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Date: 1/8/97 2:49pm 
Subject : Internal Review of Hlmission Factors Procedures Doc - DRAFT 
Resent 1/00 Added Kuykendal anti Miisenhiemer. Date extended to 1/24. 

Reviewers: 

Please review the subject Internal Draft which is being sent to you thru the 
mail. we‘d appreciate your review by January pfh. Following this, we‘ll 
address the conunents as appropriate and make the document available for 
external review. Concurrently, the Contractors that currently write AP-42 
sections will be asked to provide Conrments on the workability of the Draft. 

24 

Backaround: 
Although emission factor development has been accomplished by EPA or 
contractors actins on behalf of the EPA. it is hooed that State and Local 
Agencies and/or industry associations will assume- increased responsibilities 
in emission factor development. Chapter 4 of the attached draft publication 
attempts to describe how a variety of information related to air emissions and 
production levels are assembled, summarized, analyzed and reduced to a single 
emission factor and associated quality rating for a specific source category 
emission point. 
development of emission factors, you are being asked to review this draft. 
This draft will be revised based upon your conunents. Following the revision, 
the revised draft will be sent to selected State/Local agencies and industry 
associations for review. As part of your review we would like you to consider 
the expanded role of State/Local agencies, industry associations and the 
contractors of these groups. As a result we would like that you pay 
particular attention to the balance between presenting prescriptive analytical 
methodologies vs flexibility to use alternatives which are also valid. 

Specifically, we would like you to identify those areas which should be more 
detailed or specific to arrive at a consistent emission factor and rating, 
identify those areas which are too detailed or specific to allow for the valid 
use and interpretation of available information to arrive at an emission 
factor or interpret a pollutants’ behavior in a consistent manner. Although 
we are not asking for correction of grauanatical or spelling errors, we would 
like to know those areas where the text lacks clarity or is inconsistent with 
other parts of the document or recent emission factor development actions. 
Please make specific suggestions to text changes where appropriate. 

Thanks, The Emission Factor Team 

As a result of your experiences and/or interest in the 

cc: MOBLEY-DAVID, PACE-TUM 
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CHAPTER1 

PURPOSE OF THIS DOCUMENT 

The purpose of this document is to describe the procedures. technical criteria. and standards 
and specifications for developing and reporting air pollutant emission factors or equations for 
publication in either the cornpilorion OfAir Polluant Emission Fanors. Volume I: Sranonun Point 
and Area Sources, (Ae-42) or the "Locating and Esrimating" (L&E) document series. Both AP-42 
Volume I and the LAE series are published. by the Emission Factor and,Inventory Group (ERG) i n  , 

EPA's Office of Air Quality Planning and Standards (OAQPS). Different procedures may apply to 
AP42 Volume It: Mob& Sources, produced by EPA's office of Mobile Sources in Ann Arbor, 
Michigan. . . .  .. . . .  . 

Previous editions of this manual have served as a guide for EPA personnel and their 
contractors who prepared AP-42 sections. This edition has been revised to include guidance for 
preparing L&E documents and to assist industry, trade associations, and state and local agencies that 
may be interested in developing emission factors or equations. Guidance has also been added to 
describe bow to report the facton developed for AP-42 or an L&E document into EPA's electronic 
distribution mechanisms. Most of the material in this document is intended as guidance, rather than 
strict rules. Creative solutions which meet the goal of providing unambiguous documentation for 
EPA's current recommendations for emission factors-are always welcome. 

Emission factors have long been used as a cost-effective means to develop, area-wide emission 
inventories. Emission inventories are fundamental tools for air quality management, used for 
identifying major contributors of atmospheric pollutants, developing emission control strategies, 
determining applicability of permining programs, and 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 usUalIy preferred for estimating a source's 
emissions, but they are not available for most sources due to their high cost. 

AP-42 has been published since 1972 as the primary compilation of EPA's emission factor 
information. It contains emission factors and process information for more than 200 air pollution 
source categories. A source category is a specific industry sector or group of similar emitting 
sources. The emission factors have been developed and compiled from source test data, material 
balance studies, and engineering estimates. The Fifth Edition of AP-42 was published in January 
1995. Supplements to the Fifth Edition will be published approximately annually and will contain 
new sections on additional source categories as well as revisions to existing sections. 

The L&E series was initiated in 1984, and now consists of 34 individual documents. Unlike 
the source category organization of AP-42, each L& document focuses on all sources of a specific 
hazardous air pollutant or related group of pollutants. L&E documents make use of AP-42 factors if 
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available, and they also revise or supplement those facton when necessary to present the most 
complete assessment of the sources of the specific air pollutant. In addition to providing factors and 
process descriptions, L&E documents attempt to quantify the national emissions of the pollutant 

Chapter 2 provides some background on emission factors and their uses and limitations. It 
describes the pollutant terminology used in AP-42 and discusses some of the test methods used to 
develop emission factors for these ~l lutants .  The reasons and mechanisms for initiating revisions to 
emission factors are also discussed. 

Chapter 3 provides an overview of all of the tasks involved in revising or developing emission 
factors, in sequence. It describes the desirable review steps, highlights the documents' relationship to 
the other distribution mechanisms, and shows a typical timeline for the whole process. 

Chapter 4 provides the details for how the tasks outlined in Chapter 3 can best be 
accomplished, from data collection through data evaluation and external reviews to the determination 
of final factors. Sections are included on typical contents, data collection, data review, developing 
and presenting factors, and background documehtation. 

Appendix A presents a typical AP-42 section and an L&E document as examples of the 
editorial specifications to be used. Specifications are given for both the published paper copy and 
electronic versions of the documents. Appendix B contains EFIG's Public Participation Procedures 
and Appendix C contains a description of using the F-factor method for relating fuel combustior! 
emissions to fuel rates. Appendix D is a listing of the 189 Hazardous Air Pollutants. Electronic 
template "typical format" setup disks in WordPerfecP Version 5.1 are available for AP-42 on the 
Clearinghouse for Inventories and Emission Factors (CHIEF) Bulletin Board System (BBS). 
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INTRODUCIION TO EMISSION FACTORS 

2.1 DEFINmON OF AN IbWSION FA-R 

An emission fanor is a tool that is used to estimate air pollutant emissions to the atmosphere. 

. .  It relates the quantity of poUutants released from a source,to some activity associated with those 
emissions. Emission facmrs are kually expressed as the weight 'of pollurant divided by a.unit weight,. 
volume, distahce, or duration of the activity emiaing the pollutant (e.g., pounds of particulate emitted 
per ton of coal burned). Emission factors are used to estimate a source's emissions by the general 
equation: 

. .  

. .  . .  .. . 

E = A x EF x [I-(EW100)] 
where: 

E = emissions, 
A = activity rate, 
EF = emission factor. and 
ER = overall emission reduction efficiency, 96. 

(ER is the product of the conml device destruction or removal efficiency and the 
capture efficiency of the control system. When estimating emissions for a long time 
period (e.g.. 1 year), both the device and the capture efficiency terms should account 
for upset periods as well as routine operations.) 

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). Usually, data are insufficient to indicate the influence of 
various process parametea such as temperature and reactant concentrations. For a few cases, 
however, such as in estimating emissions from petroleum storage tanks, the AP-42 document contains 
empirical formulas (or emission models) that relate emissions to variables such as tank diameter, 
liquid temperature. and wind velocity. Emission factor formulas that account for the influence of 
such variables tend to yield more realistic estimates (if information for all variables is accurate) than 
would factors that do not consider those parameters. Emission factor ratings in the AP-42 or L&E 
document series provide indications of the robusmess. or appropriateness, of emission factors for 
estimating average emissions for a source activity. 

The extent of completeness and detail of the emissions information in emission factor 
documents 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 
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listed for the production of one substance: one factor for each of a number of steps in the production 
process such as neurralization. drying, disriIlation, and other operations. However. because of less 
extensive information, only one emission factor may be given for production facility releases for 
another substance, though emissions are probably produced during several intermediate steps. There 
may be more than one emission factor for the production of a CeRain substance because different 
production processes may exist., or because diffaent control devices may be used. Therefore. it is 
necessary that users look at more than just the emission factor for a particular application and observe 
details in the text and in table footnotes. 

2.2 USES AND UhUTATIONS OF FACTORS 

Emission factors may be appropriate to use in situations such as making emission estimates 
for areawide inventories. These inventories have many purposes including ambient dispersion 
modeling and analysis, control strategy development, and screening of sources for compliance 
investigations. Emission factors may also be used to estimate emissions for air permitting 
applications, where estimates are n d e d  for applicability determinations or for esrablishing operating 
FeEllir f-. 

Emission f m r s  in AP-42 or L& documents are neither EPA-recommended emission limits 
(e.g., best available control technology or BACT, or lowest achievable emission rate or LAER) nor 
standards (e&, National Emission Standards for Hazardous Air Pollutants or NESHAP. or New 
Source Performance Standards o i  NSPS). Use of these factors as source-specific permit limits and/or 
as emission regulation compliance determinations is not recommended. 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 AP-42 or L&E emission factor would result in 
half of the sources being in noncompliance. 

For some sources, emission factors may be presented for processes 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 
tested more frequently when they are new and when they are believed to be operating properly, thus 
raising the possibility that some AP-42 emission factors are biased low. 

The fact that an emission factor for a pollutant or process is not available in AP-42 does not 
necessarily mean that the Agency believes the source does not emit that pollutant or that the source 
should not be inventoried. While it may be true that the source emits very little or none of that 



pollumt, it may be simply be that the Agency has no data for that source category because the 
category bas not been studied for regularory conauls as a large emitter nationwide. Therefore. the 
facilities which do not have a large number of similar facilities across the counm may not be covered 
in Ap-42. The question of whether the s o w  likely emits enough of a pollutant to warrant 
developing an emission estimate by some atkr metbod must necessarily be made on a case-by-case 
basis, taking account of the needs or r e q u b e n t s  of the applicable air program. 

Source-specific tests or continuous emission monitors can determine the actual pollumt 
contribution from an existing source barer than emission faaors. Even then, the results will be 
applicable only to the conditions existing at the time of the testing or 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 materid balance approach also may provide reliable average emission estimates for specific 
sources. For some sources, a marerial 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 annosphere 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 and for the uncertainty of each of the measured materials to make a 
credible and reliable estimate of emissions. 

If represenwive source-specific data cannot be obtained, emissions information from 
equipment vendors, particularly emission performance guarantees or actual test data from similar 
equipment, is better information for permitting decisions than an AP-42 or L&E emission factor. 
When such information is not available, use of emission factors may be necessary as a last resort. 
Whenever AP-42 or L&E 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 2-1 depicts various emission estimation approaches that one should consider when 
analyzing the tradeoffs between the cost of obtaining 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 chosen by the user, 
Where the risks of using a poor estimate are low, and the costs of more extensive methods are not 
warranted, 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 
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Figure 2-1. Approach to emission estimation. 

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 warrants 
a case-bycase 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. 
Note that Figure 2-1 only indicates a typical relationship between cost and reliability and that there is 
a wide range of reliability possible for any one approach. 

2.3 VARIABILITY OF EMISS~ONS 

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 some of the causes of this variability 
may be considered in emission factor development, this type of information is seldom included in 
emission test reports used to develop AP-42 or L&E factors. As a result, some emission factors are 
derived from tests whose results may vary by orders of magnitude. Even when the major process 
variables are accounted for, the emission factors developed may be the result of averaging source tests 



that differ significantly. 

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 
e1,ectrostatic precipitator, and the alkali feed rate'to an acid gas scrubber. Often, design criteria are 
not included in emission test repom (at least not in a form conducive to detailed analysis of bow 
varying process paramelen can affect emissions) and therefore may not be accounted for in the 
resulting factors. 

. .  
. . .. . . .  

Before simply applying AP42 or L&E emission factors to predict emissions from new or 
proposed sources, or to make other sourcespecific 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, kntrols, and raw material input are those of ,the 
source(s) analyzed to produce the emission fanor. 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 (Le.. 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. Thus, using emission 
factors to estimate shorr-term emissions will cause even greater 
uncertainty. The AP-42 and L&E user should be aware of this limitation and should evaluate the 
possible effects on the particular application. 

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 individual 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. 

2.4 POLLUTAWIX REPRESENTED 



The following seCrions describe the pollutant definitions and conventions typically used in AP- 
42 and L&E documents, and some of the difficulties in deriving emission factors for those pollutants 
from the available source tests. 

2.4.1 pollutant TaminOlogy and Conventions 
The AP-42 document now provides emission factors for three main types of air pollutants. 

criteria pollutants and their precursors; hazardous air  pollutant^ (HAPS);  and greenhouse gases. The ” 
criteria pollutants are the most extensively covered, because they were the original focus of AP-42 
and the Agency’s regulatory efforts. Emission factors for HAPS and greenhouse gases are being 
added as resources allow. 

Many chemical species belong to more than one of these types, particularly VOCs (a 
precursor of the criteria pollutant ozone), which also act as greenhouse gases and many of which are 
individually identified as HAPS.  In such a case the N 4 2  section should present emission factors for 
z.?y UA?s that can he individually quantified and an emission factor for VOCs as a whole which 
would include any HAP species which are also a VOC. 

. 

Any information on the individual chemical species which make up a pollutant class, such as 
VOC, PM. or POM, may be included, even though the quantification may not be as robust as for the 
total class. When individual compounds that comprise a class are identified (e.g., benzo(a)pyrene, 
anthracene, etc. as congeners of POM), they should be grouped as subsets of the class for clarity of 
presentation E the reader md to avoid double counting of emission totais. information on the split of 
organic compounds or particulate matter into more specific classes or individual compounds is very 
useful for some applications and should be included in the documents to the extent possible. 

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, they should be noted in the document. There may also be some 
potential overlap in measuring some compounds (e.g., organic condensable PM and VOC). 
Acknowledgement of this should he noted in the document in either the text or as a foomote to an 
emission factor table. 

Criteria Pollutants and Precursors. The six criteria pollutants are sulfur dioxide, nitrogen oxides, 
carbon monoxide, lead, particulate matter less than 10 microns in diameter, and ozone. Nitrogen 
oxides, carbon monoxide. and volatile organic compounds (VOC) are considered precursors to ozone 
formation. 

Sulfur Dioxide - The primary product from combustion of sulfur is sulfur dioxide, SO,. However, 
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other oxidation states are usually formed as well. Emission factors can be reported separarely for 
SO, and SO3, or a combined emission facmr for SO,, sulfur oxides, can be presented. A combined 
factor for SO, should be reported on the basis of the molecular weight of SO,. This means that an 
SO, emission factor should be multiplied by the ratio of the molecular weights of SO, to SO, (64180) 

. before being added to an SO, emission facmr. Sulfates. or SO,, should be reported separately. 

Nitrogen Oxides - The primary combustion pmduct of nitrogen is nitrogen dioxide. NO?. However. ' 

several other nitrogen compounds are usually emiaed at the same time (nitric oxide or NO, nitrous 
oxide or N,O,, m.), and these may or may not be distinguishable in available test data. They are 
usually in a rapid state of flux, with N G  being, in t h e ' s h k  term, the ultimate product. emitted or 
formed shortly downstream of the stack. The convention followed in emission factor documents is to 
report the distinctions wherever possible, but to report total NO, on the basis of the molecular weight 
of NO,. 

Carbon Monoxide - Emission factors for carbon monoxide are straightforward, since there is only one 
compound involved. The factors are reported on the basis of the molecular weight of CO. 

. .  

, 

Lead - Lead is emitted and measured as particulate and often will be reported for a process both 
separately and as a component of the panjculate matter emission factor. The lead may exist as pure 
metal or as compounds (considered a HAP). The convention followed in emission factor documents 
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. 

Particulate Matter - Emission factor documents generally contain factors for pollutants that are 
expected to be primary particulate matter. Primary paniculate 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. 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 also used to 
describe the emissions that are primary particulate matter. Total particulate may consist of filterable, 
condensable organic, and condensable inorganic fractions. Total particulate and the filterable fraction 
are also commonly followed by a size cut indicator. Thus, PM-10 refers to the total particulate 
matter less than 10 microns in diameter. and PM-10 filterable refers to just the filterable fraction of 
paniculate that is less than 10 microns. 

Unless noted, it is reasonable to assume that the particle emission factors for processes that 
operate above ambient temperatures are for filterable particulate, as defined by EPA Method 5 or its 



equivalent (a filter temperature of 25O'F). Ihe condensable P O ~ ~ O I Z S  of the paniculate matter consist 
of vaporous matter at the tilter temperatune that is collected in the sampling uain impingers and is 
analyzed by EPA Method 202 or its equivalent. Emission factor documents follow conventions in 
attempts to define Torat Particulate and its subcomponems. filterable particulate. condensable 
particulate, and PM-IO and their interrelationships. Because of rest method and data limitations. this 
anempt may not always be successful, and some sources may not. generate such components. - 

Emission factors often m y  CharaaeriZe only in-nack filterable PM-IO. It is reasonable to 
assume that, where a test report does not define the components of particulate clearly and specifically, 
the PM-10 factor includes only the filterable portion of the total PM-IO. Therefore, an evaluation of 
potential condensable particulate emissions should be based upon additional data or engineering 
judgment. Users should also note that many hazardous or toxic compounds may be emined in 
paniculate form. In such cases, factors for particulate maaer represent the total, and factors for such . 
compounds or elements are reported as mass of that material. 

Organic Compounds - Many organic compounds react photochemically along with nitrogen oxides and 
carbon monoxide to form the criteria pollutant "ozone". EPA regulates a class of compounds called 
Volatile Organic Compounds WOC) defined (in Title.40, Code of Federal Regulations, Pan 51.100. 
February 3, 1992) as 'any compound of carbon, excluding carbon monoxide, carbon dioxide. 
carbonic acid, metallic carbides or carbonates. and ammonium carbonate. which participates in 
atmospheric chemical reactions." A number of compounds are deemed to have "negligible 
photochemicd reactivity," and are therefore exempt from the definition of VOC. T h e  list of exempt 
compounds is occasionally expanded by subsequent Federal Register notices, but as of lune 1995 it 
included methane, ethane, methylene chloride, methyl chloroform, acetone, many 
chlorofluorocarbons. and certain classes of pertluorocarbons. 

For AP-42 sections. the goal is to present emission factors for VOC. as a minimum. Values for any 
of the exempted compounds. particularly methane as a greenhouse gas, may also be presented if 
sufficient data are available. Factors for "total organic compounds" (TOC) may also be presented, 
although not as a substitute for the desired VOC factors. TOC is a term used to indicate all organics, 
including VOCs, all exempted organic compounds. any hazardous organics, aldehydes. and 
semivolatile compounds. 

In many cases, data are not available to identify and quantify either the total mass of VOC (due to 
some oxygenated compounds that are not completely measured by many common test methods) or the 
specific components of TOC which should be subtracted to yield VOC. In such cases, the VOC 
emission factor is annotaced in an effort to provide clear and unambiguous data to the user. It is 
important for the emission factor document author to note the test method and any assumptions that 



were necessary to develop the fanors. Please note thar formaldehyde is a common organic polluWt 
which is considered a VOC (as well as a HAP), but which is not de- by Method 25a. Therefore. 
the results of a Method 25a test should be augmented by the amount of any formaldehyde determined 
by another method when developing a VOC emission factor for sources where formaldehyde is 
present. 

It is preferred that the factors be given in terms of actual weight of the emitted substance. However. 
in some cases the actual species present are unknown, because many test methods yield only the total 
concentration of carbon atoms present. In such cases the author should develop an emission factor 
using the best assumption possible regarding the carbon weight to total compound weight ratio. and 
should note this assumption in a foomote. Source profiles contained in the SPECIATE data system 
should be reviewed for potential data for this judgment. If the species distribution is later 
determined, actual mass can be calculated based on molecular weight of each compound present. 
Note that factors given in terms of  "as methane" or "as propane" usually indicate the compound 
which was used to falibrate the test insuument, as well as the carbon to total compound weight ratio 
assumed for the ensuing calculations. 

Many organic compounds are also HAPs. Where individual HAP species can be quantified, an 
emission factor representing their individual mass should be presented. This quantity should also be 
included in the VOC or TOC fanon, as appropriate. 

Hazardous Air Pollutants. Title III of the CAAA lists 189 toxic air pollutantr, defined for 
EPA regulatory purposes as HAPs. Appendix D provides a list of these pollutants along with an 
indication of those considered 'high priority" for the Urban Air Toxics program. However, many 
states and other authorities designate additional toxic or hazardous compounds, organic or inorganic, 
that can exist in gaseous or paniculate form. Few €PA Reference Test Methods exist for these 
compounds, which may come from the myriad sources covered in emission factor documents. 
However. test methods are available to allow reasonably reliable quantification of many compounds. 
and test results of sufficient quality should be included in emission factor documents. Emission 
factors for such compounds should represent the actual total mass of the compounds as emitted, not 
just the major element's mass. (Note that many test methods quantify only the major element's mass. 
such as chromium or mercury.) PM and VOC totals should include any component species which are 
also separately identified and quantified as HAPs. There are a limited number of gaseous HAPS that 
may not be VOCs, and whenever they occur they should be identified separately. 

Greenhouse Gases. C a b o n  dioxide, methane, and nitrous oxide (N20) are the principal 
greenhouse gases being r e p o d  in AP42. Each should be reported on the basis of the compound's 
total molecular weight. Therefore. reponed CO, tonnages can be convened to moles assuming a 
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molecular weight of 44. Note that this is not consistent with the convention used in some appiications 
of only accounting for the carbon mass of the emissions. CO, factors for fuel combustion are usually 
based on the assumption that all of a fuel's carbon conrent is converted to co,, thereby neglecting the 
small amount of carbon doublesound by carbon monoxide and VOC emission factors. lndustrial 
processes which produce CO, emissions only from the combustion of fuel rather than from the 
chemical reaction of some other raw material do not need to have CO, emission factors developed 
and reponed in AP-42, since the emissions could he beaer estimated from the processes' fuel, &age. 

2.4.2 Test Methods 
Source test methods have been the basis of estimating emissions from individual process units 

from the beginning of air pollution evaluations. These source test methods have been used to develop 
emission fanon for preparing inventories of pollutants emitted in a region or from a specific source. 
They have also been used as methodologies to verify that a specific source is being controlled to the 
degree that is required by regulations. In some cases. the source test method is an unbiased estimator 
of the actual emissions from a process. However, there afe cases where the test method is only an 
indicator of actual emissions or the performance of the air pollution control systems utilized by a 
facility. 

. 

EPA has published reference methods for measuring emissions of PMPM-IO, SO,, NO,, 
CO, inorganic lead. and VOC. The reference methods, given in the 40 CFR 60, Appendix A, define 
and describe the test equipment. materials. and procedures to be used in stack tests for the various 
criteria pollutants. Reference methods for estimating fiAP emissions ape published in 40 CFR 61. 
Appendix B. The EPA publication, Screening Methods for the Development of Air Toxics Emission 
Factors, presents an overview of the use of these reference methods for specific HAPS. For further 
information, the reader can consult with the EMTIC, which provides technical guidance on stationary 
source emission testing. Individuals may access EMTIC on the EPA's Technology Transfer BBS or 
by calling EMTIC staff directly at (919) 541-0200. . 

Some examples of test methods that may be considered true indicators of acmal emissions are 
the EPA reference test methods for CO. SO,, and NO,. The use of continuous emissions monitors 
(CEMs) for these pollutants will not only provide instantaneous or integrated estimates of emissions 
but may provide clues as to the inherent variability of the emissions and can provide insight on those 
process variables that may have a significant impact on the emissions. As a result CEMs have 
sometimes been integrated into process control loops for many facilities to improve operations. 

There are other test methods that cannot he considered indicators of actual emissions. This 
applies to EPA reference test methods as well as test methods that have been developed by 
independent analysts. In many cases, the inherent lack of specificity in the measurements will have to 

2-10 



be accepted by the applicant, the permitting authority and the reviewers and they will have to 
recognize the fact that the method is the best that is available. However. there are situations where 
the shortcomings of a single test method can be OvercOme by an understanding of the test methods 
and their shortcomings and adjusting accordingly. 

Most of the EPA ref&ce test methods were developed as a result of some standards 
development pmjeft such as for a New Source Performance Standard (NSPS). National Emission 
Standard for Hazardous Air Pollutant (NESHAP) or Maximum Air Pollution Control Technology 
(MAW. The test methods developed for these projects were used as indicators of when the process 
was achieving the level of control that was found in the processes that were investigated during the. 
standards development effort. Two pollutants where this is most evident are PM and VOCs. 
Typically, U.S. EPA Method 5 or one of its variants were used to judge whether a facility was 
meeting the PM standard and Method 25a was used to judge whether a facility was meeting the VOC 
standard. 

Generally, EPA Method 5 and its variants do not measure the entire spectrum of total PM and 
a percentage of this value is not a good indicator of total PM-IO emissions. EPA Method 5 measures 
only that PM that has already condensed a! the filter temperature. Analysis for the condensable PM 
is not accomplished. Conversely, EPA Method 25a measures more than the VOC component. VOCs 
are all hydrocarbon compounds except as specified as minimally photochemically reactive. 
Compounds such as methane, ethane, acetone. some chlorinated compounds and some chloro- 
fluorocarbons have been identified as non-reactive or minimally reactive in the photochemical process. 
Method 25a measures almost all hydrocarbon compounds. Therefore. if these exempt compounds are 
in the gas stream they would also be measured. In addition, Method 25a does not have an acceptable 
response factor for many oxygenated compounds (alcohols and aldehydes) and, therefore, 
underestimates emissions of these types of compounds. These response factor problems can be 
overcome if there is an adjustment in the calibration of the instrument. 

Typically, EPA reference test methods for PM @PA Method 17, EPA Method 5. or EPA 
Method 5x) collect only that material that is collened on or ahead of the filter media of the sampling 
device. The material collected depends upon the temperature at which the filter media are 
maintained. The filter media of EPA Method 17 is at stack gas conditions whereas the filter media of 
EPA Method 5 or 5x is maintained at about 250" F (or the temperature specified in the method). As 
a result, these test methods only capture the solid or semi-solid material and do not capture the 
vaporous material that will condense in the atmosphere. This material is referred to as the filterable 
paniculate because it is the material that can be filtered out of the gas stream at the indicated 
temperature. 
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EPA Method 17 is similar to EPA Method 5 except that the filter is maintained at the 
temperature of the flue gas. As a result of this usually higher filter temperature. somewhat less 
paniculate is collected than would be in an €PA Method 5 sampling train. Another sampling nain 
that is similar to the EF'A Method 5 Pain is the €PA Method 201 and 201a samplidg train. The 
difference in these sampling uains is that the probe nozzle is replaced .by a cyclone which has a cut 
size of 10pm aerodynamic diameter. The method requires only that the material collected behind the 
cyclone up to the filter be recover& and analyzed. Some source festers recover and weigh tbe 
material that is collected in and ahead of the cyclone. The summing of this material with the material 
following the cyclone up to the filter will result in a value similar to EPA Method 17. However, as 
with EPA Method 17, it will still not give the same results as EPA Method 5. . .  . , 

A method has been developed that will determine emissions approximating those that exist in 
the ambient environment when combined with €PA Method 17, EPA Method 201 or 201a. or €PA 
Method 5 resulu. In EPA Method 202. the material that is collected in the impingers undergoes an 
analysis that determines the two condensable fractions that may exist. The organic fraction contained 
in the impingers is emcted with a solvent and evaporated at mom temperature and then 
quantitatively weighed. The remaining water is evaporated to leave the inorganic material which is 
also quantitatively weighed. 

By combining all of the portions of quantitatively weighed material, the total paniculate 
emissions that would occur in the ambient air can be determined. In combining all of these 
weighings. it should be noted that there may be errors in combining data from different test methods. 
For example, the combination of EPA Method 5 data with EPA Method 202 data following an EPA 
Method 17 sampler would result in greater emissions than may actually occur. This is because some 
of the material collected in EPA Method 5 would also be collected in the impinger portion following 
EPA Method 17. This difference becomes greater as the differences between the stack temperature 
and the EPA Method 5 filter temperature becomes greater and also as the relative amount of 
condensable material becomes greater. 

The test methods that have been used to estimate organic emissions are also not precise in 
derermining the actual emissions and have been misrepresented as VOC emission in the past. The test 
methods that are available for quantifying organic emissions are EPA Method 18, EPA Method 25, 
and EPA Method 25a. Each of these test methods have characteristics that result in differing qualities 
of information. The differing qualities of information depend upon the basic response factor of the 
instrument used and on assumptions about the molecular weight of the compounds being determined. 

EPA Method 18 has the potential to come the closest to estimating actual emissions of all of 
the pollutants that are in the gas stream in major quantities. This is because each constituent is 
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separated and quantified individually. Because the individual compounds are measured, this method 
does have the advantage of being able m estimate emissions of VOC compounds. However. this test 

method is seldom used because of its mmpleXity of operation and the time required to perform the 
analysis. Additionally. the test may have been terminated prior to all compounds being measured. 

EPA Method 25 is potentially the next best measurement method in that all of the organic 
compounds in the gas meam are converted into methane prior to being quantified. As a result, the ’ 

total number of carbon atoms can be determined. There is a potential error associated with estimating 
the mass of total organic compounds befause of error’s in estimating average molecular weight. There 
are some errors in estimating emissions of VOCs because individual compounds are not quantified. 
Some modifications of this method are used to arrive at non-methane organic compounds. However. 
other non-VOC compounds are not estimated. This test method is also seldom used because of the 
time and complexity of its use. 

EPA Method 25a is the most commody used test method for organic emissions. It is used 
because it can provide continuous emissions measurement once it is set up and it is relatively suaight- 
forward in its operation. However, the response factors for this method are variable depending upon 
the compounds that exist in the flue gas. 
VOCs may be overestimated even when the response factors are corrected for the problem 
compounds. 

Since Method 25a does measure all organic compounds, 

Table 2-1 contains a list of the preferred methodologies, by pollutant, available for 
determining HAP and criteria pollutant emissions from stack sampling. 

2.5 REASONS AND Ml?l”ODS FOR M I A T I N G  SECTlON PREPARATION AND &MSlON 

The Clean Air Act Amendments of 1990 added greatly to the number of air pollution sources 
for which emission factor development was required, and also called for the improvement of existing 
factors. This increased emphasis on emission factor availability and quality contributed extensively to 
the formation of EFIG and initially supported a source testing program for generating new emission 
factors and updating existing factors. 

Given this new emphasis on expanding the coverage and quality of emission factors, it is 
important to rank emission factor needs so that the Agency’s limited resources are best applied. 
Assignment of priorities regarding development or revision of emission factors may be affected by the 
following: 
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Table 2-1. RECOMMENDED TEST METHODOLOGIES FOR HAZARDOUS AIR 
POLLUTANTS AND CRITERlA POLLUTANTS 

I Pollufsnt F- 
T O P  

Speciated organics 

Metals'and metal compounds (including lead) 

PM, filterable 

PM, condensable (considered 5 1 pm in size) 

Test Method 

EPA Method 6 and CEM Method 

EPA Mcthod 7 and CEM Method 

EPA Method 3 and CEM Method 

EPA Method 10B 
EPA Methods 258 and 001 I (formaldehyde) or 
EPA Method 25 (if methane IS included) 

EPA Methods 18. 0030. and 0010 

EPA Method 12 

EPA Methods 5 and 17 

EPA Method 202 

EPA Methods 201 and 2018 i PM-IO, filterable 
TOC is not a pollutant defined in the CAA, however TOC is uscd as a starting point in the 
development of VOC emission factors. VOC emission factors can be established by subtracting 
emission facton for those compounds that have h designated by EPA as nonphobxhemically 
reactive from the TOC emission factors. 

* 

Outside reouests for better source and emission factor information, or for information on a 
category or pollutant not already addressed. Requests may come from other OAQPS branches, EPA 
laboratories and ,regional offices. srate agencies. trade associations. special interest groups, or private 
individuals. The requests may take the form of directives, letters, oral inquiries, or comments on 
published emission factors. 

New information developed initially for ESD background documents involving New Source 
Performance Standards, Maximum Achievable Control Technologies ( M A W ,  National Emissions 
Standards For Hazardous Air Pollutants (NESHAP). and Control Techniques Guidelines ((JTG), and 
for repom by various' EPA laboratories. 

contractor or consultant expertise on a source cateeoq may have developed during previous 
work. either for EPA or for other clients, and may warrant considering a relatively low-expense 
update and expansion of available information. 

In addition to these possibilities, Section 130 of the Clean Air Act Amendments (related to 
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photochemical pollutants) emphasizes the process through which any parry may submit valid 
information to EFIG for emission facror development and revision. Before initiating these effons. a 
contract work assignment manager YAM) analyzes the proposed work as it relates to existing needs 
and priorities, to comract funding, or to EFIG personnel availabiliry, the likely magnitude of the 
effort, and other criteria. Based on this analysis, priorities'are established, and recommendations are 
made to the EFIG Leader. 

The tasks of emission factor documem preparation will be done either by Agency personnel or 
by a contractor, depending on cost, time, and wmractor qualifications, as the EFIG Leader directs. 
Recent developments have expanded to indude industry groups and state/local agencies. These tasks 
include compilation or generation of data, data evaluation, and preparation of the draft document. as 
well as EPA review, coordination of outside review, final editing and formatting, and publication. 

.. 

Also, ERG periodically performs assessments of the source activities covered by the AP-42 
and L&E document series and those not included to determine which, if any, source categories 
warrant future efforts either to update an existing document or to develop a new one. 

2.6 MECHANISMS FOR INITIATING REVlSIONS TO Ap-42 

2.6.1 Internal PrioritizationsfEPA Needs 

categories and seaions to update or initiate. A prioritization scheme based on five characteristics 
reflecting the impact of the particular source category on national emissions, number of sites. 
locallzed problems. and other measures has been used in the past. However, it is often the case that a 
consensus-based approach, reflecting the synthesized knowledge of the senion managers and current 
external pressures, along with budget considerations. provides a more realistic match with what is 
actually possible to do with the time and resources available. The availability of data for important 
source categories and the ndslpressures from the users is often sufficient to exceed the abilities of 
resources to accomplish the desired tasks. 

The AP-42 Team relies on several pmcesses to establish the priorities for selecting the source 

2.6.2 StatelLocal Emission Factor Initiatives 
Beginning in the FY 96 budget year, Secrion 105 funding was identified for possible use by 

States and local agencies for activities leading to the development and adoption of emission facton. 
These factors may be developed to meet a unique situation within the jurisdiction (customized to meet 
those specific conditions) or as a special effort to improve facton that are utilized by many. The 
EFIG staff expecrs to be heavily involved in coordinating and consulting with these activities as they 
develop and the expectation is that the EFIG staff will actually finalize the incoming revisions in AP- 
42 or will be the final reviewer and quality assurance for guaraneing that the information put into 
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AP-42 is correct and complete. One of the major roles of the ERG staff in this area will be the 
conduct of these reviews and steering activities to assure that funds spent on development of emission 
facton is carried out efficiently and with technical integrity. and that they become available to the 
user community at large. 

2-63 Industry Inithtives 

there is a strong likelyhood mat there will be increased interest and effom to work jointly with 
industry, usually a trade association, to develop new and improved emission facrors. This process 
will develop over time, but there is a liklyhood that there will be increased efforts on the pan of . 
industry to fund testing, propose new factors. and even develop proposed new sections for AP-42. 
Pan of the purpose of this document will be to provide a clear understanding between the €PA and 
industry staffs of their roles and responsibilities (and limits of flexibility) and the steps that must be 
followed to maintain integrity, believability and realization of needs. This is the area that most 
addresses the public panicipation aspects of this work as referred to in Section 130 of the Clean Air 
Act (1990) and discussed next. 

The atmosphere withiin the Agency and in the environmental community at large is such that 

2.7 EPA'S PUBLIC PARTICIPATION PRocEouREs 

EPA provides opportunities to participate in establishing, evaluating, and revising emission 
factors through a public review process. Because emission factors may affect most aspects of air 
pollution contro! and air quality management. including operating permits and fees. compliance 
assessments, and State Implementation Plan (SIP) emission inventories, these factors are always made 
available for external review and comment before publication. External reviewers include 
representatives of affected industries and trade associations, state and local air pollution control 
agencies, and environmental groups. EPA has worked cooperatively with trade associations to gather 
data in developing emission factors and plans to continue to do so. 

EPA's published emission factors are intended to provide an affordable method of estimating 
emissions, particularly to characterize total emissions of a large geographic area conrajning many 
individual facilities. Therefore, these factors attempt to represent a typical or average facility or 
process in a given industry. EPA recognizes that other methods of obtaining emission estimates may 
be more accurate than industry-average emission factors. and it encourages the use of better methods 
whenever a source and/or the state or local regulating authority is able to support those methods, 
which include continuous emission monitoring, source testing, material balances, and engineering 
calculations. 

Anyone with valid information is encouraged to submit data to establish new emission factors, 
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revise existing emission facws. or demomate improved emissions estimating techniques. 
Information may be submitted at any time, regardless of wherber a subject source is currently 
addressed. The Agency exlmurages all interested parties to take every oppomnity to revieu factors 
and to provide information for facmr quality improvement. Specific derails on participating in the 
public review of emission factors appean in the draft document, Public Particioation Procedures for 
EPA’s Emissions Estimalion Guidance Materials, which appears in Appendix B. 

. .  . 
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UPDATE PROCEDURES AND hlWRMATION FL43W 

Although the responsibility for developing and compiling EPA emission factors is EFIG's. the 
responsibility for emission factors is shared among ERG, the indusuy for which the emission factor 
is applicable, State and local air pollution control agencies that are responsible for inventorying and 
permitting the sources withiin their jurisdiction, environmental'groups, and others that have 
information to support the development of or revision of emission fanon. .EFIG's primary 
responsibility is to provide consistency in the development of emission factors, facilitate evaluations 
by EPA and outside agencies, and provide a repository of supporting documentation for the emission 
factors, and distribution mechanism for emission factors. The ERG directs a limited amount of 
resources which used primarily to collect and evaluate emission testing conducted by others. 
When factors are required to estimate emissions from an important source which has not been 
characterized adequately. the EFIG may perform a limited source test program in conjunction with 
state/local and indusay parmers. 

. 

' 

. 

An overview of the process and steps to update an existing factor document or develop a new 
one is described here and depicted in Figure 3-1. with the sections that follow discussing in detail 
each step of this process. c 

3.1 PRELIMINARY DATA SCREENING 

A preliminary screening of in-house information is conducted to determine if a more formal 
process is appropriate. This may be triggered by the events in Section 2.4. 
involves assembling and reviewing all data in hand and searching for additional available information. 
When updating existing documents. this task entails complete review of all information in EFIG 
internal tiles, including those for AP-42. the L&E documents, Source Test information Retrieval 
System (STIRS), FIRE (repository and distribution) and EPA's Air Emissions Species Database 
SPECIATE. Additional information may be avaitable from ESD, ORD, trade associations, and other 
sources, as detailed in Section 4.3. The two outcomes of this preliminary screening are to do no 
funher revisions of the source category at this time, or to make a preliminary decision to proceed and 
to gather more information from additional sources. 

This internal activity 

3.2 REVIEW SESSION(S) 

Generally, following the preliminary decision to proceed, a request is made to external 
organizations to review existing infomation and to supply any additional data. This request is made 
to trade association(s) representing the source categories covered, a focused list of State and Local 
Agencies and selected environmental interest groups. A copy of the existing document, its 
background report (if available), and a list of new information is usually included with the request to 
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Figure 3-1. Overview of the emission factor document preparation process. 
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assist in their review. The industry associationb) and State and Local Agencies may be able to 
conuibure process descriptions, source emission tests, and additional information on emission 
controls. 

Following the receipt of comments and additional data, an analysis of the potential impact to 
the existing document(s) may be made. The objective of the analysis is to identify potential additions 
or changes to the emission factors; changes in estimated emissions and/or improvements in other 
information presented. Detailed evaluation of the information collected may be reserved until after 
the final decision to revise the doaunent, flawed informarion should be identified and documented as 
such. Additional information about background documentation and files is given in Smion 4.7. 

About 45 days after tedmical work begins, a preliminary review session should be scheduled 
with the project lead, emission fanor team members and leader, other EFIG or ESD personnel, and 
appropriate contractor personnel. This group will discuss the available data, determine whether 
additional data are needed, and discuss all relevanr issues including technical and editorial adequacy in 
order to reach a decision on whether to proceed with drafting a revised or new document. Existing 
text should be used if possible, with technical accuracy or editorial inadequacies improved where 
needed. Occasionally, changes in an industry or age-of the existing information or data may 
necessitate a new sfaR, but this should normally be avoided. 

. 

3.3 DRAFTINCDOCLIMENTS 

Once the decision is made to proceed with revising an exisring emission factor document or 
preparing a new one, a finished draft is expected in about 6 months unless a significant amount of 
new information is identified through industry or state and local APCA contacts. Extensive 
information relevant to this effort is given in Chapter 4 of this document. 

If an AP-42 section is being drafted or updated, work on the background document discussing 
all primary references, calculations, and other pertinent information (as well as the related files) is 
done concurrently and must undergo the same reviews. The background report should identify all 
data, discuss their quality rating(s), and document all decisions on their use. Analyses and any 
statistical manipulations of the data should also be clearly documented. If estimates of data accuracy 
or precision can be derived, these should be clearly noted as well. 

It is possible that an emission factor document could be drafted by another organization other 
than Agency personnel or a contractor, and the best examples include a state agency or an industry 
organization. Such an effort would likely take advantage of expertise specific to a particular region 
or location, or experience with a specific industry or product that would result in significant savings 
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of cost or labor resources. 

3.4 INTERNAL REVIEW 

All documents must be reviewed for clarity, technical accuracy, and thoroughness and 
approved within the Agency. Suggestions made to address these goals should be incorporated or 
addressed before a document can be released for external review. 

The project lead's review should be completed in about 4 weeks and, pending approval. will 
be distributed for internal review by other selened emission factor team members, including the 
Group Leader, and other relevant Agency personnel. This internal review should be completed in 30 
days. The project lead should collect and consolidate all comments on this review draft, keep a copy 
of the draft with all comments and revisions that is sent to the conmactor for revision, ensure 
comments are addressed and incorporated within 30 days, and then review the revised draft within 
2 weeks after receipt. Pending the project lead's review and approval that this draft is technically 
satisfactory, it is then ready for external review. If the project lead cannot approve a revised draft 
because of technical deficiencies, then additional drafts, revisions, and reviews may be necessary 
before proceeding. 

3.5 EXTERNALREVIEW 

As discussed above, a document must undergo internal review and receive approval before it 
can be released for exrernal review. In general. anyone who supplied technical data for the document 
is asked to review it. External reviewers should include appropriate representatives of industry. state 
or local agencies, environmental organizations, and other technical experts who will agree to provide 
comments. 

For external review, the project lead should provide an electronic edition of the revised draft 
AP-42 section containing all graphics and tables, the revised background report, and any files (such as 
spreadsheets, results and statistical analyses and databases), which has been compared with and agrees 
with the paper copy. to the CHIEF Sysop for posting on the CHIEF bulletin board. A "caution" page 
(included on the "typical format" disks) should be included as the first page of each draft AP-42 
section. This page emphasizes the fact that this is draft information, is subject to change, and should 
not be cired, quoted, or used for regulatory purposes. For AP-42 sections, this should include an 
electronic edition of the background document. External review is projected to take about 45 days 
unless additional review time is approved by the project lead. Announcements of this review and a 
list of reviewers to whom the document is mailed should be provided by the project lead to the 
CHIEF Sysop to post messages on the CHIEF BBS to alert reviewers. When significant or extensive 
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changes are made in response to review comments, further review(s) of additional drafts may be 
necessary. 

3.6 F l N A W n O N  OF DOCUMENT 

A11 external review comments should bejent to the project lead for review and resolution 
with &sismce from the editor and contractor. At this point, all revisions to be made addressing 
technical comments should be approved by the project lead, consolidated onto one copy. and 
delivered to the contractor to be completed within 30 days. The project lead should retain a copy of 
this ne= marked up draft consolidating all comments for ch&&g against if another version is 
needed. 

I'  

' .. 

When the approved revisions are incorporated, the final draft document should be sent to the 
project lead for review to ensure satisfactory resolution and incorporation of all technical comments. 
After this, any editorial or final technical comments should be addressed and incorporated at this 
point by the project lead or contractor, the contractor must return the marked up copy to the project 
lead, and this draft is considered final. No additional technical or editorial changes should be made 
unless technical responses are inadequate or major m.odifications or additions resulted from the 
external and editorial reviews. 

After the project lead is satisfied that all technical and editorial comments are resolved. a 
comparison of a printout from the electronic file must be.made with the paper copy supplied. The 
project lead is responsible for the review to ensure that both the electronic and paper versions agree 
exactly after this comparison. Also, the project lead is the responsible authority for distribution of the 
completed document, which can be given pending the project lead's approval of the final version. 

Once new data have been finalized, they should be entered into the FIRE database. See 
Sections 3.10.4 and 4.1 I for more details regarding FIRE entry. 

3.7 DISTRIBb7lON MECHANISMS 

After the project lead has authorized final distribution of the document, only the project lead 
keeps a paper copy for future reference and submits the electronic file for the document and two 
paper copies to the CHIEF Sysop with assurances that they agree exactly. One paper copy will be 
us'ed in publishing the annual update of the AP42 and the other will be used for the Fax CHIEF, 
both of which are discussed in further detail below. The electronic file will be posted on the CHIEF 
BBS and used for the periodic update of the Air CHIEF CD-ROM. 
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The project lead is responsible for ensuring that the e l h o n k  file given to the CHIEF Sysop 
and the paper copy agree. It is extremely imporcant to maintain consistency in emission factor 
documents, especially in AP-42 sections, because of the various delivery formats to the user 
communiry, and the distribution procedures are to be s m d y  followed to ensure this. L&E 
documenrs are ready for publication and distribution when completed and have no annual cycle like 
the AP-42 except possibly the updates on the Air CHIEF CD-ROM. 

Upon receiving the final, approved electronic file@) and paper copies from the project lead. 
the CHIEF Sysop then notifies the individual(s) responsible for both the Air CHIEF CD and paper 
supplements to -42 that these updates are complete and ready for updating of the elecnonic and 
paper media. The Sysop is responsible for copying the final electronic file of an AP-42 section onto 
the writable disks that have been specially designated only for final, approved versions of AP42 
sections. Care should be taken not to mix up the final file with older draft copies. The AirCHIEF 
CD-ROM is used as the archival copy of all the sections of AP-42. The Sysop will mainrain master 
files between printing of the Ai- CHIEF CD-ROM. 

3.7.1 Hard Copy 

to the Fifth Edition. L&E documents will be printed and made available as they are ready. 
Individual new or revised AP-42 sections will be held for publication together as a supplement 

Because all items within emission factor documents are to be prepared and made available 
eiectronicaliy, including graphics, the hard copy outputs-of the electronic files should be of good 
quality and satisfactory as camera-ready copy suitable for a printing master. 

3.7.2 Fax CHIEF 

on the CHIEF BBS. A separate document will be maintained on the Fax CHIEF listing all AP-42 
sections changed since the last publication of an edition or supplement. 

The F a '  CHIEF will'contain the printed version of all AP42 sections (not L&Es) contained 

3.7.3 CHIEFBBS 

and emission factors. including AP-42 sections, L&E documents, FIRE, SPECIATE, and the AIRS 
(Aerometric Information Retrieval System) Facility Subsystem Emission Factors (or AFSEF). It is 
accessible .. on the OAQPS Technology Transfer Network (TIN), phone number (919) 541-5742. 

The CHIEF BBS will contain electronic files of the most current versions of final emission 
factor documents. A separate Errata File (see Section 3.8) will be maintained on the CHIEF BBS 
listing all AP-42 sections or L&s changed since the publication of the last paper version. Historical 

The CHIEF BBS is an electronic repository of the most up-todate information on inventories 
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or archival copies of both AP-42 and L&E d-onic files will not be maintained on the CHIEF BBS. 

For final AP-42 sections, the CHIEF BBS will also be the repository for the electronic files of 
background information to support the assignment of emission factors and ratmgs. The background 
file shall contain the blloaring electronic fils: 

e The full text of the backgrod  repon; 

Any spreadsheet or database fila that w e n  used in the development or documentation 
. of information contained in the M-42 section or background report; 

Graphics fila in the native format of the software used to generate those files and any 
exported format that was necessary to enable retrieval into Wordperfect Version 5.1 
for DOS, and that were used in the M 4 2  section contained on the CHIEF BBS or 
the background report; and 

m 

Any other electronic file that is deemed by the EPA project lead for the section 
designated as germane for documentation purposes. 

In addition, the CHIEF BBS will be the repository for the electronic files of draft AP-42 
sections, L&Es, and the background information to support the assignment of emission factors and 
ratings contained in the draft AP-42 sections. The file shall contain all the items listed above as well 
as the drafr version of the AP-42 section. 

3.7.4 FIRE ' 

L&E documents that are available at the time of the annual FIRE update. The FIRE project lead is 
responsible for designating the updated or new AP-42 sections and L&E documents to be incorporated 
into FIRE, and will provide the data files to the FIRE contractor. 

The FIRE database will contain emission factors from final, not draft. AP-42 sections and 

3.7.5 Air CHIEF CD-ROM 
The Air CHIEF CD-ROM will contain the most recent electronic version of final emission 

factor documents as of the cutoff date for the most recent paper copy. The Air CHIEF CD-ROM 
will serve as the archival copy of the electronic version of AP-42 sections and L&E documents as 
revised or new editions are prepared. 

3.8 ERRATAPROCEDURES 
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In the event that errors are detected and corrected in AP-42. an enam file will be available on 
the BBS. For L&E documents, errors would be corrected only when and if the document is revised. 
The L&E errors will also be in an rrrara file and posted on the BBS. 

The project lead is responsible for any necessary changes, including updating footer dates, ' 

and preparing notices to be posted'on the CHIEF BBS and Fax CHIEF, and i7re CHIEF Ncwdener. if 
deemed necessary by the EFIG leader. The project lead will notify the CHIEF Sysop of what 
material on the CHIEF BBS must be revised and will provide an updared paper copy and electronic 
file for the pages, in addition to an Errata File notice to be posted on CHIEF. 

The Sysop will then put the correcred edition on the CHIEF BBS and post the Errata File 
notice. The project lead will submit the wrreCfed paper version to update Fax CHIEF, and to the 
coordinator of printing of the next supplement. 

In addition, the projea lead is responsible for the same reviews for consistency between the 
electronic and paper versions as well as the requisite authorizations that are essential as in a full, 
regular update. The project lead also must prepare a memo for the document file to record any such 
revisions, and a log for this process will be maintained by the project lead so that the revisions to be 
printed are done appropriately. 

. .  
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FACFOR DEVJXOPMENT AND PRESENTATION DETAILS 

This chaprer is intended as a compilation of procedures to be used as a guide for the 
individuals who prepare or revise emission factor documents to be published as AP-42 sections or 
L&E documents. Such new or revised emission fanor documents are continually being prepared. 
Following a standard technical and editorial approach to p r i p h g  and revising these documents will 
lnaintain internal consisrenCy within each document and will help to make the information presented , 

in both document series more consistent in format. Since the procedures for AP-42.and the L B: E 
documents are similar, they will be discussed on the same basis hereafter, except where specific 
differences need to be noted. 

Format and style specifications for both AP-42 and L&E documents appear in Appendix A 
and should be reviewed early in the course of preparing a new or revised AP-42 section or L&E 
document, by both the prospective author and the clerical sfaff who will produce the final senion. . 

4.1 CONTENT AM) FORMAT OF A TYPICAL sECl7ON 

The typical AP-42 section consists of the following elements: 

0 

0 

0 

List of references 

General process description, with flow diagram(s) 
Discussion of emissions and any applicable or typical control devices 
Table of emission factors andlor equations for calculating emission factors 

The emission factor tables, usually presented toward the end of the emission discussion 
portion of the seaion, will be the most critical component of the senion. The text and flow diagrams. 
explain and qualify the tabulated emission factor data. 

Users often turn first to the tables to obtain the emission factors. If the tabular information is 
not clear, the user may then consult the diagram or the text and, if need be, the references. The 
emission factor table should provide the user with an emission factor for a source and should give the 
user all the information needed to apply the factor correctly. The user is assumed to have an 
engineering or other technical background, to be somewhat familiar with the source operations, and to 
need information about any qualifications placed on the factors. The most important part of an AP-42 
section, therefore, is its emission factor tables, which must be able to stand alone in terms of clear 
technical content for use by the reasonably well-informed user. A principal point to keep in mind in 
table preparation is to give emission factors for as many different subcategories within the source 
activity as reasonably possible. Source Classification Codes (SCCs) should be included in the tables 
for each emission source. 
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Foomotes to tables that explain any and all qualification of factors and conversions should be 
provided. These notes may be as brief as a recommendation to read the text before applying a 
paaicular fanor, or as lengthy as necessary to assist with correct factor usage. 

For a simple process, a flow diagram may not be nksary .  When provided, it should be 
designed to complement the emission factor table.  The same terminology should be used in the table 
and the diagram. Emission sources not covered in the table, either b&&e the emissions are 
insignificant or because data are unavailable, should be shown on the flow diagram for the user's 
information. Illustrations are preferred, instead of simple block diagrams, if they do not detract from 
the primary purpose of complementing the emission factor table. 
illustrations and diagrams must be in a certain format in order to be compatible with CD-ROM. 
Internet, and CHIEF BBS requirements. 

. .  
I .  

. .  

However, be aware that all 

The process description text explains the flow diagram and gives a very general idea of the 
process. It is cot intended to give a complete explanation of the indusay. The description may refer 
the reader to specific references where more information can be obtained, if needed. 
and controls portion of the text explains the information given in the emission factor table. 

The emission 

The references for an AP-42 section can be extremely important to a user who wishes to 
apply an emission factor in detail to a specific source. Although AP-42 factors do not apply to 
specific sources with absolute accuracy, factors can be used with their references to develop 
rez,oxb!;r acccrate information about an emission source. A good reference list, including a 
background document containing basic information, will be quite helpful to the user. The information 
in any proper reference citation will identify the reference clearly, and provide the reader with 
sufficient information to obtain a copy of it. . , 

Because the AP-42 and L&E document series contain many sections produced at different 
times by different authors, uniform reporting and editorial practices are essential. This chapter sets 
forth standards to be followed in document format and electronic publishing requirements. 

The single, most important point about the format of any emission factor document is that all 
elements including. but not limited to, text, tables, figures, diagrams, and reference lists, must be 
prepared electronically. and the final version must be suitable as a camera-ready master for printing 
and electronic distribution. EFlG has designated that the word processing software WordPerfect' 
Version 5.1 be used for all emission factor documents. Any graphic drawings or figures should be 
prepared in a software, such as Core1 Draw', that is compatible for producing a camera-ready master 
without significant additional effort. Details regarding format for AP42 sections and L&E documents 
can be found in Appendix A. 
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. I  4.2 C o r n  AND FOWT OF A TwiCAL L&E DOCUMENT 

The major purposes of L&E documents are to locate the significant sources of the pollutant of 
interest and to identify techniques for estimating emissions for these sources. Each L&E document 
typically begins with an executive summary listing an overview of the.primary categories of 
emissions. This summary should include a table illustrating the national emission estimates developed 
for the predominant categories emitting the pollutant. DIE to the evolving nacure of toxic air 
pollutant programs, it is often difficult to develop supportable national emission estimates for all 
source categories. As new information is developed, the magnitude of the national total emissions 
will be adjusted as well as the relative ranLings of source categories. 

The first seaion, usually entitled "Purpose of Document," typically states general information 
about the series of L&E documents and contains a current list of pollutants for which published L&E 
documents exist and their EPA publication numbers. The remainder of Section 1 .O usually provides 
details on any relevant standards, their history and their current status, issued by €PA or possibly 
other agencies, such as the Occupational Safety and Health Administration (OSHA) or the U.S. 
Consumer Produg Safety Commission, and which may affect emissions of the pollutant of interest. 
This section typically concludes with paragraphs advising readers about how to best use the document, 
cautions about the data, and opportunities for document review and comment as well as providing 
additional data. 

The second section usually begins with an overview of the entire document, which briefly 
outlines the main focus of each subsequent section and any appendices. The remainder of Section 2.0 
usually describes the ratings assigned to emission factors and the criteria for assigning these ratings. 
and also describes the criteria for data quality ratings for source tests from which the emission factors 
were derived. Chemical and physical property data are typically included in Section 3.0. 

The remaining sections vary significantly and will be structured according to the types of 
sources and processes that emit the pollutant being addressed. lnformation such as how the substance 
is created or prepared for use, or any manufacturing operations in which it is used are discussed. 
However. like AP-12. L&E sections include process flow diagrams. discussion of emissions and 
controls, and emission factor tables. Process descriptions in one document could theoretically be 
interchanged with that in the other if they were both revised at the same time and to the same level of 
detail. 

The last section in an L&E document prior to the references describes typical sampling and 
analytical methods for the pollutant in question. The last text section usually lists the references used 
to prepare the L&E document. 
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Required appendices include one in which methods for estimating the national emissions are 
described, and another containing a summary table of dl emission factors (by SCC) presented in the 
L&E document. Details regarding format for L&E documents can be found in Appendix A. 

4.3 DATA COLLecrroN AND REVEW 
. %  

The first step in char-= sources and pollutamr, for emission factor documents involves 
a search for and collection of available emissions information associated with the sources or pollutants 
of interest. The purpose of thii effort is to gather current that can be used to write process 
descriptions, identify faciiities, pollutana, and emission points, and develop emission factors and 
emission estimates. This i n f o d o n  search should include the following sources: (1) current AP42 
background files; (2) literature searches; (3) emission factor databases and bulletin boards; (4) EPA 
and other federal agency contacts; (5) State and local agency contacts; and (6) industry contacts and 
trade associations. 

. 

4.3.1 AP-42 Background Files 

should be reviewed for any section being updated. The file contains the background document for the 
existing section, copies of emission test reports used to establish the emission facton, copies of 
other emission test reports cited in the background report, as well as copies of other references. The 
tile may also contain recent information or test repons accumulated by various EPA personnel. 

The AP42 background files are the beginning point for any AF’42 section update effort and 

4.3.2 Literature Search 

emission source category or pollutants in question. This search can be conducted by EPA library 
services. The request for a search from Agency library services should be made directly through the 
EPA Project Manager. It should be noted, however, that the EPA search may be limited and may 
need to be augmented by additional external searches. 

A literature search for source test and background information should be conducted for the 

The following references and documents are examples of sources of information that should 
be reviewed. If a contractor is involved, the project lead should develop a list of the best places to 
look. 

Background Information Documents (BIDS) for New Source Performance 
Standards (NSPS) and National Emission Standards for Hazardous Air Pollutants 
WESHAP) or Maximum Achievable Control Technology (XIACT) standards; 

Locating and Estimating (L&E) documents; 
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0 

0 

0 

0 

e 

0 

0 

0 

0 

0 

0 

c 

Corn1 Techniques Guidelines (CTG) documenrs: 

Conuol Technology Center (CrC) documents; 

References in the National Technical Information Service v s ) ;  

References 
computerized bibliographic utility; 

Kirk-Othmcr Encycbpea3a of C7um.d Technology (for process information); 

Mannsville chemiml Produus Synopsis; 

SRI Directory of Ghonical Producers; 

uIemical Marketing Reporter: Qutnical ProJiies; 

Technical Trade Associations; . 

AWMA’s Engineering Manual and Journal Articles; 

University libraries; 

Emission factor reports produced by States or local agencies or Europe and 
elsewhere; 

Information in AP-42 background file pending review. 

.- 

the compendex Plus computerized data file in DIALOG. a 

. 

4.3.3 Emission Factor Databases 

data. A search of these databases early in the data collection process can identify data leads and 
possible sources of information to characterize a particular industry. 

The following databases and bullain boards are sources of emission factors and supporting 

0 EPA’s Factor Information Retrieval (FIRE) System - a consolidation of criteria and 
HAP emission factors from the AP-42 Fifth Edition, L&E documents, sfate source test 
reports, and Aerometric Information Retrieval System (AIRS)-Facility Subsystem 
(AFS). 
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VOUPM Speciation Database Management System (SPECIATE) - clearinghouse for 
speciation profiles (not emission factors) for VOCs and PM used primarily for 
atmospheric modeling. 

Toxic Release Inventory (TFQ database. Most useful for preparing L&E documents. 
but it can also help in identifying facilities related to an AP-42 section and it may 
identify additional toxics being emitted by those facilities. 

National Air Toxics Information Clearinghouse (NATICH) database. 

Source Test Information Retrieval System (STIRS) - 2000+ stack test reports collected 
from stafes by EPA. 

The emissions estimation code in the AIRS database may identify which States have 
developed their own emission factor or rely on individual source tests to estimate 
emissions for the category of interest. 

Source Characterization Group source .lest files, including the TSAR database. 

4.3.4 EPA and Other Federal Agency Contacts 
Various EPA offices and other Federal Agencies may also be able to provide information 

chz;aaerizing emissions &!d should be contacted. Potential sources of information include the ESD 
and the EPA research laboratories, the Department of Energy, the Depamnent of Defense, and the 
Depamnent of Agriculture. 

ne ESD of OAQPS is responsible for developing and promulgating regulations for stationary 
sources of air pollutants. In doing this, ESD produces numerous source test reports, background 
information documents, and other useful technical reports. ESD reports should be reviewed for data 
on the industry in question. In addition, EFIG, the n C .  and the Air Quality Strategies and 
Standards Division should be contacted for information that may be pertinent to emissions document 
development. 

Other parts of the Agency, such as the Acid Rain Division of EPA’s Ofice of Air and 
Radiation, and Climate Change Division of EPA’s Official Policy Planning and Evaluation should be 
contacted by the EFIG engineer in seeking infoxmation on a source category. 

EPA laboratories that might provide useful data include the Risk Reduction Engineering 
Laboratory (RREL) in Cincinnati, and both the Air Pollution Prevention and Control Division 



(APPCD) and the National Exposure Research Laboratory (formerly AREAL) in Research Triangle 
Park (RTP), NC. These laborarories are generally more research oriented than OAQPS. and ofren 
develop and report emission data that are usable in emission fanor documents. 

The EPA Regional Offices can be surveyed for general data and source test repons. if there 
are reasons to believe such data exist. This information may be especially pertinent when a source 
category under review is concentrated in a parricUlar Region. Examples would be anthracite coal in ' 

Region III, sulfite paper mills in Regions I and X, and bagasse-fired boilers in Regions IV and IX. 

Initial requests should be specific. It is helpful to find personnel who have visited the sources 
being studied and who can offer valuable detailed information on equipment configurations, control 
devices, emissions, etc., that may not be otherwise available. Avoid recontacting and recollecting the 
same data already solicited and incorporated into STIRS and other databases. The project lead should . 
also make the initial contact to other Federal Agencies. 

43.5 State aod Local Agency Contacts 
State agencies are contacted if a source category is concentrated in certain states, with initial 

contact made by the EPA WAM. As with the EPA Regions, it is desirable to contact someone who 
has visited the source types of concern. The Federal Report Act dictates that no more than nine state 
agencies or private entities may be contacred with the same request. State agency contacts may be 
obtained through the respective EPA Regional Offices. In order to avoid redundancy, make all 
requests in the context of work already done. 

4.3.6 

select vhich companies to contact, a list of plants can be compiled from current directories and the 
companies with the most plants can then be identified. By contacting the headquarters of such 
companies, requests can be centralized and coordinated and information can be collected on a large 
number of plants and pollutants. In cases where contacting the major companies would not provide 
sufficient information, additional companies may be identified. 

Industry Contacts and Trade Assoaations 
Companies may be contacted to obtain copies of test reports and process information. To 

Affected trade associarions generally possess the most current process information available, 
including successful process modifications, control devices. etc. Whenever possible, these 
associations should be consulted, especially for comments on the draft version of a section or 
document. EFIG maintains a computerized list of potential and past contacts, by section, and their 
phone numbers and addresses which should be used as a sraning point when contacting these 
associations. Due to the dynamic nature of individuals and organizations, this information is often 
dated and must be augmented by direct contact with individuals to ensure currency of information. In 



addition, many relevant trade association are lisred in the Na~ional Trade and Profssional 
~ssociatiom of the United Smes directory. 

4.4 DATA REVIEW AM) ANALYSIS 

After the data have been collected. the next step is to review and analyze the data to 
determine which data should be used for the development of emission factors and how that data 
should be grouped. The developer must evaluate the validity of individual source tests, how well the 
tested sources represent the source category as a whole, and whether subdividing the source category 
is warranted. The results of each so- test must have a data quality rating assigned. A clearly 
wrinen summary of all data evaluated, any necessary assumptions that were made, and all decisions 
reached should be developed for incorporation into the background report. Both the data that is 
excluded from eventual use in any emission faaor and the data that is used should be described in a 
concise manner. 

4.4.1 Source Test Report Review 

from a variety of sources including, but not limited to, published technical papers and repom, 
documented emission test results, and personal communication. The data obtained may vary from 
single values to ranges of minimum and maximum values. and even to data from replicated source 
tesu. Some data sources provide complete details about their collection and analysis procedures, 
w*hile ot!er: provide relatively little information in this regard. 

Emission factors in AP-42 sections and L&E documents are typically based on data obtained 

Source test repom should be reviewed and summarized for at least the following items. The 
reviewer should also make note of any other items about the facility, test method, or the test report 
that might have impacted the total emissions or the emissions per throughput unit. 

process, feedstock. or fuel type 
plant capacity and operating rate during the test 
control devices and their operating parameters 
the age of the facility and the conrrol devices 
any process or control device upsets during the test 
the pollutants tested for and the test methods used 
any deficiencies in the test procedures 
the number of test runs 

., 

Two EPA publications may be used to assist the reviewer in examining source test reports, 
Guidebook Preparation and Review of Emission Test Reports,'and Guidebook Prepamion and 



Review of Site Specijc Tea Planr. references are designed to acquaint the reader with common 
protocols employed for source testing. including information on test programs. sampling locations. 
quality assurance/quality control activities, sampling and analytical procedures, and reponing and data 
reduction requirements. These guidebooks may be accessed through the Emission Measurement 
Technical Information Center (EMTfC) on the OAQPS l T N  electronic bulletin board at (919) 541- 
5742. The reviewer should also be familiar with the pollutant definitions and conventions used in 
Ap-42 and L&E documents, and with some of the difficulties in deriving emission factors for the 
pollurants of interest from the available source mts. S d o n  2.4 describes the pollutant terminology 
preferred for emission factors and how the available test methods relate to those pollutants. 

. .  
' ' 

~. . . .  . . .  

In reviewing source mt repom. the following general criteria can be used to avoid analyzing 
excessive amounts of data and to ensure that proper data are used in updating emissions documents. 

rn Emissions data should be obtained from a primary source (i.e., test reports) whenever 
possible. It is necessary to assess the primary references in order to develop accurate 
data quality ratings and to ensure that valid assumptions and procedures were followed 
in calculating the facility's emission ram. Report summaries should not be used. and 
if a source of information cannot be identified, it should be eliminated. 

rn If sufficient data exist, focus efforts on mt reports for those technologies and emission 
controls that are most commonly used in the industry. Processes and controls at some 
industries change periodically due to market trends, improvements in production 
efficiency or product quality and pressures to reduce pollution. Test reports which are 
less than ten years old are therefore more likely to be representative of the most 
common technologies and emission controls. However, this may vary depending on 
the specific industry, so some knowledge of changes in the industry is necessary in 
deciding how best to use older data. Although efforts should focus on current 
technologies. information on older technologies is of value for the purpose of tracking 
historical trends in emissions. 

rn Source tests where more than one test run was performed at each site are preferred 

Test reports should contain sufficient detail to evaluate both the testing procedures 
(e.g., sampling methodologies and test methods used) and the source's operating 
conditions (e.g., charge rate or throughput data). 



0 Source test data should normally be used only if the data were obtained under 
conditions that are representative of operating conditions typically encountered at the 
source in question. 

0 The following data are usually excluded from further consideration: 

- Test series reported in units that cannot be converted to the selected reponing 
units using reasonable assumptions that will not significantly increase the 
uncenainty of the emissions rate; 

Test series in which the process or emission source or control device is nor 
clearly identified and described; and 

- 

- Test series in which it is not clear whether the emissions measured were 
controlled or uncontrolled, or if other emission sources may have contributed to 
the measurements. 

If actual production data for the time period of the test series are not available, production 
rates for periods of similar operations can be used, or an annual average production rate can be used. 
If such alternative production rate data are used, an attempt should be made to confirm and document 
that the facility was operating near the alternative production rate. Note that the data quality rating 
should be reduced if 'actual prodtiction rates for the test period are not available and surrogate 
methods for determining production are not reliable or are not documented. 

For fuel combustion sources, the F-factor method can also be used to determine emission 
factors from stack concentration data when fuel throughput rates are not available. This method relies 
on the fact that the CO, concentration in the stack can be closely correlated to the heat input rate 
because the heat content of a fuel is closely related to its carbon conrent and almost all carbon is 
converted to CO, in an efficient combustor. The F-factor for a specific fuel or fuel rype allows a 
pollutant concentration to be expressed as an emission factor in units of pounds per BTU. For most 
fuels a conversion to pounds per weight or volume of fuel combusted can be made if desired by using 
an average heat content for the fuel. Appendix C contains a detailed description of how to use the F- 
factors. 

.. 
There are also sirnations where throughput data are not necessary or even desirable for use in 

an emission factor. The pollutant concentration by itself may be the best way to express an emission 
factor for the outlet of many control devices and air conveying systems. In such a case the air flow 
from the device becomes the throughput. 
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4.43 Assin Data Quality Ratings 

pollutant emission rate for e& test series. The individual data quality ratings are not to be confused 
with the overall emission fanor ratings. The data quality ratings are an appraisal of the reliabiliy of 
the basic emission data mat d l  be used to lam develop the factor. The emission factor rating is an 
appraisal of the ability of the overall average factor to represent.a national annual average emission 
rate for the source category. Emission fanor raring determinations are discussed in section .4.6.7. 

After reviewing the Dcst repons it should be possible to assign a data quality rating to each 

Test data quaby is rated A through D, based on the following criteria: 

A -  

B -  

c -  

D -  

Tests are perfimned by a sound methodology and are reporred in enough detail for 
adequate validation. 

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

Tests are based on an unprovm or new methodology, or are lacking a significant 
amount of background information. . 

Tests are based on a generally unacceptable method. but the method may provide an 
orderof-magnitude value for the source. 

The quality rating of test 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. 

In following the general guidelines discussed above, four specific criteria can be considered to 
evaluate the emission data to ensure that the data are based on a sound methodology, and 
documentation provides adequate detail. A test series is initially rated "A through D" in each of the 
following four areas. 

0 Source oaeration. If the manner in which the source was operated is well documented 
in the report, and the source was operating within typical parameters during the test. 
an A rating should be assigned. If the report stated parameters were typical, but 
lacked detailed information, a B rating is assigned. If there is reason to believe 
operation was not typical, a C or D rating is assigned. 
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0 Test method and samuline umcedurq. In developing ratings, the accuracy of the test 
method as well as the adequacy of the documentation are considered. in general. if a 
current EPA reference test mahod appropriate for the source was followed, the rating 
should be higher (A or B). If other methods are used, an assessment is made of their 
validity. If it is judged that the method waS likely to be inaccurate or biased. a lower 
rating (C or D) is @en. A complete report should indicate whether any procedures 
.deviated from standard methods and explain any deviatiohs. If deviations were 
reported, an evaluation is made of whether these were likely to influence the test 
results. 

Samulinv and urocess data. During testing, many variations can occur without warning 
and sometimes without being noticed. Such variations can induce wide deviations in 
sampling results. If a large spread between test run results cannot be explained by 
information contained in the site test report or from test reports of other sources, the 
data are suspect and are given a lower rating. However, it should be recognized that a 
process may have highly variable emissions and a lower rating may not be appropriate 
solely on the basis of wide deviations in sampling results. 

. .  . 

0 

8 Analvsis and calculations. Ideally, rest repons should contain original raw data sheets 
and other QA documentation. If there are data sheets, the nomenclature and equations 
used are compared with those specified by EPA to establish equivalency. The depth of 
:eview of the CAculations is dictated by the reviewers' confidence in the ability and 
conscientiousness of the tester. based on such factors as consistency of results and 
completeness of other areas of the test report. Reports may indicate that raw data 
sheets were available but were not included. If the test report is of high quality based 
on the other criteria, the quality rating should not be lowered due to a lack of data 
sheets. 

An overall emission data quality rating is developed considering the scores on the four 
criteria. There is no precise equation for the relative weighting of the factors, because each report 
presents different issues, and the rating system needs to provide flexibility to consider the strengths 
and weaknesses of each test series and reach a judgment on the overall rating. However, the two 
criteria concerning (1) the test method and sampling procedures and (2) the sampling and process data 
should be weighted most heavily. If either of these two criteria are assigned a low rating, this low 
rating should be assigned as the overall data quality rating, no maner how complete the 
documentation is. Because ratings are somewhat subjective, detailed comments describing the 
discrepancies identified in the test report during the evaluation and the rationale for assigning the 
overall test report rating should be included in the background 'documentation. 
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After assigning a preliminary emission data quality rating based on the four criteria. the 
quality of the production data is considered. Roduction data quality can only reduce the emission 
data quality rating. General guidelines for maintaining or reducing the preliminary data quality rating 
are described below. The emission data rating can be lowered by as many as three quality levels. 
However, if the emission data quality is already low (e.g.. had a C raring) and cannot be lowered two 
pr three levels, then the tinal data can be assigned a D raxing. This approach is reasonable because 
the D rating reflects data that may be in error by an order of magnitude. The alternative approach is' 
to omit the data from consideration altogether. The guidelines for reviewing production data and 
assigning final data quality ratings are the following: 

.. 

. .  . . .  . 
a g  if production was measured 

during the test series or during the resting period. (If measured during the testing 
period but not during the rest series, it can usually be assumed that the facility 
continued to operate at the same rate throughout the test period.) . .  

e g  if production 
was measured during a different test period and it can reasonably be assumed that the 
facility was operated at a similar rateduring both rest periods. 

0 a g i f  
production data are based on annual capacity or annual production data, and the facility 
provides information concerning the rate at which the facility operated during the test 
period and the number of days per year that the facility operated. 

Reduce aualitv rating to a D rating if production data are based on annual capacity or 
annual production data, and it is necessary to make assumptions that are not confirmed, 
by the facility concerning the capacity at which the facility operated during the test 
period and the number of days per year that the facility operated. 

4.5 GROW THE EMISSION DATA 

After the individual data poinrs have been reviewed and rated, the data must be grouped into 
related clusten for which the average emission factors will be developed. It may be straightforward 
to group the data for industries where similar processes are used by most of the facilities tested, but it 
is more likely that considerable engineering judgement will be required for at least some of the 
emission points in the source category. The developer should use an understanding of the processes 
used by the industry and a consideration of the factors that might significantly affect the emissions to 
group similar data together. Statistical techniques may be used to refine the initial groupings where 
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' I  
there is sufficient data. Examples of some of the criteria to be considered when grouping the dam are 
given below. 

e 

e 

e 

e 

e 

e 

source Camw . Among the test data for the specific source category under review 
there may be some test data for generic emission sources, such as combustion sources. 
If the combustion gases do not contact the industry's pmcess.material and there is no 
reason to believe that the combustion equipment used is peculiar to the industry. then 
the combustion data might be better grouped with a potentially larger data base for 
combustors in all industries. Even where the combustion gases do contact the process 
material, there may be no need to develop CO, or SO, emission factors if the only 
carbon or sulfur available comes from the fuel and not from the industry's process 
material. 

, .  

Process Twe. Data from two or more distinct processes used to producing the same 
product, such as wet and dry processes for cement manufacturing, should usually be 
put in separate groups. But there may be individual steps common to the two 
processes which could be expected to have similar emissions. 

-. Data from some sources may be considered for a 
separate grouping based on the facility's size or age. However, such a separation 
should be verified by a comparison of the data set as well consideration of why the size 
or z?ge of the facility might impact emissions. 

Emission Source. Primary crushers versus downstream size reduction equipment, 
smelting furnaces versus refining furnaces. 

Eauioment Des im .Direct-fired versus indirect-fired heaters, countercurrent versus 
parallel flow dryers. 

Oueratine Conditions. Dryer temperatures, moisture start and end points, batch versus 
continuous operation. wet scrubber pressure drop. 

Raw Material or Fuel Characteristic3. Moisture content, sulfur content, hardness. 

Control Devices. Do not group emissions data from different control devices together, 
except where for pollutanu which are not expected to be controlled by those devices. 
(But note that the comparison of controlled to uncontrolled for the same test series may 
be extremely useful.) Also note that emissions of some pollutants should be grouped 

I 
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with "uncontrolled" data even though they were measured downstream of a device 
which controlled other pollutamr, such as NO, or CO after a baghouse. 

e T-. The test method used defines what pollutant was actually 
measured. For example, do not group NMOC data with TOC data unless it can be 
assumed that the compounds which are not daected by either method are not likely 
present. Also, the same test methods may produce nonzomparable results if run at 
differing stack temperatures. 

The discossion in the next section on handling of outliers may also be of use in determining if 
a data point is non-representative due to some of the criteria given above. All data found should be 
rated, grouped, and identified in the background document. A clear description of what data was 
grouped togethex and why should be provided in the background document. Any data which could 
not be rated or grouped should also be identified in the background document. 

4.6 DEVELOP CANDIDATE E M ~ ~ ~ I O N  FhCroRS AND D M  S m o N  

After the emissions data have been grouped,~the author develops the candidate emission 
factors for each process or grauping. This process may involve eliminating some data from funher 
consideration or converting some data to a different format in order to allow for averaging. It may 
also involve adjusting some of the grouping choices made earlier, depending on the quantity or 
quality of data available. In this regard the author should keep in mind that the goal is not to 
calculate a number of unrelated averages, but is to present an internally consistent representation of 
uncontrolled emissions and how controls affect those emissions. Therefore, PMlO factors should 
always be less than or equal to total particulate factors, and controlled emissions should always be 
less than uncontrolled emissions. As always, any decisions on how or if to use any data should be 
clearly documented in the background report. The purpose of this section is not to present a 
statistical treatise, but merely to describe the conventions and preferences which have been used in 
developing emission factors. Deviations from these practices are allowable as dictated by the specific 
situation. 

4.6.1 Averaging of Data 
An emission factor should represent the expected emissions from a collection of emission 

sources of a similar type. They can be based on emission source testing, material balance, or 
engineering analysis, and they can be presented as a simple average or mean, median, geometric 
mean, or as a formula which accounts for the significant parameters affecting emissions. The 
presentation may include additional information on ranges, confidence intervals and other measures of 
uncertainfy or variability, depending upon the extent of data available. The arithmetic mean is 
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usually used for emission factor development and is the prrferred measure unless there are strong 
reasons to use an alternative measure. 

Before determining an average emission fanor for all sources tested, a single average 
emission rate for each single source should be determined. Thnefore, the results of individual test 
runs on a given source are reduced to a single value for that source using the arithmetic mean. If 
tests of the same source are available for several years they ?e also usually combined into a single 
value to represent that source. The average emission facror for the source category is then 
determined by computing the arithmetic mean of the single values for each source rested. In this way 
a single facility’s emissions rate does not disproportionately affect the emission factor just because it 
has been tested many h e s .  

In some cases the data available may exhibit characteristics suggesting that a geometric mean . 
is a more appropriate descriptor of the central tendencies of the data. Also, there are cases where the 
median may be more representative of a typical emission value. The rationale for utilizing a 
geometric mean or median instead of the arithmetic should be decided with the EPA lead for specific 
applications and should be documented in the background report. An explanatory footnote should 
also be added to the emission factor table indicating the use of a non-arithmetic mean approach. 

Emission factors should be represented as a single value whenever possible, or as a formula 
where significant effects of additional parameters can be quantified. If a formula is presented it is 
good prxtke to also Inc!ude example calculations of factors using the formula and typical ranges or 
even default values for the variables. An indication of the variability, such as a range of values, may 
be accompany an emission factor if it will contribute to an understanding of the scatter of the data. 
Any insights into how the range can be funher sub-categorized or explained should be included. If 
necessary and supportable by the data, the author can break the emission source into smaller sub- 
source types based on age. size. operating temperatures or other parameters, and present separate 
emission factors rather than ranges for each sub-type. 

Confidence intervals can provide valuable information on the uncertainty and variability of 
emission factor data. However. rarely are there sufficient data to allow valid confidence intervals to 
be generated. Prudent application of statistical procedures precludes the development and presentation 
of confidence intervals in emission factor documents unless the following conditions are met: 

- the sample of sources from which the emission factor was determined is representative 
of the total population of such sources; 
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- the dara collected at an individual source are representative of that source (Le.. the 
source is operating at rypical conditions); and 

- the measurement m&od was properly applied at each source tested. 

When developing a faxor, the investigaror should always be sensitive to situations where data 
are sufficient (probably only when there are about 10 or more data points and they are predomlnantly 
rated A or B) for such intervals to be meaningful and valid. W h e n  sufficient data are available. the 
author should provide the resulting confidence in t end  information in the background report and the 
Ap42 section or L&E document. Documentation such as data plots &istograms) may be included 
with the background information if desired. 

4.6.2 Combining Tests of Different Quality Ratings 
In the emission data review process, individual source tests were each given a data quality 

rating of "A" to "D" (section 4.4.2 above). In developing the average emission factors from these 
rated source tests, the author should attempt to develop the most reliable factor by using only the 
most reliable tests. In the ideal situation, a large number of A-rated source tests for typical sources 
are reduced to a single value for each individual source by computing the arithmetic mean of each test 
set. The emission factor is then computed by calculating the arithmetic mean of the individual source 
values. No B-, C-, or D-rated test sets are used in the calculation of the emission factor, because the 
number of A-rated tests is sufficient. This ideal method of calculating an emission factor is rarely 
possible due to the shonage of A-rated data. If the number of A-rated tests is such that the inclusion 
of B-rated tests would increase the confidence of the emission factor, then B-rated test data are 
included in the calculation of the average factor. It is also possible to include C- or even D-rated Lest 
data with the A- and B-rated data in some situations. This should only be done where the number of 
A- and B-rated tests is so small that the representativeness of those tests is suspect and where the 
author has deterinined that the lower-rated tests do not appear to be biased versus the better 
documented and higher-rated tests. In such a case the inclusion of more tqts, even of a lower 
quality, is warranted because it increases the confidence that the average is representative of the 
source category as a whole. Unrated ("U") test data are used only when no better data are available, 
and provide only an order-of-magnitude value. They should not be combined with any rated test 
data. 

4.63 Controlled Emission Factors 

emissions in emission estimation documents. Emission factors should be clearly identified as 
uncontrolled or controlled by a specific control device, either in the table heading or in individual 
entries in the table or in foomotes. One method of showing both controlled and uncontrolled factors 

An effort should be made to obtain and present data for both uncontrolled and controlled 

4-1 7 



F-r Lkdopmat  and RaeDtprOo Dank. apt0  4 

in a table is to give the process name with its SCC wde on one line and use indenred lines underneath 
his overall process name for uncontrolled and specific control device descriptions and factors. 

~ 

~ 

If a connol device is wmmon to an entire industry and is used as an integral part of a process 
. in order to make it economidly viable, it should not be labeled "controlled". However, the emission 

ffanr table and the text should describe the standard process equipment used; to arrive at these 
uncontrolled emission rates. Example of such equipment are cyclones used to separate prod& from 
air in pneumatic conveying systems, cyclones used to recover catalyst in petroleum catalyric crackers. 
and chillers added to degreasers in order to reduce solvmt loss. 

. .  . .  

The text should contain information on applicable control techniques and should reference 
Control Techniques Guidelines (CTG), Alternative Control Techniques (ACT), New Source 
Performance Standards (NSPS) Background Information Documents, or other documents that contain 
details on application of these techniques to the source category. The text should also note if there is 
a probability of rapid developments in control technology which may alter any typical control , 

efficiencies mentioned in the text. 

. 

The information presented should enable the user to estimate both controlled and uncontrolled 
emissions wherever possible. This may be accomplished by either determining both the controlled 
and uncontrolled emission factors, or by developing only one factor (either controlled or uncontrolled) 
and providing a default control efficiency. The preparer should exercise caution and judgement in 
deciding how fc, determine and present emission factors or control efficiencies. if both controlled and 
uncontrolled emission rates are determined, the control efficiency implied by the ratio of the 
controlled to the uncontrolled source emissions should be reviewed to determine the plausibility of the 
implied control efficiency. Alternatively, the average control efficiency can be determined and shown 
explicitly, rather than a controlled factor, in cases where tests are available for both pre- and post- 
control situations on the same sources. Also, one must be careful that the process conditions for both 
controlled and uncontrolled emissions tests are comparable. 

A limited discussion of the typical range of control efficiencies and the parameters affecting 
the implied or default emission factor should be included in the Section if the information is available. 
Note that this discussion of the control efficiencies is generally not necessary for straight-forward 
applications of traditional control devices. 

A basic description of the techniques typically used by industry to control PMPM-IO, 
VOC's, S02, N%, CO and HAP'S can be found in the following EPA documents: 
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Control Techniques fbr Pom'cularr Emissionsfrom stIn?OMty Sources - Volume I - 
EPA 45013-81405a - September 1982 

Control Techniques for Pam.culnte Emissionsfrom Srationary Sources- Volume 2 - 
EPA 45013-81405b - September 1982 

Corn01 Techniquesfor Sulfur Oxide Emissionsfrom Srm'onary Sources - €PA 450/3-81-004 ' 

- April 1981 

Control Techniquesfor Gzrbon Monoxide Emissionsfrom Sm'omuy Sources - 
EPA 45013-79-006 -June 1979 

Control Techniques for Mtrogen &ide Emissions from Srm'onary Sources- Revised - Second 
Edition - EPA 45013-83-002 -January 1983 

. 

Volntile Organic Compound Emissionsfrom Srnn'onary Sources - €PA 

Handbook ConrroI Technologies f i r  Hazardous Air PoIlurants IHAP Manuall 
EPA-6251691414, NTIS #' PB92-135904 

These documents briefly describe the efficiencies commonly achieved by major types of control 
devices in current use and describe how to estimate emission reductions using control systems. A 
Computer software program, HAP-PRO, can also be used to estimate conuol efficiencies of various 
devices for Hazardous Air Pollutants. This computer software program is available on the OAQPS 
Technology T r k f e r  Network Bulletin Board in the Control Technologies Center Area. 

Some control devices reduce emissions of another pollutant besides the one for which they 
were designed. This is known as secondary or coincidental control. For example, venturi scrubbers 
have been known to reduce SO, and lead emissions as well as particulate emissions. There are also 
cases where the application of controls for one pollutant may slightly increase emissions of another 
pollutant, such as NO, controls leading to increased CO or VOC emissions. Secondary control 
emission reductions should be noted in the text, and if quantifiable, should be included in the 
emission factor table or its foomotes. 

Tables should be designed or footnoted so that those pollutanrs not a f f d  by a particular 
control device are not labeled as "controlled" and do not have an emission factor presented for them 
unless it is different than the uncontrolled factor. For example, SOX emissions would not be 
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considered “controlled” if the control device were a flare. and the table should reflect that distinction 

4.6.4 Outlien 
An outlier is a data point that does not conform to the pamm established by other data. 

&nerally, a suspecred outlier is much smaller or larger than the other data points. There are three 
basic ways an outlier can occur: (1) mistakes in readings. (2) different processes being lumped 
together, and (3) real deviation. Mistakes in r d i s  can occur during any stage of the data 
processing or in the data measurement process. Transcription errors and calculational errors are 
common, but unusual readings from inmum ens may be caused by power failures, improper 
calibration, misreading insrmmems, contamhation of samples, leaks, chemical interaction, etc. Not 
adhering to an experimental design or a standard operating procedure (SOP) can also affect recorded 
data. Because many hand calculations are needed to derive an emission rate per production rate from 
the initial concentration and flow measurements. these should also he checked for any data point that 
appears suspect. Many mistaken readings can never be derected or verified. 

Finally, an apparent outlier may not, in fact, be an outlier at all, but rather an unusually high 
(or low) value that is real - a rare deviation that is legitimate. Moreover, the rare deviation may be a 
datum of vital interest in assessing human or environmental risks. 

A number of statistical tests are available for treatment of outliers. Most of the statistical tests 
allow selection of a level of significance which is related to the probability of being correct, if the test 
concludes ~ ! a r  a dam= is an outlier. It is recommended that a statistician be consulted on the 
appropriate outlier test to use, and what the results of the test mean. 

No observation should be rejected or deleted solely on the basis of statistical tests. since there 
is always a predictable risk of rejecting a “perfectly good” datum. Only if a mistake can be identified 
and verified should an apparent outher reasonably be rejected. Suspected outliers should remain in 
the database and be clearly identified as suspected or confirmed outliers (Le., whether they are 
included or excluded from calculation of the average factor). Even though statistical tests are a key 
component in justifying the exclusion of datum that is believed to be nonrepresentative of the source 
category. exclusion of a suspected outlier requires more than a statistical test; it also requires 
experience and judgment on the pan of the technical personnel reviewing the data set. In emission 
factor work, incorrectly grouping sources into different sub-types (or into one general type) may be 
responsible for producing the suspected outliers. 

’ 

4.6.5 Detection Limits 

4 2 0  



Sometimes the result of a stack test is not an emission rate, but the knowledge that the 
pollutant was not present at or above the limit of detection of the test method. Given below are some 
guidelines on how to use method daeaion limits (MDLs) for developing emission factors in such 
cases. Note that a is a single, complete traverse of the stack, and a is the average of several 
rum, usually three. 

e. Ifall ofthe runs 5 ' 

from a test are below the MDL, record the emission rate for that test as "BDL" @elow 
method detection limits). with the MDL clearly referenced. For clarity, the MDL may 

-be expmsed in emission factor units, i.e., Ib/ton coal. If some of the runs are above 
detection limits and some are below, use half of the MDL for the runs that were below 
in the calculation of the facility's average emission rate (unless the BDL run's MDL 
was much higher than the other r u m ' d e w  values). 

Determininp a source cateeorv emission factor from multiole tests. If all facilities have 
their average emission rate recorded as "BDL", report the average emission factor as 
BDL, with the MDL dearly referenced. If there is a mixture of "BDL"s and numeric 
average emission rates, use half of the test MDL for each "BDL" test as that facility's 
average emission rate, and include that rate for the facility in the calculation of the 
average source category emission factor (unless the BDL test's MDL was much higher 
than the other tests' d e w  values). 

a, Sometests 
or runs may have much higher MDLs than others in the same data set. This can 
potentially lead to a situation where averaging in half of a high MDL will bias the 
average high. If half of the MDL for a BDL test is larger than all other single run 
detect values for the other tests in the data set, then disregard the BDL test in 
calculating the average emission factor. If half of the MDL for a BDL run is larger 
than all other single run detect values for that test series, then disregard the BDL run 
in calculating the facility's average emission rate. 

The following example illustrates these principles for the case where tests are available for 
three facilities: 

: Three rum (all BDL); DL=50 mgKg coal. 
Report the results as "BDL, DL=50 mglKg coal". 

B L B  : Three runs 0.9, and 11 mgKg coal); DL=5 mgKg coal. 
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Report the emission rare for the test as the average of the three runs. which is 9 mgKg 
coal. 

: 'Ihree runs (6 and 10 mgKg coal, and one run BDL; DL=5 mg/Kg coal. 
Report the emission rate for the test as the average of the three runs, using 2.5 for the 
run that was BDL, Le., (6+10+2.5)/3=6.2 mgKg coal. 

To determine an overall emission faaor from the three tests. use only the Test B and C data because 
in Test A, half of the DL (50) is 25, and that value is greater than any other single run detect value 
from Tests B and C. Therefore. (9+6.2)/2 = overall emission factar = 7.6 mgKg coal. 

If a statistical outlier test is to be performed to determine whether any data points 
should be eliminated from further analysis, then half of the MDL should be used as a 
numeric value for those cases where a pollutant was below method detection limirs. 

. 

0 There are no "standard" criteria concerning how far above the MDL the data must be 
to be considered quantiktive rather than qualitative (e.g., 4 x MDL or 5 x MDL). 
The data would not necessarily be considered nonquantitative if they were less than 
four or five times the MDL. However, the precision of the values would be decreased 
the closer the data are to the MDL, thus increasing the unceminty of the values. The 
data would still be quantitative but should be used with more caution. 

4.6.6 Use of Blanks 

existence and magnitude of con&ination problems. The criteria for evaluating blanks apply to any 
blank (method, 'field, etc.) associated with the samples. If problems with any blank exist, all data 
associated with the test report must be carefully evaluated to determine whether or not there is an 
inherent variability in the data, or if the problem is an isolated occurrence not affecting other data. 

When reviewing source test reports, blank analysis results should be noted to determine the 

Guidelines for blanks analysis to be followed when evaluating test reports are: 

Positive sample results should be treated as suspect if the concentration of the 
compound in the sample is not at least 10 times the amount in any blank for the 
following common C0I'Itaminant.S: methylene chloride, acetone, toluene. 2-butanone, 
and common phthalate esters; or at least five times the hmount for other compounds. 
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0 

0 

In instances w h a e  more than one blank is arsociated with a given sample, qualification 
should be duermined by a comparison with the associated blank having the highest 
concentration of a contaminant. 

If a compound is found in a blank but not found in the sample, no action is necessary. 

The resulting data should reflect the source test report's ueament of blanks. For 
example, if in a test, results were corrected by subtracting any blank values, use the 
blank mrre3ed values for developing emission factors. If, however, test results were 
not blank corrected, do not adjust the results, but use the uncorrected values for 
developing factors. , 

4.6.7 Units of M e a w e  and Adivity Parameter S e l d o n  
An emission factor is an estimate of the amount of a pollutant emined due to some activity 

divided by some measure of the level of that activity (commonly labeled as "thruput units"). In order 
to be useful an emission factor must be a reasonably accurate and easy to apply estimate of emissions 
for sources other than those that were tested to develop the emission factor. The emission factor 
preparer should choose both the activity and the measurement units for the activity after considering 
the following guidelines. 

0 Choose an activity which d i d y  influences the emissions, rather than just the 
most readily-available units given in the &est reports. Factors for fugitive dust 
from haul roads are thus typically given in terms of vehicle miles traveled 
rather than tons of production. Combustiondnly emissions should usually be 
related fuel use rather than to . .  tons of production. Reasonable assumptions 
should be made by the emission famr..preparer when necessary to convert test 
report units to a common or more appropriate basis. 

0 Choose an activity such that a facility which does things differently or more or 
less efficiently than the tested facilities will have these differences reflected in 
the resulting emissions estimate. In the example above, a facility with longer 
haul roads but the same production tonnage would show larger dust emissions. 
If a more energy-efficient dryer were used the combustion emissions would be 
lower. 

0 If an additional parameter greatly influences emissions, consider including it in 
the emission factor. Sulfur oxide emissions from coal combustion are usually 
based on both the amount of coal burned and the sulfur content of the fuel, 
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because the emissions depend on the amount of sulfur burned, not the amount 
of fuel burned. Similarly. surface coating emission factors based on the 
atnourn of solvent in a coatinp. rather than just the amount of the coating. will 
provide a more represenfarive estimate for more facilities. 

e Choose an activitywhicb can be easily uacked by the facilities in the source 
category. and use measurement units which the industry uses if possible. If the 
industry uses its own unique terminology or if the industry is moving towards 
metric units, those tenns am,units can be used for an emission factor. 

For revisions to existing source category documents, try to use the activity and 
measurement units which have historically been used, if they are still 
appropriate. The AIRS AFS database has thruput units associated with each 
existing SCC. These units can also be found in the SCC list included as part 
of the FIRE database. 

. .  ,.. . . .  . . . .  . ~ . . .  . . .. 

e 

If possible, use units which can be readily converted between metric and 
English. An emission factor in units of lbs/lOOO lbs is the same in units of 
kg/Mg, and one emission factor table with both units in the title can suffice. 
Uniu  of lbs/ton can be quickly convened to kg/Mg, especially where a 
foomote reminds the reader to just divide by two. 

Due to their continued common usage, English units are required for emission 
factor tables. Conversions for metric units can be handled by one of the 
methods cited above, or separate columns or tables for metric units can be 
added, at the discretion of the emission factor preparer. When revising 
existing sections or documents, evaluate whether it makes sense to revise 
duplicate tables. 

Satisfy needs for other uniu by providing conversion factors in footnotes. It is 
also helpful to document the assumptions used in deriving values within the 
tables in the footnotes. e.g., the BTU content of fuels or the thermal efficiency 
of engines. 

4.6.8 Assign Emission Factor Ratings 

best. In some cases. a U for "unratable/unknown" is assigned. A factor's rating is a general 
indication of the reliability, or robusmess, of that factor. This rating is assigned based on the 

Where possible, each emission factor is given a rating from A through E, with A being the 



estimated reliability of the teso used to develop the factor and on both the amount and the 
representative characteristics ofthose data. In general, fanon based on many observations. or on 
more widely accepted test procedures, are assigned higher ranlings. Conversely. a factor based on a 
single observation of questionable quality, or one exrrapolated 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 fanon, the ratings should be seen only 
as approximations. Factor ratings do not imply statistical mor bounds’or confidence inrervals about 
the emission factor for a specific facility. 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. A highly rated faaor for a highly variable pro& may be a very imprecise estimator of 
each individual facility’s emissions, although it would provide a credible estimate of the population’s 
average emissions. Emission factor ratings include a component which is largely a reflection of the 
professional judgment of the authors and reviewers concerning the reliability of any estimates derived 
with these factors. As a result, the quality ratings should not be used to judge the relative reliability 
of one emission factor compared to another emission factor. 

Because emission facton can be based on source tats, mass balance, or other information, 
factor ratings can vary greatly. Some factors have been through more rigorous quality assurance than 
others. In addition, some of the older factors have been evaluated by a more qualitative methodology 
which is less stringent and may be rated higher than some newer factors which are based upon 
information of the same level of data quality. It should be noted that some source categories 
@articularly some area sources) are not conducive to conventional source testing and, therefore, their 
data cannot be rated according to the rating procedure. In those cases, qualified engineering judgment 
should supersede the rating protocol, and ratings should be assigned accordingly. 

The 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, 20 or more source tests on different randomly 
selected plants would likely he 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”. Factors extrapolated from higher-rated factors for similar 
processes would be assigned a rating based on the amount of similarity of the processes. The 
extrapolated factor would thus be rated no higher than the original factor and possibly lower 
depending upon the similarity of the processes. Material balance (such as combustion SOX or solvent 
loss) and theory-based facron (such as vapor displacement equation) are special cases. Generally, 
material balance factors can be assigned an A rating if the process emissions are consistent and well- 
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E = Poor. Factor is developed from C- and D-rated test data from a very few number of 
facilities, 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 significant process 
variability within the source category population. 

U = Unratable. Factor is developed from source tests which have not been thoroughly 
evaluated, research papers, modeling data, or other sources that may lack Supporting 
documentation. The data are not necessarily "poor," but there is not enough 
information to rate the factors according to the rating protocol. "U" ratings are 
commonly found in L&E documents and FIRE rather than in AP-42. 

charmrized. h w e r  ratings should be assigned if the marerial loss is variable or difficult to 
characterize. 

Emission facmr ratings are best charamxized as fallows: 

A = Excellent. Factor is developed primarily from A- and B-rated source test data taken 
from many randomly chosen facilities in the industry population. The process 
described by the A-faaor is not highly variable. 

B = Above average. Factor is developed primarily from A- or B-rated test data from a 
moderate number of facilities. Although no specific bias is evident, is not clear if the 
facilities tested represent a random sample of the indusny. The process described by 
the B-factor is not highly variable. 

C = Average. Factor is developed primarily from A-, B-, and 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. The process described 
by the C-factor is not highly variable. 

D = Below average. Factor is developed primarily from A-. B- and 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 process 
variability within the source population. 

To provide some uniformity or structure the following equation should be used BS a first step 
in determining an emission factor rating: 

4-26 



Points = 5A + 4B + 2C + D 
where: 

A, B, C, D are the number of A. B. C or D-rared tests used to 
support the emission faaor. 

The total PO& determines a preliminary emission factor rating as follows: A IS 100. B is 50, 
C is 25, D is 15 and E is less than 15. However, there are two additional requirements for the 
assignment of an A or B emission facror rating. The ftm requirement is that at least half of the 
emission tests should be rated A or B. ?he second requirement is that the lower-rated data should be 

I determined to be consistent with the A- and B-rated data before combining the data with the A- and 
B-rated data. An analogous requirement applies to the assignment of a C ermssion factor rating 

Following the assignment of a preliminary factor rating, the following adjustments to the 
emission factor rating may be made. 

A one 1-r grade adjustment may be made to emission factors if they are based upon 
tes,rs at more that five facilities. Emission factor ratings may be reduced based upon a 
high (1 1.75) relative standard deviation. Or emission factor ratings may be raised 
based upon a low (<0.5) relative standard deviation. The relative standard deviation 
is the ratio of the standard deviation to the mean of the population. 

An increase of one letter grade may be made to emission factors which are based on 
source tests from a relatively high percentage (> 15%) of the industry capacity or 
number of facilities in the industry. This allows higher ratings for source categories 
with relatively few facilities. 

An increase of one h e r  grade may he made if there is sufficient information and a 
sufficient number of tests to allow for the segregation of facilities by the key 
operational characteristics that have been shown to have a measurable effect on 
emissions. 

Other situations that may be justification for raising or lowering the emission factor 
rating include whether the sources were truly selected at random from the full 
population as opposed to some criteria that might bias the results (e.g.. the tests were 
gathered as a result of either indications of non-compliance or demonstration of 
superior performance), or whether testing was performed as part of a research project 
to demonstrate performance of untested controls or during modified operations versus 
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testing performed to characterize emissions during a variety of normal operating 
conditions. 

As with documentation of the test report &gS. a thorough explanation of the basis for the 
emission factor ratingassignment must be provided in the background documentation or the emission 
factor document. Explanations should indude what evaluations were performed to make the decision 
to combine or not combine data sets and justifications for the decision. Similar explanations should 
be provided on what adjustments were made to &e preliminary emission factor ratings and 
justifications for these adjustmems. As with data @iry ratings, emission factor ratings are 
somewhat subjective, and in some cases, thae  may be reason to differ from the general procedures 
described above. Variations from the general pmcedures should be thoroughly explained and 
justified in the background report. 

4.6.9 Rounding and Significant Fgure~ 

to "round" numbers. However, rounding of data should be done only when presenting the final 
emission factor data in the tables. after all the calculations with a particular data set have been 
completed. Therefore, carry as many digirs as possibie throughout the calculations from beginning to 
the end. When it is time to summarize and tabulate the final results, the final numbers should be 
rounded to the appropriate significant figures. 

To express numbers with the proper number of significant figures, it is frequently necessary 

To round a number, if the left-most digit to be removed is 5 or greater, then round up the 
right-most digit. If the digit to be removed is less than 5. the right-most digit remains the same. For 
example, when rounding the following numbers to three significant figures: 

3.43 rounds to 3.4; 

3.45 rounds to 3.5; and 

3.46 rounds to 3.5. 

The term "significant figures" refers to how a number is described. For example 232,000 is 
a number with three significant figures. All of the following numbers have three significant figures: 

204,000; 204; 20.4; 0.204; 0.000204; and ~.Mx~O-~,  

However, 204.0 implies that there are four significant figures. It should be noted that numbers less 
than 1 .O should have a leading zero as 0.204, not .204 without the leading zero. Leading zeros 
(0.204, 0.0204, or 0.00204) are not considered to be significant'figures. With numbers like 100, or 
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100.. it is not possible to b o w  how many significant figures the number contains unless it is 
expressed as 1.00xld, which implies' that there are three significant figures. 

It is suggested that for consistency when rounding numbers for final emission factor tables. 
that the values be rounded to two Significant figures. where possible.. It some cases, the data may 
permit rounding three significant figures. A general rule of rounding is that the final rounded figure 
should contain no more significan; digits &an the number witb the lea51 number of significant digits 
used in the calculations. 

4.7 BACKGROUND DOCUMENTATION 

4.7.1 Background Documents 
Concurrent with AP-42 section preparation a background document discussing all references. 

calculations, and other pertinent information is prepared to undergo external review along with the 
section. The background report should identify all data, discuss their quality ratings, and document 
all decisions on their use. Analysis and any statistical manipulations of the data should also be clearly 
documented. If estimates of data accuracy or precision can be derived, it should be clearly noted 
here. 

Each piece of information that is evaluated for use in developing the section should be 
summarized. Emission test report summark should include the available description of the process 
being tested. existing controls, individual test results for all pollutanrs evaluated, problem identified 
by the test contractor, and problems identified during the review of the test by the section author. 

Each emission factor should be documented so that the basis for the factor is clear. Specific 
material to be summarized and contained in the background document is as follows: 

Text describing the results of the data gathering effort. Items to address are where the 
data come from, the type of sources were tested, all relevant process design and 
operational data available in the report. the quality of the data, the test methods used, 
the size of the units tested, how well does the data represent the source category, etc. 

A summary of each emission test report, with a list of all relevant data for each 
individual test run considered for use in calculating the emission factor, with specific 
references to page or table numbers in the material in which these data were found. 
Note that for updates to AP-42 sections this may include older, but still relevant, data. 
Any corrections or adjustments that were made to a test report should be noted and 
explained. 
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A complete description of all Calculations. If appropriate, sample calculations are 
highly recommended. (A bard copy of all electronic spreadsheets should be included 
in the background files). 

A complete record of all assumptioas, technical procedures, and rationale used in 

calculating or reducing the dam. 

A list of the primary references actually cited in the emission factor document ffom 
which the factor dam were derived, as listed in the AP42 section and L&E document 

A list of secondary references used for background information during development of 
the emission factor document but not cited explicitly. 

The draft AP-42 seaion for exfemal review. clearly labeld. as such. 

A summary of the comments received on the external review draft, the resolution of 
those comments, and any other significant changes made to the draft to create the final 
published section. This summary is added to the background document after external 
review. 

All background documents should be in Wordperfect version 5.1 for DOS or version 6.1 for 
Windows in order to be included on Air CHIEF CD-ROM and the CHIEF BBS. The background 
document on Podand Cement (BCI ISO6.ZIP) is available from the CHIEF BBS or on the Air 
CHIEF CD for guidance on format and content. 

,In order to help BBS users find the files and to avoid having electronic section and 
background files overwritten on the BBS due to duplicate names, the following file naming 
conventions are suggested: 

For Background Documents: BXXSYY-Z.WP5 (or .WPD for WP6) 

For Final AP42 Sections: CXXSYY-Z.WP5 (or .WPD for WP6) 

For Draft AP-42 Sections: DXXSW-Z.WP5 (or .WPD for WP6) 

where: XX is Chapter number 
YY is Section number, and 
Z is Subsection 
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Note that all of the files will appear on the BBS with a .ZIP extension. 

4.72 BackgroundFUes 
A file conraining all of the references (test reporrs, journal articles, etc) should be maintained ' 

to allow quick location of supporting references when the applicability or accuracy of factors is 
questioned, and to provide knowledge of the background of, and basis for, current factors when 
deciding whether new data should make changes necessary. For instance, transcripts of personal and 
telephone communications should be made and incIuded. If only a few pages from a lengthy work 
are cited, only these need to be copied and included in the file. When pertinent source test results are 
-summarized in a few pages, include this summary as well as the source test itself. In copying tables, 
graphs, and test results, the specific information that is used directly from the reference is identified. 
This saves time (and may avoid ambiguity) when the document may be revised at a later date. For 
ease of use, this file should be labeled according to the section numbering system used in AP-42. For 
L&E documents, the pollutant name should be clearly labeled. Note that the EPA has a long range 
goal of storage of the background files elecnonically. The background file should include the , 
following information, clearly labeled and stored in the following categories. 

'e 

e 

e 
I 

e 

e 

e 

e 

a 

The current AP42 section or L&E document. 

The current version of the background document supporting the current version of the 
AP42 section or I&E document. 

A hard copy of any electronic spreadsheets used to perform emission factor 
calculations or statistical analyses. 

Previous versions of the AP-42 section in reverse chronological order (newest first, 
oldest last) 

A marked-up copy of the previous published AP-42 section, clearly showing the 
revisions. 

A list of the people and organizations which were requested to review the latest 
document. 

References cited in the current document. 

References cited in the background report which are not cited in the current document. 
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0 References not cited in the background document but which provide supporting 
information for tinure use. 

All of the material presented thus far in this chapter is necessary in order to prepare a draft 
emission facor document with su&rting docummution for external review. After external review 
comments have bem received. the author should meet with the EPA project manager to discuss how 
the comments will be addressed and whether extensive changes to the draft are warranted. If 
sufficient additional data bemmes available during the external review period, or if extensive changes 
are otherwise needed, a revised draft should be prepared for a second external review. If a second 
external review is not needed the section can be finalized by addressing the comments, adding Source 
Classification Codes (SCCs) m the document, and preparing a summary of the emission factor 
changes to be made to the Factor Information REtrievd I.._-..-.- (FIRE) darabase. _- .- ----- 

4.8.1 SCClAMS Code Assigmnents 
sees are a means of organizing air pollutant sources into related groups. Because they are 

used as a key identifier for emission sources by both inventory preparers and permit reviewers, it is 
desirable to assign the emission factors to these identifiers as well. Emission factors must be tied to 
an SCC in order to appear in the AIRS or FIRE systems. The emission factor developer should use 
his or her familiarity with the source category to revise or add to the SCCs in AIRS and FIRE where 
necesszy to improve the clarity of the data presented. The SCCs should be included in the emission 
factor tables as a minimum. It is suggested that they appear on the flow diagrams as well. Addition 
of the SCC codes should be done after the section has been externally reviewed if extensive changes 
are anticipated, or it can be done earlier if the author is confident in the process description and the 
subcategorization of the data. 

The SCC is an eightdigit code divided into four fields in the pattern “A-BB-CCC-DD,“ with 
each level having a corresponding description as follows: 

Field 1 - the major emissions rype; 

0 Field 2 - the major industry; 

Field 3 - the fuel consumed or the end product; and 

Field 4 - specific combustion equipment or unit operations. 
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SCCs vary in detail from product to product. For some producrs there are SCCs for 
individual release points within the process. In other cases, an entire process may be represented by 
a single SCC. In addition, an emission source may be represented both individually and as part of an 
overall process SCC. SCCs should not be used to distinguish all of the add-on control devices that 
may be used and which will have different emission factors. The SCC is used to identify the process, 
not the level of control. However. different process designs which result in different emissions levels 
should be assigned differem SCCs. 

Area and mobile sources are sources for which emission calculations are not made for each 
individual source, but are instead calculated as an aggregation of individual sources (e.g., 
architectural coating, pesticide application, and on-road motor vehicles). To "extend" the SCC 
system of codes to area and mobile sources, EPA developed a separate coding system, called Area 
and Mobile Source (AMs) codes. that follows the same general smcture as SCCs. but instead uses a 
lodigit code patterned "AA-BB-CCC-DDD." 

The complete and current version of the SCC and AMs codes resides on EPA's mainframe 
computer in tables within AIRS. The FIRE database also contains a file of the combined SCC and 
AMS codes current as of the FIRE release date. T4e emission factor developer should review the 
FIRE SCC list to assign SCC or AMS codes to each emission source included in AP-42 and L&E 
tables. Full 8- or lodigit SCCs or AMS codes should be identified. If there is no existing code for 
an emission source, or if the description for an existing code needs to be revised for clarity, the 
author should contact EFIG to have an SCC assigned to the source. 

4.8.2 FIRE Data Entry 
The Factor Information Retrieval (FIRE) System database is EPA's electronic listing of rated 

and unrated emission factors, including those from AP-42 and L&E documents. It is used by EPA's 
AIRS mainframe and by many States and private software vendors as the source of updated emission 
factors for their computer systems. Therefore, it is essential that the results of any AP-42 or L&E 
updates be accurately reflected in FIRE. This requires that the emission factor document be 
unambiguous, that SCC codes be assigned and used in the emission factor document, and that the 
information related to each emission factor update be submitted to the E P A E j e c t  lead in the form 
that it should appear in F-m-. Submittal of all updates in such a form will also allow EPA to 
explicitly tell users what has been added, deleted, or revised as a result of an A P 4 2  Supplement or 
L&E document publication. In addition to just getting new emission factors into FIRE, the author 
should insure that old factors are revised, deleted, or confirmed as being still valid. These decisions 
should already have been addressed throughout the factor development process if the author checked 
the FIRE database for existing information at the sm of the project. 

-__ ___ .__--.- 

4 
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preparation of the materhk d d b e d  below should occur as part of the final revisions to the 

fanor document. Any needed SCC codes must already have been assigned per the preceding senion. 
and no updares to FIRE will be made until &e AP-42 section or L&E document has been placed on 
the CHIEF BBS as “Final”. l’he author should prepare and submit a Lotus spreadsheet file 
containing the information shown below. Amal  mtry of the data into FIRE will be done by EPA. 
The file should contain the lbllowing columns, with each row representing all of the information for a 
given emission factor. 

ACT new, rev. del. w o k  
SCC 
POL 
C n l  
a 2  
REC-ID FIRE record id number 
OLD-EF existing emission factor 
OLD - STD T if units are standard for SCC, or F if not, wkxpl) 
NEW-EF new or revised emission factor 
NEW-STD T if units are standard for SCC. .or F if not, wlexpl) 
REF primary reference code (?? if not yet in FIRE, w/foomote) 
QUAL new factor’s quality rating 
RANGE lowest and highest facility avgs, if desired 
TESTS number of facilities averaged, if desired 
METH test method used, if desired 
NOTES any notes necessary to use the factor 
PARAM . any process parameters that may have influenced emissions 
EXPLN explanations for OLD-STD or NEW-STD entries, or to identify what was 

revised if not the ef - does not go into FIRE 

~ . 8digit axle, or Io-digit AMs wde with A preceding 
pollutant name (from existing FIRE list, if possible) 
primary control device (from existing FIRE list, if possible) 
secondary control device (from existing FIRE list, if possible) 

For revised records, all columns should be filled in with the information to appear in FIRE. 
The last six columns are optional. The same applies to any new records. except OLD-EF and 
REC-ID will be left blank by the author. EPA will fill in the REC-ID. For deleted and ok records, 
only the first eight columns only should be filled in. 
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AJPENDIX A 
AP-42/L&E STYLE GUIDE AND EXAMPLE SECTION 



. ~~ 

1 

AP42/L&E FORMAT/STYLE SPECIFICATION SHEET 

These are the style guidelines used to produce the AP-42 5th Edition and should 
also be followed to produce L&: documents . This style sheet consists of three sections . 
the 6rst intended as an aid for technical writers and editors. and the second as an aid for 
secretaries preparing sections. and the third for use for word processing and graphics 
support . 
ATTA- m > m ' T  

Example disk with file templates . 

0 Example from AP-42 5th Edition (Note that because of the recent decision to use 
the same style for LBrE documents that is now used for AP-42 sections. L&E 
documents will not resemble those prepared so far.) 

SECTION 1: GUIDELINES FOR WRITERS AND EDlTORS 
S d i o n  Hadings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

spelling . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
HyThenaticQ . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

Acronyms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

Units and their Abbreviations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
Rcfcrcnces . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 

SECTION 2: GUIDELINES FOR TYPISTS 
1nitiaiCodes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Footcrs . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 
Text . Headings . & Subheadings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  6 
PuncNation/Spacing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Lists within a Text Paragraph . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 
Numben . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Figures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Tables . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  8 
Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  11  
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  1 1  

SECTION 3: ELECTRONIC PUBLISHING REQUIREMENTS 
Fonts . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Headings . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
FigurcQuality . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Landscape FigureslFigun Captions . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  12 
Formatting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  13 
Equations . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 
Subscripts and Supencnpu . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

. .  
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. .. . 

0 Number all section headings through the 3rd level. It is acceptable not to number 4th- or 
5th-order headings if few OCCUT in a section. Do g=t number the heading for references. 

0 ALL words initial caps (including the words "and, of, to, for", etc.) for ALL levels of 
hcadingsechsptcrritlcs 

ACRONYMS 

0 introduce in psrcnm+scs a h r  the fust use in a section, as singular even if plural in 
context, then use as singuiar or plural depending on context, e. g., VOC or VOCs 
It is OK to start sentences with acronyms aftcr introduced, e. g.,  "EPA. . ." (nore: 
EPA. . . ") and "CO emisiom d-e. . . " 

VOC's. 
"The 

Specificcascs: 

0 NA = not applicable (ONLY; 
change it to ND) 

O N D = n o d a t a  
0 PM-IO, g=t PM,, 
0 SCC = Source Classification Code 

"not available"; if "NA = not available" is used. 

SPELLING 

Use standard and check variants, e. g.. use phosphoms. not phosphorous. 
Specific cases: Capitalization specifics: 

o add-on w addon or add on) 

0 .condcnsgble @&g condcnsible) 
0 data base w database) 
0 feedstock @ feed stock) 
0 firebox w fire-box) 
0 flow rate &t flowlate) 
o fly ash w f l y a s h )  
0 half-life &t balflife or half life) 
0 offgaswoffgas)  
0 waste water w wastewater) 

The correct definition of PM-IO is panicles "equal to or less than 10 micrometers in 
aerodynamic diameter." 

0 federal f@ Federal) 
0 byproduct & by-product) 0 State f@ State) 

0 Regarding mentions of particulate matter, the term "paniculate" is preferred over 
"particulates " . 
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" E N A T I O N  

0 Use legitimate hyphens within text and at end of lines. Usually delete for prefixes and 
avoid; be consistent with teams throughout document. 

UNITS AND THEIR ABBREVIA'HONS 

If the unit and correct abbreviations for emission factors used in rables are not introduced in 
the text, they should be added as follows: "Factors are expressed in units of. . .[spelled out version. 
followed by abbreviation in parentheses]". 

I .  

0 spell units out the first time used, except for temperatures, then introduce the 
abbreviation in parentheses. and then use abbreviation consistently thereafter. For 
temperatures only, use #OF and do not spell out Celsius or Fahrenheit; also see below 

0 Specific cases: 
o liter (L) 
o micrometer bm), micron 
0 Temperature: a "solid" (no spaces): 572°F 

Iower case "L" (I) or script "1" 

572 O F .  etc. 

0 Scientific notation and decimals are both acceptable within a table 

TABLES 

e AP42 tables should use English units common to the source category described. 
Conversion factors to metric units can be given in footnotes or metric emission factors can 
be given in a separate table or in the same table as the English factors, space allowing. 

Standard text for Clean Air Act HAPS foomote: "Hazardous air pollutant in the Clem Air 
Act." 

. .  
REFERENCES 

0 place all author's initials first or first name first (aot inverted, with last name first) 

0 Alwavs italicize "er al.,"; if 2 3 authors, delete all but first author's name, then a comma, 

. .  

"et al., " 

Titles of documents and publishing organization: Use initial caps for all words (e. g., 
"Oregon Department Qf Environmental Quality"). Alwavs italicize titles 

The following are selected examples of the reference format used in AP-42. 

Legislation: 
1. 7he Rehabilimion A n  Of1973, 5504. 29 U.S.C. 794. 
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Fedend Reginer Notice (Vol53, p. S m ) :  
2. Srandords ~ P e ~ ~ e  For New SrnrioMIy SOIUCCS: Ncw Resi&nlial Wood Hearers, 53 FR 
5573. February 26. 1988. 

Code Of Fe&d Regdathm Notice V e  40, Part 60, Subpart N): 
3. "Standards Of Performance For Imn And Steel Plants". 40 CFR 60.N. 

EPA publications (With an EPA document number): 
4. R. Gay and J. Shah, Technical Suppon Document For Residem'al Wood Combustion, EPA450/4- 
85-012, U.S. Environmental Protection Agency, Research Triangle Park, NC. February 1986. 

With three or more authors: 
5 .  
Evaluahon OfNew Tedurology WoodnoKs, EPA-60017-89-002, U.S. Environmental Protection 
Agency. Cincinnati, OH. January 1989. . , 

One OF a bound collection OF papers: 
6. D.C. Current, "Commercial Bakeries As A Major Source Of Reactive Volatile Organic Gases", 
Emission Inventory/Factor Workshop: Volume I ,  EPA-450/3-78-042a, U.S. Environmental Protection 
Agency, Research Triangle Park, NC, August 1978. 

With contract number only (if no EPA document number is assigned): 
7. 
9999, Bimbo Research Corp.. Youpon, OH, August 1973. 

Unnumbered: 
8. 
Office Of Air Quality Planning And Standards, US. Environmental Protection Agency, Research 
Triangle Park, NC, September 1974. 

C.A. Simons. et al.. woodnow Emission h n p f i n g  Metho& comparabifiir). AMlwiS And In-situ 

. .  

Pam'culate And Lead Emission Murrurements From Lead Oxide Planrs, EPA Contract No. 68-02- 

S .  Wyan, et al.. Preferred Standardr Path Analysis On Lead Emissions From Stationary Sources. 

Source test: 
9. 
Research Triangle Park, NC, January 1975. 

Non-EPA Source t&t: 
IO. S.G. Barnett, In-home Evaluation OfEmissions From Masonry Fireplaces And Heaters, OMNl 
Environmental Services, Inc., Beaverton, OR. September 1991. 

Other Agency reports: 
1 1 .  S.G. Barnett and P.G. Fields, In-home Performance OfErempt Pellet Stoves In Medford. 
Oregon. U.S. Department Of Energy, Oregon Department Of Energy, Tennessee Valley Authority, 
and Oregon Department Of Environmental Quality, Salem, OR, July 1991. 

Privately published report: 
12. S .  Dernbach, Woodstow Field Performance In Klamath Falls, OR, Wood Heating Alliance, 
Washington, DC, April 1990. 

Periodid: 
13. D.G.T. Beauregard, et al., "Concentration And Size Of Trace Metal Emissions From A Power 
Plant, A Steel Plant, And A Conon Gin", Environmental Science And Technology, 9(7):643-67, July 
1975. 

Source Testing O f A  Waste Hear Boiler, EPA-75-CBK-3, US. Environmental Protection Agency, 
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. . .  ._ ,...: .;e-.., . .. . . :.: ~. 
. . . .- .. - Paper: 

14. J.A. Rau and JJ. Humzicker. "Composition And Size Distribution Of Residential Wood Smoke 
Aerosols", Presented at the 2 1 s  Annual Meeting of the Air And Waste Management Association. 
Pacific Nortbwest Imecnarional Section. Portland, OR, November 1984. 

Book 
15. L. Sullivan Agnear. a al.. Flow o f l n f i m ' o n  In Visionary Heavy Meld. Volume 1: 
N o z w i f h d n g  Ihe RIOMT. hrdue University, West Lafayetce, IN, June 1973. 

Privileged information: 
16. Confidential test data, Born Contracton. Inc., Caries, NC. December 10, 1941 

Personal or official muversation: 
17. Written (or Telephone) communication from (or between or among) Michael Hamlin. US. 
Environmental Protection Agency,, R&& Triangle Park, NC, to (or and) Joan de la Chaumette. 
Bureau Of Mines, U.S. Deparknent Of'The Interior, Washingkd, DC. January 15, 1993. 
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INITIAL CODES 

0 SoftwareText: WordPerfecte Version 5.1 for DOS 
0 Document Font: CG Times 11 pt 
0 Superscripts and Subscripts (83% in text and tables) CG Times 9 pt 

0 ToplBottorn Margin for Chapter Introduction Page only: 2" I .5 *' 
1.5"/.5" 

0 T o p h a o m  M a r e  for Subsequent Pages: l"1.5" 
See Section on Footers 

I"l.5" 
0 FoorerAlFooterB 
0 Tabs: Absolute ( w / M  tab 8 I", every 0.5") 

0 Justification: Lefi 
0 Widow/Orphan Protection: On 
0 Table and Figure Options: Borders None 
0 FigureOptions: Captions Placed Below Figure 

Print Options in Initial Settinvy 

0 LeftRightMargin 1 "I1 

0 ToplBoaom Margin for Fm Page of Section only: 

0 Text Spacing: 1 +' 

7 Banner 
8 Farm Number 

0' 
I 

WordPcrleec 
High 
High 

Rintcr Depcndcnr 
Fine 60% 
Snull 80% 
Lwc 120% 
V e y L a r p  150% 
ExlnLrgc 200% 
SupedSubscipl 83% 

N O  

0 

FOOTERS 

For all pages, these should be 0.5 inch above the bottom of the page. Note the 
following examples. For odd-numbered pages: 

1/95 Stationary Internal Combustion Sources 3.1-1 

[Chpter We, iniliol cops only] b t  01/95) for use h e  &e111 m&n Number wlpage number] 
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For even-numbered pages, nearly the same information is used, but order reverses: 

3.1-2 EMISSION FA(ST0RS 1 I95 

TEXT, HEADINGS, & SUBEEADDIGS 

All text should be CG T i e s  11 pt. ' Always use super- and subscripts'that are 9 pt. (83% 
in text and tables). Headings to introduce a chapter should be 15 pt. & all caps. The main heading 
of a section should be formatred as a Ist-order heading 0. e., initial caps and bold) regardless of the 
number of digits (some sections will begin with a 3- or 4-digit heading number). Number all section 
headings through the 3rd level. Mark all heading for the table of contents, but just headings (i. e., no 
superscript numbers). Do m, under any ciruunsmces, use the paragraph numbering or outline 
features. Note the following specifics: 

0 Spacing between section number and heading should 
with 1 indent because number of digits (width) of section numbers vary 

0 Amount of 1 indents should 
tabls even for lists that use number or bullets (reset amount of indent if necessary) 

be 2 spaces; it may n ~ l  align . 

be 0.5 inch. Alwavs use indents p4); do not use 

0 Do 

0 No right text margin justification 

0 Style of 3rd-, 4th-. 5th-, or higher-order headings may vary depending on what heading 
level a section begins with and whether the subsection is numbered. & g y s  flush to left 
margin (nor. indented); use hyphen with 1 space before and a hard return after; see the 
following examples (nore: 0 = required space, imbedded Wordperfect command, or note 
to reader): 

Subheading TitleO-[Hurd rerum] 

use hard returns within text paragraphs or lists that begin with numbers or bullets 

After only a 0.5-inch 1 indent and no intervening line of space, 
text follows. . . [unnumbered heading] OR 

2.1.3.300Acid GasesO-[Hard return] 
After only a 0.5-inch 1 indent and no intervening line of 
space. text follows, 

"The chief acid gases. . . [numbered heading] 

It is imperative to use required spaces in text as follows: AppendixOA, Tableu#, 
and #Dunit; do not allow such items to split at the end of text lines 

Capitalize t e r n  such as the following (and above) as specific referrals: 
SectionO2.2, Chapter02 

Do use hard FZNmS within text paragraph or lists that begin with numbers or bullets 
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. .  

0 Punctuation should be outside quotes unless it is a part of the quoted passage 
0 Use 2 spaces after a colon, 'I:",  except in ratios: "10:l" or in periodical references: 

0 - use 1 space (required) in cases such as "e. g.," or "i. e.," 
0 - use 1 space between authors' initials in list of references 
0 

it is spelled out) 
0 Delete any space between # & "96": e. g.. "77%", 
0 Do not use apostrophes with years, i. e., use "1970s". 
0 Dashes are always "en" dashes, with a required space to each side 

"90:64367". 

use 1 space (required) in U. S.; use U. S. even as a noun @ut do u change it if 

"77 76'' 
"1970's" 

LISTS WlTXIX A TEXT PARAGRAPH 

If numbered, use both parentheses: e.g., "(I)" a "1)". For unnumbered lists outside text, 
use NO bullets; instead use hyphens. From left margin, use the 0.5-inch 1 indent, then a hyphen 
followed by another F4 indent set for 2 spaces, as shown in the following example: 

- Text starts with capital letter and usually no end punctuation, but 
this is case-specific; if internal punctuation is used (i. e., a series 
of items with commas), each item might end with a semicolon 
, . If this is done. the next to last item should end with "; and", 

and the final one should end with a period. 

(4 . " 

Also, a numbered list outside the text is fine, and the format should be similar with 1 or more 
levels to the list: 

1 .  After the number (or letter) and a period, use a 2-space indent, then text stans with a 
capital letter, and end punctuation is case-specific if needed. 

a. Text again starts with a capital letter; use case-specific end punctuation if needed for 
clarity. 
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0 Alarayg use numerals, e. g., 3 to 5 days, 4 plans. 5 percent (not five percent) except at the 
beginning of a sentence. Use 96 sign in tables and table footnotes (column heads and 
foomotes); but in text 

0 In 4-digit numbers. comma use is optional except when used with numbers of 5 or more 
digits, e. g., 1OOO"F is OK, but also 1,OOO to 10,OOO Ib 

h e n  a zero before the decimal if none is used in a given number 

0 Be sure a space appears before the "E" in " l . lO~EQ3" or "1.10OE+Q3" 

0 Style for ranges (values & references): 

0 Text and table guts: 1 - 2 (1 required space on each side of hyphen) 

0 Text reference citations and table footnotes; use: 1-2 and 3.5 
( M t C :  SpaceS, "3, 5") 

0 SCC numbers: should be "solid", i. e., no spaces; insert hyphens per the formula 1-2-3-2 
as follows: ######## 

FIGURES 

Figures should not have borders. 

0 For text references, cite the word "Figure" and the full number for g&. 
cite a range (e. g.. Figures 5.2-1 through 5.24) Text references should 

0 Caption font: Should match text font style (CG Times 11 pt.) 

Caption style: 1st word gn& initial cap (not all words), ends with a period, and centered 
relative to the figure. If SCCs appear in the figure, on the next line (no intervening line of 
space), center the following statement: "(Source Classification Codes in parentheses.)" If 
a figure must be presented in "l.andscape" orientation, the caption must be centered below 
the figure within (and parallel to) the right margin. Do not place "SCC" before the SCCs 
given throughout the figure 

' 

TABLES 

0 Landscaped tables are to be put into Table Boxes 

0 For text references: use "Tables 9.3.2-1 and 9.3.2-2". "Tables 9.3.2-1 and -2". If a 
range of tables is mentioned, each full number should be cited (e. g., "Tables 5.2-2, 5.2-3, 
and 5.24"). but the word "Table" does need to be repeated 

0 Font sizes: title, entries, and footnotes: should be same sue  as text font (1 1 pt.) 
make Table entries ("guts") ONLY may use 9-pt. font to avoid continuing table. Do 

title or footnotes the same size font as table if a 9-pt. font is used 
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National 
Emissions 

0 Title format. if too long to-fit on 1 line: Avoid only 1 or 2 words on second line and split 

Per Cnpita 
Emirswn Factors 

at a l o g i d  place, e. 9.; "EMISSION FACTORS FOR mard return] ABRASIVE 
MANUFACTURING" 

Aerosol products 

Household producrs 

Toiletria 

Rubbing compounds 

0 If the table title subhead "EMISSION FACTOR RATING: [rating lener here]" is used and 
my exceptions are foomoted, add the following afrer the rating letter: "(except as noted)" 

0 Style if continued: use only header with table # and "(cont.)', footers: do repeat 
title: e. g., "Table 9.3.2-1 (cont.)." Note that no period follows the table number but use 
a period both after "cont." and following the closing parenthesis 

0 Boxes, "dowdines": all tables should use only singleline boxes double) and 
horizontal lines after column headings. Use vertical dowdines from top to bonom ody for 
major column subheads (not s u b c o l ~  h e a d i s )  

Column headings: placement & style: centered over wlumn [except possibly first column 
may be fiush left; this is casespecific)], "stacked" from the "bottom up" (i. e., the line 
between column headings and table guts). Use all initial caps for words, with one 
exception: EMfSSION F A m O R  RATING; this term should 
table column heading or subheading or foomote, or as a subheading for table title. 
Capitalization of unit abbreviations must be casespecific 

be all caps within a 

0 Columns: Widths should be equalized as much as possible. 'Use column command 'to 
decimal align and center numbers within the individual column except in cases where space 
problems may arise (i. e., to avoid continuing a table or using a smaller font). Always use 
tabs and adjust spacing if not standard; do nef use spaces. 

*In Table Edit: 
2 Format 
2 column 
3 Justify 
5 Decimal Align 

For Centering Columns w/decimals: 
. 2 Format 

2 Column 
4 #Digits (Enter a number of decimal places to achieve a centered column 
of numbers with decimals.) 

EXAMPLE TABLE WITH DECIMAL ALIGNED NUMBERS 

37.6 3 5  9.6 

2.01 1.9 5 3  

145 1.4 3.8 

6.8 0.64 1.8 

c VOC. 

Polisha and w ~ x a  I 5 3  0.49 13  
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When the only enny isa hamote, precede with an "em" dash (conuol V: 4.341 

Left column terms: capitaiiz~ 1st word only (except possibly for specific terms. 
e. g.. "Re-Phase') 

Align text entries on the left and indent subsequent lines 2 spaces relative to first 
character. Entries in subsequent columns should align with last "spillover" line of table 
text entry (but wz SCC number in parentheses) 

Footnotes: 

0 W i t h i  a footnote, the arm "EMISSION FACTOR RATING" must lead. and can 
be prefeded only by a reference number. 

0 Order: left to right and top to bottom; correct as necessary; use ONLY 
superscript letters ~ , . .  

0 Specific letters not to use or to double: i. I, & 0; but aa, bb, etc.. are ok if needed 

0 Placement: no r e m i  or line of space between table bonom (except that resulting 

0 Alignment: Should align with table width on the left and right and not extend 

from use of superscript letters to avoid overstriking table box line) 
:- 

.. . 

beyond. Use an indent (with 1 space only) after superscript so subsequent lines 
align with first text character, 
on same page is OK to avoid continuing table if not confusing 

text flush to left margin; also a second column 

0 Use 1 space between superscript letter & text as noted above; use the advance 
down code (0.05) between the bonom line of table and the beginning of superscript 
letters 

Cumuhtive Mnss 4 5 Stated S i  

Particle Size' Mukkle 

EXAMPLE TABLE REFLECTJNG POSITION OF SUPERSCRIPTED LETTERS 

Cumulative Emission F s c d  
([lb/tonl Cod,  As Fued) 

Multiple 

I 99 83 15 10 

99 83 I 2.8A 1 3 8 A  0.046 I 
2.8A 1 3 8 A  0.046 

0 ALL acronyms used in table but not defined previously in text should be defined at 
the end of footnote "a" (but not chemical termshomenclature; if any are used that 
were previously introduced/identified in the text, it is OK because it is assumed 
all readers will recognize standard chemical terms) 
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EQUATIONS 

Make sure fim thing is "Func ( *  and do use "vertical" (for Super and Subscripts) or 
"scalesym" 

(6.234x10-$ P A t Vo Do 
E =  + =d Dd 

v s  = 
FUNC {E -=- ((6.234' x '10A{4f)-(P - A  - t-V-o-'D-o)) 
over (V-s-TI -+-  {L-d-D-d)] 

, .  

. . .  
, 

. .  . .  . . .  . . .. . .  , .  . 

Number equations if more than 1. In building an equation Also, placement of "where:" 
should be alone on a line below equation, usually flush to left margin (or possibly indented; these will 
be case-specific), with list of terms defined beginning on line below, aligned by " =" 

11 where: II 
?Z,, = emission factor for VOC, mass per vehicle (lb/vehicte) (exclusive of any add-on 

4. = B ~ B  conr~d  per vchic~e (ft2/vehicIc) 
c, = conversion factor: 1 W12,OOO mil 
Tf = thickness of the dry coating film (mil) 

control devices) I 

REFERENCES 

Use the endnote feature for numbering text references; do a use superscripts or 
footnotes 

List should start immediately following text (no white space) unless table(s) follow text 
(i. e., tables should not s lit up references). Also, style for text citations should be: 

0 

"...blah.1o" "...blah' t _ "  

0 The subheading for references should be "References For Section [insert section 
number]". Do not number this subheading 

Only in list of references. set a 0.5-inch tab from the left margin so all reference text 
aligns on the left regardless of  the reference number digits 

EXAMPLE: 

I .  Second Renew Of Sran&nlr Of Pego-e For k g c  Sludge Incinerazorr. 
EPA450f3-&OOIO. U. S. Environmmrd Rncciion Agmsy. R-h Triangle Fa&. 
NC. March 1984. 
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SECTION 3: ELECTRONIC PUBLJ.S"G REQUIREMENTS 

In order to incorporate AP-42 sections and I-&€ documents to an electronic form. such as a 
CD-ROM version, the document must be compatible witb CD-ROM format. The following are 
requirements for elecnonic publishing of these documents that should be adhered to. 

FONTS 

Change the Font m CG T i e s  l l p t  (Make absolutely sure that the Base Font, shift-fg. 3.3 
also is CG Times 1 lpt and that the 3D printer is defaulted to CG Times 1 lpt) and change the cabs to 
absolute tabs 1,.5 or whatever the tabs should be for special circumstances. 

HEADINGS . .. . . .  

Make sure each heading is as follows: 

[CenterISECTlON 2.Omcl  
ICenterIEMISSIONS FROM MANUFACnrRING[HRt]~Rt]~Rt] 

0 i. 1 rab]EMISSIONS SUMMARY[HRt][HRt] 
0 2.1.1rabJ-m Rtl WRtl 
0 2.1.1.1~ab]Process Emissions-WRt] 

FIGURE QUALITY 

Check each figure and make sure that it can be seen properly in WordPerfect. Mark cable 
titles and figures for the List of Tables and List of Figures. 

Drawings are created in a drawing program with excellent export capabilities (that is, 
vectored graphics with edicable text capability, such as with Core1 Draw, WordPerfect 
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separate files. This will help to ensure all of the files needed to complete a section are 
included. 

Use hard spaces and hard hyphens when typing phrases that should be kept together. At 
this time Folio does not have these features and there is no way to put them in. The 
WordPerfect 5.1 text wraps because Folio is designed to display text horizontally within 
the window for ease of viewing. 
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Use the endnote feature in WordPerfect 5.1 for references. These come over as pop-up 
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Convert Lotus 1-2-3 and Quattro worksheets to Ascii format. 

If there are Wordperfect 5.1 graphics (*.wpg files) in a document, make sure they are 
exactly the way they should appear. They cannot be edited in Wordperfect 5.1 or Folio. 

Make sure all disk files for each section, including appendices, are together in one zip 
file and that a systematic file naming scheme is used. 

Do not use outline or paragraph feature. Folio does not translate this feature. 
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EQUATIONS 

Make sure fim thing is Func {. Do not use vert in equations, use super or subscriprr. Do 
mt use pcalavm. 
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Do not use the Advance Up or Advance Down feature in Wordperfect 5.1. Folio does nor 
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U.l Primary Aluminum Production 

12.1.1 G e n d '  

primary aluminum rrfer~ to aluminum produced directly from mined ore. The ore is refined 
and electrolytisally reduced to elrmmtal Plomirmm . There are 13 companies op-g 23 primary 
aluminum reduction facilities in the U. S. In 1991. t h e  facilities produced 4.5 million tons of 
primaryalumirmm. 

12.1.2 ~ e s c r i p t i o P  

primary aluminum production begim with the mining of bauxite ore, a hydrated oxide of 
aluminum consisting of 30 to 56 percent alumina (AI203 and lesser amounts of iron, silicon, and 
titanium. The ore is refined into alumina by the Bayer process. The alumina is then shipped to a 
primary aluminum plant for electrolytic reduction to aluminum. The refining and reducing procgsa 
are seldom accomplished at the same firility. A schematic diagram of primary aluminum production 
is shown in Figure 12.1-1. 

12.1.2.1 Bayer Process Description - 
preheated spent l d i g  solution of sodium hydroxide (NaOH). Lime (00) is added to control 
phosphorus content and to improve the solubility of alumina. The resulting slurry is combined with 
sodium hydroxide and pumped into a p n s u m c d  . digester opaated at 221 to 554'F. After 
approximately 5 how,  the slurry of sodium aluminate (NaA120H) solution and insoluble red mud is 
mol& to 212'F and sent through either a gravity separator or a wet cyclone to remove coarse sand 
panicla. A flocculem, such as starch, is dded to increase the sealing rate of the red mud. The 
overflow from the s d i n g  tank contains the alumina in s&tion, which is further clarified by filtration 
and then mold. As the solution cools. it becomes supasgurated with sodium aluminate. Fine 
crystals of alumina trihydrate (AI2% 3Hzo) are seeded in the solution, causing the alumina to 
precipitate out as alumina trihydrate. Afta beig washed and filtered, the alumina trihydrate is 
calcined to produce a crystalline form of alumina, which is advantageous for electrolysis. 

In the  bay^ process. crude bauxite ore is dried. ground in ball mills, and mired with a 

12.1.2.2 Hall-HerOult Pro- - . 

Crystalline AI2% is used in the Hall-Heroult pmcss to produce aluminum meal. 
Elemolytic reduction of alumina occurs in shallow rectangular cells, or "pots', which are steel shells 
lined with carbon. Carbon elearodes extendiig into the pot serve as the anodes, and the carbon 
lining serves as the cathode. Molten cryolite (Na,AlFd functions as both the electrolyte and the 
solvent for the alumina. The electrolytic reduction of AI2% by the carbon from the elmode o m n  
as follows: 

Z A I 2 4  + 3c -. 4AI + 3cq (1) 
. . Aluminum is deposited at the cathode, where it ranains as molten maal below the surface of 

the cryolite bath. "he carbon anodes are continuously d q l d  by the reaction. The aluminum 
product is tapped every 24 to 48 hours beneath the cryolite cover,.using a vacuum siphon. The 
aluminum is then transferred to a reverbeatory holding furnace where it is alloyed. fluxed, 
degassed to remove trace impurities. (Aluminum reverberatory furnace operations are discussed in 
detail in Section 12.8, 'Secondary Aluminum Opdons'.) From the holding furnace. the a l h  
is cast or transported to fabricating plants. 
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?hree typa of alltminum duction cells are now in use: prebaked anode cell (PB), 
bo+& 
the aluminum produced in the U. S. is p r o d  using the @ked cells. 

sodabag d e  cell (Hss). and Vertical stud sodaberg anode dl (VSS). Most Of 

All three aluminum cell configurations require a 'paste' @aroleum coke mixed with a pitch 
binder). paste preparation includes crushii. grindii. and sueenhg of coke and blendiig with a 
pitch binds in a steam jacketed mua. For s o d m  anodes. the thick paste muture is added 
d u d y  to the anode casings. In comrast. thc pnb?kad ('green') anodes are produced as an ancillary 
operation at a reduaion plant. 

that are baked in either a d m - f i e d  ring furnace Or  a Reid Hammer furnace. which is indirectly 
h d .  A& baling. aeel rods arc inscnsd and sealed with molten iron. lhese rods become the 
d e a r i d  comectiom to the pmbaked carbon anode. F'&akal fells are preferred over Soderbag 
cells because they are electrically more &dent and anit fewer organic compounds. 

12.1.3 Emissions And C0ntroI8'~ 

In pr&&e anode prcparation. the paste mimm is molded im0 green anode blocks ('butts') 

Controlled and unanmlled emissiin factors for total particulate matter. gaseous fluoride, and 
particulate fluoride are given in Table 12.1-1. Table 12.1-2 gives available data for size-specific 
particulate matter emissions for primary aluminum industry processes. 

In bauxite grinding. hydrated aluminum oxide calcining, and maeriak handling operations. 
various dry dust collection devices (cmnifugal mlle~~rs .  multiple cyclones, or ESR and/or wet 
scrubbers) have been used. Large amowus of particuke are generated during the calcining of 
hydrated aluminum oxide, but the economic value Of this dust leads to the w of extensive controls 
which reduce emissions to relarively small quantities. 

Emissions from aluminum reduction processes are primarily gaseous hydrogen fluoride and 
parthlate fluorides, alumina, carbon mOMXide. carbon dioxide (Cq. volatile organics. and sulfur 
dioxide (Sw from the reduction cells. The source of fluoride emissions from reduction cells is the 
fluoride electrolyte. which confains cryolite. aluminum fluoride (AlF3). and fluorospar (CaFd. The 
dissociation of the molten cryolite is the source of the pafluorinated carbons (PFCs) - 
feuatluoromdhane (CFJ and hexafluorocthaoe (qFd -which are formed during anode &as. The 
factors related to the formation of PFCF are Mf currently wdl understood. but they can be formed 
either by dlrect reaction of the fluorine with the carbon anode or ele~aochemidly.~~ Table 12.1-3 
presents emission factors for greenhouse gases. 

Particulate emissions from reduction cells indude alumina and carbon from mode dusting, 
and cryolite, aluminum fluoride, calcium fluoride, chiolite (Na+l,F,,). and ferric oxide. 
Representative size dhibutions for fugitive emissions from PB and HSS plans. and for particulate 
emissions from HSS cells, are presented in Table 12.1-2. 

Emissions from reduction cells also indude hydrocarbons or organics. carbon monoxide, and 
sulfur oxides. These aukion factors am not presented here because of a lack of dara. Small 
amounts of hydrocarbons are released by PB pots, and larger amouns are emitted h m  HSS and VSS 
pots. In vertical cells, these organics are incinerated in integral gas burners. Sulfur oxides originate 
from sulfur in the anode coke and pitch, and conccmraions of sulfur oxides in VSS fell emissions 
range from 200 to 300 pam per million. Emissions from PB plants usually have SO, concentrations 
ranging from 20 to 30 pans p a  million. 
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Table 12.1-1 (corn.). 

22.0 
2 2  

19.8 
1.5 
0.4 
0.2 
1.0 
0.4 

78.0 
120 
66B 
16.5 
2.6 
33.0 

1.3 

1.1 

98.0 
10.0 
88.0 
22.0 
19.4 
1.8 
1.8 

12.0 
1.2 

10.8 
2.1 
2.4 
0.2 
0.2 
0.2 

FIvoridc 

28.1 9.3 

0.3 0.4 
28.1 4.1 
0.3 0.2 

0.3 2.3 

Refcrrnec 

Dry alumina bnubba 1.8 

2.12 
12 
12 
2 
2 
2 
2 

2 

2.12 
2.12 
2.12 
2.12 

2 
2.12 
12 
12 

- -  - 
Neg = negligible. ND = w data. NA = not applicable. 

Sulfur oxides may be estimated. with an EMISSION FACTOR RATING of C. by the following 
calculations. 

Anode baking furnace. uncontrolled SO, emissions (excluding furnace fuel 
combustion emissions): 

Rebake (reduction) cell, uncontrolled SO, emissions: 

where: 

4o(C)(S)(14.01 K) lbhon 

O.s(C)(S)Oc) lb/ton 

C = Anode consumption' during elearolysis, Ib d e  consumedflb Al 
produced 

S = % sulfur in d e  before baking 
K = % of total SO, emiaed by prebake (reduaion) cells. 

*Anode consumption weight is weight of d e  paste (coke + pitch) 
before baking. 

Includes particulate fluorides, but does not include condensable organic particulate. 
For bauxite grinding, units are lb of pollutantlton of bauxite processed. 
For aluminum hydroxide calcining, units are Ib of pollutantlton of alumina produced. 
After multicyclones. 
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PUBLIC PARTICIPATION PLAN 



for 

WA'S EMISSIONS ES"IMATION GUIDANCE MA- 

Introduction and Purpose 

The purpose of this report is to document and publicize the public participation 

procedures which the U.S. Environmental Protection Agency @PA) will follow for the 

submittal, evaluation, and revision or addition of air pollutant emission factors and other 

emission estimation techniques. The procedures provide the public with the opportunity to 

participate in the establishment of emission factors and techniques both by the submittal of new 
material and by the evaluation of that material via a public review process. These procedures 

are required by Section 130 of the Clean Air Act of 1990. Revisions or additions submitted and 

evaluated per these procedures and subsequently accepted by EPA will be incorporated into 

=A's publication "Compilation of Air Pollutant Emission Factors", Volume I, Stationary 

Sources, or Volume II, Mobile Sources (AP42), and its' associated databases. 

Backgroiisd 

EPA has compiled results from various emissions testing programs for over 25 years in 

AP-42. The results are most often presented as the mass of emissions expected per unit of 

process throughput. These quotients are generally referred to as emission factors, and they are 

ofien useful for estimating emissions from processes similar to those tested. Such estimates are 

most appropriately used to develop the area-wide emission inventories used for air quality 

modeling and control strategy development. In addition to AP-42, EPA has distributed a 

number of guidance documents, memoranda and computer databases containing emission factors, 

some of which do not appear in AP-42. Examples of these materials are "Procedures for the 

Preparation of Emission Inventories for Carbon Monoxide and Precursors of Ozone" (EPA- 

450/4-91-016), "Locating and Estimating Air Emissions from Sources of Styrene" (EPA-454/R- 
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93-011), the Factor Information Retrieval database system (FIRE)), the Volatile Organic 

Compound (V0C)IpartiCulate Mauer (PM) Speciation Data System (Speciate). the MOBILE5 

model, and various memoranda on estimating emissions from particular area source categories 

issued by the Emissions Inventory Branch. 

For several years EPA has solicited wmments on draft sections of AP-42 and other 

emissions eSrimation guidance from trade associa!iom, environmental organizations, State and 

local air pollution agencies, and individual industry experts. EPA has also worked cooperatively 

with several trade assoCiations to gather data in support of emission factor development. Both of 

these types of i n t e d o m  are expected to continue . in the future using the procedures described 

herein. These procedures extend the opportunity to participate in the development and 

evaluation of the EPA's emission factor guidance materials to any member of the public. 

The Clean Air Act Amendments of 1990 renewed and strengthened national efforts to 

reduce air pollution. In particular, Tide I of the Amendments addressed the continuing problem 

of high ambient ozone levels in many areas of the U.S., resulting in their designation as "ozone 

non-attainment areas". The Amendments require comprehensive emission inventories and 

control strategies to reduce ambient ozone Concentrations. Much of the emission inventory data 

on which control strategies are developed axt based on emission factors. Therefore, it is critical 

that these factors be accurate and current. The 1990 Amendments recogmzed this and made 

provisions to ensure that timely and accurate data are used. 

Section 804 of the 1990 Amendments addressed the revision process for emission factors 

by adding Section 130 to Part A of Title I of the Act. Section 130 states: 

"Within 6 months after enactment of the Clean Air Act Amendments of 1990, and at least 

every 3 years thereafter, the Administrator shall review and, if necessary, revise, the 

methods (emission factors) used for the purposes of this Act to estimate the quantity of 

emissions of carbon monoxide, volatile organic compounds, and oxides of nitrogen from 

sources of such air pollutants (icluding area and mobile sources). 

"In addition, the Administrator shall establish emission factors for sources for which no 
such methods have previously been established by the Administrator. The Administrator 
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shall permit any person to demonsaate improved emissions estimating techniques. and 

fouowing approval of such techniques, the Administrator shall authorize the use of such 

techniques. Any such technique may be approved only after appropriate public 

participation. Until the Ac' 

nothing in this section shall be construed to affecr the vaIidity of emission factors 

established by the Admmmam r before the date of the enactment of the Clean Air Act 

b e n d m a t s  of 1990." 

. .  tor has completed the revision required by this section. 

. .  

I .  

As seen, the 1990 Amendments reinforced the role of public participation in the emission 

factor development process. Anyone in the public is allowed to submit data to establish new 

emission factOK, revise existing emission factors, or demonstrare improved emissions estimating 

techniques. (For puxposes of this discussion, EPA is considering emission factors, emissions 

estimating techniques, and methods of estimating as interchangeable terms.) The EPA is to 

evaluate these data and, if found acceptable, approve their use. Any approvals of new or revised 

emission factors, whether originating from EPA or the public, can occur only after the public 

has had sufficient opportunhy to review and comment. 

Scope and Limitations 

These procedures aliow anyone to submit for review emission estimating techniques for 

any air pollutants emitted by any stationary point or area source or mobile source, regardless of 

whether or not the source is currently addressed by either Volume of AP-42. The procedures 

can be used to request revisions to existing factors or to establish emission factors for sources 

not yet addressed by EPA. Information may be submitted at any time and may address any 
aspect of Ap-42 or any other EPA emissions estimating materials. 

Although Section 130 requires these procedures to be established only for carbon 

monoxide (CO), oxides of nitrogen (NO,), and volatile organic compounds (VOC), EPA intends 

to follow the same general procedures to address any criteria, toxic, or other air pollutant, 

although not necessarily under the same priority. 
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These procedures are not a means for individual -ties to obtain EPA approval of a 

site-specific emission factor or to daermine the appropriatmes of applying a published EPA 

factor to a specific facility. EPA does not approve site-spadfic factors or judge the 

appropriateness of its factors for specific facilities. The responsibility for such decisions 

continues to be that of the State or local regulating authority, as well as the facility operators 

themselves. 

EPA's published emission factors are intended to pmvide an affodable method of 

estimating emissions where no beaer data are available. They are best used to characterize the 

total emissions loading of a large geographic area containing many individual facilities. 

Therefore, these factors attempt to represent a typical or avenge facility or process in a given 

industry. EPA recognizes that other methods of obtaining emissions estimates may be more 

accurate than industry-average emission factors. and encourages the use of better methods 

whenever the source and/or the State or local regulating authority is able to support those 

methods. Methods which may provide more accurate estimates when properly applied include 

continuous emissions monitors (CEMs), source testing, material balances, and engineering 

calculations. (See Introduction to Ap-42 for further details.) 

Procedures for Submittal and Evaluation of Techniques 

1. A request for revision or addition of an emissions estimating technique or any other 

aspect of AP-42 or other emissions estimation guidance should be submitted in writing to 

EPA at the following address: 

Chief, Emission Factor and Methodologies Section 
MD-14 
USEPA 
Research Triangle Park, NC 2771 1 

Appendix A contains a list of the items that must be addressed by a request in order for it 

to be considered complete and widely applicable. Appendix B contains the criteria that 

EPA wiU use to evaluate whether the request is technically acceptable. The requestor 

should be familiar with the material in both Of these Appendices and should ensure that 

their request addresses all' items. 
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2. EPA will perform a first-step review of the request for completeness and applicability 

using the Criteria given in mdix A. The mes to r  should be familiar with the items 

listed in Appendix A and should ensure that their request addresses all required items. 

The emission source for which information is submitted should be non-unique and the 

emission estimation technique should be widely applicable to similar sources in order to 

be considered further by EPA. EPA will inform *e requestor of its evaluation of 

completeness and applicability within 30 days of receipt of the request.. If deemed 

incomplete or not widely applicable by EPA, the requestor may amend and resubmit the 

, 

If the request is deemed complete and applicable, EPA will place a notice to the public 

describing the requested revision(s) on the Clearinghouse for Inventories and Emission 

Factors (CHIEF) area of the Mice of Air Quality Planning and Standards' (OAQPS) 

Technology Transfer Network 0 bulletin board system. This notice will identify the 

existing public review group members to receive EPA's initial recommendation, and it 

will solicit additional members. (See Procedures for Participating as a Public Reviewer). 

3. After finding the q u e s t  complete and applicable, EPA wiU begin an internal review for 

technical accqiability. Apperrdix B describes- the criteria that EPA will use to evaluate 

the proposed revisions for acceptability. Requestors should be familiar with the criteria 

in Appendix B and should evaluate their own request before submittal to ensure that all 

criteria are adequately addressed. EPA may have to prioritize requests for technical 

review if a large number are received at one time. Priority will be established based 

upon the guidelines given in Appendix C. 

4. EPA will issue its initial recommendation to accept or reject the submitted revisions 

within 90 days of beginning the technical review. 

described in a second notice to the public on the CHIEF bulletin board. The request 

(including items 1 through 12 of Appendix A) and the initial recommendation will be sent 
to the public review group, including anyone who has been added to the group during the 

90-day technical review period. (See Procedures for Participating as a Public Reviewer). 

* This initial recommendation will be 
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i 
Detailed test q o m  (item 13 of Appendix A) will not ordharily be sent to the public 

i 
must be n o n - c o d i d d .  I! 

1 
! 

review group. They will be. sent to individual reviewers upon request, and thus. they , .? 

5.  Members of the public review p u p  will submit their individual review comments to 

EPA within 90 days of m i p t  of the review package. Public reviewers should review 

the material for the same,attributes addressed by EPA (Appendix B). 

6. EPA will consider the review comments and issue a final decision via a third notice on 

the CHEF bulletin board within 30 days.' The final decision notice will summarize the 

comments and describe any changes made to the initial recommendation. =A's 

acceptance or rejection of any or all public reviewer's comments are final. Any changes 

or additions to the estimation guidance are considered "authorized" as of the date of the 

fmal notice. These changes will be reflected in the next possible update to Ap-42, FIRE, 
guidance documents or memos. 

* Deadlines for review may be extended based upon the volume and complexity of the 

material and other considerations. All time frames given in terms of Calendar Days, not 

Business or Working Days. 

Procedures for Participating as a Public Reviewer 

In addition to the opportunity to submit information on new or revised estimation 

techniques, the public may also participate by reviewing EPA's initial recommendations of 

whether to add or revise techniques through a public review process. Individuals may request to 

be on the public review group for one or more sections. Such requests should be made to EPA 

in writing at the address given above in item 1 of Procedures for Submitting and Evaluating 

Techniques. These requests may also be made via the CHIEF a m  of the OAQPS l T N  bulletin 

board system. The request must identify the specific sections of AP-42 that the person is 

interested in reviewing. 
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EpA has established a list of contam for each Ap-42 section from previous and ongoing 

efforts to revise Ae-42. This list is CUneOfly Used as the &g poht for developing a list of 

interested reviewers for draft sections. A draft section is typically sent for review to about a 

dozen individuals representing trade assocktions, environmental groups, State and local air 

agencies, and individual companies. EPA will use this established list as the iniual pubhc 

review group for complete requests submitted per these procedures. This iniual public review 

group list will be publicized on the CHEF area of the l T N  bulletin board system as pan of the 

notice that a request has been deemed complete and applicable. (See item #3 above.) 

Individuals requesting membership before the date of the initial recommendation will be sent the 

public review package and will be added to that section's public review group list for any future 

updates. 

Reviewers can have their names removed from the list by contacting EPA in writing or 

via the CHIEF area of the 'ITN at the address given above in item 1 of Procedures for ' 

Submitting and Evaluating Techniques. Reviewers may also be removed from the list by EPA if 

they do not respond to a public review package. A "no comment" response will be sufficient to 

show continuing interest in order to keep the miewer on the review list for future revisions. 

EPA invites and encourages any member of the public to participate in the development of 
h p r u v d  emissions estkation tecbaiques zccording to these procedures. 
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APPENDIX A 

INITIAL EPA REVIEW FOR COMpLETrmEsS AND APPLTCABEEY 

EPA encourages the submission of any data (including industry/process descriptions. 
diagrams, etc.) that a submitter believes may be useful in the Agency's ongoing effort to revieu 
and revise the emission factor information plesented in M-42. Each submittal will be carefull!, 
evaluated according to the Criteria and will be adopted for publication where appropriate. 

In evaluating proposed emission h a t i o n  techniques from the public, EPA will conduct 
a two-step internal review prior to an extend public review. The first step of the internal 
review is to ensure that a l l  of the necessary information to conduct an evaluation has been 
submitted, and that the pmposed technique is widely applicable to similar sources. The second 
step is the actual evaluation of the technique for technical acceptability. The result of the second 
step of the internal EPA review is an "Initial Recommendation" to accept or reject the proposed 
revisions. The Initial Recommendation and supporting materials are then reviewed by a public 
review group before a final decision is made. 

This Appendix demibes the minimum information that must be submitted for EPA to 
perform the first step of internal review for completeness and applicability. EF'A will not begin 
the second step of internal review for technical acceptability until the material has passed the 
first step review. The criteria EPA will use for the second step technical evaluation are given in 
Appendix B. Listed below are the items that EPA will review for the fmt step completeness 
and applicability review. The submitter should insure that their proposal adequately addresses 
all of these items in order to receive further consideration. 

ITEMS TO BE ADDRESSED BY ALL SUBh4Il'TAL.S 

1. Submitter's Name, Mailing Address, and Phone 

2. Contact Name, Address, and Phone (if different from Submitter) 

3. AP-42 section, guidance document, or database affected 

4. Description of emission source affected 
(Include SCC codes if available and process flow chart if applicable) 

5. Estimated number of facilities affected 

6. Estimated total emissions affected 

7. Description of proposed change or addition 

DRAFT - 5/9/94 8 



Identify whether an estimation technique, p m s s  description, both, or other change 
or addition is being proposed. Also identify which of the following cases the request 
addresses: 

a. A change to an existing estimation technique or factor without alteration of the 
soum description. (e.g., "The NOx emission factor for Wall-fired Utility 
boilers burning subbituminous coal should be changed from 21 to 17 based on 
new source tests".) 

b. An eslimation technique or factor for one or more new source descnptions 
resulting from a finer division of an existing source description to distinguish 
altemative processes. (e.g.. "The NOx emission factor for Wall-fired Utility 
boilers burning subbituminous coal should be subdivided to distinguish single- 
wall fired from double wall-fired boilers, based on an analysis of existing source 
tests which shows a signifcant difference in emission rates between the two.") 

C. ~n estimation technique or factors for a finer level of resolution of an existing 
source description and its technique or factor. (e.g., "The VOC emission factor 
for a complete fabric printing operation should be subdivided into individual 
processes so that emissions from dryers can be estimated and controlled. 
separately.") 

An estimation technique for a source not currently addressed by FPA. d. 

8. New or marked-up text of the proposed revision to AP-42, guidance document, or 
database citation, which clearly shows where the existing text is affected. 

4. Brief descriptiorr of the type and source of data or analyses supponing the request. 
Material balances and other analyses will be considered. If revision to an existing 
factor is proposed, the description should include the data supporting the current 
factor as well as any new data being submitted. If submittal is for Case a (see item 
7 above), describe why the current factor is inadequate and why the submitted data 
should be considered superior to data supporting current factor. If submittal is for 
Cases b or c, describe why the more detailed source description is required, and 
why emissions are different. In all cases, describe the extent of the data available or 
the analyses done to develop the factor or estimation technique. 

10. Estimate of the range or uncerrainty of the estimation technique. 

11. Describe what effect(s) the proposed change might have on your facility (e.g., it will 
affect the fee the company pays, it will affect the regulation applicable to the source, 
etc.). 

12. Any significant issues associated with the request (e.g., no standard test method 
exists, test method used is different from that used for the existing factor, definition 
of pollutant is unclear). 
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13. AU data and analyses neessary to e n  the quest, including test reports. 
material balance logs, data evaluations, etc. 

.* 

14. Iftestdataaresubmiaed: 

a. Is the point tested clearly identified? 
b. Were process parameters monitored and recorded? 
c. Were process parammrs within normaI ranges? 
d. Are upsas and deviations described and expkined? 
e. Are the test methods and procedures descrikd? 
f. Are the methods compatible with approved EPA methods? 
g. Is there enough detail for EPA to validate the procedures? 
h. Are deviations from the normal pmcedures identified? 
i. Are original raw data and field data sheets included? 
j. Are QNQC procedures described? 
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APP-RC B 

EPA REVIEW FOR T E c ” l C A L  A C C m B I L I T Y  

The second step of the review begins once all of the information has been received from the 
submitter. The submitter is encouraged to review the following information carefully in order to 
u n d e m d  the manner m which submit& information will be evaluated and the criteria used by 
EpA to determine whether changes to the AP-42 are warranted. The submitter should also be 
familiar with the guidelines issued by EPA for pnparation of emission factors (Technical 
M u r e s  for Developing M - 4 2  w o n  Factors and Reparing AP-42 Sections, EPA-454/B- 
93-050, and any subsequent revisions). 

It might be useful to first outline the type of test data that is not considered acceptable in 
making revisions to - 4 2  emission factors. This will help the submitter avoid proposing 
unacceptable emission estimation techniques. The following data generally are excluded from 
consideration: 

1. Test data or averages reported in units that cannot be converted to appropriate 
reporting units. 

2. Test series for which the test method is not described or is incompatible with 
existing EPA approved methods. 

Test series on controlled emissions for which the control device is not specified or is 
insufficiently described. 

Test series in which it is not stated whether the measured emissions were controlled 
or uncontrolled. 

Test series in which the process is not clearly identified and described. 

Test ‘data for which the Q N Q C  procedures are not clearly defined and documented. 

3. 

4. 

5 .  

6. 

Parties with data to submit should screen the data to ensure that they satisfy these basic 
requirements. 

EPA has issued guidelines (Technical hocedures for Developing AP-42 Emission Factors 
and Preparing AP-42 Sections, EPA-454/B-93-050) to ensure consistency in the reporting of 
emission factors for AP-42. However, the background information and data for each source 
category will vary with respect to volume and soundness. For this reason, the Agency exercises 
a certain degree of flexibility in evaluating the submitted emissions data. In the case of existing 
factors based on limited data, a small amount of new data may be sufficient to prompt a revision 
to the emission factors. Where extensive data were available to support the factors initially, 
more new data would likely be needed to support a change in the factors. 
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Each data set that passes prehninary EPA approval is assigned a rating. A rating system 1s 
other information is available, but would be needed because some dara might be used when 

exchded if sufficient highquality data wem already available. Test data quality is rated as 
follows: 

A - Tests utilizing a sound methodology and reported in enough detail for adequate 
validation. These tests are not necessanl y FPA reference method tests: however. 
the reference methods are used as a guide. 

Tests that wem performed by a generally sound methodology, but lack enough detail 
for adequate validation. 

Tests that are based on an untested or new methodology or that lack a significant 
amount of background data. 

Tests that are based on a generally unacceptable method or on pilot or simulation 
studies. Such tests may provide an order-of-magnitude value for emissions from the 
process. 

B - 

C - 

D - 

EPA uses the following criteria to evaluate sowe test reports or summaries for sound 
methodology and adequate detail: 

Source oueration. The manner in which the source was operated is well documented in the 
report. The source was operating within typical parameters during the test. 

Samuline urocedures. If actual procedures deviated from standard methods, the deviations 
are well documented. Procedural alterations are often made in testing an uncommon type 
of source. When this occurs, an evaluation is made of how such alternative procedures 
could influence the test results. 

Samuline and u&ess data. Many variations can occur without warning during testing, and 
sometimes without being noticed. Such variations can induce wide deviations in sampling 
results. If a large spread among test results cannot be explained by information contained 
in the test report, the data are suspect and are given a lower rating. 

Analvsis and calculations. The test reports contain original raw data sheets. The 
nomenclature and equations used are compared to those specified by EPA, to establish 
equivalency. The depth of review of the calculations is dictated by the reviewers' 
confidence in the ability and conscientiousness of the tester, which in turn is based on 
factors such as consistency of results and completeness of other areas of the test report. 

Although the rating system described above is subjective, it provides a basis for excluding poor 
data when sufficient good data are available. 

The emission factors presented in AP-42 generally represent single-value statistical averages 
determined by engineering judgement to be representative of the available data for a specific 
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source category operation. These &ts are reduced to a single value representing any of 
various statistid parameten, including arithmdc mean and median. In the ideal case, a large 
number of A-rated source tests -resenting a cross-section of the industry would be reduced to a 

value which serves as the emission faaor. However, if the number of A-rated tests is so 
limjted that the inclusion of B-rated tests would improve the emission factor. then B-rated test 
data are included in the compilation of the average value. (No C- or Prated test data would be 
averaged with A- or B-rated data.) If A- or B-rated tests were not available, then C- or D-rated 
data would be averaged to provide a lower quality emissions factor. 

Normally, emission factors are grouped in tables representing source operations or related 
groups of operations within a source category. The reliability of these factors is indicated by an 
overall rating factor m g h g  from A (excellent) to E (poor). These ratings take into account the 
type and amount of data from which the factors were calculated. Like the test data rating 
system, the emission factor rathe are subjectively determined. These emission factor ratings 
are as follows: 

A - Excellent. Developed only from A-rated test data taken from many randomly chosen 
facilities in the industry population. The'source category process is specific enough to 
minimize variability within the source category population. 

B - Above Averaee. Developed only fmm A-rated test data from a reasonable number of 
facilities. Although no specific bias is evident, it is not clear whether the facilities tested 
represent a random sample. As in the A rating, the source category process is specific 
enough to minimize variability within the source category population. 

- 

- Avernee. Developed only from A- and B-rated test data from a reasonable number of 
facilities. Although no specific bias is evident, it is not clear whether the facilities tested 
represent a random sample. As in the A rating, 'the source category process is specific 
enough to minimize. variability within the source category population. 

D - Below Averape. Developed only from A- and B-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 within the industry. There also may be evidence of variability within the source 
category population Limitations on the use of the emission factors would be footnoted in the 
emission factor table. 

- Poor. Developed only from C- and D-rated test data, and there may be reason to 
suspect that the facilities or processes tested do not represent a random sample within the 
industry. There also may be evidence of variability within the source category process 
population. Limitations on the use of these factors are always footnoted. 

DRAFT - 5/9/94 

- 

13 



APPENDIX c 
FACTORS FOR PRIORITIZING TECHNICAL REVIEWS 

In the event that EPA does not bave adequate resources to evaluate all submitted matenals. 
the following criteria will be used to determine the priority for material to be reviewed. 

Estimating techniques for solllces for which FPA does not currently have a 
technique will receive top priority, unless the estimated magnitude of emissions for 
the source category is judged insigdkant by EPA. 

Estimating techniques for significant sources which currently have D, E, or Umted 
emission factors will receive next priority. 

Estimating techniques for sources with an existing emission factor which has not 
been revised to represent newer process technology or test methods will receive t h r d  

1. 

2. 

3. 

priority. 

4. Sources categories for which the total national impact is greater will receive higher 
priority than lesser impact categoris. Consideration of national impact will. take 
into account the magnitude of emissions nationwide, the concentration of emission 
sources, and the toxicity of the pollutants to be estimated. A large difference 
between two requests in total impacts may be sufficient to overcome the priorities 
established by items 1, 2, and 3, above. 

Source categories which are being or will shortly be considered by EPA for 
regulation will receive lower priority, to avoid duplication of the detailed review to 
be done as part of the regulatory process. 

5.  
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SUMMARY OF F FACTOR NETTHODS FOR DETERKXIKG 
EMISSIONS FROM COMBUSTION SOURCES 

R. T. Shigehara. R. M. Neulicht, W. 5. Smith.  
and J. W .  Peeler 

INTXODUCTION 

The Federal Standards o f  Performance for  New Stationary Souxes,  resk-86Tf% 

particulate matter. s u l f u r  dioxide, and nitrogen oxide emissions 5-27> f0ssf-i 

fuel-fired steam 'generating u n i t s .  are  expressed i n  terms o f  p o l l u t a n t '  m s s  DE:- 

u n i t  o f  heat input. 

pressed i n  the same form. 

required the determination o f  the pollutant concencration. effluent VO'IS?:F<L 

flow rate ,  and heat .inpot rate. In the  October 6 ,  1975, Federal Recister,- a;. 

"F Factor" technique, w h i c h  required only the determination of the fue? t y x ,  

p o l l u t a n t  concentration, and the oxyqen (0,) concentration, was pronulgateu as 

a procedure t o  replace the original method. 

based on e i ther  Oz o r  carbon dioxide (CO,) measurements, wasLpromulgatx for dji 

i n  reducing the pol lutant  concentration da ta  obtained under the continwur XG:: Y-- 

ing requirements t o  the desired uni t s4  Recently, wet F  factor^,^ which a : : c h  ::.. 

use of wet basis measurements of the same parameters. and F Factors for  wocc i;.t 

refuse have been calculated.  

Many S ta t e  regulations for  combustion equipmefit are 2x- 
. ,  To arrive a t  t h i s  emission ra te ,  the origina: xt.rac: 

z J - 3  
A t  the same time, a n  F Faczor B;?:-c:.;. , 

2. L 
I 

- 

* 
The purpose o f  t h i s  paper i s  to  summarize the various methods ana t o  prrsc-.r 

the calculated F Factor values for  the different  types o f  fuels .  

uses of F Factors and e r rors  involved i n  certain applications and condftiozs arc 

The varisiis 

also discussed. 

SUMMARY OF METHODS 

The f i r s t  method, referred t o  simply as. the F Factor Method, i s  bass.: C i s  ;~ro 

principles: 

, 10.5 
L 



1. The r a t i o  of the quantity of dry effluent gas generated by ccm3ustioti - 
mthe  qross calorific value of the fuel is - a constant w i t n i t i  any 

given fuel category. T h i s  r a t i o  i s  normally called the dry F Factor; 

however, f o r  purposes of t h i s  paper, it w i l l  be called the F; Factor. 

2. An excess a i r  correction factor  may be.exDressed i n  terms of the 

oxygen content of the e f f luent  stream. 

The use of this method requires dry basis measurements of the pollutant con:en- 

t ra t ion (C,) and percent oxygen (%02d)- The emission rate ( E )  is calculated by 

the equation: 

8 

I f  the moisture 

E e 'd Fd ( 20.9 20-9%o - 2d ) 
content s f  the f lue  gas (.BwS) is determined, a natura; 

derivative of Equation 1. which would allow d i r e c t  wet basis measurements of 

pollutant and oxygen concentrations, i.e. Cw and %Ozw, respectively, is as follows: 

This equation has 

Agency and may be used 

20.9 
E = 'w Fd 1 20:9 (1 - Bws) - %OZw 

been approved i n  pr inciple  by the Environmental Protection 

i f  i t  is demonstrated t h a t  Bws can be accurately deternined 

and tha t  any absolute e r ror  i n  Bws will n o t  cause a n  error of more t h a n  2 i .5  

percent i n  t h e  term 7n a 
L". _1 

20.9 (1 - Bws) - %02w 

The second technique, called &Fw Factor Method. i s  based on the same two 

principles as the Fd Factor Method, except t h a t  the two quant i t ies .  the eff luent  

gas and the oxygen concentration, are determined on a wet basis. The r a t io  of 
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the quantity of wet effluent gas generated by combustion t o  the Gross caior'f'c 

value o f - t h e  fuel is  called the  wet F Factor or  the Fw Factor. 

technique, however, requires i n  addition to  the wet pollutant c0ncenirz:isr. 

?ne use cf :his 
.- I 

and oxygen (SO,) the determination of the fractional moisture contenr of 3.2 

a i r  (Bwa) supplied f o r  combustion. (Guidelines for  th i s  determination will be 

discussed la ter . )  The equation f o r  calculating the emission r a t e  i s :  

1 20.9 
20.9 (1 - Bwa) - %OZw 

T h i s  equation i s  a simplification of the theoretically derived equatior..3 L'ncer 

typical conditions. a posi t ive bias of no more than 0.25 percent i s  ir,trcLtizeL. 

The third procedure, the - Fc Factor Method, i s  based on prificiplss reizted 

t o  b u t  s l igh t ly  d i f fe ren t  than those f o r  the Fd Factor and F, Factor KethoLs: 

1. For any given fuel category, a constant ra t io  ex is t s  between the volume 

o f  carbon dioxide produced by combustion a d  the heat contenr o f  tne 

fuel.  I h i s  r a t i o  is  called the F Factor. 
P c- 

The r a t i o  of the theoretical  carbon dioxide produced during combustion 

- and the  measured carbon dioxide provides an exact basis for dilurion 

correction. 

- 
2. 

Tnis method requires measurement of the pollutant concentration and percent car- 

bon dioxide (SC02) i n  the e f f luent  stream. Measurements may be made on a wet or  

dry basis. Using the subscr ipts ,  "d" and "w", t o  denote dry and wet basis mea- 

I surements, respectively. the equations for  calculating E are: 
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DETERHINATION OF F FACTORS 
6 6 6 

may be determined on an individual case-by-case basis us ing  the ultimate 

analysis and gross c a l o r i f i c  value of t h e  fuel. 

Values of F i n  dscf/lO B t u ,  Fw i n  wscf/lO B t u ,  and Fc i n  scf/lO B t u .  d 

The equations are: 

. . ( 5 )  lo6 (3.64 %H + 1.53 %C + 0.57 %S + 0.14 %N - 0.46 %0) 
GCV Fd = 

lo6 (5.57 %H + 1.53 %C + 0.57 %S + 0.14 %N - 0.46 %O + 0.21 %HZO*) 
F, = 

GCVW 

wh 

lo6 (0.321 % C y  
GCV F =  C 

rs: H, C, S, N, 0. and H20 r e  the concentratio ' e igh t  (exprc sed i n  

percent) o f  hydrogen, carbon, sulfur, nitrogen, oxygen. and water from the u l t i -  

nate anaiysis. 

mavaiiabie hydrogen and oxygen i n  the form of H20.) GCV i s  the gross ca lo r i f i c  

vaiue i n  3 t u / i b  of the fuel and m u s t  always be the value consistent w i t h  o r  

corresponding t o  the ultimate analysis .. 

* 
( Note: The %H20 term may be omitted i f  %H and %O include the 

, , .  

Tor determi'ning F,. the ultimate analysis and GCV, must be on an "as received" 

o r  "as fired" basis,  i.e.. i t  must include the free water. Often i n  practice, 

:ne u: t i rna te  analysis and/or gross ca lo r i f i c  value of  a par t icular  fuel a re  not 

known. For most comonly used fuels ,  tabulated average F Factors may be used in- 

stead of the individually determined values. These average values of Fd, Fw, and 

Fc ,  ca1cu:ated from data obtained from the l i t e r a t u r e ,  2-14 are  given i n  Table I .  

F Factors for wood and bark a re  a l so  l i s t e d  i n  Table I ,  and factors for various 

types of refuse a re  listed i n  Table 11. 

108 



ULTIMATE CARBON DIOXIDE 

The r a t io  of Fc t o  Fd times 100 yields the ultimate percent Co2 $.lie 

By c i v i c i n s  

Fo values cai- 

maximum C02 concentration tha t  'the dry flue gas i s  able t o  a t t a i c .  

this  number in to  20.9, a r a t i o  called the Fo Factor is obtained. 

culated from the ultimate ana1yses.of the various fuels are given-fn Tables I anc 

11. 

Fo values can a l s o  be calculated from C02 and O2 data obtained i n  the f i e ld  
. .  . 

by u s i n g  the  following equation. 

20.9 - %OZd 

"'2d 
Fo = 

These calculated Fo values can be used to  check Orsat data or other analyses of 

C02 and O2 t ha t  have been adjusted t o  a dry basis. The process simply involves 

comparing Fo values calculated from Equation 8 w i t h  the values l i s t ed  i n  Table I 

or 11. 

ERRORS AND APPLICATION 

Further de t a i l s  of  t h i s  validation procedure are outlined i n  Reference 15. 

The derivations of Equations 1 through 4 are  discussed i n  References 3.  4, 

The following discussion gives fur ther  explanation of the F Factors and and 5. 

describes some of the problems and errors t ha t  ar ise  i n  applying the F Factor 

Methods. Several uses for  F Factors i n  addition to  calculating emission rates  are 

out1 i ned. 

Deviation i n  F Factors 

The F Factors were calculated from data obtained from the l i t e ra ture .  In 

the October 6. 1975, Federal Reqister,* the values of Fd and F, were calculated 

by sununing a l l  data points  and d i v i d i n g  by the total  number o f  samples. Then the 

deviations from the extreme values (highest and lowest) were determined. The 
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higher of the two values. termed "maximum percent deviation from the average 

F Factors," are l i s t e d  irparenthesis i n  Table 1. These deviations are pro- 

bably due t o  differences i n  the composition of the fue l ,  and may a l so  include 

variations due t o  the analyt ical  methods and analysts ( laborator ies) .  

dard deviations o f  the samples were not  calculated since.'much of the data were 

The stan- 

already averages o f  several samples and there may have been more samples from 

one locale or of one kind than  another. 

After publication of the Fd and Fc Factors, it was determined t h a t  the m i d -  

p o i n t  value would be a be t t e r  value than the average for small samples and for  

d a t a  taken from t h e  l i t e r a t u r e .  

and refnse are midpoint values rather t h a n  arithmetic averages. 

Therefore, the Fw Factors and the values f o r  wood 

The associated 

dev ia t ions  are termed, "maximum percent deviation from the midpoint F Factor." 

Factors for  refuse,  wood. and wood bark were not calculated because of the Fw 
high var iabi l i ty  o f  f r e e  moisture contents. 

may vary from 20 percent ( a i r  dr ied)  t o  75 percent (hydraulic debarking).6 

moisture content variations of - + 15 percent introduce about 5 percent variations. 

However, for l i g n i t e ,  the moisture contents vary only from abou t  33 t o  45 percent. 

T h i s  range causes a deviation of 3.8 percent from the midpoint  Fw Factor, which 

enabled an Cw Factor t o  be established. 

i ncoq le t e  Combustion 

For example, the moisture in bark 

Free 

Tne assumption of complete combustion i s  made i n  the derivation of a l l  

F Factor Metnods. If products of incomplete combustion, such as carbon monoxide, 

are present in the eff luent  stream, the volume of eff luent  gas and carbon dioxide 

per pound o f  fuel burned will d i f f e r  from the values used i n  calculating the 

F Factors. 

made, wnicn would minimize the magnitude of the error when applying Equations 1-5. 

However, adjustments t o  the measured C02 or O2 concentration can be 
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i :  

.. . 

These adjustments are given by the following equations: 

(%C02)adj = %C02 + SCO 

("*)a4i = %02 - 0.5 (10) 

By making these adjustments, the error amounts t o  minus one-half the concen- 
. . . . . . . . . .  . . .  

tration of CO present. Thus ,  i f  1 percent CO (an extreme case)  i s  'present, an 

error o f  minus 0.5 percent is  introduced. Wi thou t  adjusting the CC2 or C2 con- 

centration, a combustion source having 11 percent C02. 1 percent CO, and 6 per- 

cent O2 will r e s u l t  i n  about p l u s  9 percent error for the Fc Factor Method and 

about  p lus  3 percent f o r  the  Fd Factor and Fw Factor Methods. 

Similarly, unburned combustible matter i n  the ash will cause the volume of 

effluent gas and carbon dioxide per u n i t  o f  heat i n p u t  t o  d i f f e r  from the calculated 

F Factor values. This  i s  true, however, only i f  the heat i n p u t  i s  t h o u g h t  o f  i n  

terms o f  the coal i n p u t  r a t e  times the ca lo r i f i c  value. 

considered as only tha t  c a l o r i f i c  value which i s  derived from the combusted mat- 

t e r ,  the F Factor Methods are  only s l i gh t ly  affected. 

tion of the fuel goes t h r o u g h  the combustion process unburned, the F Factor Methods 

will not include as heat i n p u t  t h e  c a l o r i f i c  value associated w i t h  the uncombusted 

r a t t e r ,  and a s l i g h t  positive bias w i l l  be introduced. 

If t he  heat i n p u t  r a t e  i s  

In other words, i f  any por- 

The positive bias is due t o  the combustion process, which is said t o  consist 

f i r s t  of evaporating the f r e e  moisture, then the burning of the vola t i le  matter, 

and last the b u r n i n g  of the fixed carbon, w i t h  the ash remaining. The vola t i le  

matter includes hydrogen, which resu l t s  i n  a lower F Factor than the calculated 

values. Since a higher proportion of fixed carbon t h a n  vo la t i le  matter generally 

remains i n  the ash. the Fc Factor Method i s  affected mre t h a n  the Fd Factor and 
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Fw Factor Methods. .For example, assume t h a t  100 l b  of a coal, which 

55 8% C ,  5.7% H, 1.7Z N, 3.2% S. 21.5% 0. and 12.6% ash (percent by rzigkt ,  as 

received basis) ,  is burned and 5 l b  f ixed carbon remains i n  the ash. 

2.3 percent e r ror  is incurred w i t h  the  F, Factor and l e s s  than 1 percent w i t h  the 

Fd Factor and Fw Factor Methods. 

About  p l u s  

Effect of Wet Scrubbers 

When wet scrubbers a r e  used, a portion of the carbon di-oxide may be absorbed 

by 'the scrubbing solution. ..Therefore, t he  Fc Factor Method will yield an  emission. 
ra te  higher than t h e  actual ra te .  

scrubber loses 10 percent of t he  C02. o r  1.4% C02, the e r ror  is about plus 13 per- 

cent. 

I f  a gas stream having 14% C02 before the .  

Tne Fd Factor Method is a l so  affected by the loss  of C02 i n  the scrubber, 

b u t  t o  a lesser  degree than the  Fc Factor Method. 

1.4% C02 i s  l o s t  i n  the scrubber, th*ror w i l l  be about plus 2 percent. 

I f  the gas stream has 6% O2 and 

Tne Fw Factor Method i s  n o t  applicable a f t e r  wet scrubbers since the scrubber 

generaily adds moisture t o  the f lue  gas, thereby " d i l u t i n g "  the gas stream. The 

pollutant concentration will be lowered by the same proportion of moisture added 

and the O2 concentration will be lower t h a n  actual ,  which would tend t o  yield lower 

t h a n  true numbers. 

Nnen tne scrubbing solution is lime o r  limestone, the Fc Factor Method may be 

used a f t e r  wet scrubbers. 

conditions, the amount of C02 absorption i s  minimized and, therefore,  the applica- 

t i o n  of t h e  Fc Factor Method will  n o t  y ie ld  appreciable errors .  However. w i t h  

limestone scrubbers, there is a poss ib i l i ty  of C02 being added t o  the gas stream 

due t o  the reaction o f  SO2 w i t h  the limestone. 

increased by 1 percent. 

I t  i s  generally assumed t h a t  due t o  the optimum operating 

Therefore, the F, Factors must be 
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Determination of Ambient Air Moisture 

Guidelines have been developed for the determination of Swa, t.., . ; a i s x r e  

fraction i n  ambient a i r .  i n  Equation 3. which  will soon be published i n  t k  

Federal Reqister. The guideljnes are presented below. 

Approval may be given f o r  determination of  Bwa by on-'site instrumenfa1 aea- 

surement provided t h a t  the absolute accuracy of the measurement technique can be 

demonstrated to be w i t h i n  2 0.7 percent.water vapor. In l i e u  of actual measure- 

ment, Bwa may be estimated as  follows: (Note tha t  the following estimating fa:- 

tors are selected to assure t h a t  any negative e r ro r  introduced i n  the emissions 

by the estimating term 20.9 

percent. 

as 5 percent may be introduced depending upon the geographic location of the 

. .  . . .  . .  . . . .  . .. . 

w will not be larger than -1.5 20.9 
( l  - 'wa) - "02WS 

However, posi t ive errors .  o r  over-estimation o f  emissions. of as much 

f ac i l i t y  and t h e  associated range of ambient moisture.) 

= 0.027. This  f ac to r  may be used as a constant value a t  my location. Bwa 
Bwa h ighes t  monthly average of Bwa t h a t  occurred w i t h i n  a calendar year 

a t  the nearest Weather Service Station. calculated us ing  data for the 

past  3 years. T h i s  factor may be used on an annual basis a t  any f x i l i t y .  

2 .  

= h i g h e s t  daily average of Bwa t ha t  occurred w i t h i n  a calendar month 3 *  Bwa 
a t  the nearest  Weather Service Station, calculated fo r  each month fo r  the 

past 3 years used as' an estimating fac tor  fo r  the respective calendar 

month. 

Sampling Location and Sampling Points 

Ambient a i r  leakage in to  an exhaust system may cause variations across the 

duct or  s t a c k  in the re la t ive  concentrations of C02 and 02. 

Federal' regulations specify that  C02 o r  O2 be measured simultaneously and approxi- 

mately a t  the same point as the gaseous pollutants measurements. 

For th i s  reason, the 
2 
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For particulate emission performance tests, which require traversing. f t  

i s  specified tha t  the O2 samples be obtained simultaneous’iy by traversing the 

duct a t  the same sampling location used f o r  each r u n  of the Method 5 .  

quirenent may be s a t i s f i e d  by attaching a s t a in l e s s  s tee l  tube t o  the particulate 

sampling probe and, us ing  a small diaphragm pump, obtaining an integrated gas sam- 

ple over the duration of the  r u n  (of Reference 1).  The sample shou ld  be analyze;! 

This re- 

u s i n g  an Orsat apparatus. 

As an al ternat ive t o  traversing t h e  same sampling points o f  Method 5 ,  a m i n i -  

n m  o f  1 2  oxygen sampling p o i n t s  may be used f o r  each run .  T h i s  would require a 

separate integrated gas sampling t r a i n  traversing the duct work simultaneously 

w i t h  the particulate run. 

- 

Other Applications 

I n  addition t o  calculating emission r a t e s ,  F Factors have several other uses. 

the wet eff luent  volumetric I: Q s d ,  the dry eff luent  volumetric flow r a t e ,  o r  Q 

flow ra te ,  and 9,. the  heat i n p u t  r a t e ,  a r e  measured, a value o f  Fd, Fw, or Fc 

zay be calculated. 

sw’ 

These equations a re  given below: 

Qid  20.9 - %02 
Fd(calc) = 20.9 

Tne calculated values may then be compared t o  tabulated values of the F Factors 

t o  f a c i l i t a t e  a material balance check. 
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I f  desired, 9, can be calculated by using the Equations 11 tnraush 15. 

In the past, i t  has been observed tha t  the measurement o f  Qs hzs beer. s ' j n l f i -  

cantly greater than t h e  stoichiometric caiculations ra tes .  ?ne djscrevzxy i s  

Due t o  aerodynamic icterferecces acd 

improper alignment of the p i t o t  tubes, h i g h e r  than real readinss have beer. ob,-' 

tained. Therefore, errors i n  measuring Qs are  positive, which leads t o  hisher 

. usually due to  e r rors  i n  determining 9,. 

. .  

. . . .. . .  than true f i . r i ng  rates., , ,. . . .  .. 

I f  an ultimate analysis  and ca lo r i f i c  determination o f  a particular fuei 

are made and t h e  F Factor value is calculated, the accuracy o f  the r e x l t s  nay be 

checked. by comparison w i t h  the tabulated F Factors. 

SUMMARY 

The various F Factor Methods have been summarized and calculated F Factors 

for fossi l  fue ls ,  wood, wood bark, and refuse material have been presented. In 

addi t ior , ,  some o f  the  problems and errors t ha t  ar ise  i n  applying the F Factor 

Method for  calculating power plant emission rates were discussed and other uses 

of the F Factors were outlined. 
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Fuel TyDe 

Coal 

Antnracci t e  

8: tuminous 

Lignite 

O i  i 

Gas 

Natural 

Pro?ane 

Sutane 

!*!ood 

:b3d  Bark 

a Nuzbers i n  
r r  
i ;ac;ors. 

2-14 .a, b 
TASLE I. F FACTORS FOR VARIOUS FUELS 

Fd Fw*c 
C 

F 

dscf/106 B t u  wscf/lO 6 B t u  scf/106 B t u  

10140 (2.0) 10580 (1.5) 1980 (4.1) 

9820 (3.1) 10680 (2.7) 1810 (5.9) 

9900 (2.2) 12000 (3.8) 1920 (4.6) 

9220- (3 .0)  10360 (3.5) 1430 (5.1) 

8740 (2.2) 10650 (0.8) 

8740 (2.2) 10240 (0.4) 

8740 ' (2.2) 10430 (0.7) 

1040 (3.9) 

1200 (1.0)* 

1260 (1.0) 

1840 (5.0) 

1860 (3.6) 

parenthes is are maximum deviations (Id) from e i the r  the 

NO%: Topconvert t o  metric system, multiply the above values 
scm/lOO cai . 

1.070 (2.9) 

1.140 (4.5) 

1.0761 (2.8) 
. .  

1.79 (2.9) 

1.10 (1.2)* 

1.479 (0.9) 

1.5 (3.4) 

1.056 (3.9) 

midpoint o r  average 

by 1.123 x t o  o b t a i n  

Al: numbers below the asterick (*) i n  each column are  midpoint  values. A l l  others 
are ave raps .  
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, .2-1S.a.S ,TABLE XI. MIDPOINT F FACTORS FOR R S L L  

Paper and Rood Wastes' 

Lawn and Garden Wastes 

Plastics 

d 

Po 1 yet  hy 1 e ne 

Polystyrene 

Polyurethane 

Polyvi nyl chloride 

Garbagee 

Miscellaneous 

Citrus rinds and seeds 

Meet scraps, cooked 

Fried f a t s  

Leather shoe 

Heel and  so le  composition 

Vacuum clea,ner catch 

Textiles 

Waxed milk cartons 

Fd 
dscF/106Btu 

9260 (3.6) 

9590' (5.0) 

91 73 

9860 

1001 0 

91 20 

9640 (4.0) 

9370 

921 0 

8939 

9530 

9480 

9490 

9354 

941 3 

. .  

1380 ? .391 

1700 i .215 

1810 1 .!57 

1480 i .286 

1790 (7.9) i.110 (5.6) 

1920 

1540 

1430 

1720 

1550 

1700 

1840 

1620 

1.020 

1.252 

1.310 

1.156 

1.279 

1.170 

1.060 

1.040 

a Numbers i n  parentheses are maximum deviations (%) from the m i d p o i n t  F Factors. 

To con erx to metric system. multiply the above values by 1.123 x 
scm/lO cal. 

Includes newspapers, brown paper, corrugated boxes, magazines. junk mail , wood, 
green logs, rotten timber. 

Includes evergreen shrub cuttings, flowing garden p l a n t s ,  leaves, grass. 

Includes vegetable food wastes, garbage (no t  described). 

t o  obtain t 

e 



. .  

" . . .  
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HAZARDOUS AIR POLLUTANTS 



SECTION 112(b) LIST OF 189 HAZARDOUS AIR POLLUTANTS 

37High PMor VOC or Ozone 
CAS # POLLUTANT NAME Priority Conden. Not Reac. Depl. 
75070 Acetaldehyde HI voc 
60355 Acetamide voc 
75058 Acetonitrile voc 
98862 Acetophenone voc 
53963 2-Acetylaminduorene PMorC VOC 

voc 
voc 

107028 Acrolein HI 

voc 79061 Acrylamide 

HI voc. 79107 Acrylic acid 
1071 31 Acrylonitrile 

PMorC VOC 
voc 

9267 1 4-Am inobipheny I 

voc 90040 ' o-Anisidine 
1332214 Asbestos PM NOTORG 

92875 Benzidine PMorC VOC 

HI , 

107051 Allyl chloride voc 

62533 Aniline . .  

71432 Benzene HI voc 

98077 Benzotrichloride voc 
100447 Benzyl chloride voc 
92524 Biphenyl voc 
117817 Bis (2-ethylhexyl)phthalate (DEHP) PMorC VOC 

voc 
voc 

542881 Gisjchloromethyl)ether 
75252 Bromoform 

156627 Calcium cyanamide PM 

PM or C I 35062 Captan 
63252 Carbaryl PM or C 

56235 Carbon tetrachloride VOC 0 3  

120809 Catecol 
133904 Chloramben PM or C 
57749 Chlordane PM or C 
7782505 Chlorine NOT ORG 
791 18 Chloroacetic acid voc 
532274 2-Chloroacetophenone voc 
108907 Chlorobenzene . voc 
510156 Chlorobenzilate PMorC VOC 
67663 Chloroform HI voc 
107302' 'Chloromethyl methyl ether voc 
126998 Chloroprene voc 
131 9773 CresolslCresylic acid (isomers and mixture) voc 
95487 0-Cresol voc 
108394 m-Cresol voc 
106445 p-Cresol voc 
98828 Cumene voc 
94757 2.4-D, salts and esters PM or C 

106990 1,3-Butadiene HI voc 

105602 Caprolactam voc 

75150 Carbon disulfide voc 

463581 Carbonyl sulfide voc 
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72559 DDE PM or C 

132649 Dibenzofurans PMorC V o c  

84742 Dibutylphthalate PMorC VOC 

91941 3,3-Dichlorobenzidme PMorC voc 

334883 Diazomethane voc 

96128 1,2-Dibromo-Xhloropmpane voc 

106467 1,4Dichlorobenzem@) voc 

1 1 1444 Dichloroethyl ether (Bis(2chloroethyl)ether) HI voc 
542756 1,3-Dichl0&1propene 
62737 Dichlorvos 
11 1422 Diethanolamine 
121697 N,N-Diethyl aniline (N,N-Dimethylaniline) 
64675 Diethyl sulfate 
1 19904 3,3-Dimethoxybenzidine 
601 17 Dimethyl aminoazobenzene 
119937 3,3'-Dimethyl benzidine 
79447 Dimethyl carbamoyl chloride'' .' . '  ' ' 

68122 Dimethyl formamide 
57147 1,l-Dimethyl hydrazine 
131 113 Dimethyl phthalate 
77781 Dimethyl sulfate 
534521 4,6-Dinitro-o-cresol. and salts 
51 285 2,4-Dinitrophenol 
121 142 2,4-Dinitrotoluene 
12391 1 1 ,4-Dioxane (1.4-Diethyleneoxide) 
122667 1 ,Z-Diphenylhydrazine 
1 06898 Epichlorohydrin (1 -Chloro-2,3<poxypropane 
106887 1,2-Epoxybutane 
140885 Ethyl acrylate 
10041 4 Ethyl benzene 
51796 Ethyl carbamate (Urethane) 
75003 . Ethyl chloride (Chloroethane) 
106934 Ethylene dibromide (Dibromoethane) 
107062 Ethylene dichloride (1,2-Dichloroethane) 
10721 1 Ethylene glycol 
151 564 Ethylene imine (Aziridine) 
75218 Ethylene oxide 
96457 Ethylene thiourea 
75343 Ethylidene dichloride (1,l -Dichloroethane) 
50000 Formaldehyde 
76448 Heptachlor 
1 18741 Hexachlorobenzene 
87683 Hexachlorobutadiene 
77474 ' Hexachlorocyclopentadiene 
67721 Hexachloroethane 
822060 Hexamethylene-l,6-diisocyanate 
68031 9 Hexamethylphosphoramide 
1 10543 Hexane 
302012 Hydrazine 
764701 0 Hydrochloric acid (hydrogen chloride gas only) 
7664393 Hydrogen fluoride (Hydrofluoric acid) 

HI 
HI 

HI 

HI 

voc 

voc 
voc 
voc 

PMorC VOC 
PMorC VOC 
PMorC VOC 

voc 
voc 
voc 
voc 
voc 

PMorC VOC 
PMorC VOC 

voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 

NOT ORG 
NOT ORG 

HI 



123319 Hydroquinone 
78591 lsophorone 
58899 Lindane 
40831 Maleic anhydride 
67561 Methanol 
72435 Methoxychlor 
74839 Methyl bromide (Bromomethane) 
74873 Methyl chloride (ChlommeChane) 
71 556 
78933 Methyl ethyl ketone (2-Butanone) 
60344 Methyl hydrazine 

108101 Methyl isobutyl ketone (Hexone) 

80626 Methyl methacrylate 
1634044 Methyl tert butyl ether 
101 144 4,4'-Methylenebis(2chIoroaniline) 
75092 Methylene chloride (Dichloromethane) 
101688 Methylene diphenyl diisocyanate (MDI) 
101 779 4,4-Methylenedianiline 
91203 Naphthalene 
98953 Nitrosobenzene 
92933 4-Nitrobiphenyl 
100027 4:Nitrophenol 
79469 .2-Nitropropane 
684935 N-Nitroso-N-methylurea 
62759 N-Nitrosodimethylamine 
59892 N-Nitrosomorpholine 
56382 Parathion 
82S88 Pen!ach!nmnitro~n~ene 
87865 Pentachlorophenol 
108952 Phenol 
106503 p-Phenylenediamine 
75445 Phosgene. 
7803512 Phosphine 
7723140 Phosphorus 
85449 Phthalic anhydride 
1 336363 Polychlorinated biphenyls (Aroclors) 
1120714 1,3-Propane sultone 
57578 beta-Propiolactone 
123386 Propionaldehyde 
114261 Propoxur (Baygon) 
78875 Propylene dichloride (1,2-DichIoropropane) 
75569 Propylene oxide 
75558 1,2-Propylenimine (2-Methyl aziridine) 
91225 Quinoline 
10651 4 Quinone 
100425 Styrene 
96093 Styrene oxide 
174601 6 2,3,7,8-Tetrachlorodibenp-dioxin 
79345 1,1,2,2-TetrachIoroethane 

Methyl chloroform (1,l. 1 -Trichloroethane) 

.. 74884 Methyl iodide (Iodomethane) 

'' 624839 Methyl isocyanate 

. - .  PM or C - 

PMorC . . .. -. ~~ PMorC VOC- . .  

voc '1 . .. , 
PMorC VOC 

voc 
voc 
NR 03 

voc, . 

voc 
voc 
voc 
voc 
voc 

. .  voc 
. .  .PMorC . VOC - . .  . - - 

HI NR 
HI voc 

PMorC VOC 
voc 

PMorC VOC 
PMorC VOC 

voc 
voc 
voc 

. . .  . .  

. .  
. .  

voc , 

PM or C 
voc 

PMorC VOC 
voc 

PMorC VOC 
HI 

NOT ORG 
PMorC VOC 
PMorC VOC 

voc 

VOC 

voc 
voc 
voc 

PM or C 

HI VQC 
VQC 

HI PMorC VQC 
voc 



HI 

1271 84 Tetrachloroethylene (PerchloWthylene) HI 
7550450 Titanium tetrachloride 
108883 Toluene HI 
95807 2,4-Toluene diamine 
584849 2,4-Toluene diisocyanate HI 
95534 @Toluidine 
8001352 Toxaphene (Chlorinated camphene) 
120821 1,2,4-Trichlorabenzene 
79005 1,1,2-TrichIoroethane 
79016 Trichloroethylene 
95954 2,4,5-TrichlorophenoI 

. 88062 2,4,6-Trichlomphenol 
121448 Triethylamine 
1582098 Trifluralin 
540841 2,2,4-Trimethylpentane 
108054 Vinyl acetate 
593602 ' V&yl bromide 
75014 Vinyl chloride HI 
75354 Vinylidene chloride (Dichloroethylene) 
1330207 Xylenes (isomers & mixture) HI 
95476 o-Xylenes HI 
108383 m-Xylenes HI 
106423 p-Xylenes HI 

Antimony Compounds HI 
Arsenic Compounds (inorganic including arsine) HI 
Beryllium Compounds HI 
Cadmium Compounds HI 
Chromium Compounds HI 
Cobalt Compounds 
Coke Oven Emissions HI 
Cyanide Compounds1 
Glycol Ethers2 HI 
Lead Compounds HI 
Manganese. Compounds HI 
Mercury Compounds HI 
Fine Mineral Fibers3 
Nickel Compounds HI 
Polycyclic Organic Matter4 HI 
Radionuclides (including radon)5 
Selenium Compounds 

. . . .. 

PM or C 

PM or C 

PM or C 

voc 

voc 
voc 
voc 
voc 

voc 
voc 
voc 
voc 
voc 
voc 

voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 
voc 

PM or C NOT ORG 
PM or C NOT ORG 
PM or C NOT ORG 
PM or C NOT ORG 
PM or C NOT ORG 
PM or C NOT ORG 
PMorC VOC 
PM or C NOT ORG 

voc 
PM or C NOT ORG 
PM or C NOT ORG 
PM or C NOT ORG 

PM NOTORG 
PM or C NOT ORG 
PMorC VOC 
PM or C NOT ORG 
PM or C NOT ORG 

NOTE: For all listings above which contain the word "compounds" and for 
glycol ethers, the following applies: Unless otherwise specified, 
these listings are defined as including any unique chemical 
substance that contains the named chemical (i.e. antimony, arsenic, 
etc.) as part of that chemical's infrastructure. 

1 X'CN where X = H or any other group where a formal dissociation may occur, 
For example KCN or Ca(CN)2 



2 includes mono- and di- ethers of ethylene glycol. diethylene glycol, and 
triethylene glycol R-(OCH2CHZ)dR' where 

n = 1 , 2 ,  or 3 . 
R = alkyl or aryl groups . 
R = R, H, or groups which, when removed, yield glycol ethers with 
structure:; R-(OCH2CH)n-OH p o l p e n  are excluded from the glycol category. 

' 

3 includes mineral fiber emissions from facilities manufacturing or processing 
glass, rock, or slag fibers (or other mineral derived fibers) of average diameter 
1 micrometer or less. 

4 includes organic compounds with more than one benzene.ring', and which have a 
boiling point greater than or equal to IOOoC 

.. 

5 a type of atom which spontaneously undergoes radioactive decay. 
. ,  . ~. . . .. . .  , .  . . I  .. . 




