes in operating procedures.
Overfire air and low NO, burners are two demonstrated NO, control techmques for llgmte
combustion. :

Baseline emission factors for NO,, SO,, and CO are presented in Tables 1.7-1 and 1.7-2.
Baseline emission factors for total PM and nitrous oxide (N,O) are given in Table 1.7-3. Specific
emission factors for the cumulative particle size distributions are provided in Tables 1.7-4 and 1.7-5,
Uncontrolled and controlled size-specific emission factors are presented in Figure 1.7-1 and
Figure 1,7-2. Lignite combustion and bituminous coal combustion are quite similar with respect to
emissions of carbon dioxide (CO,) and organic compounds. As a result, the bituminous coal
emission factors for these pollutants presented in Section 1.1 of this document may also be used to
estimate emissions from lignite combustion.

Emission factors for trace elements from uncontrolled lignite combustion are summarized in
Tables 1.7-6 and 1.7-7, based on currently available data.

Controlled emission factors for NO,, CO, and PM are presented in Tables 1,7-8 and 1.7-9.
Controlled SO, emissions will depend primarily on applicable regulations and FGD equipment
performance if applicable. Section 1.1 contains a discussion of FGD performance capabilities which
is also applicable to lignite-fired boilers. Controlled emission factors for selected hazardous air
pollutants are provided in Tables 1.7-10 and 1.7-11,
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Table 1.7-1 (Metric Units). EMISSION FACTORS FOR SULFUR OXIDES (SO,),
NITROGEN OXIDES (NO,), AND CARBON MONOXIDE (CO)
FROM UNCONTROLLED LIGNITE COMBUSTION?

SO,° NO¢ co®
Firing Configuration ' | Emission | - Emission Emission
(8CO) Factor | RATING | Factor | RATING | Factor | RATING
Pulverized coal, dry 158f C 3.7 C

bottom, tangential
(SCC 1-01-003-02)

Pulverized coal, dry 158 C 5.6 C 0.13 C
bottom, wall fired
(SCC 1-01-003-01)

Cyclone 158 C 6.3 C
(SCC 1-01-003-03)

Spreader stoker 158 c 2.9 C
(SCC 1-01-003-06) | |

Other stoker 158 C ND
(SCC 1-01-003-04) | :

| Atmospheric fluidized 58 D 1.8 o 0.08 C
. bed (no SCC)

& Units are kg of pollutant/Mg of fuel burned. ND = no data.
b SCC = Source Classification Code.

¢ Reference 2. _

d References 2-3,7-8,15-16.

¢ References 7,16.

fs= Weight % sulfur content of lignite, wet basis. For high sodium ash (Na,O > 8%), use 118.
For low sodium ash (Na,O < 2%), use 175. If ash sodium content is unknown, use 15S.
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“Table 1.7-2 (English Units). EMISSION FACTORS FOR SULFUR OXIDES (SO,),
NITROGEN OXIDES (NO,), AND CARBON MONOXIDE (CO)
~ FROM UNCONTROLLED LIGNITE COMBUSTION®

'soc |  Nogd co®
Firing Configuration | Emission ‘| Emission | " | Emission
(SCC) Factor RATING Factor RATING Factor | RATING
Pulverized coal, dry ~ | 308f c 7.3 C |

bottom, tangential
(SCC 1-01-003-02)

Pulverized coal, dry 308 C 11.1 C 0.25 Cc
bottom, wall fired .
(SCC 1-01-003-01)

Cyclone ' 308 C 12.5 C

(SCC 1-01-003-03) ' ‘
| Spreader stoker 308 C 5.8 Cc

(SCC 1-01-003-06) '

Other stoker 308 C ND
(SCC 1-01-003-04) : , : ‘ o

Atmospheric fluidized 108 D 3.6 c | o015 o .
bed (no SCC)

& Units are Ib of pollutant/ton of fuel burned.

b SCC = Source Classification Code.

¢ Reference 2.

d References 2-3,7-8,15-16.

€ References 7,16. ) . ' ‘ \ '

f'S = Weight % sulfur content of lignite, wet basis. For high sodium ash (Na,O > 8%), use 228,
For low sodium ash (Na,0 < 2%), use 34S. If ash sodium content is unknown, use 30S.

1.7-4 EMISSION FACTORS ' 1/95



Table 1.7-3 (Metric And English Units). EMISSION FACTORS FOR PARTICULATE MATTER
(PM) AND NITROUS OXIDE (N,0) FROM LIGNITE COMBUSTION?

PM® : N,0°
Firing Configuration : 2
(8CC) Emission Factor RATING | Emission Factor RATING
Pulverized coal, dry 3.3A (6.5A) E

bottom, tangential
(SCC 1-01-003-02)

Pulverized coal, dry 2.6A (5.1A) E
bottom, wall fired
(SCC 1-01-003-01)

Cyclone 3.4A (6.7A) C
(SCC 1-01-003-03) ‘
Spreader stoker 4.0A (8.0A) E
(SCC 1-01-003-06)
Other stoker 1.7A (3.4A) E
(SCC 1-01-003-04)
Atmospheric fluidized bed | 1.2 2.5) E
8 Units are kg of pollutant/Mg of fuel burned and 1b of pollutant/ton of fuel burned.
SCC = Source Classification Code.
b References 5-6,12,14. A = weight % ash content of lignite, wet basis.

- © Reference 18,
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OXIDES (NO,) AND CARBON MONOXIDE (CO) FROM CONTROLLED

. Table 1.7-8 (Metric And English Units). CONTROLLED EMISSION FACTORS FOR NITROGEN
LIGNITE COMBUSTION?

NO,® co®
EMISSION _ EMISSION'
Firing Configuration FACTOR FACTOR
_ (SCC) kg/Mg (Ib/ton) RATING kg/Mg (Ib/ton) RATING
Pulverized coal, dry 3.3 (6.6) - C 0.05 (0.10) D
bottom, tangential
overfire air
(no SCC)
Pulverized coal, dry 2.3 4.6) C 0.24 (0.48) D
bottom, tangential
overfire air/low NO,
~ burners
(no SCC)

2 Units are kg of pollutant/Mg of fuel burned and Ib of pollutant/ton of fuel burned. SCC = Source

Classification Code.
b References 15-16.
¢ Reference 15.

.l Table 1.7-9 (Metric And English Units). EMISSION FACTORS FOR PARTICULATE MATTER
(PM) EMISSIONS FROM CONTROLLED LIGNITE COMBUSTION?
. PM
Firing Configuration
(SCC) ' Control Device Emission Factor RATING
Subpart D Boilers, Baghouse 0.04A (0.08A) C
Pulverized coal, .
Tangential and wall-fired Wet scrubber 0.03A (0.05A) C
(no SCC) .
Subpart Da Boilers, Wet scrubber 0.005A (0.01A) C
" Pulverized coal,
Tangential fired
(no SCC)
Atmospheric fluidized bed Limestone addition 0.03A (0.07A) D

a References 15-16. A = weight % ash content of lignite, wet basis. Units are kg of pollutant/Mg
of fuel burned and Ib of pollutant/ton of fuel burned. SCC = Source Classification Code.
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Table 1.7-10- (Metric Units).

ORGANIC MATTER (POM) FROM CO

EMISSION FACTORS FOR TRACE METALS AND POLYCYCLIC

EMISSION FACTOR RATING: E

NTROLLED LIGNITE COMBUSTION?

- Emission Factor, pg/J

(SCC 1-01-003-06)

Firing Configuration :
(SCO) Control Device Cr Mn POM
Pulverized coal Multi-cyclones . 29-32
(SCC 1-01-003-01) ESp _ |
High efficiency cold-side 0.99
ESP :
Pulverized wet bottom ESP- 15
(no SCC)
Pulverized dry bottom Multi-cyclones - .0.78 - 7.9°
(B0 SCC) | Esp 18 .10
Cyclone furnace Multi-cyclones _ 711 _ _
(SCC 1-01-003-03) ESP <33 57 0.05°-0.68
Stoker, configuration Multi-cyclones 13 47
unknown .
(no SCC) ESP <2.3
Spreader stoker Multi-cyclones 6.3¢

2 References 19-20. Units are
Classification Code.

® Primarily trimethyl propenyl

¢ Primarily biphenyl.

1.7-12

naphthalene.

EMISSION FACTORS

picograms (10°!2) of pollutant/joule of fuel burned. SCC = Source

1/95




Table 1.7-11 (English Units). EMISSION FACTORS FOR TRACE METALS AND POLYCYCLIC

ORGANIC MATTER (POM) FROM CONTROLLED LIGNITE COMBUSTION®

EMISSION FACTOR RATING: E

- . Emission Factor, 1b/10'2 Btu
Firing Configuration _
(8CO) Control Device Cr Mn POM
Pulverized coal Multi-cyclones - 67-74
(SCC 1-01-003-01) ESp 20
High efficiency cold-side ESP 2.3
Pulverized wet bottom ESP _ 34
(no SCC) ‘ |
Pulverized dry bottom | Multicyclones 1.8 - 18°
(mo SCC) ESP ) 2.6°
Cyclone furnace Multi—cycloneS 1656
(SCC 1-01-003-03) ESP | <28 133 0.11°- 1.6
. Stoker, configuration Multi-cyclones 30 110
unknown
(no SCC) ESP | <54
Spreader stoker Multi-cyclones | 15¢
(SCC 1-01-003-06)

a References 19-20. Units are Ib of pollutant/10'2 Btu of fuel burned. SCC = Source Classification
Code. - '

b Primarily trimethyl propenyl naphthalene.

¢ Primarily biphenyl. -
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1.8 Bagasse Combustion In Sugar Mills
1.8.1 Process Descriptionl

Bagasse is the matted cellulose fiber residue from sugar cane that has been processed in a
sugar mill. Previously, bagasse was burned as means of solid waste disposal. However, as the cost
of fuel oil, natural gas, and electricity have increased, the designation of bagasse has changed from
refuse to a fuel.

The U. S. sugar cane industry is located in the tropical and subtropical regions of Florida,
Texas, Louisiana, Hawaii, and Puerto Rico. Except for Hawaii, where sugar cane production takes
place year round, sugar mills operate seasonally from 2 to 5 months per year.

Sugar cane is a large grass with a bamboo-like stalk that grows 8 to 15 feet tall. Only the
stalk contains sufficient sucrose for processing into sugar. All other parts of the sugar cane
@i. e., leaves, top growth, and roots) are termed "trash.” The objective of harvesting is to deliver the
sugar cane to the mill with a minimum of trash or other extraneous material. The cane is normally
burned in the field to remove a major portion of the trash and to control insects and rodents. See
Section 13.1 for methods to estimate these emissions. The three most common methods of harvesting
are hand cutting, machine cutting, and mechanical raking. The cane that is delivered to a particular
sugar mill will vary in trash and dirt content depending on the harvesting method and weather
conditions. Inside the mill, cane preparation for extraction usually involves washing the cane to
remove trash and dirt, chopping, and then crushing. Juice is extracted in the milling portion of the
plant by passing the chopped and crushed cane through a series of grooved rolls. The cane remaining
after milling is bagasse.

Bagasse is a fuel of varying composition, consistency, and heating value. These
characteristics depend on the climate, type of soil upon which the cane is grown, variety of cane,
harvesting method, amount of cane washing, and the efficiency of the milling plant. In general,
bagasse has a heating value between 1,700 and 2,200 kcal/kg (3,000 and 4,000 Btu/lb) on a wet, as-
fired basis. Most bagasse has a moisture content between 45 and 55 percent by weight.

Fuel cells, horseshoe boilers, and spreader stoker boilers are used to burn bagasse.
Horseshoe boilers and fuel cells differ in the shapes of their furnace area but in other respects are
similar in design and operation. In these boilers (most common among older plants), bagasse is
gravity-fed through chutes and piles onto a refractory hearth. Primary and overfire combustion air
flows through ports in the furnace walls; burning begins on the surface pile. Many of these units
have dumping hearths that permit ash removal while the unit is operating.

In more-recently built sugar mills, bagasse is burned in spreader stoker boilers. Bagasse fed
to these boilers enters the furnace through a fuel chute and is spread pneumatically or mechanically
across the furnace, where part of the fuel burns while in suspension. Simultancously, large pieces of
fuel are spread in a thin, even bed on a stationary or moving grate. The flame over the grate radiates
heat back to the fuel to aid combustion. The combustion area of the furnace is lined with heat
exchange tubes (waterwalls). '
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1.8.2 Emissions And Controls!-3

~ The most significant pollutant emitted by bagasse-fired boilers is particulate matter, caused by
the turbulent movement of combustion gases with respect to the burning bagasse and resultant ash.
Emissions of SO, and NO, are lower than conventional fossil fuels due to the characteristically low
levels of sulfur and nitrogen associated with bagasse. ‘

Auxiliary fuels (typically fuel oil or natural gas) may be used during startup of the boiler or
when the moisture content of the bagasse is too high to support combustion. If fuel oil is used during -
these periods, SO, and NO, emissions will increase. Soil characteristics such as particle size can
affect the magnitude of PM emissions from the boiler. Mill operations can also influence the bagasse
ash content by not properly washing and preparing the cane. Upsets in combustion conditions can
cause increased emissions of carbon monoxide (CO) and unburned organics, typically measured as
volatile organic compounds (VOCs) and total organic compounds (TOCs). ' '

Mechanical collectors and wet scrubbers are commonly used to control particulate emissions
from bagasse-fired boilers. Mechanical collectors may be installed in single cyclone, double cyclone,
or multiple cyclone (i. e., multiclone) arrangements. The reported PM collection efficiency for
mechanical collectors is 20 to 60 percent. Due to the abrasive nature of bagasse fly ash, mechanical
collector performance may deteriorate over time due to erosion if the system is not well maintained.

The most widely used wet scrubbers for bagasse-fired boilers are impingement and venturi
 scrubbers. Impingement scrubbers normally operate at gas-side pressure drops of 5 to 15 inches of
water; typical pressure drops for venturi scrubbers are over 15 inches of water. Impingement
scrubbers are in greater use due to lower energy requirements and fewer operating and maintenance
problems. Reported PM collection efficiencies for both scrubber types are 90 percent or greater.

Gaseous emissions (e. g., SO,, NO,, CO, and organics) may also be-absorbed to a significant
extent in a wet scrubber. Alkali compounds are sometimes utilized in the scrubber to prevent low pH
conditions. If CO,-generating compounds (such as sodium carbonate or calcium carbonate) are used,
CO, emissions will increase.

Fabric filters and electrostatic precipitators have not been used to a significant extent for
controlling PM from bagasse-fired boilers due to potential fire hazards (fabric filters) and relatively
higher costs (both devices). '

Emission factors and emission factor ratings for bagasse-fired boilers are shown in
Tables 1.8-1 and 1.8-2.

Fugitive dust may be generated by truck traffic and cane handling operations at the sugar
mill. Particulate matter emissions from these sources may be estimated by consulting Section 13.2.
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Table 1.8-1 (Metric Units). EMISSION FACTORS FOR BAGASSE-FIRED BOILERS?

EMISSION
| _' - FACTOR
Pollutant g/kg Steam® kg/Mg Bagasse® RATING
Particulate matterd '
| Uncontrolled BT T 7.8 c
Controlled ‘ _
Mechanical collector | 2.1 4.2 D
Wet scrubber o 0.4 0.8 B
PM-104
Controlled | _
Wet scrubber : 034 0.68 D
Carbon dioxide _ _ .
Uncontrolled® 390 780 | A
Nitrogen oxides B
Uncontrolledf | 03 0.6 C
Pofycyclic organic matter
Uncontrolled® 2.5 E4 5.0 E4 D

2 Source Classification Code is 1-02-011-01.

b Units are gram of pollutant/kg of steam produced, where 1 kg of wet bagasse fired produces 2 kg
of steam. '

¢ Units are kg of pollutant/Mg of wet, as-fired bagasse containing approximately 50 percent moisture,
by weight.

d References 2,6-14. Includes only filterable PM (i. e., that particulate collected on or prior to the
filter of an EPA Method 5 (or equivalent) sampling train. '

© References 6-14. CO, emissions will increase following a wet scrubber in which CO,-generating
reagents (such as sodium carbonate or calcium carbonate) are used.

f References 13-14. :

& Reference 13. Based on measurements collected downstream of PM control devices which may
have provided some removal of polycyclic organic matter (POM) condensed on PM.
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‘Table 1.8-2 (English Units). EMISSION FACTORS FOR BAGASSE-FIRED BOILERS*

EMISSION
_ . FACTOR
Pollutant 1b/1,000 Ib Steam® Ib/ton Bagasse® RATING
Particulate matterd |
Uncontrolled 39 - 15.6 - C
Controlled |
Mechanical collector _ 2.1 . 8.4 D
Wet scrubber : 0.4 | 1.6 B
PM-10¢
Controlled
Wet scrubber 0.34 1.36 D
Carbon dioxide '
Uncontrolled® = 390 | 1,560 A
Nitrogen oxides _ ' | |
Uncontrolledf 0.3 12 C
Polycyclic organic matter |
Uncontrolled® 2.5 E4 | 1.0E3 D

2 Source Classification Code is 1-02-011-01.

® Units are Ib of pollutant/1,000 1b of steam produced, where 1 b of wet bagasse fired produces 2 Ib
of steam. _

¢ Units are 1b of pollutant/ton of wet, as-fired bagasse containing approximately 50% moisture, by
weight. ‘

d References 2,6-14. Includes only filterable PM (i. e., that particulate collected on or prior to the
filter of an EPA Method 5 (or equivalent) sampling train. _

© References 6-14. CO, emissions will increase following a wet scrubber in which CO,-generating
reagents (such as sodium carbonate or calcium carbonate) are used.

f References 13-14. i ‘

£ Reference 13. Based on measurements collected downstream of PM control devices which may
have provided some removal of polycyclic organic matter (POM) condensed on PM.
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1.9 Residential Fireplaces
1.9.1 General'”2

Fireplaces are used primarily for aesthetic effects and secondarily as a supplemental heating
source in houses and other dwellings. Wood is the most common fuel for fireplaces, but coal and
densified wood "logs" may also be burned. The user intermittently adds fuel to the fire by hand.

Fireplaces can be divided into 2 broad categories: (1) masonry (generally brick and/or stone,
assembled on site, and integral to a structure) and (2) prefabricated (usually metal, installed on site as
a package with appropriate duct work).

Masonry fireplaces typically have large fixed openings to the fire bed and have dampers
above the combustion area in the chimney to limit room air and heat losses when the fireplace is not
being used. Some masonry fireplaces are designed or retrofitted with doors and louvers to reduce the
intake of combustion air during use. '

Prefabricated fireplaces are commonly equipped with louvers and glass doors to reduce the
intake of combustion air, and some are surrounded by ducts through which floor level air is drawn by
natural convection, kieated, and returned to the room. Many varieties of prefabricated fireplaces are
now available on the market. One general class is the freestanding fireplace, the most common of
~ which consists of an inverted sheet metal funnel and stovepipe directly above the fire bed. Another
class is the "zero clearance" fireplace, an iron or heavy gauge steel firebox lined inside with firebrick
and surrounded by multiple steel walls with spaces for air circulation. Some zero clearance fireplaces
can be inserted into existing masonry fireplace openings, and thus are sometimes called "inserts.”
Some of these units are equipped with close fitting doors and have operating and combustion
characteristics similar to wood stoves. (See Section 1.10, Residential Wood Stoves.)

Masonry fireplaces usually heat a room by radiation, with a significant fraction of the
combustion heat lost in the exhaust gases and through fireplace walls. Moreover, some of the radiant
heat entering the room goes toward warming the air that is pulled into the residence to make up for
that drawn up the chimney. The net effect is that masonry fireplaces are usually inefficient heating
devices. Indeed, in cases where combustion is poor, where the outside air is cold, or where the fire
is allowed to smolder (thus drawing air into a residence without producing appreciable radiant heat
energy), a net heat loss may occur in a residence using a fireplace. Fireplace heating efficiency may
be improved by a number of measures that either reduce the excess air rate or transfer back into the
residence some of the heat that would normally be lost in the exhaust gases or through fireplace
walls. As noted above, such measures are commonly incorporated into prefabricated units. Asa
result, the energy efficiencies of prefabricated fireplaces are slightly higher than those of masonry
fireplaces.

1.9.2 Emissions!1?

‘The major pollutants of concern from fireplaces are unburnt combustibles, including carbon
monoxide, gaseous organics and particulate matter (i. e., smoke). Significant quantities of unburnt
combustibles are produced because fireplaces are inefficient combustion devices, with high
uncontrolled excess air rates and without any sort of secondary combustion. The latter 5 especially
important in wood burning because of its high volatile matter content, typically 80 percent by dry
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weight. In addition to unburnt combustibles, lesser amounts of nitrogen oxides and sulfur oxides are

“Hazardous Air Pollutants- (HAPs) are a minor, but potentially important component of wood
smoke. A group of HAPs known as polycyclic organic matter (POM) includes potential carcinogens
such as benzo(a)pyrene (BaP). POM results from the combination of free radical species formed in
the flame zone, primarily as a consequence of incomplete combustion. Under reducing conditions,
radical chain propagation is enhanced, allowing the buildup of complex organic material such as
" POM. The POM is generally found in or on smoke particles, although some sublimation into the

vapor phase is probable. ' -

_ Another important constituent of wood smoke is creosote. This tar-like substance will burn if
the fire is hot enough, but at insufficient temperatures, it may deposit on surfaces in the exhaust
system. Creosote deposits are a fire hazard in the flue, byt they can be reduced if the chimney is
insulated to prevent creosote condensation or if the chimney is cleaned regularly to remove any
buildup. L S S

- Fireplace emissions are highly variable and are a function of many wood characteristics and
operating practices. In general, conditions which promote a fast burn rate and a higher flame
intensity enhance secondary combustion and thereby lower emissions. Conversely, higher emissions
will result from a slow burn rate and a lower flame intensity. Such generalizations apply particularly
to the earlier stages of the burning cycle, when significant quantities of combustible volatile matter
are being driven out of the wood. Later in the burning cycle, when all volatile matter has been
driven out of the wood, the charcoal that remains burns with relatively few emissions, -

Emission factors and their ratings for wood combustion in residential fireplaces are given in
Tables 1.9-1 and 1.9-2. R . ’ ‘

®



. Table 1.9-1 (Metric Units). EMISSION FACTORS FOR wOOD COMBUSTION IN

RESIDENTIAL FIREPLACES?
' Emission Factor
Device ~ Pollutant (g/kg) RATING
Fireplace PM-10° - 17.3 B
: Carbon Monoxide® 126.3 B
Sulfur Oxides? . 0.2 A
Nitrogen Oxides® ' 1.3 C
Carbon Dioxidef | 1700 C
Total VOCs& 114.5 D
POMP 0.8 E-3 B
Aldehydes¥ 1.2 B
3 Umts are in grams of pollutant/kg of dry wood burned. Source Classification Code
21-04-008-001.

b References 2,5,7,13; contains filterable and condensable particulate matter (PM); PM emissions are
considered to be 100% PM-10 (i. e., PM with an aerodynamic diameter of 10 um or less).

¢ References 2,4,5,9,13.

d References 1,8.

© Referencm 4,9; expressed as NO,.
f References 5,13. _ '

2 References 4-5,8. Data used to calculate the average emission factor were collected by various

. methods. While the emission factor may be representative of the source population in general,

factors may not be accurate for individual sources.

b Reference 2.

j Data used to calculate the average emission factor were collected from a single fireplace and are not
representative of the general source population.

k References 4,11.
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- --; Table 1.9-2 (English Units). EMISSION FACTORS FOR WOOD COMBUSTION IN

RESIDENTIAL FIREPLACES® -
e Emission Factor _
Device Pollutant 1 (Ib/ton). - RATING
Fireplace PM-10° | 34.6 B
Carbon Monoxide® B 252.6 - - B
Sulfur Oxides¢ - L 0.4 A
Nitrogen Oxides® 260 - C
Carbon Dioxidef o 3400 - C
Total VOCs8 - 1229.0 D
POM? ) 1.6 E-3 B
Aldehydes® R 2.4 E

# Units are in Ib of pollutant/ton of dry wood burned. Source Classification Code 21-04-008-001.

b References 2,5,7,13; contains filterable and condensable particulate matter (PM); PM emissions are
considered to be 100% PM-10 (i. e., PM with an -aerodynamic diameter of 10 um or less).

¢ References 2,4,5,9,13. - o -

d References 1,8. .

© References 4,9; expressed as NO,.

f References 5,13, o _ . o

& References 4-5,8. Data used to calculate the average emission factor were collected by various
methods. While the emission factor may be representative of the source population in general,
-factors may not be accurate for individual sources.

h Reference 2. o |

1 Data used to calculate the average emission factor were collected from a single fireplace and are not
representative of the general source population.

k References 4,11.
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1.10 Residential Wood Stoves
1.10.1 Generall?

Wood stoves are commonly used in fesidenc&s as space heaters. They are used both as the
primary source of residential heat and to supplement conventional heating systems.

Five different categories should be considered when estimating emissions from wood burning
devices due to differences in both the magnitude and the composition of the emissions:

- the conventional wood stove,
- - the noncatalytic wood stove,
- the catalytic wood stove,
- the pellet stove, and
- the masonry heater.
Among these categories, there are many variations in device design and operation characteristics.

The conventional stove category comprises all stoves without catalytic combustors not
included in the other noncatalytic categories (i. e., noncatalytic and pellet). Conventional stoves do
not have any emission reduction technology or design features and, in most cases, were manufactured
before July 1, 1986. Stoves of many different airflow designs may be in this category, such as
updraft, downdraft, crossdraft, and S-flow.

Noncatalytic wood stoves are those units that do not employ catalysts but do have emission
reducing technology or features. Typical noncatalytic design includes baffles and secondary
combustion chambers.

_ Catalytic stoves are equipped with a ceramic or metal honeycomb device, called a combustor
or converter, that is coated with a noble metal such as platinum or palladium. The catalyst material
reduces the ignition temperature of the unburned volatile organic compounds (VOC) and carbon
monoxide (CO) in the exhaust gases, thus augmenting their ignition and combustion at normal stove
operating temperatures. As these components of the gases burn, the temperature inside the catalyst
increases to a point at which the ignition of the gases is essentially self-sustaining.

Pellet stoves are those fueled with pellets of sawdust, wood products, and other 