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ACRONYMS  

(Word formed from the initial letters of a name or parts of a series of words.)  
 
AAFES Army & Air Force Exchange Service 
AFCEC Air Force Civil Engineer Center 
AGE Aerospace Ground Equipment 
APIMS Air Program Information Management System 
ARAR Applicable or Relevant and Appropriate Requirements 
BEE Bioenvironmental Engineer 
CALMIM California Landfill Methane Inventory Model 
CARB California Air Resources Board 
CERCLA Comprehensive Environmental Response, Compensation, and Liability Act 
DODIC Department of Defense Identification Codes 
ECOM External Combustion Engine 
EESOH-MIS Enterprise Environmental, Safety and Occupational Health Management 

Information System 
EIAP Environmental Impact Analysis Process 
EPCRA Emergency Planning and Community Right-to-Know Act 
HAP Hazardous Air Pollutant 
HAZMART Hazardous Materials Pharmacy 
HEPA High Efficiency Particulate Air 
HVAC Heating, Ventilating, and Air Conditioning 
ICOM Internal Combustion Engine 
LAER Lowest Achievable Emissions Rate 
LandGEM Landfill Gas Emissions Model 
MIDAS Munitions Items Disposition Action System 
NAAQS National Ambient Air Quality Standards 
NEPA National Environmental Policy Act 
NESHAP National Emission Standards for Hazardous Air Pollutants 
NEW Net Explosive Weight 
RCRA Resource Conservation and Recovery Act 
SAW Submerged Arc Welding 
SIC Standard Industrial Classification 
SIP State Implementation Plan 
SMAW Shielded Metal Arc Welding 
USAF United States Air Force 
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BREVITY CODES  

(Shortened form of a frequently used group of words, phrases, or sentences consisting of entirely 
upper-case letters.  Each letter is spoken individually.) 
 
AEI Air Emissions Inventory 
AERR Air Emissions Reporting Requirements 
AFB Air Force Base 
AFI Air Force Instruction 
AFPMB Armed Forces Post Management Board 
BFB Bubbling Fluidized Bed 
BMP Best Management Practices 
BSFC Brake-Specific Fuel Consumption 
CAA Clean Air Act 
CAAA Clean Air Act Amendments (of 1990) 
CE Civil Engineering 
CEV Civil Engineering Environmental 
CFB Circulating Fluidized Bed 
CFC Chlorofluorocarbon 
CFR Code of Federal Regulations 
CI Compression Ignition 
DLA Defense Logistics Agency 
DoD Department of Defense 
EA Environmental Assessment 
EF Emission Factor 
EIIP Emissions Inventory Improvement Program 
EIP Emissions Inventory Plan 
EIR Emissions Inventory Report 
EIS Environmental Impact Statement 
EOD Explosive Ordnance Disposal 
EPA Environmental Protection Agency 
ERP Environmental Restoration Program 
ESP Electrostatic Precipitator 
FAA Federal Aviation Administration 
FBC Fluidized Bed Combustor 
FCAW Flux-Cored Arc Welding 
FF Fabric Filter 
FFR Fuel Flow Rates 
FGD Flue Gas Desulphurization 
FGR Flue Gas Recirculation 
GHG Greenhouse Gases 
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GSA General Services Administration 
GSE Ground Support Equipment 
GWP Global Warming Potential 
HCFC Hydrochlorofluorocarbons 
HMA Hot Mix Asphalt 
HVLP High Volume Low Pressure 
HVOF High Velocity Oxy-Fuel 
IPCT Industrial Process Cooling Towers 
IRP Installation Restoration Program 
LEL Lower Explosive Limit 
LNB Low NOX Burner 
LPG Liquefied Petroleum Gas 
MSW Municipal Solid Waste 
NC Nameplate Capacity 
NDI Non-destructive Inspection 
NMHC Non-Methane Hydrocarbons 
NMOC Non-Methane Organic Compounds 
NMTOC Non-Methane Total Organic Compounds 
NSPS New Source Performance Standards 
NSR New Source Review 
OBOD Open Burning/Open Detonation 
OCA Off-Site Consequences Analysis 
ODC Ozone Depleting Chemicals 
ODP Ozone Depletion Potential 
P2 Pollution Prevention 
PM Particulate Matter – Aerodynamic diameter unspecified 
PM10 Particulate Matter – Aerodynamic diameter < 10 micrometers 
PM2.5 Particulate Matter – Aerodynamic diameter < 2.5 micrometers 
POL Petroleum, Oil, and Lubricant 
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RMP Risk Management Plan 
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SDS Safety Data Sheets 
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TCLP Toxicity Characteristics Leaching Procedure 
TDS Total Dissolved Solids 
THC Total Hydrocarbons 
TNMOC Total Non-Methane Organic Compounds 
TOC Total Organic Compounds 
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(Shortened form of a word or phrase) 
 
µg Microgram(s) 
A-hr Ampere-hours 
A/ft2 Ampere per square foot 
Btu British Thermal Unit 
ºC Degrees Celsius 
CH4 Methane 
CO Carbon Monoxide 
CO2 Carbon Dioxide 
Co Cobalt 
Cr Chromium 
Cr+6 Hexavalent Chromium 
Cr2O3 Chromium Oxide 
EtO Ethylene Oxide 
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1 INTRODUCTION 

 

1.1 Background and Purpose 

As awareness of the health hazards posed by air pollution increased, the need for further research 
and regulation gave rise to the Clean Air Act (CAA).  The CAA, with its subsequent 
amendments, and other federal, state, and local programs, has expanded the requirements to 
quantify and report the amount of air pollutant emissions released into the atmosphere.  These 
rules require compliance assurance and self-reporting so that facility managers will always know 
if their facility operates in accordance with air regulations. 
 
The quantification of air pollutant emissions from a typical United States Air Force (USAF) base 
is accomplished by conducting an Air Emissions Inventory (AEI).  An AEI must be 
periodically updated as required by federal, state, and local regulations and each installation must 
record the collected data and calculations in the Air Program Information Management 
System (APIMS).  If there is not a periodic emission inventory requirement, APIMS must be 
updated no less than every three years to accurately reflect the current emissions.  Installations 
located in a foreign territory must also abide by the requirements of the host government. 
 
This Guide was prepared by the Air Force Civil Engineer Center (AFCEC) as a means of 
providing a uniform approach to estimating pollutant emissions from the most common types of 
stationary sources found at USAF installations.  Provided in the following chapters are 
recommended methodologies for calculating actual pollutant emissions from these sources.  
Included in this Guide are most air emission sources that might be found on a USAF installation.  
Also included are brief discussions regarding emissions sources which have historically been 
regarded as stationary, but have since been deemed as either: mobile, transitory, or 
insignificant. 
 
Any questions concerning this Guide, calculation methodologies for sources not provided here, 
or requests for additional information pertaining to USAF AEIs, should be directed to the Air 
Quality Subject Matter Expert; AFCEC, Compliance Technical Support Branch; 250 Donald 
Goodrich Drive; Building #1650 San Antonio, TX 78226. 
 
 

1.2 Stationary, Mobile, and Transitory Sources 

Emission sources may be regarded as mobile, stationary, or transitory.  It is imperative that, 
when performing an air emissions inventory, every emissions source is correctly categorized 
because of the potential ramifications of determining if a facility is a “major source” (defined in 
a subsequent section – 1.5.3.3 Title V - Permits) of air pollutants.  This Guide is concerned only 
with emissions from stationary sources likely to be found at an USAF base.  For emissions 
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calculation methodologies pertaining to mobile or transitory sources, refer to the latest versions 
of the Air Emissions Guide for Air Force Mobile Sources or Air Emissions Guide for Air Force 
Transitory Sources. 
 
A stationary source is any building, structure, piece of equipment, facility, or installation that 
emits or may emit an air pollutant subject to regulation by the CAA.  According to the Code of 
Federal Regulations (CFR), a “Building, structure, facility, or installation means all pollutant-
emitting activities that belong to the same industrial grouping, are located on one or more 
contiguous or adjacent properties, and are under the control of the same person (or persons under 
common control) except the activities of any vessel” (40 CFR 51.165).  Regarding air permits, 
“stationary source” typically refers to the collection of all emission units within a contiguous 
area under common control (e.g., fence line to fence line on a typical base). 
 
A mobile source is any non-stationary equipment which may emit an air pollutant subject to 
regulation by the CAA.  Mobile sources include a variety of vehicles, engines, and equipment.  
Mobile vehicle sources may be designated as either “on-road” or “non-road”.  They are further 
subdivided based on engine size, vehicle weight, equipment type, and/or horsepower (hp).  On-
road vehicles include automobiles used for the transport of passengers or freight.  Non-road 
sources include a multitude of equipment used for construction, agriculture, recreation, and many 
other purposes.  It should be noted that certain districts may classify non-road engines as a 
stationary source, therefore, it is important to consult with the local air quality district for 
clarification as needed.  
 
Transitory sources are non-routine and/or seasonal sources (may be stationary or mobile) that are 
short-term in nature.  Historically, transitory sources have been erroneously included as 
stationary or mobile sources in AEIs. Transitory source emissions generally should only be 
accounted for when evaluating potential air quality impacts of proposed actions under the 
Comprehensive Environmental Response, Compensation, and Liability Act (CERCLA), National 
Environmental Policy Act (NEPA), General Conformity, and other federal regulations.   
 
Non-routine – Non-routine sources are irregular, non-continuous, and/or infrequent sources of 
emissions.  Air quality concerns for non-routine sources are generally addressed as Applicable or 
Relevant and Appropriate Requirements (ARARs) under other environmental laws (e.g., 
CERCLA for all sources associated with site restoration/remediation).  Examples of non-routine 
sources typically associated with USAF installations include: bulk storage tank cleaning, fuel 
spills, prescribed burning, wild fires, and all sources associated with site restoration/remediation. 
 
Non-routine sources should only be considered stationary sources if they are fixed at one 
location for one (1) year or greater, operational/occurring on a repetitive basis, and declared 
stationary by an applicable regulatory authority. 
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Seasonal - Seasonal sources are portable or semi-portable sources that are set up at a site for a 
specific temporary purpose before being re-located and used at another site.  Seasonal sources 
typically associated with USAF installations include: seasonal equipment, hot mix asphalt plants, 
and all sources associated with construction.   
 
Seasonal sources should only be considered stationary sources if they are fixed at one location 
on a permanent basis for at least two (2) years and operated at that single location for three 
(3) or more months each year. 
 
This guide addresses stationary emissions sources typically found on USAF installations.  
Sources of emissions may be further subdivided as either being: 

 Point Sources – not naturally occurring, discrete sources of emissions which emit 
through a stack, chimney, vent, or other functionally equivalent opening.  Examples 
include stationary engines, boilers, and paint booths. 

 Area (Fugitive/Non-Point) Sources – not naturally occurring sources of emissions 
which could not reasonably pass through a stack, chimney, vent or other functionally 
equivalent opening.  Examples include open burns, firefighter training, and pesticide 
application. 

 Biogenic Sources – naturally occurring sources of emissions.  Examples include 
emissions from soil and vegetation, lightning, and volcanic emissions. 

 
The term “area source” may be confusing since the definition of this term varies by pollutant 
group and regulation, such as criteria pollutants versus Hazardous Air Pollutants (HAPs).  To 
reduce confusion, the term “fugitive source” is used throughout this guide to describe area/non-
point sources of emissions.  Since only point and fugitive source emissions are applicable to 
USAF installations because of their direct bearing on the determination of major source status, 
biogenic sources are not addressed within this Guide. 
 
 

1.3 Actual vs. Potential to Emit (PTE) 

This Guide describes calculation methodologies to determine “actual emissions.”  This does not 
imply that the emissions values were specifically measured and can be accurately quantified.  
Rather, actual emissions refer to emissions based on actual, measurable operational parameters 
such as hours of operation, operating conditions, or fuel usage.  Actual emissions are typically 
quantified for sources at a site for submittal to state and local air pollution control agencies.  
These emissions may be required as annual or semi-annual demonstrations of compliance and 
emissions fee determination for holders of a Title V Permit. 
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A source’s Potential to Emit (PTE) is a theoretical calculation used to determine if a source is a 
major or minor source for criteria pollutants, or a major or area source for HAPs.  According to 
40 CFR 70.2, PTE is the annual maximum capacity of a stationary source to emit under its 
physical and operational design.  Additionally, 40 CFR 70.2 also states that any physical or 
operational limitation on the source to emit an air pollutant shall be treated as part of its design 
if the limitation is enforceable by the EPA.  Physical or operational limitations may include air 
pollution control equipment, restrictions on hours of operation, or restrictions on the type or 
amount of material combusted, stored, or processed.  While avoiding major source status can 
save a facility manpower costs, equipment modifications, and fees, PTEs sometimes contain 
overly conservative (and often unrealistic) calculation methods.  This will result in greatly 
inflated PTE estimates and an exaggerated major source classification. 
 
 

1.4 Pollutants 

The primary pollutants addressed in this Guide include: criteria pollutants, HAPs, Ozone 
Depleting Chemicals (ODCs), and Greenhouse Gases (GHGs).  Depending on available data, 
several sections within this Guide describe the calculation of individual or speciated HAPs, 
which may be used for determining if the facility is a major source for HAPs.  A description of 
each pollutant class is addressed below. 
 

 Criteria Pollutants 

In 1971, the United States Environmental Protection Agency (EPA) established National 
Ambient Air Quality Standards (NAAQS) for six pollutants, collectively called criteria 
pollutants.  The EPA designates these six pollutants as “criteria” air pollutants because it 
regulates them by developing human health-based and/or environmentally-based criteria for 
setting permissible levels.  These criteria pollutants are: 
 

Particle Pollution - often referred to as Particulate Matter (PM): 

 PM includes the very fine dust, soot, smoke, and droplets formed from chemical reactions 
and incomplete burning of fuels. 

 The fine particles of PM can get deep into the lungs, causing increased respiratory 
illnesses and tens of thousands of deaths each year.  

 PM is defined as any particle with an equivalent diameter of less than or equal to 10 
microns (PM10) and is further subdivided to include a separate standard for particles 
with an equivalent aerodynamic diameter of less than or equal to 2.5 microns (PM2.5). 
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Ground-Level Ozone (O3): 

 O3 is a primary component of smog that causes human health problems and damage to 
forests and agricultural crops. 

 Repeated exposure to O3 can make people more susceptible to respiratory infections and 
lung inflammation. 

 Though there is a NAAQS, O3 is not emitted directly into the air. 

 Two types of compounds that are the main ingredients (precursors) in forming ground-
level O3 in the presence of ultraviolet (UV) light include: 
o Volatile Organic Compounds (VOCs):  Defined as “any compound of carbon, 

excluding carbon monoxide (CO), carbon dioxide (CO2), carbonic acid, metallic 
carbides or carbonates, and ammonium carbonate, which participates in 
atmospheric photochemical reactions” (40 CFR 51.100).  Sources include gas 
and diesel-fueled automobiles, petroleum refineries, chemical manufacturing 
plants, industrial plants, solvents used in paints, and an assortment of consumer 
and business products containing VOC. 

o Nitrogen oxides (NOX):  Provides the reddish-brown tint in smog.  These are 
produced from the burning of gasoline, coal, or oil. 

 
Carbon Monoxide (CO): 

 CO is produced when fossil fuel burns incompletely because of insufficient oxygen (O2). 

 Wood, coal, and charcoal fires and gasoline engines always produce CO. 

 In the United States, particularly in urban areas, most CO air emissions are from mobile 
sources. 

 CO can cause harmful health effects by reducing O2 delivery to the body's organs (like 
the heart and brain) and tissues. 

 
Sulfur Dioxide (SO2):  

 A group of highly reactive gases known as “oxides of sulfur”, of which SO2 is the most 
common component and therefore recorded as SOX emissions. 

 SO2 in the ambient air is just one of several oxides of sulfur that contribute to air quality 
issues. 

 SO2 emissions are produced from fossil fuel combustion at power plants (73 percent) and 
other industrial facilities (20 percent). 

 SO2 is linked to several adverse effects on the respiratory system. 
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Nitrogen Dioxide (NO2): 

 NO2 is a subgroup of nitrogen oxides, and is the most environmentally concerning 
component. It also acts as an indicator for the presence of the larger group of NOX. 

 NOX is the precursor of NO2 and is, therefore, recorded as NOx emissions. 

 NO2 forms quickly from vehicle, power plant, and off-road equipment emissions. 

 NO2 contributes to the formation of ground-level O3 and fine particle pollution. 

 NO2 is linked to several adverse effects on the respiratory system. 

 
Lead (Pb): 

 Pb is a metal found naturally in the environment as well as in manufactured products. 

 Prior to 1980, the major sources of Pb were on-road vehicles.  As a result, the EPA 
removed Pb from motor vehicle gasoline, resulting in a 95% decline in Pb emissions 
between 1980 and 1999. 

 Today, the major sources of Pb are ore and metals processing (e.g. lead smelters). 

 Depending on the level of exposure, Pb can adversely affect the nervous system, kidney 
function, immune system, reproductive and developmental systems and the 
cardiovascular system. 

 
Note that lead is both a criteria pollutant and HAP, and an Emission Factor (EF) is commonly 
provided in both the criteria pollutant and speciated HAPs tables within this Guide.  Care should 
be taken to avoid the overestimation of this pollutant caused by duplicating emissions estimates 
using the same Pb EFs from the criteria pollutant and speciated HAPs tables provided.  For a 
current list of the NAAQS for the criteria pollutants, refer to 40 CFR 50. 
 
Also, note that O3 is not directly emitted into the air, but is created through photochemical 
reactions involving NOX and VOCs, and PM may be the result of the release of primary 
pollutants or the formation of secondary pollutants.  Therefore, this Guide provides EFs for a list 
of criteria pollutants which differ slightly from those regulated by the NAAQS.  The list of 
“criteria pollutants” for emissions inventory purposes are reported as those shown below: 

 CO 

 NOX 

 PM10 

 PM2.5 

 SOX 

 VOCs 

 Pb 
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 Hazardous Air Pollutants (HAPs) 

According to the EPA, “Toxic air pollutants, also known as HAPs, are those pollutants that are 
known or suspected to cause cancer or other serious health effects, such as reproductive effects 
or birth defects, or adverse environmental effects.”  Section 112(b) of the CAA provided an 
initial list of HAPs including specific chemical compounds and compound classes.  The EPA is 
charged with the periodic review and revision of this list and has established procedures for both 
“listing” and “delisting” compounds.  A total of 189 compounds were on the original HAP list, 
though four compounds have since been removed: Hydrogen Sulfide in December 1991, 
Caprolactam in June 1996 (61FR30816), Ethylene Glycol Monobutyl Ether (EGBE) in 
November 2004 (69FR69320), and Methyl Ethyl Ketone (MEK) in December 2005 
(70FR75047).  The most current list of HAPs available at the time of this writing is provided at 
the end of this Guide, in APPENDIX A - EPA HAP List. 
 

 Ozone Depleting Chemicals (ODC) 

The ozone layer is responsible for absorbing much of the sun’s UV radiation.  In the last few 
decades, the concern over the depletion of the ozone layer prompted an international treaty 
known as the Montreal Protocol.  The Montreal Protocol banned the production of a class of 
compounds known as chlorofluorocarbons (CFCs), which are known to contribute to the 
depletion of the ozone layer.  These compounds are known as Ozone Depleting Chemicals 
(ODCs).  ODCs are assigned an Ozone Depletion Potential (ODP) which is a measure of the 
compound’s ability to degrade the ozone layer.  Class I substances are those ODCs that have an 
ODP of 0.2 or higher and include CFCs, halons, carbon tetrachloride, methyl chloroform, methyl 
bromide, and hydrobromofluorocarbons (HBFCs).  All hydrochlorofluorocarbons (HCFCs) are 
class II substances and have an ODP of less than 0.2.  Appendix A and Appendix B of 40 CFR 
82 lists the class I and class II ODCs, respectively.  Despite their regulation, ODCs may still be 
found in, or used for, air conditioning and refrigeration systems, fire suppression, medical waste 
sterilization (CFC-12 as a carrier gas for ethylene oxide) and maintenance activities (e.g., parts 
cleaning, dry cleaning).  
 

 Greenhouse Gases (GHG) 

Global climate change is becoming one of the most important issues of the 21st century.  Some 
GHGs, such as CO2, are emitted to the atmosphere through both naturally occurring processes 
and human activities.  Other GHGs (e.g., fluorinated gases) are created and emitted solely 
through human activities.  The principal GHGs emitted to the atmosphere through human actions 
are CO2, methane (CH4), nitrous oxide (N2O), and fluorinated gases. 
 
CO2 is the primary GHG emitted through human activity, accounting for 82 percent of all GHG 
emissions from human actions in the United States.  CO2 enters the atmosphere primarily 
through the burning of fossil fuels and industrial processes.  CO2 is also removed from the 
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atmosphere (or “sequestered”) when it is absorbed by plants as part of the biological carbon 
cycle.  CH4 is emitted during the production and transport of coal, natural gas, and oil.  CH4 
emissions also result from livestock and other agricultural practices and by the decay of organic 
waste in municipal solid waste landfills.  N2O is emitted during agricultural and industrial 
processes, as well as during combustion of fossil fuels and solid waste. 
 
GHGs are assigned a Global Warming Potential (GWP), which is a measure of how much heat 
the gas traps in the atmosphere calculated over a specific time interval, typically 100 years.  The 
higher the GWP, the greater the potential for the gas to trap heat, and the more harmful the gas is 
regarded.  CO2 is used as the baseline gas and assigned a GWP of 1.  Emissions of GHGs may be 
converted into CO2 equivalent (CO2e) by taking the product of each GHG EF and its respective 
GWP.  Table A-1 of 40 CFR 98 provides the GWPs for several GHGs.  The GWP values given 
throughout this Guide are subject to change in the upcoming years due to new data becoming 
available, but are considered current as of June 6, 2016.  The total GHG emissions are calculated 
by summing all emissions from each gas and is generally derived from the following equation: 

𝑬𝑭𝑮𝑯𝑮 =  ෍(𝑬𝑭𝒊 × 𝑮𝑾𝑷𝒊)

𝒏

𝒊ୀ𝟏

 

Equation 1-1 
Where, 

EFGHG = Greenhouse gas emission factor expressed as CO2 equivalent (CO2e) 
EFi = Emission factor for greenhouse gas species i 
GWPi = Global warming potential for greenhouse gas species i 

 
 

1.5 Air Emission Inventories (AEI) 

An AEI is a compilation of the air pollutant emissions in an area over a given period of time, 
typically one year.  Some local agencies may have specific data reporting requirements or 
protocols which the installation must adhere to when conducting the AEI. 
 
The law requires accurate records of sources of air pollutants to be maintained.  These laws 
impose the same requirements on federal facilities as typical industrial facilities, and include 
requirements for quantifying the amount of air pollutants being emitted to the local air-shed.  The 
regulatory requirements for conducting an AEI are listed in the following subsections. 
 

 Air Emissions Reporting Requirements Rule (AERR) 

The Air Emissions Reporting Requirements (AERR) rule was developed to simplify the 
emissions reporting required of every state.  This rule was created to update the reporting 
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requirements as originally stipulated in the Consolidated Emissions Reporting Requirements 
(CERR) rule, which has been in place since 2002.  The AERR rule provided in 40 CFR 51 
Subpart A, states that emissions are to be reported 12 months from the end of the inventory year 
and biogenic emissions are no longer required to be estimated.  In addition to the criteria 
pollutants, states must also report emissions of lead compounds and ammonia (NH3), but not 
HAPs or GHGs, though reporting these emissions is encouraged. 
 

 Air Force Instruction (AFI) 32-7040 update 

Air Force Instruction (AFI) 32-7040 states that installations shall: 
 

“Air Quality Compliance and Resource Management states the following in Air 
Force Instruction (AFI) 32-7040: “The CEIE must prepare and periodically 
update an AEI, using APIMS, of all installation stationary sources (stationary 
source AEI) and Air Force owned or operated mobile sources (mobile source 
AEI) IAW the current Air Force air emissions inventory guidance and applicable 
state or local requirements promulgated per 40 CFR Part 51 Subpart A, Air 
Emissions Reporting Requirements.” 
 
“Comprehensive AEIs (i.e., includes both permitted and non-permitted sources) 
are performed at the frequency as required by federal, state and local regulations. 
Overseas installations conduct AEIs IAW Foreign Governing Standards and/or 
Host Nation agreements. At a minimum, the CEIE, will annually review/validate 
APIMS as current (i.e., sources and consumption data is representative of the 
current base conditions) and update (i.e., a comprehensive review of all sources 
and their consumption data) at least every three years (five years for overseas and 
remotely located facilities) to accurately reflect current emissions.” 
 
“Stationary source AEIs include all criteria pollutants, HAPs, and GHGs and 
reflect the installation’s current actual and PTE emissions. Annual regulatory 
emissions reports,  
a subset of the comprehensive AEI, are provided to federal, state and local 
(including Metropolitan Planning Organization or other regional) regulatory 
agencies as required.  Mandatory pollutant emissions reporting is provided to 
AFCEC/CZ as part of the annual 
data call. GHG reporting mandated by E.O. 13693, is accomplished at the HAF 
level.” 
 
“Affected installations that exceed the GHG reporting threshold shall accomplish 
GHG reporting mandated by Title 40 CFR Part 98, Mandatory Reporting of 
Greenhouse Gases.  Other installations within 10% of the GHG reporting 



Air Emissions Guide for Air Force Stationary Sources Introduction 

10 
 

threshold shall accomplish GHG estimates IAW Title 40 CFR Part 98 and only 
report the results to AFCEC/CZ via APIMS.  Installation AEI data stored in 
APIMS are available for use as needed by AFCEC and higher headquarters.” (4 
November 2014, Certified Current 14 October 2016) 

 

 Clean Air Act (CAA) 

The CAA was enacted to control air pollution by outlining the EPA’s responsibility to develop 
and enforce regulations protecting the public from harmful air contaminants.  The CAA 
identifies two types of air quality standards and designates these as primary and secondary 
standards.  Primary standards are those that protect the public health and include “sensitive” 
population groups such as the young, the elderly, and asthmatics.  Secondary standards are those 
that protect the public welfare and include protection against decreased visibility and damage to 
animals, crops, vegetation, or even buildings.  Areas which meet the primary and secondary 
NAAQs for a pollutant are classified as being in attainment for that pollutant.  Areas that do not 
meet the NAAQS are classified as nonattainment for that pollutant.  An area historically 
classified as nonattainment, which later consistently meets the NAAQS, and any additional 
requirements, will be re-designated as a maintenance area. 
 

1.5.3.1 Title I - Air Pollution Prevention and Control 

The CAA requires states to develop State Implementation Plans (SIPs) for attaining and 
maintaining the NAAQS.  Per Title I of the CAAA-90 (Clean Air Act Amendments), SIPs must 
include provisions for states to submit emission inventories to the EPA and for sources to submit 
emission inventories to the state.  The following is a summary of inventory requirements 
implemented by Title I of the CAAA-90: 

 According to Section 172(c)(3) of the CAA, a state must include a current inventory of 
each criteria pollutant whenever a SIP revision is submitted to the EPA.  The inventory 
of each pollutant will only include actual emissions from sources located in areas that 
are in nonattainment for that pollutant. 

 Section 182(a)(1) of the CAA requires each state to submit a current inventory of actual 
VOC and NOX emissions (from sources in areas that are in nonattainment for O3) and of 
actual CO emissions (from sources in areas that are in nonattainment for CO).  After the 
baseline inventory, states must submit periodic inventories every three years until the 
area reaches attainment. 

 Section 182 of the CAA also requires stationary sources in O3 nonattainment areas to 
report their actual VOC and NOX emissions to the state annually.  States may waive this 
requirement for sources that emit less than 25 tons per year (tpy) of VOC or NOX. 
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1.5.3.2 Title III - General 

Under Title III of the CAAA-90 (Section 112 of the CAA), the EPA is required to promulgate 
National Emissions Standards for Hazardous Air Pollutants (NESHAP) to regulate certain source 
categories that emit HAPs.  The regulatory approach for HAPs is very different from criteria 
pollutants.  Instead of regulating ambient air concentrations of HAPs, the CAA regulates 
individual pollutants and the sources that emit HAPs.  Each NESHAP contains unique 
requirements, based on the source type, and each regulation contains specific monitoring, 
recordkeeping, and reporting requirements.  Also, some NESHAPs only apply to sources 
considered a major source for HAPs.  A major source for HAPs is defined as any stationary 
source or group of stationary sources located within a contiguous area and under common 
control that emits or has a PTE of 10 or more tpy of any single HAP or 25 or more tpy of 
any combination of HAPs.  For a source (e.g., military installation) to determine if it is a major 
source for HAPs, an inventory of HAP emissions must be performed. 
 
It is important to note that fugitive emissions must be included when determining if a source is a 
major source for HAPs.  Additionally, a May 16, 1995 EPA policy memorandum titled 
“Potential to Emit for MACT Standards – Guidance on Timing Issues” states that if a facility 
must comply with a NESHAP because it is a major source for HAPs, the facility must always 
comply with that NESHAP.  This is required even if it later becomes a non-major source (area 
source) for HAPs.  This is known as the “Once In, Always In” policy. 
 
On August 14, 2000, the EPA issued a memorandum, “Subject: Guidance on the Major Source 
Determination for Certain HAPs” (Seitz 2000).  The memo was meant to provide guidance on 
applying the major source threshold for compounds, salts and esters, and/or “plurals” (e.g. 
xylene isomers).  It was unclear, at the time, if the 10 tpy threshold should apply to each 
chemical or to the aggregate group of HAPs.  This memo directs facilities to consider polycyclic 
organic matter, xylene and creosol isomers, and the 16 “compounds” on the current HAP list 
(e.g., antimony compounds, arsenic compounds, beryllium compounds, chromium compounds, 
cadmium compounds, etc.) in aggregate when determining major source applicability.  In other 
words, the total emissions of the chemicals in these aggregate groups must be less than 10 tpy 
or the source will be considered major for HAPs. 
 

1.5.3.3 Title V - Permits 

Under Title V of the CAAA-90, all stationary sources classified as a “major source” are required 
to obtain a Title V operating permit.  A major source under Title V includes any stationary 
source or group of stationary sources within a contiguous area and under common control that 
emits or has the PTE: 
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 10 tpy or more of any HAP or 25 tpy or more of any combination of HAPs. 

 100 tpy or more of any air pollutant subject to regulation.  For some of the criteria 
pollutants, lower thresholds exist for certain nonattainment areas.  These lower 
thresholds include the following: 
o 50 tpy of VOC and NOX emissions in “serious” O3 nonattainment areas and in 

O3 transport regions. 
o 25 tpy of VOC and NOX emissions in “severe” O3 nonattainment areas. 
o 10 tpy of VOC and NOX emissions in “extreme” O3 nonattainment areas. 
o 50 tpy of CO emissions in “serious” CO nonattainment areas. 
o 70 tpy of PM10 emissions in “serious” PM10 nonattainment areas. 

 
To determine if a USAF base is a major source under the provisions of Title V, an emissions 
inventory (of actual and potential emissions) must be completed.  It is important to note that with 
the exemption of the HAPs regulated under Title III, when making a major source determination 
under Title V, fugitive emissions are not included in the emission inventory unless the source of 
emissions is from one of the source categories listed in 40 CFR 51.166. 
 

1.5.3.4 New Source Review (NSR) 

The New Source Review (NSR) permitting program was established as part of the 1977 CAA 
amendments to ensure that air quality is not significantly degraded because of new construction 
or modifications at existing facilities.  The NSR permits establish how a source is to be operated, 
its emissions limits, and what construction is allowed for the modification of that source.  NSR 
requires stationary sources of air pollution to obtain permits prior to construction.  There are 
three types of NSR permitting requirements: Prevention of Significant Deterioration (PSD) 
permits, Nonattainment NSR permits, and minor source permits. 
 
PSD permits are required for new major sources or major modifications at existing sources for 
pollution located in attainment areas.  The PSD program requires that any new construction or 
modification must use the Best Available Control Technology (BACT) and perform air quality 
and environmental impact analysis.  There are 28 source categories given in 40 CFR 51.166 
which, if they emit 100 tpy, including fugitive emissions, are regarded as PSD major sources.  
Sources that do not fall into one of the 28 categories are regarded as PSD major sources if they 
emit 250 tpy, excluding fugitive emissions.  Typically, there are only two sources that fall into 
one of these categories that may potentially be found on a USAF installation.  These sources are 
fossil fuel boilers greater than 250 Million British Thermal Units per hour (MMBtu/hr) heat 
input and petroleum storage units with a capacity exceeding 300,000 barrels.  The local air 
pollution control agency may provide additional information regarding the PSD permit 
application process, required for PSD major sources, as well as the typical length of time it takes 
before a permit is issued.   
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Nonattainment NSR permits are required for new major sources or major modifications at 
existing sources for pollution located in nonattainment areas.  All nonattainment NSR programs 
require the installation of the Lowest Achievable Emission Rate (LAER).  LAER is determined 
either by taking the most stringent emission limitation contained in a SIP for the category source 
or the most stringent emission limit achieved in practice by such class or category of source, 
whichever is more constraining.  Additionally, since the construction is to take place in a 
nonattainment area, part of the nonattainment NSR program requires some form of emission 
offsets.  These offsets are reductions in emissions from existing sources near the proposed 
construction that are greater than the emissions increase from the new source to provide a net air 
quality benefit.   
 
Minor NSR permits are required for new construction that does not require PSD or 
nonattainment NSR permits.  These permits contain requirements limiting the emissions to avoid 
PSD and nonattainment NSR, and to prevent the new construction from violating the control 
strategy in a nonattainment area.   
 

1.5.3.5 General Conformity  

Section 176(c) of the CAA prohibits federal activities from taking various actions in 
nonattainment or maintenance areas unless they first demonstrate conformance with their 
respective SIP.  "A Federal Agency must make a determination that a Federal action conforms to 
the applicable implementation plan in accordance with the requirements of this Subpart before 
the action is taken" (40 CFR 93.150(b)).  A conformity review is a multi-step process used to 
determine and document whether a proposed action meets the conformity rule.  There are two 
main components to this process: an applicability analysis first establishes if a full-scale 
conformity determination is required and, if it is, a conformity determination assesses whether 
the action conforms to the SIP.  The general conformity program requires all federal actions in 
nonattainment and maintenance areas to comply with the appropriate SIP.  An AEI is usually 
required as part of the conformity determination to identify/quantify air emissions from the 
proposed federal actions.   
 
Note that the conformity process is separate from the National Environmental Policy Act 
(NEPA) analysis process, though the two may be integrated.  There are certain requirements for 
NEPA that are not required under conformity.  For example, NEPA requires the development of 
reasonable alternative actions, whereas conformity only requires analysis of the proposed action. 
 

 National Environmental Policy Act (NEPA) 

NEPA requires federal agencies to evaluate the environmental impacts associated with proposed 
actions that they either fund, support, permit, or implement.  There are three levels of analysis:   
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 Categorical Exclusion Determination – A proposed action may be categorically 
excluded from a detailed environmental analysis if the action meets certain criteria that a 
previous agency has determined to have no significant environmental impact. 

 Environmental Assessment (EA) – A proposed action not categorically excluded must 
be evaluated to determine if undertaking would significantly affect the environment.  If 
there is no impact, the agency issues a Finding of No Significant Impact (FONSI).  If the 
EA concludes the action results in a significant environmental impact, an Environmental 
Impact Statement (EIS) must be prepared. 

 Environmental Impact Statement (EIS) – An EIS is a detailed evaluation of the 
proposed action and its alternatives.  A draft EIS is filed with the EPA who publishes a 
“Notice of Availability” in the Federal Register.  Publication of the “Notice of 
Availability” begins a 45-day public comment period and mandatory 30 day waiting 
period before the agency can decide on the proposed action. 

 
1.5.4.1 Environmental Impact Analysis Process (EIAP) 

The Environmental Impact Analysis Process (EIAP) is the Air Force’s tool for implementing 
procedures for environmental impact analysis within the United States and abroad.  Within the 
United States, EIAP maintains compliance with NEPA and the Council on Environmental 
Quality (CEQ) Regulations for Implementing the Procedural Provisions of the NEPA (40 CFR 
Parts 1500 through 1508).  USAF environmental impact analyses of actions outside the United 
States are to be in accordance with Executive Order 12114, Environmental Effects Abroad of 
Major Federal Actions and 32 CFR 187, Environmental Effects Abroad of Major Department of 
Defense Actions. 
 

 State/Local Programs 

Some state and local regulatory agencies have unique programs that require an AEI.  One 
example is California’s Air Toxics “Hot Spots” Information and Assessment Act of 1987 
(Assembly Bill 2588).  The Air Toxics “Hot Spots” Act regulates over 600 substances that may 
pose chronic or acute health threats when present in the air.  The “Hot Spots” Act requires 
applicable facilities to prepare and submit an Emissions Inventory Plan (EIP) to indicate how air 
toxic emissions will be measured or calculated.  After the EIP is approved by the state or local 
regulatory agency, the facility is required to prepare and submit an Emissions Inventory Report 
quantifying the air toxic emissions. 
 

 Other Inventory Uses 

An AEI can be a useful tool in helping industrial facilities to implement various environmental 
programs.  The most common of these programs are discussed in the following sections of this 
Guide. 
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1.5.6.1 Pollution Prevention (P2) Opportunities 

An AEI can be a useful tool in identifying air-related P2 opportunities on military installations.  
The inventory identifies the types of air pollution sources on base, and the amount of pollutant 
emissions from each source.  With this information, installation management can develop 
strategies to identify opportunities for process changes or other methods for reducing the types 
and/or quantities of air pollutants emitted from their respective facilities. 
 

1.5.6.2 Risk Assessments 

Section 112(r) of the CAA outlines the requirements for a Risk Management Plan (RMP) that 
covers the accidental release prevention requirements.  The rule regulates 77 toxic and 63 
flammable substances that are stored or used in operational or manufacturing processes, and 
which exceed the threshold quantities listed in 40 CFR 68.130.  The purpose of this program is to 
inform local communities of processes in their area that have the potential to present a 
catastrophic hazard release, and to require responsible parties (i.e. the respective USAF base) to 
develop a RMP. 
 
Under the original rule, facilities were required to include a brief description of their “Off-Site 
Consequences Analysis” (OCA) in the executive summary of their RMP.  The EPA and federal 
law enforcement agencies have become concerned that OCA descriptions in executive 
summaries may pose a security risk, so the EPA revised the rule to remove this requirement.  In 
view of security concerns, EPA expects that facilities will not include any OCA data in the 
executive summaries of their RMPs. 
 

1.5.6.3 Emissions Trading 

The EPA developed the emissions trading policy to provide sufficient flexibility to industry and 
states in meeting CAA requirements.  In general, emissions trading includes several methods that 
may be used to create surplus emissions.  These surplus emissions may be traded within a source 
(e.g. within a facility, plant, or installation) or between different sources to meet applicable air 
pollution control requirements.  Though most states have emissions trading programs, programs 
vary from state to state, as well as regionally or locally.  For a facility to trade emissions, the 
emissions from its processes must be quantified.  This information may be obtained from AEIs. 
 
 

1.6 Major Source Determination 

A “major source” can be a group of stationary sources that are located on one or more 
contiguous properties, are under common control, and (for Title V only) belong to the same two-
digit Standard Industrial Classification (SIC) code.  If the combined potential emissions from 
such a group of stationary sources exceed threshold levels, the entire group is treated as a single 
major source.  On August 2, 1996, the EPA published a memorandum, “Subject: Major Source 
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Determinations for Military Installations under the Air Toxics, New Source Review, and Title V 
Operating Permit Programs of the Clean Air Act (Act)” (Seitz 1996).  This memo established 
several policies regarding major source determination at military installations.  The following 
sections of this Guide provide a summary of these policies. 
 

 Common Control Determinations 

The EPA considers pollutant-emitting activities that are under the control of different military 
services not to be under “common” control.  More specifically, pollutant-emitting activities 
under the control of the following entities may be considered under separate control when 
making major source determinations at military installations: 

 Air Force 

 Army 

 Marine Corps 

 National Guard 

 Navy 

 Defense Agencies 
 
For example, if a National Guard unit was located at an USAF base, the emissions associated 
with the National Guard activities would not be counted towards the USAF installation’s 
emissions when making a major source determination for that USAF base.  The National Guard 
unit would be required to perform a major source determination based on emissions from 
National Guard activities. 
 
Additionally, leased activities located at a military installation may be considered under separate 
control if they are not under the direct or indirect control of the lessor (e.g., through a contract-
for-service arrangement) and they do not support any activities that are owned or operated by the 
lessor.  These leased activities, generally, would be considered “tenants” on military bases.  
Examples of leased activities that may be considered under separate control include “civilian 
reuse” activities, utilities, academic institutions, commercial space or flight activities, and 
activities under the control of other federal, state, interstate, or local entities, provided that these 
activities are not contracted to provide services to a military controlling entity located at that 
military installation.  The term “civilian reuse” is used to describe the use, by non-military 
entities, of property that is part of a military installation but has been scheduled for closure or 
realignment pursuant to the Base Closure and Realignment Act of 1988 or the Defense Base 
Closure and Realignment Act of 1990.  For example, a USAF base is in the process of closing 
and no longer needs the use of one of its hangars.  The base then leases the hangar to an aircraft 
manufacturer who uses it only for their own aircraft (no USAF aircraft).  This hangar can 
therefore be considered under separate control from the military entity who owns the installation. 
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In contrast to leased activities, contract-for-service (or contractor-operated) activities at military 
installations are usually considered to be under the control of the military entity that manages the 
contract.  Therefore, emissions from contract-for-service activities would be included in the 
installation’s major source determination. 
 
Since “common” control determinations tend to become complicated, the following rule-of-
thumb is offered when applying the guidance: “Who has the power of authority to guide, 
manage, or regulate the pollutant-emitting activities for a particular activity on the base?”  If the 
answer is the base commander, these activities must be included in the major source 
determination. 
 

 Industrial Grouping and Support Facility Determinations 

Part of the criteria for making a major source determination under the provisions of Title V of 
the CAAA-90 is that the stationary sources, that are grouped together, have the same two-digit 
SIC code.  Historically, all activities at a military installation have been grouped under SIC code 
97, "National Security and International Affairs."  However, the EPA has determined that this 
procedure is inappropriate for major source determinations at some military installations.  The 
recommended approach is to think of military installations as combinations of functionally 
distinct groupings of pollutant-emitting activities that may be identified and distinguished the 
same way that industrial and commercial sources are distinguished.  First, the activities at a 
military installation are classified as either “primary” or “secondary”.  Second, each activity is 
assigned the 2-digit SIC code that best describes it.  SIC code 97 should be used if no other 
appropriate SIC code exists.  Next, activities with the same 2-digit SIC code under common 
control are aggregated to form an industrial grouping.  Each industrial grouping can then be 
addressed separately for major source determination.  It is important to note that when making a 
major source determination, each support activity is part of the same source as the primary 
activity it supports. 
 
Military installations include numerous emission sources such as residential housing, schools, 
day care centers, churches, recreational parks, theaters, shopping centers, grocery stores, Army 
and Air Force Exchange Service (AAFES) gas stations, and dry cleaners.  Though these sources 
may be located on military installations and used by on-base military personnel, they often are 
not essential activities related to the primary military activity of the base.  Therefore, the EPA 
believes these types of activities may not be considered required support facilities.  These 
activities may be treated as separate sources for all purposes for which an industrial grouping 
distinction is allowed.  Such activities should be separately evaluated for common control, SIC 
code, and support facility linkages to determine if a major source is present.  Many USAF 
installations have been successful in “disaggregating” their AAFES gasoline stations, resulting in 
a change to their major source status. 
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1.7 Authoritative Algorithms and Emission Factors (EFs) 

An EF is a representative value that attempts to relate the quantity of a pollutant released with 
the activity associated with the release of that pollutant.  These factors are usually expressed as 
the weight of pollutant released per a unit weight, volume, distance, or duration of the pollutant 
emitting activity.  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. 
 
This Source Guide is the USAF single authoritative compilation of algorithms and EFs for 
stationary sources.  No other algorithms or EFs shall be used unless mandated by a legally 
inferable regulatory requirement (e.g., permit stipulates) or approved by AFCEC/CZTQ on a 
case-by-case basis.  Algorithms and EFs used by the USAF are generally from the Compilation 
of Air Pollutant Emission Factors (AP-42) and WebFIRE (EPA's online EF database).  However, 
data in AP-42 is often obsolete due to equipment updates that occur more frequently than EF 
research and WebFIRE is known to contain errors and conflicting data.  Additionally, EFs for 
Air Force-unique circumstances and sources have been developed by the USAF and are only 
available in this Source Guide.  Therefore, the only algorithms and EFs authorized for use in 
estimating USAF emissions are those maintained within this and other official USAF source 
guides, unless a specific temporary exemption is approved by AFCEC/CZTQ. 
 
APIMS is the Air Force-approved information system for air quality, which provides a 
standardized, integrated tool and methodology to track, manage, and report all data related to the 
Air Quality Program.  In accordance with AFI 32-7040, APIMS is mandated for use in air 
quality permit management, air emission inventory, vehicle inspection & maintenance 
certification, and air emissions reporting.  The Installation/Base Civil Engineer - Environmental 
Element must ensure the air quality compliance and resource management data are accurately 
maintained in APIMS in a timely manner. 
 
APIMS is mandated by AFI 32-7040 for estimating USAF AEI.  This Guide is the single 
authoritative compilation of algorithms and EFs, however, APIMS is periodically updated so that 
the EFs and algorithms agree with the current source guide.  All algorithms and EFs within 
APIMS must be from within this and other official USAF source guides (unless specifically 
approved by AFCEC/CZTQ).  Upon discovery of any unauthorized algorithms and/or EFs within 
APIMS, contact the APIMS Help Desk for removal or pursuing temporary authorization from 
AFCEC/CZTQ. 
 
 

1.8 Emissions Inventory Methodologies 

The purpose of this Guide is to provide a uniform approach to calculating AEIs.  This effort is 
due to the common errors found in emissions inventories such as missing or duplicate facilities, 
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missing operating or technical data, data entry and transcription errors, incorrect Safety Data 
Sheets (SDS), and calculation errors.  Care should be made to reduce errors and improve the 
quality of the data.  When conducting an AEI, several methods can be used to quantify air 
pollutants from emission sources.  The methods listed below start at the most expensive and most 
reliable method for estimating emissions and progresses to the least expensive, least reliable 
method: 

 Emissions monitoring/sampling (e.g., continuous emissions monitoring or stack 
sampling) 

 Mass balances 

 Source category emissions model 

 State/industry factors 

 Emission factors 

 Engineering estimates 
 
Data from source-specific emission tests or continuous emission monitors are usually preferred 
for estimating a source’s emissions, because that data provides the best representation of the 
tested source’s emissions.  However, test data from individual sources are not always available 
and, even when presented, may not reflect the variability of actual emissions over time.  Thus, 
EFs and/or material balance calculations are frequently the best or only method available for 
estimating emissions, despite their limitations.  In all cases, managers must analyze the tradeoffs 
between the cost and quality of the emissions estimates.  Where risks of either adverse 
environmental effects or adverse regulatory outcomes are high, more sophisticated and costlier 
emission determination methods may be necessary.  Though most emission calculation methods 
presented in this Guide use either EF estimates, material balance calculations, or available 
modeling software, they are not meant to suggest these are the only alternatives available. 
 
Many EFs found in this Guide were taken from AP-42 where they were assigned a data quality 
rating from “A” through “E,” with “A” being the best quality.  The factor’s rating is a general 
indication of the reliability of that factor based on the quality of the test and how well the factor 
represents the emission source.  Additional or alternative EFs may be available from other 
sources, most notably the California Air Resource Board (CARB).  If an EF for a specific 
pollutant or process is not available, that does not mean the EPA believes the source should not 
be inventoried, but that there is insufficient data to provide guidance. 
 
AFI 32-7040 states that AEIs should be prepared and updated via APIMS.  The default EFs in 
APIMS are those found in this Guide.  However, alternative EFs, such as those requested by 
state and local air regulators, may be used if the alternative EF is submitted and approved by 
AFCEC/CZTQ.  The general equation for emissions estimation using an EF is: 
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Equation 1-2 
Where, 

E = Emissions of pollutant, typically on an annual basis 
A = Activity rate  
EF = Emission factor  
ER =  Overall emission reduction efficiency, if applicable (%) 

 
The overall emission reduction efficiency is the product of the control device destruction or 
removal efficiency and the capture efficiency of the control system.  When estimating emissions 
for an extended period, an average efficiency is used to account for routine operations.  In some 
cases, a material balance approach may provide a better estimate of emissions than emission 
tests.  In general, material balances are appropriate for use in situations where a high percentage 
of material is lost to the atmosphere.  All the materials going into and coming out of the process 
must be considered to allow an emission estimation to be credible. 
 
 

1.9 Guide Organization 

This Guide is organized into chapters which are specifically related to facilities or processes 
typically found at USAF installations.  Chapter topics may or may not correspond directly to 
source types identified in EPA, state, or local guidance documents.  The intent is to consider 
sources usually associated with a facility, activity, or process.  This Guide specifically addresses 
stationary sources of air emissions.  Guidance for addressing mobile or transitory sources of air 
pollutants may be found in the latest versions of the Air Emissions Guide for Air Force Mobile 
Sources or Air Emissions Guide for Air Force Transitory Sources respectively. 
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2 EXTERNAL COMBUSTION (ECOM) 

 Point Source 
 

2.1 Introduction 

External combustion (ECOM) sources include furnaces and boilers.  Furnaces heat an area by 
warming air while boilers utilize water and may produce enough steam to generate electricity.  
Larger, stationary external combustion engines are located at the base heat/power plant.  
Emissions from external combustion engines will vary depending on several factors including 
the boiler configuration, the size of the combustor, the firing configuration, the fuel type, the 
control devices used, and a variety of different design configurations.  External combustion 
units are point sources of criteria pollutants, HAPs and GHGs.  A basic control volume is 
graphically represented in Figure 2-1. 

 

Figure 2-1. Simplified Control Volume for Emissions from External Combustion 

A boiler’s configuration refers to its method of heat transfer.  There are four major types of heat 
transfer methods associated with boilers: watertube, cast iron, firetube, and tubeless.  The 
watertube configuration is the most common among boilers and works by passing water through 
tubes that are externally heated.  Cast iron boilers work in a similar manner, with the only 
difference being that the tubes are constructed of cast iron rather than steel.  Firetube boilers 
work by passing hot exhaust gases through a tube, which transfers heat to water circulating 
around them.  The tubeless design consists of a combustion chamber that is surrounded with a 
water jacket.  The water is heated by the combustion of the air/fuel mixture in the combustion 
chamber and then again by the exhaust gases, which are vented into a shell that surrounds the 
water jacket.  
 
The maximum heat input capacity of an external combustion source is a measure of that source’s 
maximum heat value it is capable of combusting.  Boilers are classified into four categories 
based on their size and application: Utility, Industrial, Commercial, and Residential.  Utility 
boilers are typically the largest boilers and utilize steam for electricity generation.  Utility boilers 
usually operate at or near maximum capacity and at a steady state.  It was determined that there 
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are no utility boilers in use at any USAF installations and they have therefore been removed from 
this Guide.  Industrial boilers are generally not as large as utility boilers and they may be further 
classified as either “heavy” or “light”, depending on the heat input of the boiler.  Industrial 
boilers can produce electricity or they may generate process steam.  The process steam may be 
used for heat generation or the captured condensate may be used as a solvent or feedstock.  Both 
commercial and residential boilers are considerably smaller than utility and industrial boilers and 
are used exclusively for comfort heat generation.  The main difference between commercial and 
residential boiler types is that the commercial boilers are considerably larger than residential 
boilers since they are used to heat larger (commercial) spaces.  The boiler types and their 
respective heat inputs are given in Table 2-1. 

Table 2-1. Boiler Types and Sizes 

Boiler Type Size/Heat Input (MMBtu/hr) 

Industrial – Heavy ≥100 to 250 
Industrial – Light ≥10 to <100 
Commercial/Institutional ≥0.3 to <10 
Residential <0.3 

SOURCE: Chapter 2 - "Preferred and Alternative Methods for Estimating Air Emissions from 
Boilers," Point Sources, Vol. 2, U.S. Environmental Protection Agency, Emission Inventory 
Improvement Program, July 2001.  “Industrial” subdivided into “heavy” and “light”. 

 
 

2.2 New Source Performance Standards (NSPS) and NESHAP Applicability 

It should be noted that while this chapter defines utility boilers, the following tables do not 
provide EF for utility boilers since the USAF does not have any utility boilers at any 
installations.  Although several NSPS have been enacted for utility boilers, those will not be 
addressed in detail in this section.  However, 40 CFR 60 Subparts Db (Standards of Performance 
for Industrial-Commercial-Institutional Steam Generating Units) and Dc (Standards of 
Performance for Small Industrial-Commercial-Institutional Steam Generating Units) stipulate 
the requirements for smaller external combustion units that are currently in use at USAF 
installations.  These sections detail the PM, NOX, and SOX emission limits for those units with a 
heat input capacity greater than 100 MMBtu/hr.  These values may be used to verify the 
accuracy of EFs which may need to be calculated based on the fuel sulfur content or ash content.  
Additional information regarding these emission limits and the facilities that are subject to these 
standards may be found in 40 CFR 60 Subparts Db and Dc. 
 
In addition to the NSPS requirements stated above, there are several NESHAPs that have been 
enacted that limit the emissions of HAPs from external combustion units.  40 CFR 63 Subpart 
DDDDD, National Emission Standards for Hazardous Air Pollutants for Major Sources: 
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Industrial, Commercial, and Institutional Boilers and Process Heaters, describes the HAP 
emission limits for industrial and commercial boilers and process heaters at major sources.  
Similarly, 40 CFR 63 Subpart JJJJJJ, National Emission Standards for Hazardous Air Pollutants 
for Industrial, Commercial, and Institutional Area Sources, describes the HAP emission limits 
for external combustion units located at area sources for HAPs.  A separate set of standards for 
coal and oil fired electric utility steam generating units are given in 40 CFR 63 Subpart UUUUU, 
National Emission Standards for Hazardous Air Pollutants: Coal and Oil-Fired Electric Utility 
Steam Generating Units.  Each of these standards provides compliance and reporting information 
for HAP emissions and may be used to verify HAP emissions from ECOM units conforming to 
these requirements. 
 
 

2.3 Mandatory GHG Reporting Rule 

The EPA has established mandatory GHG reporting requirements for owners and operators of 
facilities that directly emit GHGs into the atmosphere.  According to 40 CFR 98.2, any facility 
operating stationary fuel combustion sources is subject to the reporting rules outlined in 40 CFR 
98 Subpart C.  This applies to facilities whose aggregate maximum rated heat input capacity is 
30 MMBtu/hr, and emits 25,000 metric tons of carbon dioxide equivalent (CO2e) or more per 
year in combined emissions from all stationary fuel combustion sources.  This rule requires that 
CO2, CH4, and N2O mass emissions must be reported from each stationary combustion unit.  
Refer to 40 CFR 98 Subpart C for additional information regarding the GHG reporting 
requirements. 
 
 

2.4 Emission Factors 

EFs are a representative value that attempts to relate the quantity of a pollutant released with the 
activity associated with the release of that pollutant.  For EFs from fuel combustion in boilers, 
one type of NOX formation is designated as “thermal NOX”.  Most thermal NOX is formed in 
high temperatures near the burners and formation increases with increasing temperature, 
exposure time at peak temperature, and O2 concentration.  Boilers that employ flue gas 
recirculation (FGR), low NOX burners (LNB), or staged combustors will reduce NOX emissions.  
FGR works by recirculating flue gas through the burners.  The recycled flue gases are cooler and 
composed of inert compounds.  Due to their cooler temperatures, the flue gases work to lower 
the temperature of the flame, suppressing the formation of the thermal NOX.  Additionally, the 
flue gas also lowers the O2 concentration of the combustion air, limiting the reaction of the 
thermal NOX process.  NOX emissions may be reduced based on the presence of control devices 
or the firing configuration and practices used in the boiler.  Typically, tangentially fired boilers 
produce less NOX emissions than horizontally opposed units.  Since the formation of thermal 
NOX is O2 and temperature dependent, using Low Excess Air (LEA), over-fire air, or reduced air 
preheat will also significantly reduce NOX emissions (though NOX reductions in LEA fired 
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boilers are less significant).  Post combustion NOX reduction methods include Selective Non-
Catalytic Reduction (SNCR) and Selective Catalytic Reduction (SCR).  SNCR systems work by 
injecting either NH3 or urea at a specific temperature range into the combustion flue gases.  The 
NH3 or urea reacts with the NOX to form molecular nitrogen (N2), O2, and water.  SCR is similar 
to SNCR in that NH3 or urea is typically added to mix with flue gases.  After mixing, the gases 
pass through a catalyst chamber where they come into contact with active catalytic components 
such as vanadium, molybdenum, or tungsten. 
 
VOC, CO, and PM emissions are dependent on the combustion efficiency of the boiler.  
Improperly tuned boilers and boilers operating outside of the design parameters will decrease the 
combustion efficiency and result in increased VOC, CO, and PM emissions.  Sometimes the 
addition of LNB and FGR may also reduce the combustion efficiency and result in higher CO 
emissions.  VOC emissions may be reduced by increasing combustion temperatures or through 
turbulent mixing of the fuel and combustion air.  PM emissions from natural gas are typically 
low, but will increase due to poor air/fuel mixing. 
 
The SOX produced from the combustion of fuel oil are primarily in the form of SO2.  SOX 
emissions are almost entirely dependent on the sulfur content of the fuel combusted and are 
unaffected by the size of the boiler, the burner design, or the grade of fuel used.  Post combustion 
reduction of SOX is accomplished through Flue Gas Desulfurization (FGD).  This process uses 
an alkaline reagent that absorbs SO2 in the flue gas and produces a sodium or calcium sulfate 
compound, which is then removed.  FGD systems may be classified as wet, dry, or semi-dry 
depending on the state of the reagent as it leaves the absorber and may reduce SOX emissions by 
as much as 95 percent. 
 
External combustion results in the formation of GHGs.  The most common GHGs are CO2, CH4, 
and N2O.  A well-maintained system will convert almost all fuel carbon to CO2.  For boilers that 
have not been well maintained, the incomplete combustion of the fuel carbon increases the 
amount of VOC, CH4, and N2O formed.  However, it is important to note that even boilers that 
operate with poor combustion efficiency produce considerably less N2O and CH4 compared to 
CO2.   
 
The following EFs are presented in a pound per mass format.  Many of these may have been 
derived from the heating value of the fuel used.  The heating values of the fuels used are 
provided in Table 2-2.  Note that in the following sections, the tables do not provide EFs for 
those boilers classified as “residential”.  If calculating emissions from residential boilers is 
required, use those EFs for boilers smaller than 10 MMBtu/hr. 
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Table 2-2. Typical Fuel Heating Values 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental 

Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse 
Gas Reporting, Subpart C-General Stationary Fuel Combustion Sources," U.S. 
Environmental Protection Agency. 

a) High heat value for this fuel type assumed to be the same as “Other Biomass 
Gases” provided in source document. 

 
 

 Natural Gas 

Natural gas is used mainly for industrial process, steam and heat production, residential and 
commercial space heating, and electric power generation.  Natural gas is composed of a high 
percentage of CH4 with varying amounts of ethane, propane, butane, and inert gases such as 
nitrogen, CO2 and helium.  In commercial, industrial, and utility natural gas applications, the 
three major types of boilers are watertube, firetube, and cast iron.  For utility and large industrial 
boilers, the watertube design is the most common and those boilers with heat input levels greater 
than 100 MMBtu/hr are generally field erected.  Field erected units may be either wall-fired or 
tangential-fired and usually have multiple burners with several NOX control options.  Wall-fired 
units have multiple individual burners located on a single wall while tangential-fired units have 
several rows of air and fuel nozzles located in each of the four corners of the boiler.  Package 
units are constructed off site and are generally smaller than field erected units due to shipping 
constraints.  These units typically have heat input levels less than 100 MMBtu/hr, are always 
wall-fired with one or more individual burners, and are limited in the NOX control options.  
Criteria pollutant EFs for natural gas-fired ECOM units are provided in Table 2-3. 

Fuel Type High Heating Value

Compressed Natural Gas (CNG) 1.03E-03 MMBtu/ft
3

Fuel Oil - No. 6 1.50E-01 MMBtu/gal

Fuel Oil - No. 5 1.40E-01 MMBtu/gal

Fuel Oil - No. 4 1.46E-01 MMBtu/gal

Fuel Oil - No. 1 1.39E-01 MMBtu/gal

Fuel Oil - No. 2/Distillate/Diesel 1.38E-01 MMBtu/gal

Coal - Bituminous 24.93 MMBtu/ton

Coal - Subbituminous 17.25 MMBtu/ton

Coal - Anthracite 25.09 MMBtu/ton

Coal - Lignite 14.21 MMBtu/ton

Liquefied Petroleum Gas (LPG) 9.20E-02 MMBtu/gal

Waste Oil 1.38E-01 MMBtu/gal

Landfill Gas 4.85E-04 MMBtu/ft
3

Digester Gas
(a)

6.55E-04 MMBtu/ft
3
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Table 2-3. Criteria Pollutant Emission Factors for Natural Gas-Fired ECOM Units 

 
SOURCE (Unless otherwise stated): Section 1.4 - “Natural Gas Combustion," Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area 

Sources, Fifth Edition, U.S. Environmental Protection Agency, July 1998.  SCC = Source Classification Code. 
a) Control types include: Low NOX Burners (LNB) and Flue Gas Recirculation (FGR). 
b) Emission factors from AP-42 provide emission factors for total Particulate Matter (PM).  Total PM is assumed to be equal to PM10 which is assumed to equal 

PM2.5. 
c) New Source Performance Standards (NSPS) defined in 40 CFR 60 Subparts D and Db. Post-NSPS units are boilers >250 Million British thermal units per hour 

(MMBtu/hr) that commenced construction modification or reconstruction after August 17, 1971 and units 100-250 MMBtu/hr that commenced construction 
modification or reconstruction after June 19, 1984. 

d) SOURCE: "Uncontrolled Emission Factor Listing for Criteria Air Pollutants," Point Sources, Vol. 2, U.S. Environmental Protection Agency, Emission 
Inventory Improvement Program, July 2001.  For Source Classification Code (SCC) 1-02-006-03, no emission factor provided for lead (Pb) or controlled NOX. 

 
 

NOX CO SOX Pb VOC PM10
(b) PM2.5

(b)

Pre-NSPS(c) Uncontrolled 280 84 0.6 5.00E-04 5.5 7.6 7.6

Post-NSPS(c) Uncontrolled 190 84 0.6 5.00E-04 5.5 7.6 7.6

  Wall-Fired LNB 140 84 0.6 5.00E-04 5.5 7.6 7.6

  Wall-Fired FGR 100 84 0.6 5.00E-04 5.5 7.6 7.6

  Wall-Fired Uncontrolled 100 84 0.6 5.00E-04 5.5 7.6 7.6

  Wall-Fired LNB 50 84 0.6 5.00E-04 5.5 7.6 7.6

  Wall-Fired LNB/FGR 32 84 0.6 5.00E-04 5.5 7.6 7.6

  Tangential-Fired Uncontrolled 170 24 0.6 5.00E-04 5.5 7.6 7.6

  Tangential-Fired FGR 76 98 0.6 5.00E-04 5.5 7.6 7.6

All Sizes  Tangential-Fired  [1-01-006-04 and 1-02-006-04(d)]

Firing Configuration
[SCC] Control Type(a)

>100MMBtu  Wall-Fired  [1-01-006-01, 1-02-006-01, and 1-03-006-01]

<100MMBtu  Wall-Fired  [1-01-006-02, 1-02-006-02, 1-02-006-03(d), 1-03-006-02, and 1-03-006-03]

Emission Factors (lb/106ft3)
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GHG EF for natural gas-fired ECOM units are provided in Table 2-4.  The table provides EF for 
three speciated gases – CO2, N2O, and CH4.  All EF were calculated using the default heating 
value and emission factors provided in 40 CFR 98 Subpart C Tables C-1 and C-2.  The 
composite EF is applicable to all natural gas-fired ECOM units no matter the size or firing 
configuration since these default GHG EF values were used. 

Table 2-4. GHG Emission Factors for Natural Gas-Fired ECOM Units 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air 

Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General Stationary Fuel Combustion Sources," U.S. 
Environmental Protection Agency.  SCC = Source Classification Code. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their respective 
Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 respectively. 

 
 
HAP EF for natural-gas fired ECOM are provided in Table 2-5.  Note that the tables do not 
provide EFs for furnaces.  This is because the weighted average of boilers compared to furnaces 
justifies the removal of these EFs from this guide.  Refer to Section 1.4 of AP-42 for information 
regarding the EFs for furnaces if needed. 
 
 
 
  

CO2 N2O CH4 CO2e
(a)

All Sizes, SCCs, and Firing Configurations 120,019 2.26 0.226 120,142

Firing Configuration
[SCC]

Emission Factors (lb/106ft3)
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Table 2-5. HAP Emission Factors for Natural Gas-Fired ECOM Units 

 
SOURCE (unless otherwise stated): "Emissions Inventory Program, Emission Factors for Boilers," Mojave Desert Air 

Quality Management District (MDAQMD), 2013.  SCC = Source Classification Code. 
a) Hazardous Air Pollutant (HAP) emission factors were not provided in the source document for this Source Classification 

Code (SCC); however, it is assumed that the emission factors provided apply to this SCC. 
“---” - No Data Available. 

 
 

>100 MMBtu/hr
[SCC]

10-100 MMBtu/hr
[SCC]

<10 MMBtu/hr
[SCC]

All Sizes - Tangential
[SCC]

[1-01-006-01, 1-02-006-01, 
and 1-03-006-01]

[1-01-006-04 and 

1-02-006-04(a)]

Acenaphthene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Acenaphthylene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Acetaldehyde 9.00E-04 3.10E-03 4.30E-03 ---

Acrolein 8.00E-04 2.70E-03 2.70E-03 ---

Anthracene 2.40E-06 2.40E-06 2.40E-06 2.40E-06

Arsenic 2.00E-04 2.00E-04 2.00E-04 2.00E-04

Benzo(a)anthracene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Benzene 1.70E-03 5.80E-03 8.00E-03 4.40E-01

Benzo(b)fluoranthene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Benzo(k)fluoranthene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Benzo(g,h,i)perylene 1.60E-06 1.60E-06 1.60E-06 1.60E-06

Benzo(a)pyrene 1.60E-06 1.60E-06 1.60E-06 1.60E-06

Beryllium 1.20E-05 1.20E-05 1.20E-05 1.20E-05

Cadmium 1.10E-03 1.10E-03 1.10E-03 1.10E-03

Chromium 1.40E-03 1.40E-03 1.40E-03 1.40E-03

Chrysene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Cobalt 8.40E-05 8.40E-05 8.40E-05 8.40E-05

Dibenzo(a,h)anthracene 1.60E-06 1.60E-06 1.60E-06 1.60E-06

Dichlorobenzene 1.20E-03 1.20E-03 1.20E-03 1.20E-03

7,12-Dimethylbenz(a)anthracene 1.60E-05 1.60E-05 1.60E-05 1.60E-05

Ethylbenzene 2.00E-03 6.90E-03 9.50E-03 ---

Fluoranthene 3.00E-06 3.00E-06 3.00E-06 3.00E-06

Fluorene 2.80E-06 2.80E-06 2.80E-06 2.80E-06

Formaldehyde 7.50E-02 7.50E-02 1.70E-02 7.50E-02

Hexane 1.30E-03 4.60E-03 6.30E-03 1.10E-01

Indeno(1,2,3-cd)pyrene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

Lead 5.00E-04 5.00E-04 5.00E-04 5.00E-04

Manganese 3.80E-04 3.80E-04 3.80E-04 3.80E-04

Mercury 2.60E-04 2.60E-04 2.60E-04 2.60E-04

3-Methylchloranthrene 1.80E-06 1.80E-06 1.80E-06 1.80E-06

2-Methylnaphthalene 2.40E-05 2.40E-05 2.40E-05 2.40E-05

Naphthalene 3.00E-04 3.00E-04 3.00E-04 6.10E-04

Nickel 2.10E-03 2.10E-03 2.10E-03 2.10E-03

Phenanthrene 1.70E-05 1.70E-05 1.70E-05 1.70E-05

Pyrene 5.00E-06 5.00E-06 5.00E-06 5.00E-06

Selenium 2.40E-05 2.40E-05 2.40E-05 2.40E-05

Toluene 7.80E-03 2.65E-02 3.66E-02 2.20E-01

HAP

Emission Factors (lb/106ft3)

[1-01-006-02, 1-02-006-02, 1-02-006-03(a),
 1-03-006-02, and 1-03-006-03]
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 Fuel Oils 

Fuel oils may be separated into two categories: distillate oils and residual oils.  These oils may be 
further categorized by grade numbers.  No.1 and No. 2 fuel oils are distillate oils, No. 5 and No. 
6 are residual oils, and No.4 may be classified either as a distillate or mixture of distillate and 
residual oils.  Distillate oils are more volatile and less viscous than residual oils, have negligible 
nitrogen and ash contents, and typically contain less than 0.3 percent sulfur (by weight).  
Distillate oils are used mainly in domestic and small commercial applications and include 
kerosene and diesel fuels.  Residual oils are produced from the residue remaining after the lighter 
fractions (gasoline, kerosene, and distillate oils) have been removed from crude oil.  Residual 
oils contain significant amounts of ash, nitrogen, and sulfur, and are primarily used in utility, 
industrial, and large commercial applications.  EFs for fuel oil-fired ECOM units for criteria 
pollutants, GHGs, and speciated HAPs are provided in Table 2-6, Table 2-7, and Table 2-8, 
respectively.  Note that the tables do not provide EFs for furnaces.  This is because the weighted 
average of boilers compared to furnaces justifies the removal of these EFs from this guide.  Refer 
to Section 1.3 of AP-42 for information regarding the EFs for furnaces if needed. 
 
Emissions from ECOM equipment that burn fuel oils are dependent on the grade and 
composition of the fuel, the type and size of the boiler, the control devices used on the 
equipment, the boiler’s firing configuration, and the level of equipment maintenance.  Boilers 
that combust fuel oils are available in all four heat transfer methods: watertube, firetube, cast 
iron, and tubeless.  Watertube designs are primarily found in industrial applications while 
firetube are often smaller and sold as packaged units.  Cast iron and tubeless boilers are used 
primarily in the residential and commercial sectors. 
 
The conversion of fuel nitrogen to NOX is particularly important in residual oil boilers as it may 
account for half of the total NOX emitted from residual oil firing.  For distillate oil burners, 
thermal NOX is the more common mechanism for NOX formation due to the negligible nitrogen 
content of these lighter oils.  It is important to note that distillate oil boilers are much smaller 
than residual oil boilers, and therefore, do not produce as much thermal NOX as their larger 
counterparts, even though thermal NOX is the primary mechanism of NOX formation.  PM 
emissions are dependent on the combustion efficiency of the boiler; however, it is also dependent 
on the grade of the fuel used.  Typically, the heavier the fuel oil combusted, the more PM is 
produced.  PM reduction may be achieved by improving oil atomization and combustion 
aerodynamics.  Combustion aerodynamics may be improved using a flame retention device or 
through recirculation. This also aids in the reduction of NOX emissions while improving thermal 
efficiency.  Most large utility and industrial boilers may benefit from the use of post combustion 
PM controls, such as electrostatic precipitators (ESP) or fabric filters (FF).  ESPs work by 
charging the suspended particles and collecting them through electrostatic attraction.  New ESPs 
may reduce PM emissions by as much as 90 percent. 
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Table 2-6. Criteria Pollutant Emission Factors for Fuel Oil-Fired ECOM Units 

 
SOURCE (Unless otherwise stated): Section 1.3- “Fuel Oil Combustion," Compilation of Air Pollutant Emission Factors - 

Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, May 2010.  SCC = 
Source Classification Code. 

a) Control devices include: Low NOX Burner (LNB), Flue Gas Recirculation (FGR), Electrostatic Precipitators (ESP), 
scrubbers (SCB), and Multi-Cyclones (MCL). 

b) In some cases, the emission factor is a function of the sulfur content of the oil. "{S}" is the weight % of sulfur in the oil. 
For example, if the fuel oil is 1% sulfur, then S=1. 

c) Source document provides an emission factor for Non-Methane Total Organic Compounds (NMTOC).  Volatile Organic 
Compound (VOC) assumed to be equal to NMTOC. 

d) This value calculated using California Air Resources Board (CARB) speciation data.  Particulate matter (PM) total value 
taken from AP-42 and multiplied by 0.0055 for boilers burning distillate oil.  No. 4 fuel oil considered distillate for 
industrial and commercial boilers. 

e) SOURCE: " Uncontrolled Emission Factor Listing for Criteria Air Pollutants," Emission Inventory Improvement 
Program, 2001. 

f) Source provided PM10 data only.  PM2.5 estimated using fractions given by the California Emission Inventory 
Development and Reporting System (CEIDARS).  PM2.5 fraction of PM10 for residual and distillate oil are given as 
0.874 and 0.991 respectively. 

g) SOURCE: “Emissions Inventory Program, Emission Factors for Boilers,” Mojave Desert Air Quality Management 
District (MDAQMD), 2013.  SOX emission factor calculated by source assumes a sulfur weight percent of 0.05%. 

h) An average heat value of 138 Million British thermal units per 1,000 gallons (MMBtu/1,000gal) was used for unit 
conversion from AP-42 value. 

i) SOURCE: "CATEF - California Air Toxics Emission Factors," California Environmental Protection Agency, 1996. 
j) No. 4 fuel oil for industrial/commercial boilers assumed to be distillate. 
k) Source does not provide an emission factor for this pollutant and SCC.  Surrogate value (SCC 1-02-005-02 and 1-02-

005-03) used. 
l) Source does not provide an emission factor for this pollutant and SCC.  Surrogate value (SCC 1-02-004-02 and 1-02-

004-03) used. 

 
  

NOX
(a) CO SOX

(b) Pb VOC(c) PM10
(a,b) PM2.5

(a,b)

1-02-004-01
47

[40] - LNB
5 162.7{S} 4.49E-03(i) 2.80E-01

8.03{S}+2.65
[1.77{S}+0.58] - MCL 

5.23{S}+1.73
[3.70E-01{S}+1.22E-01] -MCL

1-02-004-02, 1-02-004-03 55 5 159{S} 4.49E-03(i) 2.80E-01
8.03{S}+2.65

[1.77{S}+0.58] - MCL 
5.23{S}+1.73

[3.70E-01{S}+1.22E-01] -MCL

No. 5 Fuel Oil 1-02-004-04 47 5 162.7{S} 4.49E-03(l) 2.80E-01
8.60

[1.90] - MCL
5.60

[4.00E-01] - MCL

Residual 1-02-004-05(e) 55 5 158.6{S} 4.49E-03(l) 2.80E-01 7.90{S}+2.77 6.90{S}+2.42(f)

No. 4 Fuel Oil(j) 1-02-005-04 47 5 155.7{S} 8.30E-03(k) 2.00E-01 6.02 3.92

1-02-005-01 24 5 7.1(g) 1.24E-03(h) 2.00E-01 1.00 2.50E-01

1-02-005-02, 1-02-005-03 20 5 7.1(g) 8.30E-03(g) 2.00E-01 1.00 2.50E-01

1-02-005-05(e) 20 5 143.6{S} 1.10E-02(d) 2.00E-01 1.00 9.91E-01(f)

1-03-004-01 47 5 162.7{S} 4.49E-03(l) 1.13 5.79{S}+1.91 2.15{S}+0.71

1-03-004-02, 1-03-004-03 55 5 159{S} 4.49E-03(l) 1.13 5.79{S}+1.91 2.15{S}+0.71

No. 5 Fuel Oil 1-03-004-04 55 5 159{S} 4.49E-03(l) 1.13 6.20 2.30

No. 4 Fuel Oil(j) 1-03-005-04 20 5 152{S} 8.30E-03(k) 3.40E-01 1.08 0.83

1-03-005-01 24 5 147.7{S} 1.24E-03(h) 3.40E-01 1.08 0.83

1-03-005-02, 1-03-005-03 20 5 144{S} 1.10E-02(d) 3.40E-01 1.08 0.83

Distillate

Commercial/Institutional Boilers

No. 6 Fuel Oil

Distillate

Fuel Oil SCC
Uncontrolled and [Controlled] Emission Factors (lb/103 gal)

Industrial Boilers

No. 6 Fuel Oil
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Table 2-7. GHG Emission Factors for Fuel Oil-Fired ECOM Units 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, 

Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General Stationary Fuel Combustion Sources," U.S. 
Environmental Protection Agency.  SCC = Source Classification Code. 

a. CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their respective Global 
Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 respectively. 

b. Residual oil emission factors calculated using the default heat value and emission factors provided for no. 6 fuel oil. 
c. Distillate emission factors calculated using the default heat value and emission factors for no. 2 fuel oil. 

 
  

CO2 N2O CH4 CO2e
(a)

No. 6 and Residual Fuel Oil(b) 1-02-004-01, 1-02-004-02, 1-02-004-03, 1-02-004-05, 
1-03-004-01, 1-03-004-02, 1-03-004-03

24,835 0.198 0.992 24,894

No. 5 Fuel Oil
1-02-004-04, 
1-03-004-04

22,510 0.185 0.926 22,565

No. 4 Fuel Oil
1-02-005-04, 
1-03-005-04

24,153 0.193 0.966 24,211

Distillate(c) 1-02-005-01, 1-02-005-02, 1-02-005-03, 1-02-005-05, 
1-03-005-01, 1-03-005-02, 1-03-005-03

22,501 0.183 0.913 22,556

Fuel Oil SCC
Emission Factors (lb/103 gal)
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Table 2-8. HAP Emission Factors for Fuel Oil-Fired ECOM Units 

 
Notes for Table 2-8 on the following page. 
  

Distillate Fuel Oil

Industrial Boilers
 No. 6 and No. 5 Fuel Oil

Industrial Boilers

 No. 4 Fuel Oil(a)

Commercial Boilers

No. 6 and No. 5 Fuel Oil(b)

Commercial Boilers

 No. 4 Fuel Oil(a) All Types(c)

Acenaphthene 2.30E-05 3.31E-05 2.06E-04 5.63E-05 2.11E-04

Acenaphthylene 3.13E-05 1.02E-05 2.81E-04 1.73E-05 6.50E-05

Acetaldehyde 2.31E-03 5.50E-02 2.07E-02 9.36E-02 3.51E-01

Acrolein 3.52E-03 5.50E-02 3.16E-02 9.36E-02 3.51E-01

Anthracene 2.32E-05 3.75E-06 2.08E-04 6.38E-06 2.39E-05

Antimony 1.09E-03 ---(d)
1.09E-03(e) ---(d) ---

Arsenic 5.89E-04 1.60E-03(d) 5.89E-04(e) 1.60E-03(d) 1.60E-03

Benzo(a)anthracene 2.24E-05 2.12E-06 2.01E-04 3.60E-06 1.35E-05

Benzene 3.32E-02 6.91E-04 2.98E-01 1.17E-03 4.40E-03

Benzo(b,k)fluoranthene 1.60E-06 2.32E-07 1.43E-05 3.95E-07 1.48E-06

Benzo(g,h,i)perylene 2.29E-05 1.33E-06 2.05E-04 2.27E-06 8.50E-06

Benzo(a)pyrene 2.50E-05 1.19E-06 2.24E-04 2.02E-06 7.55E-06

Benzo(e)pyrene 9.40E-07 2.20E-06 8.43E-06 3.74E-06 1.40E-05

Beryllium 4.20E-04 ---(d) 4.20E-04(e) ---(d) ---

1,3-Butadiene 6.17E-03 2.32E-03 5.53E-02 3.95E-03 1.48E-02

Cadmium 3.43E-03 1.50E-03(d) 3.43E-03(e) 1.50E-03(d) 1.50E-03

Chlorobenzene --- 3.14E-05 --- 5.34E-05 2.00E-04

Chloroform 4.96E-03 --- 4.45E-02 --- ---

Chromium 1.64E-03 6.00E-04(d) 1.64E-03(e) 6.00E-04(d) 6.00E-04

Chromium VI 3.50E-04 1.00E-04(d) 3.50E-04(e) 1.00E-04(d) 1.00E-04

Chrysene 2.56E-05 2.01E-06 2.30E-04 3.42E-06 1.28E-05

Cobalt 2.24E-03 ---(d) 2.24E-03(e) ---(d) ---

Dibenzo(a,h)anthracene 2.28E-05 1.02E-06 2.04E-04 1.73E-06 6.49E-06

Ethylbenzene 1.42E-03 3.14E-05 1.27E-02 5.34E-05 2.00E-04

Fluoranthene 2.78E-05 5.21E-06 2.49E-04 8.86E-06 3.32E-05

Fluorene 3.18E-05 1.84E-05 2.85E-04 3.12E-05 1.17E-04

Formaldehyde 5.25E-02 5.50E-02 4.71E-01 9.36E-02 3.51E-01

Hexane --- 5.50E-04 --- 9.34E-04 3.50E-03

Hydrogen Chloride --- 2.93E-02 --- 4.97E-02 1.86E-01

Indeno(1,2,3-cd)pyrene 2.25E-05 1.04E-06 2.02E-04 1.77E-06 6.64E-06

Lead 4.49E-03 8.30E-03 4.49E-03(e) 8.30E-03 (f)

Manganese 4.38E-02 3.10E-03(d) 4.38E-02(e) 3.10E-03(d) 3.10E-03

Mercury 1.93E-04 2.00E-03(d) 1.93E-04(e) 2.00E-03(d) 2.00E-03

2-Methylnaphthalene 7.99E-05 2.20E-05 7.16E-04 3.74E-05 1.40E-04

Naphthalene 4.95E-03 8.32E-04 4.44E-02 1.41E-03 5.30E-03

Nickel 1.30E-01 3.90E-03(d) 1.30E-01(e) 3.90E-03(d) 3.90E-03

Perylene --- 4.25E-06 --- 7.23E-06 2.71E-05

Phenanthrene 4.38E-05 5.84E-05 3.93E-04 9.93E-05 3.72E-04

Phosphorous 2.86E-02 ---(d) 2.86E-02(e) ---(d) ---

Pyrene 2.35E-05 6.41E-06 2.11E-04 1.09E-05 4.08E-05

Selenium 3.23E-03 2.20E-03(d) 3.23E-03(e) 2.20E-03(d) 2.20E-03

2,3,7,8-Tetrachlorodibenzo-p-dioxin 6.33E-10 --- 5.68E-09 --- ---

Toluene 7.30E-03 6.91E-04 6.54E-02 1.17E-03 4.40E-03

1,1,1-Trichloroethane --- 3.71E-05 --- 6.30E-05 2.36E-04

Xylenes 9.28E-03 2.51E-04 8.32E-02 4.27E-04 1.60E-03

Hazardous Air Pollutant

Emission Factors (lb/103 gal)
Residual Fuel Oils and No. 4 Fuel Oil Blends
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Notes for Table 2-8: 
SOURCE (unless otherwise stated): "CATEF - California Air Toxics Emission Factors," California Environmental Protection 

Agency, 1996. Source lists emission factors for Source Classification Codes (SCC) 1-02-004-01/02/03 only, but these 
emission factors are assumed to apply to SCCs 1-02-004-04/05 as well. 

a) SOURCE (unless otherwise stated): Values are estimates which were calculated by first determining the ratio of 
Hazardous Air Pollutant (HAP) to Total Organic Compounds (TOC) as provided for Distillate-firing boilers.  This ratio 
was then multiplied by the Non-Methane Total Organic Compounds (NMTOC) emission factor for each HAP to 
estimate emission factors. These emission factors apply to the following SCC's: for Industrial boilers using No. 4 fuel oil 
- 1-02-005-04 and for commercial boilers using No. 4 oil - 1-03-005-04.  Emission factors for metallic HAPs taken 
directly from Distillate boilers. 

b) SOURCE (unless otherwise stated): Values are estimates which were calculated by first determining the ratio of HAP to 
Total HAPs (non-metals) as provided for Industrial boilers.  This ratio was then multiplied by the NMTOC emission 
factor for each HAP to estimate emission factors.  These emission factors apply to the following SCCs: for commercial 
boilers using No. 6 and No. 5 oil - 1-03-004-01/02/03/04. Emission factors for metallic HAPs taken directly from 
Industrial boilers. 

c) SOURCE (unless otherwise stated): "Emissions Inventory Program, Emission Factors for Boilers," Mojave Desert Air 
Quality Management District (MDAQMD), 2013. Though the source only lists SCCs 1-02-005-01/02/03 and 1-03-005-
01/02/03, these emission factors are assumed to also apply to SCC 1-02-005-05. 

d) Distillate fuel oil emission factor used as a surrogate for this HAP. 
e) Industrial no. 6 and no. 5 fuel oil used as a surrogate for this HAP. 
f) Refer to Table 2-6 for emission factor specific to this SCC. 
“---” - No data available. 

 
 

 Coal 

Coal is a complex combination of organic matter and inorganic ash formed over centuries of 
successive layers of fallen vegetation.  Coals are classified by rank according to their progressive 
formation.  Coal rank depends on its volatile matter, fixed carbon, inherent moisture, and O2 
content.  Typically, the rank increases as the amount of fixed carbon increases and the amount of 
volatile matter decreases.  The specific types of coal, listed in order of formation, include lignite, 
subbituminous, bituminous, and anthracite. 
 
Coal-fired boiler types are identified by the heat transfer method (watertube, firetube, or cast 
iron), the arrangement of the heat transfer surfaces (horizontal or vertical, straight or bent tube), 
and the firing configuration (suspension, stoker, or fluidized bed).  The most common heat 
transfer method for coal-fired boilers is the watertube method.  Coal-fired watertube boilers 
include pulverized coal, cyclone, stoker, fluidized bed, and handfed units.  In stoker-fired 
systems and most handfed units, the fuel is primarily burned on the bottom of the furnace or on a 
grate.  In a fluidized bed combustor (FBC), the coal is introduced to a bed of either sorbent or 
inert material that is fluidized by an upward flow of air. 
 
Stoker-fired systems account for most coal-fired watertube boilers for industrial, commercial, 
and institutional applications.  Stoker-fired units may be divided into three groups: underfeed 
stokers, overfeed stokers, and spreader stokers.  Underfeed stokers may be horizontal fed, side 
ash discharge or gravity fed, rear ash discharge and produce ash that may be difficult to 
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completely rake out.  In overfeed stokers, coal is fed from a hopper onto a grate that moves the 
coal into the furnace.  Spreader stokers evenly disperse coal over the surface of a moving grate. 
 
FBCs are becoming increasingly popular as this technology has proven effective in combusting 
fuels that are difficult to ignite, such as high-ash coals or fuels with large variances in heat 
content.  FBCs may operate at either atmospheric conditions or at elevated pressures, where 
pressurized steam may be used to power a steam turbine.  FBCs may be further classified as 
either bubbling fluidized bed (BFB) or circulating fluidized bed (CFB).  In BFBs, the fluidization 
velocity is relatively low and minimizes the carryover of solids to the combustion chamber.  
CFBs, however, have high fluidization velocities to maintain a continuous, high-volume recycle 
rate that results in higher combustion efficiencies than BFB units.   
 
Emissions from coal combustion depend on the rank and composition of the fuel, the type and 
size of the boiler, firing conditions, load, type of control technologies, and the level of equipment 
maintenance.  NOX emissions from coal combustion are primarily nitric oxide (NO).  As with 
other external combustion units that burn other fuels, NOX emissions result from thermal NOX or 
fuel NOX.  Fuel NOX may account for as much as 80 percent of total NOX from coal combustion. 
 

2.4.3.1 Bituminous and Subbituminous Coal 

Bituminous coal is by far the largest group of coal and is characterized as having lower fixed 
carbon and higher volatile matter than anthracite.  Subbituminous coal has a higher moisture 
content, lower sulfur content with more volatile matter than bituminous coal.  Subbituminous 
coal may be used as an alternative fuel in some boilers originally designed to burn bituminous 
coals.  Criteria pollutant and GHG EFs for external combustion units burning bituminous coal 
are provided in Table 2-9 and Table 2-10 respectively. 
 
There are a variety of control devices available for external combustion units that burn coal.  
These control devices are designed to minimize the amount of emissions primarily for SOX, 
NOX, and PM.  These control types include: wet scrubbers, spray drying, furnace injection, duct 
injection, LNB, SNCR, SCR, multiple cyclones, ESP, or a combination of each.  When 
calculating emissions from coal fired units with control devices installed, it may be necessary to 
contact the manufacturer of the control device to determine the control efficiency.  Emissions of 
the controlled pollutant may then be estimated by calculating emissions of the uncontrolled 
operation and multiplying by the reduction of that pollutant (which is discussed later in a section 
of this guide).  In the absence of control efficiency data, several EFs have been calculated for a 
variety of control devices, particularly for PM. 
 
The amount of HAP emissions varies based on the type of coal used, the firing configuration and 
the presence (or absence) of control devices.  There is limited data on the emissions of individual 
HAPs, however, Table 2-11 provides EFs for speciated HAPs from external combustion units 
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burning bituminous and subbituminous coal.  Note that AP-42 provides EFs for speciated HAPs 
for controlled emissions only.  Additionally, since this data is based on test results from few 
emitting sources, and the fact that coal composition is region-specific, it is always preferable to 
use on site test data whenever possible in place of the EFs provided here.  

Table 2-9. Criteria Pollutant Emission Factors for Bituminous/Subbituminous Coal-Fired 
ECOM Units 

 
Notes for Table 2-9 are provided on the following page  

NOX 

[Controlled](a) CO SOX
(b) Pb

[Controlled] VOC(c) PM10 

[Controlled](a,b)

PM2.5 

[Controlled](a,b)

Bituminous
PC, Wet Bottom, Wall Fired
[1-01-002-01, 1-02-002-01, 1-03-002-05]

31 0.5 38{S}
1.26E-02

[
(e)

]
0.04

2.6{A}

1.3{A} [MCL]
0.042{A} [ESP]

1.48{A}

0.86{A} [MCL]
0.022{A} [ESP]

Bituminous
PC, Dry Bottom, Wall Fired, 
Pre-NSPS/Post NSPS
[1-01-002-02, 1-02-002-02, 1-03-002-06]

22 / 12
[11 with LNB]

0.5 38{S}
1.26E-02

[4.20E-04]
0.06

2.3{A}

0.58{A} [MCL]
0.42{A} [SCB]
0.054{A} [ESP]
0.02{A} [BGH]

0.6{A}

0.06{A} [MCL]
0.3{A} [SCB]

0.024{A} [ESP]
0.01{A} [BGH]

Bituminous
Cyclone Furnace
[1-01-002-03, 1-02-002-03, 1-03-002-03]

33 0.5 38{S}
1.26E-02

[4.20E-04]
0.11

0.26{A}
0.112{A} [MCL]
0.011{A} [ESP]

0.11{A}
0.11{A} [MCL]
0.006{A} [ESP]

Bituminous
Spreader Stoker
[1-01-002-04, 1-02-002-04, 1-03-002-09]

11 5 38{S}
1.26E-02

[
(e)

]
0.05

13.2
12.4 [MCL w/ FAR]

7.8 [MCL]
0.44 [ESP]

0.072 [BGH]

4.6
1.4 [MCL w/ FAR]

3.2 [MCL]
0.30 [ESP]

0.032 [BGH]

Bituminous
Overfeed Stoker
[1-01-002-05, 1-02-002-05, 1-03-002-07]

7.5 6 38{S}
1.26E-02

[
(e)

]
0.05

6.0
5.0 [MCL]

2.2
3.8 [MCL]

Bituminous
PC, Wet Bottom, Tangentially Fired
[1-01-002-11]

14 0.5 38{S} (e)
0.04

(f)
2.6{A}(f)

1.48{A}(f)

Bituminous
PC, Dry Bottom, Tangentially Fired
[1-01-002-12, 1-02-002-12, 1-03-002-16]

15 / 10
[9.7 with LNB]

0.5 38{S}
(e)

[4.20E-04]
0.06

2.3{A}
0.58{A} [MCL]
0.42{A} [SCB]
0.054{A} [ESP]
0.02{A} [BGH]

0.6{A}
0.06{A} [MCL]
0.3{A} [SCB]

0.024{A} [ESP]
0.01{A} [BGH]

Bituminous
PC, Dry Bottom, Cell Burner Fired
[1-01-002-15]

31 0.5 38{S} (e)
0.06

(g)
2.3{A}(g)

0.6{A}(g)

Bituminous
FBC, Bubbling Bed
[1-01-002-17, 1-02-002-17, 1-03-002-17]

15.2 18 (d) (e) 0.05 12.4
(h)

4.65
(i)

Bituminous
FBC, Circulating Bed
[1-01-002-18, 1-02-002-18, 1-03-002-18]

5 18 (d)
(e)

[4.20E-04]
0.05 12.4

(h)
4.65

(i)

Bituminous
Underfeed Stoker
[1-02-002-06]

9.5 11 31{S} (e) 1.3 6.2 3.8

Bituminous
Hand-fed Units
[1-03-002-14]

9.1 275 31{S} (e) 10 6.2
(j)

3.8
(j)

Subbituminous PC, Wet Bottom, Wall Fired
[1-01-002-21, 1-02-002-21, 1-03-002-21]

24 0.5 35{S}
8.75E-03

[
(e)

]
0.04 2.6{A}(f)

1.48{A}
(f)

Subbituminous
PC, Dry Bottom, Wall Fired, 
Pre-NSPS/Post NSPS
[1-01-002-22, 1-02-002-22, 1-03-002-22]

12 / 7.4 0.5 35{S}
8.75E-03

[4.20E-04]
0.06 2.3{A}(g)

0.6{A}(g)

Subbituminous
Cyclone Furnace
[1-01-002-23, 1-02-002-23, 1-03-002-23]

17 0.5 35{S}
8.75E-03

[4.20E-04]
0.11 0.26{A}(k)

0.11{A}(k)

Subbituminous Spreader Stoker
[1-01-002-24, 1-02-002-24, 1-03-002-24]

8.8 5 35{S}
8.75E-03

[
(e)

]
0.05 13.2

(l)
4.6

(l)

Subbituminous Overfeed Stoker
[1-01-002-25, 1-02-002-25, 1-03-002-25]

7.5 6 35{S}
8.75E-03

[
(e)

]
0.05 6.0

(m)
2.2

(m)

Subbituminous
PC, Dry Bottom, Tangentially Fired,
Pre-NSPS/Post NSPS
[1-01-002-26, 1-02-002-26, 1-03-002-26]

8.4 / 7.2 0.5 35{S}
(e) 

[4.20E-04]
0.06 2.3{A}(n)

0.6{A}(n)

Subbituminous
PC, Dry Bottom, Cell Burner Fired
[1-01-002-35]

14 0.5 35{S} (e) 
0.06

(g)
2.3{A}(g)

0.6{A}(g)

Subbituminous
Underfeed Stoker
[1-03-002-08]

9.5 11 31{S} (e) 1.3 6.2
(j)

3.8
(j)

Firing Configuration [SCC]

Emission Factors (lb/ton)

Coal Type
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Notes for Table 2-9: 
SOURCE: Section 1.1 - “Bituminous and Subbituminous Coal Combustion," Compilation of Air Pollutant Emission Factors - 

Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, September 1998.  
SCC = Source Classification Code, PC = Pulverized Coal, NSPS = New Source Performance Standards, FBC = Fluidized 
Bed Combustor. 

a) Control devices include: Low NOX burner (LNB), Flue Gas Recirculation (FGR), Electrostatic Precipitators (ESP), 
Scrubbers (SCB), baghouse (BGH), multi-cyclones (MCL), multi-cyclones with fly-ash reinjection (MCL with FAR). 

b) Several emission factors based on the sulfur or ash content of the coal being used. "{S}" is the weight % sulfur content of 
the fuel as fired. For example, if the fuel is 1.2% sulfur, then S= 1.2.  Similarly, if coal ash weight is 2.4%, "{A}" =2.4. 
Appendix A of AP-42 states that the ash % by weight is 4-20% for bituminous coal.  Sulfur oxides (SOX) emission factors 
based on the sulfur content of the coal being used.  For example, if the fuel is 1.2% sulfur, then S=1.2. 

c) Source document provides an emission factor for Total Non-Methane Organic Compounds (TNMOC).  TNMOC is 
assumed to be equal to volatile organic compounds (VOC). 

d) Sulfur emission factors for fluidized bed combustor (FBC) are a function of fuel sulfur content and calcium-to-sulfur ratio.  
Emission factor calculated as follows: 𝑆𝑂௑ 𝐸𝐹 = 39.6 × 𝑆 × (𝐶𝑎 𝑆⁄ )ିଵ.ଽ where S is the weight % sulfur in the coal and 
Ca/S is the molar calcium to sulfur ratio in the bed.  This equation is valid when the Ca/S ratio is between 1.5 and 7.  
When no calcium based sorbents are used and the bed material is inert with respect to sulfur capture, use 31{S} as the 
emission factor. 

e) AP-42 does not provide an emission factor for lead (Pb) for these SCCs, however, an emission factor for either controlled 
or uncontrolled emissions may be calculated as follows: 𝑃𝑏 𝐸𝐹 = 3.4𝐸 − 06 × 𝐻𝑉 × (𝐶 𝐴⁄ × 𝑃𝑀)଴.଼ where C is the 
concentration of Pb in parts per million by weight (ppmwt).  A is the weight fraction of the ash in the coal.  For example, 
10% ash is 0.1 ash fraction.  Particulate matter (PM) is the emission factor for total PM pounds per Million British 
thermal unit (lb/MMBtu) which may be estimated as follows: 𝑃𝑀 = (𝑃𝑀ଵ଴ [0.4 × 𝐻𝑉]⁄ ) where PM10 is the emission 
factor for PM10 (lb/ton) 0.4 is the fraction of PM10 to PMtotal as given in Krause, Mike and Smith, Steve, "Methodology to 
Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds," South Coast Air Quality Management 
District, October 2006, and HV is the heating value of the coal.  Section C of 40 CFR 98 states that the heating values of 
Bituminous and Subbituminous coal are 24.93MMBtu/ton and 17.25MMBtu/ton respectively. 

f) Value provided is a surrogate. This value from SCC 1-01-002-01. 
g) Value provided is a surrogate. This value from SCC 1-01-002-02. 
h) Per AP-42, spreader stoker with multiple cyclones and reinjection used as a surrogate. 
i) Value calculated using the percent PM2.5 to PM10 per Krause, Mike and Smith, Steve, "Methodology to Calculate 

Particulate Matter (PM) 2.5 and PM 2.5 Significance Thresholds," South Coast Air Quality Management District, October 
2006. 

j) SCC 1-02-002-06 used as a surrogate for this value. 
k) SCC 1-01-002-03 used as a surrogate for this value. 
l) SCC 1-01-002-04 used as a surrogate for this value. 
m) SCC 1-01-002-05 used as a surrogate for this value. 
n) SCC 1-01-002-12 used as a surrogate for this value. 

Table 2-10. GHG Emission Factors for Bituminous/Subbituminous Coal-Fired ECOM 
Units 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, 

Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General 
Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency.  SCC = Source 
Classification Code. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 
and their respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 
1, 298, and 25 respectively. 

CO2 N2O CH4 CO2e
(a)

All SCCs and Firing Configurations 5,127 0.088 0.605 5,168

Firing Configuration
[SCC]

Emission Factors (lb/ton)
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Table 2-11. HAP Emission Factors for Bituminous/Subbituminous Coal-Fired ECOM 
Units-CONTROLLED 

 

Dry Bottom, Cyclone 
Furnace, and FBC-

Circulating Bed Boilers(a)
Wet Bottom Boilers(b,c)

Spreader and Overfeed 
Stoker and FBC-Bubbling 

Bed Boilers(b,d)
Underfeed Boilers(b,e) Hand-fed Boilers(b,f)

Acenaphthene 5.10E-07 2.31E-06 2.89E-06 7.52E-05 5.78E-04

Acenaphthylene 2.50E-07 1.13E-06 1.42E-06 3.69E-05 2.84E-04

Acetaldehyde 5.70E-04 2.59E-03 3.23E-03 8.40E-02 6.46E-01

Acetophenone 1.50E-05 6.80E-05 8.51E-05 2.21E-03 1.70E-02

Acrolein 2.90E-04 1.32E-03 1.64E-03 4.28E-02 3.29E-01

Anthracene 2.10E-07 9.53E-07 1.19E-06 3.10E-05 2.38E-04

Antimony(g) 1.80E-05 9.20E-07*HV*(C/A*PM)0.63 9.20E-07*HV*(C/A*PM)0.63 9.20E-07*HV*(C/A*PM)0.63 9.20E-07*HV*(C/A*PM)0.63

Arsenic(g) 4.10E-04 3.10E-06*HV*(C/A*PM)0.85 3.10E-06*HV*(C/A*PM)0.85 3.10E-06*HV*(C/A*PM)0.85 3.10E-06*HV*(C/A*PM)0.85

Benzo(a)anthracene 8.00E-08 3.63E-07 4.54E-07 1.18E-05 9.07E-05

Benzene 1.30E-03 5.90E-03 7.37E-03 1.92E-01 1.47E+00

Benzo(b,j,k)fluoranthene 1.10E-07 4.99E-07 6.24E-07 1.62E-05 1.25E-04

Benzo(g,h,i)perylene 2.70E-08 1.22E-07 1.53E-07 3.98E-06 3.06E-05

Benzo(a)pyrene 3.80E-08 1.72E-07 2.15E-07 5.60E-06 4.31E-05

Benzyl Chloride 7.00E-04 3.18E-03 3.97E-03 1.03E-01 7.94E-01

Beryllium(g) 2.10E-05 1.20E-06*HV*(C/A*PM)1.1 1.20E-06*HV*(C/A*PM)1.1 1.20E-06*HV*(C/A*PM)1.1 1.20E-06*HV*(C/A*PM)1.1

Biphenyl 1.70E-06 7.71E-06 9.64E-06 2.51E-04 1.93E-03

Bis(2-ethylhexyl)phthalate 7.30E-05 3.31E-04 4.14E-04 1.08E-02 8.28E-02

Bromoform 3.90E-05 1.77E-04 2.21E-04 5.75E-03 4.42E-02

Cadmium(g) 5.10E-05 3.30E-06*HV*(C/A*PM)0.5 3.30E-06*HV*(C/A*PM)0.5 3.30E-06*HV*(C/A*PM)0.5 3.30E-06*HV*(C/A*PM)0.5

Carbon Disulfide 1.30E-04 5.90E-04 7.37E-04 1.92E-02 1.47E-01

2-Chloroacetophenone 7.00E-06 3.18E-05 3.97E-05 1.03E-03 7.94E-03

Chlorobenzene 2.20E-05 9.98E-05 1.25E-04 3.24E-03 2.50E-02

Chloroform 5.90E-05 2.68E-04 3.35E-04 8.70E-03 6.69E-02

Chromium(g) 2.60E-04 3.70E-06*HV*(C/A*PM)0.58 3.70E-06*HV*(C/A*PM)0.58 3.70E-06*HV*(C/A*PM)0.58 3.70E-06*HV*(C/A*PM)0.58

Chromium VI(g) 7.90E-05 --- --- --- ---

Chrysene 1.00E-07 4.54E-07 5.67E-07 1.47E-05 1.13E-04

Cobalt(g) 1.00E-04 1.70E-06*HV*(C/A*PM)0.69 1.70E-06*HV*(C/A*PM)0.69 1.70E-06*HV*(C/A*PM)0.69 1.70E-06*HV*(C/A*PM)0.69

Cumene 5.30E-06 2.40E-05 3.01E-05 7.81E-04 6.01E-03

Cyanide 2.50E-03 1.13E-02 1.42E-02 3.69E-01 2.84E+00

Dimethyl Sulfate 4.80E-05 2.18E-04 2.72E-04 7.08E-03 5.44E-02

2,4-Dinitrotoluene 2.80E-07 1.27E-06 1.59E-06 4.13E-05 3.18E-04

Ethyl Benzene 9.40E-05 4.26E-04 5.33E-04 1.39E-02 1.07E-01

Ethyl Chloride 4.20E-05 1.91E-04 2.38E-04 6.19E-03 4.76E-02

Ethylene Dibromide 1.20E-06 5.44E-06 6.80E-06 1.77E-04 1.36E-03

Ethylene Dichloride 4.00E-05 1.81E-04 2.27E-04 5.90E-03 4.54E-02

Fluoranthene 7.10E-07 3.22E-06 4.03E-06 1.05E-04 8.05E-04

Fluorene 9.10E-07 4.13E-06 5.16E-06 1.34E-04 1.03E-03

Formaldehyde 2.40E-04 1.09E-03 1.36E-03 3.54E-02 2.72E-01

Hexane 6.70E-05 3.04E-04 3.80E-04 9.88E-03 7.60E-02

Hydrogen Chloride(h) 1.20E+00 1.20E+00 1.20E+00 1.20E+00 1.20E+00

Hydrogen Fluoride(h) 1.50E-01 1.50E-01 1.50E-01 1.50E-01 1.50E-01

Indeno(1,2,3-cd)pyrene 6.10E-08 2.77E-07 3.46E-07 8.99E-06 6.92E-05

Isophorone 5.80E-04 2.63E-03 3.29E-03 8.55E-02 6.58E-01

Lead(g) (i) 3.40E-06*HV*(C/A*PM)0.80 3.40E-06*HV*(C/A*PM)0.80 3.40E-06*HV*(C/A*PM)0.80 3.40E-06*HV*(C/A*PM)0.80

Manganese(g) 4.90E-04 3.80E-06*HV*(C/A*PM)0.60 3.80E-06*HV*(C/A*PM)0.60 3.80E-06*HV*(C/A*PM)0.60 3.80E-06*HV*(C/A*PM)0.60

Mercury(g) 8.30E-05 --- --- --- ---

Methyl Bromide 1.60E-04 7.26E-04 9.07E-04 2.36E-02 1.81E-01

Methyl Chloride 5.30E-04 2.40E-03 3.01E-03 7.81E-02 6.01E-01

5-Methyl Chrysene 2.20E-08 9.98E-08 1.25E-07 3.24E-06 2.50E-05

Methyl Hydrazine 1.70E-04 7.71E-04 9.64E-04 2.51E-02 1.93E-01

Methyl Methacrylate 2.00E-05 9.07E-05 1.13E-04 2.95E-03 2.27E-02

Methyl Tert-butyl Ether 3.50E-05 1.59E-04 1.98E-04 5.16E-03 3.97E-02

Hazardous Air Pollutants

Emission Factors (lb/ton)
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Table 2-11. HAP Emission Factors for Bituminous/Subbituminous Coal-Fired ECOM 
Units - CONTROLLED (cont.) 

 
SOURCE: Section 1.1- “Bituminous and Subbituminous Coal Combustion”, Compilation of Air Pollutant Emission Factors 

- Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, September 1998.  
All emission factors assume a control device is used on the boiler.  Controls used may be wet limestone scrubbers, 
electrostatic precipitators, or fabric filters, or any combination of each.  Limited data exists for uncontrolled emissions 
though AP-42 does provide emission factors for some pollutants from uncontrolled emissions.  Refer to AP-42 for these 
values if needed.  FBC = Fluidized Bed Combustor. 

a) Apply to Source Classification Codes (SCCs): 1-01-002-02, 1-02-002-02, 1-03-002-06, 1-01-002-15, 1-01-002-12, 1-02-
002-12, 1-03-002-16, 1-01-002-18, 1-02-002-18, 1-03-002-18, 1-01-002-03, 1-02-002-03, and 1-03-002-03.  Refer to 
note h. 

b) These emission factors were calculated using the ratio of the Hazardous Air Pollutant (HAP) to HAP totals (minus the 
metals) as given in AP-42.  This ratio was then multiplied by the Total Non-Methane Organic Compounds (TNMOC) 
provided in AP-42. Since this ratio was multiplied by the TNMOC, it is assumed to be conservative though the 
condition of the boiler will have a significant effect on emissions. 

c) Applies to SCCs: 1-01-002-01, 1-02-002-01, 1-03-002-05, and 1-01-002-11.  Refer to note h. 
d) Applies to SCCs: 1-01-002-04, 1-02-002-04, 1-03-002-09, 1-01-002-05, 1-02-002-005, 1-03-002-07, 1-01-002-17, 1-02-

002-17, and 1-03-002-17. 
e) Emission factors apply to SCC: 1-02-002-06. 
f) Emission factors apply to SCC 1-03-002-14. 
g) Emission factors for metals may be calculated as shown.  (C) is the concentration of the metal in the coal (C) in parts per 

million weight (ppmwt).  (A) is the weight fraction of the ash in the coal.  For example, for 10% ash, A=0.1. (PM) is 
the total particulate matter in units of pounds per Million British thermal units (lb/MMBtu).  (HV) is the heating value 
for each coal.  According to 40 CFR 98 Table C-1, the heating values are 24.93 and 17.25 MMBtu/ton for bituminous 
and subbituminous coal respectively. 

h) Source document does not provide an emission factor for this pollutant for the following SCCs: 1-01-002-11/15. 
i) Refer to Table 2-9 for SCC-specific emission factors. 
“---” - No data available. 

 
 
2.4.3.2 Anthracite 

Anthracite is the highest-ranking coal with more fixed carbon and less volatile matter than the 
other three coal types.  It has been determined that anthracite is not in use on any USAF 
installations, therefore, the EFs for anthracite have not been included in this guide. 

Dry Bottom, Cyclone 
Furnace, and FBC-

Circulating Bed Boilers(a)
Wet Bottom Boilers(b,c)

Spreader and Overfeed 
Stoker and FBC-Bubbling 

Bed Boilers(b,d)
Underfeed Boilers(b,e) Hand-fed Boilers(b,f)

Methylene Chloride 2.90E-04 1.32E-03 1.64E-03 4.28E-02 3.29E-01

Naphthalene 1.30E-05 5.90E-05 7.37E-05 1.92E-03 1.47E-02

Nickel(g) 2.80E-04 4.40E-06*HV*(C/A*PM)0.48 4.40E-06*HV*(C/A*PM)0.48 4.40E-06*HV*(C/A*PM)0.48 4.40E-06*HV*(C/A*PM)0.48

Phenanthrene 2.70E-06 1.22E-05 1.53E-05 3.98E-04 3.06E-03

Phenol 1.60E-05 7.26E-05 9.07E-05 2.36E-03 1.81E-02

Propionaldehyde 3.80E-04 1.72E-03 2.15E-03 5.60E-02 4.31E-01

Pyrene 3.30E-07 1.50E-06 1.87E-06 4.87E-05 3.74E-04

Selenium(g) 1.30E-03 --- --- --- ---

Styrene 2.50E-05 1.13E-04 1.42E-04 3.69E-03 2.84E-02

Tetrachloroethylene 4.30E-05 1.95E-04 2.44E-04 6.34E-03 4.88E-02

Toluene 2.40E-04 1.09E-03 1.36E-03 3.54E-02 2.72E-01

1,1,1-Trichloroethane 2.00E-05 9.07E-05 1.13E-04 2.95E-03 2.27E-02

Vinyl Acetate 7.60E-06 3.45E-05 4.31E-05 1.12E-03 8.62E-03

Xylenes 3.70E-05 1.68E-04 2.10E-04 5.46E-03 4.20E-02

Hazardous Air Pollutants

Emission Factors (lb/ton)



Air Emissions Guide for Air Force Stationary Sources External Combustion 

41 
 

2.4.3.3 Lignite 

Lignite is characterized by a high moisture content and low heating value.  These properties 
make shipping and use of lignite unfeasible, and consequently, lignite is burned near where it is 
mined.  The United States has two regions with extensive lignite deposits centered in North 
Dakota and Texas.  Lignite is mainly used for steam/electric production in power plants.  Lignite 
is not in use on any USAF installations, therefore, the EFs for lignite have not been included in 
this guide.   
 

 Liquefied Petroleum Gas (LPG) 

LPG usually consists of butane, propane, or a mixture of the two.  LPG is available in three 
different grades: commercial grade propane, commercial grade butane, and fuel-grade propane 
known as HD-5.  The combustion processes that use LPG are similar to those for natural gas, so 
LPG is commonly used in some applications that burn natural gas.  Additionally, LPG is fired as 
a primary and backup fuel in small commercial and industrial boilers. It is used in space heating 
equipment, and used to generate heat and process steam for industrial facilities. 
 
Emissions from LPG combustion are dependent upon the burner design, boiler operating 
parameters, and flue gas venting.  NOX emissions are a combination of thermal NOX and fuel 
NOX.  Controls of NOX emissions include FGR and LNBs, but LPG has a higher NOX forming 
potential than natural gas.  The LPG criteria pollutant EFs are provided in Table 2-12 while the 
EF data for GHGs and speciated HAPs are provided in Table 2-13 and Table 2-14 respectively. 

Table 2-12. Criteria Pollutant Emission Factors for LPG-Fired ECOM Units 

 
SOURCE (Unless otherwise stated): Section 1.5 - “Liquefied Petroleum Gas Combustion," Compilation of Air Pollutant 

Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection 
Agency, July 2008.  SCC = Source Classification Code. 

a) Sulfur oxides (SOX) emission factors based on sulfur content expressed in grains per 100 cubic feet (gr/100ft3) gas 
vapor.  For example, if the sulfur content is 0.18 gr/100ft3, then S=0.18.  For industrial and commercial boilers, the 
values provided are from "Emissions Inventory Program, Emission Factors for Boilers," Mojave Desert Air Quality 
Management District (MDAQMD), 2013. 

b) SOURCE: "Emissions Inventory Program, Emission Factors for Boilers," Mojave Desert Air Quality Management 
District (MDAQMD), 2013. 

c) AP-42 provides an emission factor for Total Organic Compounds (TOC).  This value is used here as a conservative 
estimate of volatile organic compounds (VOC). 

d) AP-42 provides emission factor for total Particulate Matter (PM).  This value assumed to be equal to PM10 and PM2.5. 

NOX CO SOX
(a) Pb(b) VOC(c) PM10

(d) PM2.5
(d)

Butane 
[1-02-010-01]

15 8.4 0.016 5.10E-05 1.1 0.8 0.8

Propane 
[1-02-010-02]

13 7.5 0.018 4.58E-05 1.0 0.7 0.7

Propane 
[1-03-010-02] 13 7.5 0.018 4.58E-05 1.0 0.7 0.7

Primary Gas 
[SCC]

Emission Factors (lb/103 gal)

Industrial Boilers

Commercial Boilers
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Table 2-13. GHG Emission Factors for LPG-Fired ECOM Units 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter 

C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General Stationary Fuel 
Combustion Sources," U.S. Environmental Protection Agency.  SCC = Source Classification Code. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their 
respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 
respectively. 

Table 2-14. HAP Emission Factors for Liquefied Petroleum Gas (LPG)-Fired ECOM Units 

 
SOURCE: "Emissions Inventory Program, Emission Factors for Boilers," Mojave Desert Air Quality 

Management District, 2013.  SCC = Source Classification Code. 

CO2 N2O CH4 CO2e
(a)

Butane 

[1-02-010-01]
14,708 0.136 0.681 14,765

Propane 
[1-02-010-02, 1-03-010-02] 12,613 0.136 0.681 12,671

Primary Gas 
[SCC]

Emission Factors (lb/103 gal)

Butane

Industrial [SCC]
[1-02-010-01]

Industrial [SCC]
[1-02-010-02]

Commercial [SCC]
[1-03-010-02]

Acenaphthene 1.84E-07 1.65E-07 1.65E-07

Acenaphthylene 1.84E-07 1.65E-07 1.65E-07

Acetaldehyde 9.18E-05 8.24E-05 2.84E-04

Acrolein 8.16E-05 7.32E-05 2.47E-04

Anthracene 2.45E-07 2.20E-07 2.20E-07

Arsenic 2.04E-05 1.83E-05 1.83E-05

Benzene 1.73E-04 1.56E-04 5.31E-04

Benzo(a)anthracene 1.84E-07 1.65E-07 1.65E-07

Benzo(a)pyrene 1.63E-07 1.46E-07 1.46E-07

Benzo(b)fluoranthene 1.84E-07 1.65E-07 1.65E-07

Benzo(g,h,i)perylene 1.63E-07 1.46E-07 1.46E-07

Benzo(k)fluoranthene 1.84E-07 1.65E-07 1.65E-07

Beryllium 1.22E-06 1.10E-06 1.10E-06

Cadmium 1.12E-04 1.01E-04 1.01E-04

Chromium 1.43E-04 1.28E-04 1.28E-04

Chrysene 1.84E-07 1.65E-07 1.65E-07

Cobalt 8.57E-06 7.69E-06 7.69E-06

Dibenzo(a,h)anthracene 1.63E-07 1.46E-07 1.46E-07

Dichlorobenzene 1.22E-04 1.10E-04 1.10E-04

7,12-Dimethylbenz(a)anthracene 1.63E-06 1.46E-06 1.46E-06

Ethylbenzene 2.04E-04 1.83E-04 6.31E-04

Fluoranthene 3.06E-07 2.75E-07 2.75E-07

Fluorene 2.86E-07 2.56E-07 2.56E-07

Formaldehyde 7.65E-03 6.86E-03 6.86E-03

Hexane 1.33E-04 1.19E-04 4.21E-04

Indeno(1,2,3-cd)pyrene 1.84E-07 1.65E-07 1.65E-07

Lead 5.10E-05 4.58E-05 4.58E-05

Manganese 3.88E-05 3.48E-05 3.48E-05

Mercury 2.65E-05 2.38E-05 2.38E-05

3-Methylchloranthrene 1.84E-07 1.65E-07 1.65E-07

2-Methylnaphthalene 2.45E-06 2.20E-06 2.20E-06

Naphthalene 3.06E-05 2.75E-05 2.75E-05

Nickel 2.14E-04 1.92E-04 1.92E-04

Phenanthrene 1.73E-06 1.56E-06 1.56E-06

Pyrene 5.10E-07 4.58E-07 4.58E-07

Selenium 2.45E-06 2.20E-06 2.20E-06

Toluene 7.96E-04 7.14E-04 2.43E-03

Xylenes 5.92E-04 5.31E-04 1.80E-03

Hazardous Air Pollutant

Emission Factors (lb/103 gal)
Propane
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 Waste Oil 

Waste oil includes used crankcase oils from automobiles and trucks, used industrial lubricating 
oils, and other used industrial oils (i.e., heat transfer fluids), as well as a minimal amount of oil 
considered contaminated.  After being discarded, the physical properties of these oils changes as 
the components break down and the oil is contaminated with the materials that are brought into 
contact with the discarded oils.  These waste oils may be burned in a variety of combustion 
systems and may be burned as mixtures or as single fuels where supplies allow. 
 
Boilers designed to burn No. 6 residual fuel oil can be used to burn waste oil.  Modifications may 
be made to the boiler to optimize combustion, or the waste oil may be blended with fuel oil to 
improve its combustion or emissions properties.  The criteria pollutant, GHG and HAP EFs for 
waste oil-fired ECOM units are given in Table 2-15, Table 2-16, and Table 2-17 respectively. 

Table 2-15. Criteria Pollutant Emission Factors for Waste Oil-Fired ECOM Units 

 
SOURCE (Unless otherwise stated): Section 1.11 - “Waste Oil Combustion," Compilation of Air Pollutant Emission Factors - 

Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, October 1996.  SCC = 
Source Classification Code. 

a) Sulfur oxides (SOX) emission factors based on weight % sulfur in the fuel. For example, if sulfur content is 3.4%, then{S}=3.4. 
b) Emission factor based on the weight percent of the lead in the fuel.  For example, if the lead content of the waste oil is 5%, 

then L = 5.  If the weight percent lead is unknown and data is unavailable, an emission factor of 2.2 lb/103 gal may be used.  
This value comes from Chapter 14 - "Uncontrolled Emission Factor Listing for Criteria Air Pollutants," Point Sources, Vol. 2, 
U.S. Environmental Protection Agency, Emission Inventory Improvement Program, July 2001. 

c) AP-42 provides an emission factor for Total Organic Compounds (TOC). This value used here as a conservative estimate of 
volatile organic compounds (VOC).  Note that a value is not given in the source document for Source Classification Code 
(SCC) 1-02-013-02, but it is assumed to be 1.0 lb/103gal. 

d) Particulate matter (PM) based on the weight % ash of the fuel. For example, if ash content is 5%, then {A}=5. PM10 is 
assumed to be equal to PM2.5. 

e) SOURCE: Chapter 14-"Uncontrolled Emission Factor Listing for Criteria Air Pollutants," Point Sources, Vol. 2, U.S. 
Environmental Protection Agency, Emission Inventory Improvement Program, July 2001. 

Table 2-16. GHG Emission Factors for Waste Oil-Fired ECOM Units 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection 

Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, 
Subpart C-General Stationary Fuel Combustion Sources," U.S. Environmental Protection 
Agency.  SCC = Source Classification Code. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and 
CH4 and their respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, 
and CH4 are 1, 298, and 25 respectively. 

NOX CO SOX
(a) Pb(b) VOC(c) PM10

(d) PM2.5
(d)

Boilers

[1-01-013-02(e), 1-02-013-02(e), 1-03-013-02]
19 5.0 147{S} 55{L} 1.0 51{A} 51{A}

Source Category
 [SCC]

Emission Factors (lb/103 gal)

CO2 N2O CH4 CO2e
(a)

All Waste Oil Boilers 22,514 0.183 0.913 22,591

Source Category
Emission Factors (lb/103 gal)
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Table 2-17. HAP Emission Factors for Waste Oil-Fired ECOM Units 

 
SOURCE: Section 1.11 - “Waste Oil Combustion," Compilation of Air Pollutant Emission Factors - Volume 

I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, October 
1996. 

a) Though the source document only stated Source Classification Code (SCC) 1-03-013-02, these emission 
factors are assumed to apply to the following SCCs as well: 1-01-013-02 and 1-02-013-02. 

b) Lead emission factors based on weight % lead in the fuel. For example, if the lead content of the waste oil 
is 5%, then {L}=5.  If the weight % of Pb is unknown and data is unavailable, an emission factor of 2.2 
lb/103gal may be used. This value comes from the Chapter 14 - "Uncontrolled Emission Factor Listing for 
Criteria Air Pollutants," Point Sources, Vol. 2, U.S. Environmental Protection Agency, Emission 
Inventory Improvement Program, July 2001. 

 
 

 Landfill and Digester Gas 

Digester gas is formed as organic matter breaks down in the absence of O2.  It is composed 
primarily of CH4 and CO2 with the remainder composed of various other contaminants.  With an 
increased awareness of global warming, there has been a subsequent push to thermally destroy 
digester gas.  This may occur through either combustion or non-combustion technologies.  
Combustion technologies may involve the use of these gases as a fuel in boilers, turbines, and 
internal combustion engines.  Most often the gas is combusted by a flare converting most of the 
CH4 to CO2, which has a far lower global warming potential.  Flares may be either open or 
enclosed.  Open flares are relatively inexpensive and require less maintenance, but are more 
difficult to control and not as efficient in Non-Methane Organic Compound (NMOC) destruction 
as enclosed flares.  For this reason, enclosed flares are more common.  Criteria pollutant EFs for 
enclosed flares are given in Table 2-18.  Similarly, the EFs for GHGs and HAPs for enclosed 
flares that combust digester gas are provided in Table 2-19 and Table 2-20 respectively.  Note 
that landfill gas is similar to digester gas and often combusted through flaring.  However, 
the flaring of landfill gas is almost exclusively used in site remediation, so refer to the latest 
version of the Air Emissions Guide for Air Force Transitory Sources for information 
regarding landfill gas and its associated EFs. 
 
 
 

Emission Factors (lb/103 gal)

Small Boilers(a)

Arsenic 1.10E-01

Cadmium 9.30E-03

Chromium 2.00E-02

Cobalt 2.10E-04

Lead 55{L}(b)

Manganese 6.80E-02

Nickel 1.10E-02

Hazardous Air Pollutant
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Table 2-18. Criteria Pollutant Emission Factors for Digester Gas Flares (Enclosed) 

 
SOURCE: "Combustion - Gas Fuels," Air Pollution Control District (APCD), County of San 

Diego, August 1999. 
a) Source document provided emission factor for ROG, which is assumed to be equal to volatile 

organic compounds (VOC). 
b) PM2.5 is assumed to be equal to PM10 using PM2.5 fractions given by Krause, Mike and Smith, 

Steve, "Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 Significance 
Thresholds," South Coast Air Quality Management District, October 2006. 

Table 2-19. GHG Emission Factors for Digester Gas Flares (Enclosed) 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, 

Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General 
Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency.  SCC = Source 
Classification Code. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 
and their respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 
298, and 25 respectively. 

Table 2-20. HAP Emission Factors for Digester Gas Flares (Enclosed) 

 
SOURCE: "Combustion – Gas Fuels," Air Pollution Control District (APCD), County of San Diego, August 1999. 

 
 

 VOC Speciation 

At USAF installations, external combustion sources are some of the biggest contributors to 
emissions of criteria pollutants.  When conducting an AEI or making major source 
determinations, the emissions from external combustion sources, such as boilers, may be made 

NOX CO SOX VOC(a) PM10 PM2.5
(b)

Digester Gas 48.0 1.8 2.0 12.1 12.0 12.0

Fuel
Emission Factors (lb/106ft3)

CO2 N2O CH4 CO2e
(a)

Digester Gas 75,190 0.910 4.621 75,577

Fuel
Emission Factors (lb/106ft3)

Emission Factors (lb/106ft3) Emission Factors (lb/106ft3)

Digester Gas Digester Gas

Benzene 2.77E-02 Hydrogen Chloride 6.46E-01

Chlorobenzene 2.00E-04 Methylene Chloride 1.00E-04

Dichlorobenzene 1.80E-03 Perchloroethylene 5.00E-04

Ethyl Benzene 1.00E-03 Toluene 1.01E-02

Ethylene Dichloride 1.40E-03 1,1,1-Trichloroethane 1.00E-04

Formaldehyde 2.04E-01 Trichloroethylene 3.00E-04

Hexane 1.01E-02 Xylenes 4.50E-03

Hazardous Air Pollutant Hazardous Air Pollutant
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more difficult.  This may be because of the variables involved in boiler emissions.  These 
variables include different fuel types and sub types with several firing configurations and 
emission control technologies.  EFs are provided by several agencies and in a variety of 
documents including the Compilation of Air Pollutant Emission Factors - Volume I:  Stationary 
Point and Area Sources (AP-42).  Several air quality management districts have also 
independently developed their own set of EFs.  Since there is so much variety in the condition of 
the boiler and its configuration, any EFs are estimates of emissions only and should be used only 
in the absence of actual measured data. 
 
The following tables provide the weight percent of speciated VOCs and HAPs that have been 
measured from several boilers using a variety of fuels and firing configurations.  Since there are 
few sources of EFs available, those used in this guide were assumed to be representative of all 
boilers.  The weight percent of individual pollutants were calculated, and are presented in Table 
2-21, using the total VOCs as shown: 

𝑷𝑷𝒐𝒍 =
𝑨𝑷𝒐𝒍

𝑨𝑽𝑶𝑪𝑻𝒐𝒕𝒂𝒍
 

Equation 2-1 
Where, 

PPol = Weight percent of a given pollutant (%) 
APol = Individual pollutant emission factor (lb/unit mass) 
AVOCTotal = Total VOC emission factor (lb/unit mass) 

 
 
Speciated VOCs are calculated by taking the product of the total VOCs and the weighted 
percentage of the individual VOC as follows: 

𝑬𝑷𝒐𝒍 = 𝑬𝑽𝑶𝑪 ×
𝑷𝑷𝒐𝒍

𝟏𝟎𝟎
 

Equation 2-2 
Where, 

EPol = Emissions of speciated VOC (lb/yr) 
100 = Factor for converting percent to a fraction (%) 
EVOC = Emissions of total VOC (lb/yr) 
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Table 2-21. Speciated VOC Weight Percent for Boilers 

 
  

Coal

Residual(b) Distillate Bituminous(c)

Acenaphthene X 0.00% 0.02% 0.02% 0.01% 0.00%

Acenaphthylene X 0.00% 0.02% 0.01% 0.00% 0.00%

Acetaldehyde X 0.04% 1.56% 27.31% 8.97% 0.03%

Acetophenone X --- --- --- 0.24% ---

Acrolein X 0.03% 2.38% 27.31% 4.56% 0.03%

Anthracene X 0.00% 0.02% 0.00% 0.00% 0.00%

Benzaldehyde 0.23% --- --- --- 0.24%

Benzene X 1.61% 22.44% 0.34% 20.46% 0.06%

Benzo(a)anthracene X 0.00% 0.01% 0.00% 0.00% 0.00%

Benzo(b,j,k)fluoranthene X 0.00% 0.00% 0.00% 0.00% 0.00%

Benzo(g,h,i)perylene X 0.00% 0.02% 0.00% 0.00% 0.00%

Benzo(a)pyrene X 0.00% 0.02% 0.00% 0.00% 0.00%

Benzo(e)pyrene X --- 0.00% 0.00% --- ---

Benzyl Chloride X --- --- --- 11.02% ---

Biphenyl X --- --- --- 0.03% ---

Bis(2-ethylhexyl)phthalate X --- --- --- 1.15% ---

Bromoform X --- --- --- 0.61% ---

1,3-Butadiene X --- 4.17% 1.15% --- ---

Butane 29.79% --- --- --- 31.29%

Carbon Disulfide X --- --- --- 2.05% ---

2-Chloroacetophenone X --- --- --- 0.11% ---

Chlorobenzene X --- --- 0.02% 0.35% ---

Chloroform X --- 3.35% --- 0.93% ---

2-Chloronaphthalene --- 0.00% 0.00% --- ---

Chrysene X 0.00% 0.02% 0.00% 0.00% 0.00%

Cumene X --- --- --- 0.08% ---

Dibenzo(a,h)anthracene X 0.00% 0.02% 0.00% --- 0.00%

Dichlorobenzene X 0.02% --- --- --- 0.02%

7,12-Dimethylbenz(a)anthracene X 0.00% --- --- --- 0.00%

Dimethyl Sulfate X --- --- --- 0.76% ---

2,4-Dinitrotoluene X --- --- --- 0.00% ---

Ethyl Benzene X 0.09% 0.96% 0.02% 1.48% 0.07%

Ethyl Chloride X --- --- --- 0.66% ---

LPGCompound Name HAP(a) Natural Gas
Fuel Oil
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Table 2-21. Speciated VOC Weight Percent for Boilers (cont.) 

 
SOURCE (unless otherwise stated): "Emissions Inventory Program, Emission Factors for Boilers," Mojave Desert Air Quality 

Management District (MDAQMD), 2013. 
a) HAP = Hazardous Air Pollutant.  An “X” indicates that pollutant is a HAP. 
b) SOURCE: "CATEF - California Air Toxics Emission Factors," California Environmental Protection Agency, 1996. 
c) SOURCE: Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, 

U.S. Environmental Protection Agency. 
A value of 0.00% means that this compound was detected but the calculated weight percent is less than 0.005%. 
“---” - No data available 

 
 

Coal

Residual(b) Distillate Bituminous(c)

Ethylene Dibromide X --- --- --- 0.02% ---

Ethylene Dichloride X --- --- --- 0.63% ---

Fluoranthene X 0.00% 0.02% 0.00% 0.01% 0.00%

Fluorene X 0.00% 0.02% 0.01% 0.01% 0.00%

Formaldehyde X 0.86% 35.49% 27.32% 3.78% 1.12%

Hexane X 0.43% --- 0.27% 1.05% 0.04%

Hydrogen Chloride X --- --- 14.52% --- ---

Indeno(1,2,3-cd)pyrene X 0.00% 0.01% 0.00% 0.00% 0.00%

Isophorone X --- --- --- 9.13% ---

Methyl Bromide X --- --- --- 2.52% ---

Methyl Chloride X --- --- --- 8.34% ---

5-Methyl Chrysene X --- --- --- 0.00% ---

Methyl ethyl ketone --- --- --- 6.14% ---

Methyl Hydrazine X --- --- --- 2.68% ---

Methyl Methacrylate X --- --- --- 0.32% ---

Methyl Tert-butyl Ether X --- --- --- 0.55% ---

3-Methylchloranthrene X 0.00% --- --- --- 0.00%

2-Methylnaphthalene X 0.00% 0.05% 0.01% --- 0.00%

Naphthalene X 0.01% 3.35% 0.41% 0.20% 0.00%

Pentane 36.88% --- --- --- 38.75%

Perylene X --- 0.00% 0.00% --- ---

Phenanthrene X 0.00% 0.03% 0.03% 0.04% 0.00%

Phenol X --- --- --- 0.25% ---

Propane 22.70% --- --- --- 23.84%

Propionaldehyde X --- --- --- 5.98% ---

Propylene 6.03% 14.80% 0.78% --- 4.06%

Pyrene X 0.00% 0.02% 0.00% 0.01% 0.00%

Styrene X --- --- --- 0.39% ---

Toluene X 1.03% 4.93% 0.34% 3.78% 0.26%

Total Dioxins/Furans X --- --- 0.00% 0.00% ---

Vinyl Acetate X --- --- --- 0.12% ---

Xylenes X 0.25% 6.27% 0.13% 0.58% 0.19%

LPGCompound Name HAP(a) Natural Gas
Fuel Oil
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2.5 Control Techniques 

A variety of techniques are used to control pollutant emissions from external combustion 
sources.  These techniques may be classified into three broad categories: fuel treatment, 
combustion modification, and post combustion control.  Common control techniques have been 
described above and include FGR, LNB, SCR, SNCR, FGD, ESPs, and scrubber systems.  These 
controls are primarily designed to reduce NOX, SOX, and PM emissions, though they may have 
an effect on emissions of other criteria pollutants.  The average control efficiencies of most 
control devices have not been determined; rather, a set of EFs for the equipment with the control 
device has been calculated.  If the control efficiency for the device is known, then the emissions 
from the external combustion device for uncontrolled emissions should be multiplied by the 
control efficiency of the device.  If the efficiency is not known, then the appropriate EF should 
be selected when calculating emissions. 
 
 

2.6 Emissions Calculation 

If a combustion source is controlled, but a controlled EF is not available, the emissions can still 
be estimated by using the uncontrolled EF and the efficiency of the control device, if known.  If 
the operation has a pollution control device for which an EF was derived and listed in the 
appropriate table, or the process is uncontrolled, then use a control efficiency of 0.  Emissions 
from external combustion units can be calculated as follows: 

𝑬𝑷𝒐𝒍  = 𝑸 × 𝑬𝑭𝑷𝒐𝒍 × ൤𝟏 − ൬
𝑪𝑬

𝟏𝟎𝟎
൰൨ 

Equation 2-3 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
Q = Annual quantity of fuel consumed (ton/yr for coal, 103gal/yr for fuel oils, waste 

oils, and LPG, and 106ft3/yr for natural/landfill/digester gas) 
CE = Efficiency of the control device (%) – 0 for uncontrolled operations 
100 = Factor for converting a percent to a fraction 
EFPol = Emission factor (lb/ton for coal, lb/103 gal for fuel oils, waste oils, and LPG, and 

lb/106ft3 for natural gas).  Use the uncontrolled emission factor if calculating 
emissions from a source with a control device if the control device 
efficiency is known, otherwise use the emission factor developed for the 
appropriate control device. 

 
 
A detailed control volume for emissions from external combustion engines is provided in Figure 
2-2. 
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Figure 2-2. External Combustion Control Volume 

2.7 Information Resources 

Civil Engineering (CE) is usually responsible for operating and maintaining external combustion 
units on base.  CE should be contacted to obtain the information required to calculate emissions 
(e.g., type and size of combustor, type and quantity of fuel burned, and type of control 
equipment).  Fuel consumption data may be available through the Base Supply Fuels 
Maintenance office.  Additionally, it may be necessary to contact the fuel supplier to determine 
metal content, sulfur weight percent, or other pertinent fuel data for the calculation of emissions.  
For specific data regarding emissions limits or reporting requirements, review the following: 40 
CFR 60 Subparts Db and Dc or 40 CFR 63 Subparts DDDDD, UUUUU, or JJJJJJ. 
 
 

2.8 Example Problem 

A 12 MMBtu/hr industrial boiler (SCC 1-02-005-02) is fueled with distillate oil.  FGR is used to 
control NOX emissions from the boiler.  The estimated NOX reduction efficiency of the FGR 
system is 60 percent.  Approximately 18,200 gallons (gal) of fuel oil was combusted in the boiler 
during the year.  Calculate NOX, VOC, and SO2 emissions from the boiler.  
 
Step 1 – Select and record the appropriate emission factor.  Since the control efficiency is 
known for this device, select the uncontrolled EF for NOX, SOX, and VOC for an industrial boiler 
using distillate oil as provided in Table 2-6. For SCC 1-02-005-02, the NOX, SOX, and VOC EFs 
are listed as 20, 7.1, and 0.2 lb/103 gal, respectively.  
 
Step 2 – Convert the fuel units. It is important to remember that the EFs for distillate fuel are in 
units of lb/103 gal, so the fuel consumption of 18,200 gal must be converted into the appropriate 
units as follows: 

𝑸 = 18,200
௚௔௟

௬௥
×

ଵ

ଵ଴଴଴

ଵ଴య௚௔௟

௚௔௟
= 𝟏𝟖. 𝟐

𝟏𝟎𝟑𝒈𝒂𝒍

𝒚𝒓
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Step 3 - Calculate the NOX emissions.  Since NOX is the only pollutant of concern whose 
emissions are controlled, it is calculated using Equation 2-3, the EF as found in Step 1, and the 
stated control efficiency of 60 percent. 

𝐸௉௢௟  =  𝑄 × 𝐸𝐹௉௢௟ × ቂ1 − ቀ
஼ா

ଵ଴଴
ቁቃ  

E୒୓೉
 =  18.2

ଵ଴య௚௔௟

௬௥
× 20

୪ୠ

ଵ଴య୥ୟ୪
 × ቂ1 − ቀ

଺଴%

ଵ଴଴%
ቁቃ  

E୒୓೉
 =  18.2

ଵ଴య௚௔௟

௬௥
× 20

୪ୠ

ଵ଴య୥ୟ୪
× [1 − (0.6)]  

E୒୓೉
 =  18.2

ଵ଴య௚௔௟

௬௥
× 20

୪ୠ

ଵ଴య୥ୟ୪
 × [0.4]  

𝑬𝑵𝑶𝑿
= 𝟏𝟒𝟓. 𝟔𝟎

𝒍𝒃

𝒚𝒓
  

 
Step 4 - Calculate emissions of the uncontrolled pollutants.  Since FGR has no stated effect 
on the VOC or SOX emissions, these pollutants may be calculated using the EFs from Step 1, the 
fuel consumed from Step 2, and a control efficiency of “0” for both pollutants. 

E୔୭୪  =  Q × 𝐸𝐹௉௢௟ × ቂ1 − ቀ
େ୉

ଵ଴଴
ቁቃ  

 
For SOX emissions: 

𝐸ௌை೉
= 18.2

ଵ଴య௚௔௟

௬௥
× 7.1

௟௕

ଵ଴య௚௔௟
× ቂ1 −

଴%

ଵ଴଴%
ቃ  

𝐸ௌை೉
= 18.2

ଵ଴య௚௔௟

௬௥
× 7.1

௟௕

ଵ଴య௚௔௟
× [1]  

𝐄𝐒𝐎𝐱  = 𝟏𝟐𝟗. 𝟐𝟐 
𝐥𝐛

𝐲𝐫
 

 
For VOC emissions: 

𝐸௏ை஼  =  18.2
ଵ଴య௚௔௟

௬௥
× 0.2

௟௕

ଵ଴య௚௔௟
× ቂ1 − ቀ

଴%

ଵ଴଴%
ቁቃ  

𝐸௏ை஼  =  18.2
ଵ଴య௚௔௟

௬௥
× 0.2

௟௕

ଵ଴య௚௔௟
× [1]   

𝑬𝑽𝑶𝑪 = 𝟑. 𝟔𝟒
𝒍𝒃

𝒚𝒓
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3 STATIONARY INTERNAL COMBUSTION ENGINES (ICOM) 

 Point Source 
 

3.1 Introduction 

Stationary Internal Combustion (ICOM) engines typically found at a USAF base may include 
generators, pumps, and compressors.  Stationary ICOM engines should not be confused with 
non-road engines because stationary ICOM engines do not “propel a motor vehicle, aircraft, or a 
vehicle used solely for competition” (40 CFR 60.4219).  This section is exclusively concerned 
with emissions from stationary ICOM engines emitted during normal use and maintenance 
operations.  Emissions from non-road ICOM engines are given in the latest version of the 
Air Emissions Guide for Air Force Mobile Sources. 
 
Stationary ICOM engines may be broken up into two categories: reciprocating and gas turbine.  
For reciprocating engines, a piston moves inside a cylinder to compress an air/fuel mixture.  The 
air/fuel mixture combusts and expands, pushing the piston through the cylinder.  The piston 
returns, pushing out the exhaust gases, and the cycle is repeated.  For gas turbine engines, 
ambient air is pressurized with a compressor.  Fuel is introduced to this compressed air and is 
ignited.  The high temperature, high pressure air flows through a turbine where it expands, 
producing shaft energy that is used to drive both the compressor and the electric generator. 
 
Reciprocating engines may differ in design by the diameter of the cylinders in the engine, known 
as the bore, and the length of the linear movement of the piston in each cylinder, known as the 
stroke.  The size of the ICOM engine is related to its displacement per cylinder, which is a 
measure of the area of the cylinder multiplied by the length of the stroke.  A reciprocating engine 
may be classified as either 4-stroke or 2-stroke.  For a 4-stroke engine, the combustion cycle 
involves two revolutions of the crankshaft, to which the pistons are connected, and the cycle 
consists of four stages.  The induction stroke occurs when the piston moves down within the 
cylinder, creating a vacuum and drawing in air or an air/fuel mixture.  During the compression 
stroke, the piston moves up to pressurize the air or air/fuel mixture which then ignites.  The 
heated air expands generating a force on the piston such that it is forced downward again in what 
is called the power stroke.  Finally, the piston moves upward again to force the exhaust gas out 
of the cylinder during the exhaust stroke and returns to the starting position of the induction 
stroke so the cycle may be repeated.  2-stroke engines operate with just one revolution of the 
crankshaft because induction of the air or air/fuel mixture occurs concurrently with the release of 
the exhaust gas. 
 
Detonation of the air/fuel mixture during the compression stroke may occur either through 
compression or spark ignition.  In a Compression Ignition (CI) engine, air is first compressed by 
the piston in the cylinder, which causes the temperature of the air to rise.  Fuel is added to the 
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heated air and combusts since the temperature of the air is above the auto-ignition temperature of 
the fuel.  CI engines may either run solely on diesel fuel or may use natural gas for operation in 
what is commonly called a dual fuel engine.  Dual fuel engines utilize a combination of diesel 
fuel to ignite through compression and natural gas to sustain engine operation.  Spark ignition 
(SI) engines, which use gasoline or natural gas, differ from CI engines in that the fuel/air mixture 
does not ignite spontaneously, but rather by a spark. 
 
Emissions from ICOM engines will vary due to operating conditions such as temperature, 
humidity, torque, ignition timing, or even air/fuel mixture.  An engine designed to operate near 
the stoichiometric air to fuel ratio is known as a rich-burn engine.  An engine that operates with 
excess O2 is known as a lean-burn engine.  Typically, lean-burn engines will produce fewer NOX 

emissions than rich-burn engines.  Variation in the air/fuel mixture for either engine type will 
occur due to engine wear or atmospheric conditions, and even slight changes will dramatically 
affect pollutant emissions.  
 
Gas turbine engines may be more advantageous than reciprocating engines because of their 
lower operational cost, lower levels of CO and VOC emissions, and potential use in cogeneration 
systems.  However, gas turbine engines are not common on a USAF base due to the high initial 
cost.  Most likely, the only turbine engines at a USAF installation will be found on the jet aircraft 
whose emissions are given in the latest version of the Air Emissions Guide for Air Force Mobile 
Sources.  Stationary ICOM engines and gas turbines are considered point sources and a 
simple representation of these emissions is provided in Figure 3-1. 

 

Figure 3-1. Simplified Control Volume for Emissions from Stationary ICOM Engines 

3.2 NSPS and NESHAP Applicability 

Internal combustion engines comprise a large list of pollutant-emitting equipment.  The number 
of devices that fall into this category (both stationary and non-stationary) has led to the rise of 
several standards to help minimize the volume of emissions produced.  One NSPS, which is 
given in 40 CFR 60 Subpart IIII, Standards of Performance for Stationary Compression Ignition 
Internal Combustion Engines, provides performance standards applicable to manufacturers, 
owners, and operators of engines with a displacement of less than 30 liters per cylinder.  Subpart 
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IIII establishes criteria pollutant emissions limits for stationary CI engines based on the size and 
model year of the engine.  This subpart requires most new stationary diesel engines to meet the 
Tier 1–4 emission standards for nonroad engines.  Similarly, 40 CFR 60 Subpart JJJJ, Standards 
of Performance for Stationary Spark Ignition Internal Combustion Engines, provides emissions 
limits for SI reciprocating internal combustion engines based on hp and manufacture date.  
Stationary combustion turbines with a heat input at peak load equal to or greater than 10.7 
gigajoules per hour have standards outlined in 40 CFR 60 Subpart GG, Standards of 
Performance for Stationary Gas Turbines.  Additional standards are found in 40 CFR 60 Subpart 
KKKK, Standards of Performance for Stationary Combustion Turbines.  Subpart GG applies to 
those turbines whose construction, modification, or reconstruction commenced after October 3, 
1977.  Subpart KKKK is applicable to turbines whose construction commenced after February 
18, 2005. 
 
In addition to the NSPS, NESHAPs have also been developed for stationary combustion turbines 
and stationary reciprocating internal combustion engines.  Both standards apply to engines at 
facilities that are major sources of HAP emissions.  Title 40 CFR 63 Subpart YYYY, National 
Emission Standards for Hazardous Air Pollutants for Stationary Combustion Turbines, specifies 
the HAP emissions limits and operational limits for stationary combustion turbines.  Likewise, 
40 CFR 63 Subpart ZZZZ, National Emissions Standards for Hazardous Air Pollutants for 
Stationary Reciprocating Internal Combustion Engines, outlines the emissions limits and 
operational limits for both SI and CI reciprocating internal combustion engines.  Consult the 
sections listed above in the CFR for more information or to verify that the engines located on site 
comply with these standards. 
 
 

3.3 Mandatory Greenhouse Gas Reporting Rule 

The EPA has established mandatory GHG reporting requirements for owners and operators of 
facilities that directly emit GHGs into the atmosphere.  According to 40 CFR 98.2, any facility 
operating stationary fuel combustion sources is subject to GHG reporting requirements under 
certain conditions.  If the aggregate maximum rated heat input capacity is 30 MMBtu/hr and the 
facility emits 25,000 metric tons of equivalent CO2 (CO2e) or more per year in combined 
emissions from all stationary fuel combustion sources, the facility is subject to the reporting rules 
outlined in 40 CFR 98 Subpart C, General Stationary Fuel Combustion Sources.  This rule 
requires that CO2, CH4, and N2O mass emissions must be reported from each stationary 
combustion unit.  Refer to 40 CFR 98 Subpart C for additional information regarding the GHG 
reporting requirements. 
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3.4 Emission Factors 

Chapter 3 of AP-42 provides EFs for stationary ICOM engines based on the fuel type used and 
size of the equipment.  However, increasingly stringent emissions requirements have driven the 
manufacture of engines that produce far less emissions than those engines that served as a basis 
for the development of the EFs found in AP-42.  While these EFs may apply to older engines, 
their use in emissions calculations for newer engines may result in the overestimation of 
pollutant emissions.  To reflect the increased engine efficiency and reduced emissions of the 
newer equipment replacing older inventory, the minimum required emission standards should be 
used.  These minimum federal emission standards adopted by the EPA are known as NSPS.  The 
NSPS thresholds were proposed to set standards not only for newly manufactured engines, but 
also older engines that have been rebuilt or modified. 
 
EFs in this chapter are presented in units of both lb/hp-hr or lb/MMBtu so that emissions may be 
estimated using the fuel consumption method or load factor method described in Section 3.5.  
Conversion between these units is accomplished by applying a Brake Specific Fuel Consumption 
(BSFC) factor.  The BSFC is an average of the fuel efficiency for the engine and the BSFC used 
for unit conversion is provided in the table notes. 
 

 Reciprocating Engines – Compression Ignition (CI) 

For nonroad engines, increasingly stringent emission standards were implemented with each 
having a phase-in period known as Tier 1 - 4.  Beginning in 2007, stationary CI ICOM emission 
standards were implemented and based on the nonroad engine tiers.  The NSPS standards for CI 
engines are described in 40 CFR 60 Subpart IIII.  The EPA has elected to have different emission 
standards for non-emergency, emergency (non-fire pump), and fire pump CI engines.  Note that 
according to 40 CFR 60.4201(f)(1), CI engines used solely in areas of Alaska not accessible by 
the Federal Aid Highway System or at marine offshore installations are not required to comply 
with these standards. 
 
To determine if an owner/operator of a stationary CI internal combustion engine (ICE) is subject 
to NSPS, refer to 40 CFR 60.4200.  According to 40 CFR 60.4200: 

(1) Owners and operators of stationary CI ICE that commence construction after July 11, 
2005 where the stationary CI ICE are: 
(i) Manufactured after April 1, 2006, and are not fire pump engines, or 
(ii) Manufactured as a certified National Fire Protection Association (NFPA) fire 

pump engine after July 1, 2006. 
(2) Owners and operators of any stationary CI ICE that are modified or reconstructed after 

July 11, 2005 and any person that modifies or reconstructs any stationary CI ICE after 
July 11, 2005. 
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(3) Owners and operators of any stationary CI ICE that are modified or reconstructed after 
July 11, 2005 and any person that modifies or reconstructs any stationary CI ICE after 
July 11, 2005. 

 
For non-emergency stationary CI and dual-fuel ICE, select the appropriate EF from Table 3-3.  If 
the engine is subject to NSPS, refer to the model year and pollutant for the appropriate EF.  
Engines not subject to NSPS are designated in the table.  The table provides EFs in units of 
pound per horsepower-hour (lb/hp-hr) or pound per million British thermal units (lb/MMBtu) 
depending on the method used for calculation which is described later in this chapter.  EFs for 
emergency non-fire pump and emergency fire pump are similarly listed in Table 3-4 and Table 
3-5 respectively.  Note that the tables do not provide EFs for engines with a displacement of 30 
or more liters per cylinder.  Since NSPS often provide emission limits for NOX and either non-
methane hydrocarbons (NMHC) or total hydrocarbons (THC), the NOX and VOC EFs were 
calculated using the ratio of NOX to hydrocarbons calculated using AP-42. 
 

3.4.1.1 NOX Emission Factor Calculation 

Depending on the size and year of manufacture, the NSPS standards stipulate a limit of 
emissions for some criteria pollutants.  Frequently, there is a stated emission limit for the total 
combined emissions of NMHC and NOX compounds.  The presentation of a combined 
NOX+NMHC emissions threshold is problematic since a value for the individual pollutants, NOX 
and NMHC, must be determined.  To estimate NOX, the ratio of NOX to NOX plus NMHC, using 
the EFs given in AP-42, is multiplied to the standard given in NSPS.  This is illustrated in the 
equation below. 

𝑁𝑂௑ಿೄುೄ
= ቈ

(𝑁𝑂௑ + 𝑁𝑀𝐻𝐶)ேௌ௉ௌ

൫𝑁𝑂௑ಲುరమ
+ 𝑁𝑀𝐻𝐶஺௉ସଶ൯

቉ × 𝑁𝑂௑ಲುరమ
 

Where, 
NOଡ଼ొ౏ౌ౏

 = NOX emission factor using NSPS emission limits and NOX/NMHC 

ratio as determined from previous test results. 
(NOX+NMHC)NSPS = Maximum allowable combined NOX and NMHC emissions from an 

ICOM engine for a specified year as defined by the EPA. 
NOଡ଼ఽౌరమ  = NOX emission factor provided in the appropriate table of Chapter 3 

in AP-42. 
NMHCAP42 = NMHC emission factor calculated using the emission factor data 

from the appropriate table of Chapter 3 in AP-42.  Calculation of 
this emission factor is described in the next section of this guide. 
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3.4.1.2 VOC Emission Factor Determination Using NSPS 

AP-42 does not provide an EF for NMHC.  This value must be calculated using the Total 
Organic Compounds (TOC) EF provided.  In the introduction, AP-42 defines TOC to include 
“all VOCs and all exempted organic compounds including methane, ethane, 
chlorofluorocarbons, toxics and HAPs, aldehydes, and semi-volatile compounds.”  Similarly, 
VOCs are defined as “compounds of carbon, excluding carbon monoxide, carbon dioxide, 
carbonic acid, metallic carbides or carbonates, and ammonium carbonate.”  Additionally, the 
California Air Resources Board (CARB) defines an alternative category known as Total Organic 
Gas (TOG) as “compounds of carbon, excluding carbon monoxide, carbon dioxide, carbonic 
acid, metallic carbides or carbonates, and ammonium carbonate.  TOG includes all organic gas 
compounds emitted to the atmosphere, including the low reactivity, or ‘exempt VOC’, 
compounds (e.g. methane, ethane, various chlorinated fluorocarbons, acetone, perchloroethylene, 
volatile methyl siloxanes, etc.).”  Based on these definitions, TOC may be assumed to be 
equivalent to TOG.  Using this substitution, NMHC may then be estimated using the ratio of 
TOG to total hydrocarbon (THC), and THC to NMHC or VOC.  With the NMHC calculated, the 
NOX EF is estimated using the equation provided in section 3.4.1.1.  The conversion factors are 
provided in Table 3-1. 

Table 3-1. Hydrocarbon Conversion Factors 

Engine Type TOG/THC NMHC/THC VOC/THC 

Diesel 1.070 0.984 1.053 

2-Stroke Gasoline 1.044 0.991 1.034 

4-Stroke Gasoline 1.043 0.900 0.933 

SOURCE: "Conversion Factors for Hydrocarbon Emission Components," U.S. Environmental 
Protection Agency (EPA), Office of Transportation and Air Quality, July 2010. 

 
 

3.4.1.3 SOX Emission Factor Determination Using Fuel Sulfur Content 

Though the EPA has established emissions thresholds for several criteria pollutants, there are 
currently no thresholds for SOX.  For CI engines, the SOX EF was taken directly from AP-42.  
For large CI engines (engines > 600 hp), the SOX EF in AP-42 is a function of the sulfur content 
of the fuel used.  In the following tables, the SOX EF was calculated using the fuel data in Table 
3-2. 
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Table 3-2. Data for Common Fuels Used in Stationary ICOM Engines 

Fuel Type 
Heating Value  
(Btu/Unit Fuel) 

Sulfur Content (wt. %)(a) 

Diesel 138,000 Btu/gal 0.0015(b) 
MOGAS 125,000 Btu/gal 0.02 
CNG 1,026 Btu/ft3 0.0007 
LPG 92,000 Btu/gal Negligible 
Landfill Gas 485 Btu/ft3 0.00469(c) 

Digester Gas 655 Btu/ft3 --- 

SOURCE (unless otherwise stated): Table C-1 of "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C- General 
Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency. 

a) SOURCE: (unless otherwise stated): "Household Vehicles Energy Use: Latest Data & Trends," Energy Information 
Administration (EIA), Office of Energy Markets and End Use, U.S. Department of Energy, November 2005. 

b) SOURCE: "Regulatory Announcement: Clean Air Nonroad Diesel Rule," U.S. Environmental Protection Agency (EPA), 
Office of Transportation and Air Quality, May 2004. 

c) SOURCE: This value assumes a typical sulfur compound concentration of 46.9 parts per million by volume (ppmv) as 
given in "Section 2.4 - “Municipal Solid Waste Landfills," Compilation of Air Pollutant Emission Factors - Volume I: 
Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, November 1998. 

“---” – No Data available. 
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Table 3-3. Criteria Pollutant Emission Factors for Stationary Non-Emergency Compression Ignition ICOM Engines 

 
 
 

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

1.80E-02
(e)

2.70E+00
(e)

7.50E-03
(e)

1.16E+00
(e)

7.31E-06
(e,f)

7.02E-04
(e,f)

1.32E-03
(e,g)

2.00E-01
(e,g)

7.00E-04
(h)

1.00E-01
(h)

7.00E-04
(h)

1.00E-01
(h)

≤600 hp non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 1.60E-02 1.98E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.65E-03 2.04E-01 1.65E-03 2.04E-01

2007 1.15E-02 1.42E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2008 1.15E-02 1.42E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2007 1.46E-02 1.80E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 1.14E-03 1.41E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2007 1.15E-02 1.42E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2008 1.15E-02 1.42E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2007 1.46E-02 1.80E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 1.14E-03 1.41E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2007 1.15E-02 1.42E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 9.92E-04 1.23E-01 9.92E-04 1.23E-01

2008 1.15E-02 1.42E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 4.85E-04 6.00E-02 4.85E-04 6.00E-02

2013 7.19E-03 8.89E-01 9.04E-03 1.12E+00 1.26E-05 1.55E-03 5.62E-04 6.94E-02 4.41E-05 5.45E-03 4.41E-05 5.45E-03

Pre-2007 1.52E-02 1.88E+00 7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.15E-02 1.42E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

2008 7.19E-03 8.89E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 5.62E-04 6.94E-02 6.61E-04
(i)

8.18E-02
(i)

6.61E-04
(i)

8.18E-02
(i)

2013 7.19E-03 8.89E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 5.62E-04 6.94E-02 4.41E-05 5.45E-03 4.41E-03 5.45E-01

Pre-2007 1.52E-02 1.88E+00 7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.15E-02 1.42E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

2008 7.19E-03 8.89E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 5.62E-04 6.94E-02 6.61E-04 8.18E-02 6.61E-04 8.18E-02

2012 7.19E-03
(j)

8.89E-01
(j) 8.16E-03 1.01E+00 1.26E-05 1.55E-03 5.62E-04

(j)
6.95E-02

(j) 2.20E-05 2.73E-03 2.20E-05 2.73E-03

2014 6.61E-04 8.18E-02 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.30E-04 4.08E-02 2.20E-05 2.73E-03 2.20E-05 2.73E-03

Pre-2007 1.52E-02 1.88E+00 7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 6.16E-03 7.62E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.81E-04 5.95E-02 4.85E-04 6.00E-02 4.85E-04 6.00E-02

2008 6.16E-03 7.62E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.81E-04 5.95E-02 4.85E-04 6.00E-02 4.85E-04 6.00E-02

2012 6.16E-03
(j)

7.62E-01
(j) 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.81E-04

(j)
5.95E-02

(j) 2.20E-05 2.73E-03 2.20E-05 2.73E-03

2014 6.61E-04 8.18E-02 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.30E-04 4.08E-02 2.20E-05 2.73E-03 2.20E-05 2.73E-03

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 6.16E-03 7.62E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 4.81E-04 5.95E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

2011 6.16E-03
(j)

7.62E-01
(j) 5.73E-03 7.09E-01 1.26E-05 1.55E-03 4.81E-04

(j)
5.95E-02

(j) 2.20E-05 2.73E-03 2.20E-05 2.73E-03

2014 6.61E-04 8.18E-02 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 2.20E-05 2.73E-03 2.20E-05 2.73E-03

All Dual Fuel Engines

All

Diesel Fuel Engines

Internal Combustion Engine Emission Factors

Displacement 
(liters/cylinder)

Maximum Engine 
Power (hp)

NSPS 
Applicability

Model Year
NOX

(a) CO SOX
(b)

VOC(c) PM10
(d) PM2.5

(d)

D < 10

<11 hp NSPS

11 ≤ hp < 25 NSPS

25 ≤ hp < 50 NSPS

50 ≤ hp < 75 NSPS

75 ≤ hp < 100 NSPS

175 ≤ hp ≤ 600 NSPS

100 ≤ hp < 175 NSPS
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Table 3-3. Criteria Pollutant Emission Factors for Stationary Non-Emergency Compression Ignition ICOM Engines (cont.) 

 
 
 
 

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

>600 hp non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 6.45E-03 7.97E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 1.78E-04 2.21E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

2011 6.45E-03
(j)

7.97E-01
(j) 5.73E-03 7.09E-01 1.26E-05 1.55E-03 1.78E-04

(j)
2.21E-02

(j) 2.20E-05 2.73E-03 2.20E-05 2.73E-03

2014 6.61E-04 8.18E-02 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 2.20E-05 2.73E-03 2.20E-05 2.73E-03

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 1.03E-02 1.28E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 2.86E-04 3.53E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

2011 5.73E-03 7.09E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 7.08E-04 8.75E-02 1.65E-04 2.04E-02 1.65E-04 2.04E-02

2015 Gen 1.10E-03 1.36E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 4.41E-05 5.45E-03 4.41E-05 5.45E-03

2015 Other 5.73E-03 7.09E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 6.61E-05 8.18E-03 6.61E-05 8.18E-03

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 1.03E-02 1.28E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 2.86E-04 3.53E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

2011 Gen 1.10E-03 1.36E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 7.08E-04 8.75E-02 1.65E-04 2.04E-02 1.65E-04 2.04E-02

2011 Other 5.73E-03 7.09E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 7.08E-04 8.75E-02 1.65E-04 2.04E-02 1.65E-04 2.04E-02

2015 Gen 1.10E-03 1.36E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 4.41E-05 5.45E-03 4.41E-05 5.45E-03

2015 Other 5.73E-03 7.09E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 6.61E-05 8.18E-03 6.61E-05 8.18E-03

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2011 Gen 1.10E-03 1.36E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 7.08E-04 8.75E-02 1.65E-04 2.04E-02 1.65E-04 2.04E-02

2011 Other 5.73E-03 7.09E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 7.08E-04 8.75E-02 1.65E-04 2.04E-02 1.65E-04 2.04E-02

2015 Gen 1.10E-03 1.36E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 4.41E-05 5.45E-03 4.41E-05 5.45E-03

2015 Other 5.73E-03 7.09E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 3.30E-04 4.08E-02 6.61E-05 8.18E-03 6.61E-05 8.18E-03

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.19E-02 1.47E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 9.30E-04 1.15E-01 4.41E-04 5.45E-02 4.41E-04 5.45E-02

2013 9.44E-03 1.17E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 7.37E-04 9.12E-02 2.20E-04 2.73E-02 2.20E-04 2.73E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

2007 1.25E-02 1.54E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.45E-04 4.26E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

600 < hp < 4958 hp 1.25E-02 1.54E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.45E-04 4.26E-02 2.20E-04 2.73E-02 2.20E-04 2.73E-02

hp ≥ 4958 hp 1.25E-02 1.54E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.45E-04 4.26E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

CO SOX
(b)

VOC(c) PM10
(d) PM2.5

(d)

NSPS

hp > 3000 NSPS

Model Year
NOX

(a)

Internal Combustion Engine Emission Factors

Displacement 
(liters/cylinder)

Maximum Engine 
Power (hp)

NSPS 
Applicability

2013

10 ≤ D < 15

≤ 600 hp
NSPS

> 600 hp

NSPS

D < 10

600 < hp < 750 NSPS

750 ≤ hp ≤ 1200 NSPS

1200 < hp ≤ 3000
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Table 3-3. Criteria Pollutant Emission Factors for Stationary Non-Emergency Compression Ignition ICOM Engines (cont.) 

 
Notes for Table 3-3 provided on the next page. 
  

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.33E-02 1.65E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.04E-03 1.29E-01 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014 1.07E-02 1.32E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 8.34E-04 1.03E-01 5.51E-04 6.81E-02 5.51E-04 6.81E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

600 < hp < 4425 1.40E-02 1.73E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.86E-04 4.78E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

hp ≥ 4425 hp 1.57E-02 1.94E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.34E-04 5.37E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

600 < hp < 2681 2014 1.12E-02 1.38E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.09E-04 3.82E-02 5.51E-04 6.81E-02 5.51E-04 6.81E-02

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.50E-02 1.85E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.17E-03 1.45E-01 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014 1.50E-02 1.85E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.17E-03 1.45E-01 4.41E-04 5.45E-02 4.41E-04 5.45E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

2007 1.57E-02 1.94E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.34E-04 5.37E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

600 < hp < 2681 2014 1.57E-02 1.94E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.34E-04 5.37E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.68E-02 2.08E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.31E-03 1.62E-01 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014 1.68E-02 2.08E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.31E-03 1.62E-01 4.41E-04 5.45E-02 4.41E-04 5.45E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(k)

3.46E+00
(k)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

2007 1.76E-02 2.18E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.88E-04 6.03E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

600 < hp < 2681 2014 1.76E-02 2.18E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.88E-04 6.03E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

Internal Combustion Engine Emission Factors

Displacement 
(liters/cylinder)

Maximum Engine 
Power (hp)

NSPS 
Applicability

Model Year
NOX

(a) CO SOX
(b)

VOC(c) PM10
(d) PM2.5

(d)

2007

25 ≤ D < 30

≤ 600 hp
NSPS

> 600 hp

NSPS

20 ≤ D < 25

≤ 600 hp
NSPS

> 600 hp

NSPS

15 ≤ D < 20

≤ 600 hp
NSPS

> 600 hp

NSPS
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Notes for Table 3-3: 
SOURCE (unless otherwise stated): "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, Part 60-Standards of 

Performance for New Stationary Sources, Subpart IIII-Standards of Performance for Stationary Compression Ignition Internal Combustion Engines," U.S. Environmental 
Protection Agency. "Gen" Refers to generators.  A brake-specific fuel consumption (BSFC) value of 8089 Btu/hp-hr was used to convert from lb/MMBtu to lb/hp-hr. This 
BSFC is given in Shire, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," August 2009.  NSPS 
= New Source Performance Standards. 

a) Where thresholds of NOX+NMHC or NOX+THC were provided, the NOX emission factor was calculated using the NOX to NMHC or NOX to THC ratio as determined by the 
emission factors provided in AP-42.  Conversion of organics performed using ratios given in Table 3-1. 

b) SOX EF calculated using the following equation: S X 0.02 X D X (1/HV), where S = weight percent sulfur content of the fuel, 0.02 = conversion factor converting the weight 
percent to a weight fraction multiplied by the ratio of the molecular weight of SO2 to the molecular weight of sulfur, D = the density of the fuel, and HV = the heating value 
of the fuel.  For this calculation, the values used were S - 0.0015%, D - 7.14 lb/gal, and HV - 0.138 MMBtu/gal.  Emission factor calculated in units of lb/MMBtu and 
converted to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr. 

c) VOC emission factors were estimated using the THC, NMHC, or TOC values calculated as in Note (a).  Emission factor given in AP-42 was converted from units of 
lb/MMBtu to lb/hp-hr using an average BSFC of 8089 Btu/hp-hr.  The TOC emission factor given in AP-42 assumed to be equal TOG and the conversion of organics to VOC 
was performed using the ratios given in Table 3-1. 

d) For particulate matter (PM), it is assumed that PM=PM10=PM2.5. 
e) SOURCE: Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources.  Fifth Edition. 2000. Chapter 3.  Emission factors converted from 

units of lb/MMBtu to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr. 
f) SOX emission factor calculated using the equation provided in the source document.  The percent sulfur in the fuel oil and natural gas were assumed to be 0.0015 and 0.0007 

respectively. 
g) VOC emission factor taken from the source document as the "nonmethane" portion of the TOC. 
h) Emission factor from large stationary diesel engines was used as a surrogate. 
i) Regulation provides two options for meeting this limit, either all engines within this time frame must meet an emission limit of 0.22 g/hp-hr, OR may meet the previous limit 

(0.3 g/hp-hr) until 2012 and all 2012 engines would need to meet 2013 limits (0.022 g/hp-hr).  Most conservative estimate assumes only previous emission limit is achieved 
and that value is provided here. 

j) Regulation allows for the phasing in of the emission limits.  Since an engine may or may not meet the more restrictive emission limit, the emission limit for the previous year is 
given. 

k) NOX emission limits vary depending on max test speed of the engine.  The value provided is the most conservative value. 
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Table 3-4. Criteria Pollutant Emission Factors for Stationary Emergency Non-Fire Pump Compression Ignition ICOM 
Engines 

 

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

≤600 hp non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 1.60E-02 1.98E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.65E-03 2.04E-01 1.65E-03 2.04E-01

2007 1.15E-02 1.42E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2008 1.15E-02 1.42E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2007 1.46E-02 1.80E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 1.14E-03 1.41E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2007 1.15E-02 1.42E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2008 1.15E-02 1.42E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2007 1.46E-02 1.80E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 1.14E-03 1.41E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2007 1.15E-02 1.42E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 9.92E-04 1.23E-01 9.92E-04 1.23E-01

2008 1.15E-02 1.42E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 4.85E-04 6.00E-02 4.85E-04 6.00E-02

Pre-2007 1.52E-02 1.88E+00 7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.15E-02 1.42E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

2008 7.19E-03 8.89E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 5.62E-04 6.94E-02 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2007 1.52E-02 1.88E+00 7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 6.16E-03 7.62E-01 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.81E-04 5.95E-02 4.85E-04 6.00E-02 4.85E-04 6.00E-02

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 6.16E-03 7.62E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 4.81E-04 5.95E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

>600 hp non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 6.45E-03 7.97E-01 5.73E-03 7.09E-01 1.26E-05 1.55E-03 1.78E-04 2.21E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 1.03E-02 1.28E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 2.86E-04 3.53E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

Pre-2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2007 1.52E-02 1.88E+00 1.87E-02 2.32E+00 1.26E-05 1.55E-03 2.36E-03 2.92E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2011 1.03E-02 1.28E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 2.86E-04 3.53E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.19E-02 1.47E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 9.30E-04 1.15E-01 4.41E-04 5.45E-02 4.41E-04 5.45E-02

2013 9.44E-03 1.17E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 7.37E-04 9.12E-02 2.20E-04 2.73E-02 2.20E-04 2.73E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e) 8.50E-01 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e) 1.00E-01 8.09E-04
(e)

1.00E-01
(e)

2007 1.25E-02 1.54E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.45E-04 4.26E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

600 < hp < 4958 hp 1.25E-02 1.54E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.45E-04 4.26E-02 2.20E-04 2.73E-02 2.20E-04 2.73E-02

hp ≥ 4958 hp 1.25E-02 1.54E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.45E-04 4.26E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

NSPS

100 ≤ hp < 175

Internal Combustion Engine Emission Factors

Displacement 
(liters/cylinder)

Maximum Engine 
Power (hp)

NSPS 
Applicability

Model Year
NOX

(a) CO SOX
(b)

VOC(c) PM10
(d) PM2.5

(d)

175 ≤ hp < 600 NSPS

NSPS

hp > 3000 NSPS

600 ≤ hp < 750 NSPS

750 < hp ≤ 3000

D < 10

hp < 11 NSPS

11 ≤ hp < 25 NSPS

25 ≤ hp < 50 NSPS

50 ≤ hp < 100

10 ≤ D < 15

≤ 600 hp
NSPS

> 600 hp

NSPS

NSPS

2013
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Table 3-4. Criteria Pollutant Emission Factors for Stationary Emergency Non-Fire Pump Compression Ignition ICOM 
Engines (cont.) 

 
Notes for Table 3-4 given on the following page. 

 
  

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.33E-02 1.65E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.04E-03 1.29E-01 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014 1.07E-02 1.32E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 8.34E-04 1.03E-01 5.51E-04 6.81E-02 5.51E-04 6.81E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

2007 1.40E-02 1.73E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.86E-04 4.78E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

600 < hp < 2682 hp 1.12E-02 1.38E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.09E-04 3.82E-02 5.51E-04 6.81E-02 5.51E-04 6.81E-02

hp ≥ 2682 hp 1.40E-02 1.73E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 3.86E-04 4.78E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.50E-02 1.85E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.17E-03 1.45E-01 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014 1.50E-02 1.85E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.17E-03 1.45E-01 4.41E-04 5.45E-02 4.41E-04 5.45E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

2007 1.57E-02 1.94E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.34E-04 5.37E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

600 < hp < 2681 1.57E-02 1.94E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.34E-04 5.37E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

hp ≥ 2682 hp 1.57E-02 1.94E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.34E-04 5.37E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

non-NSPS All years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

2007 1.68E-02 2.08E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.31E-03 1.62E-01 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014 1.68E-02 2.08E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.31E-03 1.62E-01 4.41E-04 5.45E-02 4.41E-04 5.45E-02

non-NSPS All years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2007 2.80E-02
(f)

3.46E+00
(f)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

2007 1.76E-02 2.18E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.88E-04 6.03E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

600 < hp < 2682 hp 1.76E-02 2.18E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.88E-04 6.03E-02 4.41E-04 5.45E-02 4.41E-04 5.45E-02

hp ≥ 2682 hp 1.76E-02 2.18E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 4.88E-04 6.03E-02 8.16E-04 1.01E-01 8.16E-04 1.01E-01

2014

15 ≤ D < 20

Internal Combustion Engine  Emission Factors

Displacement 
(liters/cylinder)

Maximum Engine 
Power (hp)

NSPS 
Applicability

Model Year
NOX

(a) CO SOX
(b)

VOC(c) PM10
(d) PM2.5

(d)

≤ 600 hp
NSPS

2014

20 ≤ D < 25

≤ 600 hp
NSPS

> 600 hp

NSPS

2014

25 ≤ D < 30

≤ 600 hp
NSPS

> 600 hp

NSPS

> 600 hp

NSPS
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Notes for Table 3-4: 
SOURCE (unless otherwise stated): "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, Part 60-Standards of 

Performance for New Stationary Sources, Subpart IIII-Standards of Performance for Stationary Compression Ignition Internal Combustion Engines," U.S. Environmental 
Protection Agency. "Gen" Refers to generators.  A brake-specific fuel consumption (BSFC) value of 8089 Btu/hp-hr was used to convert from lb/MMBtu to lb/hp-hr. This 
BSFC is given in Shire, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," August 2009.  NSPS 
= New Source Performance Standards. 

a) Where thresholds of NOX+NMHC or NOX+THC were provided, the NOX emission factor was calculated using the NOX to NMHC or NOX to THC ratio as determined by the 
emission factors provided in AP-42.  Conversion of organics performed using ratios given in Table 3-1. 

b) SOX emission factor calculated using the following equation: S X 0.02 X D X (1/HV), where S = weight percent sulfur content of the fuel, 0.02 = conversion factor converting 
the weight percent to a weight fraction multiplied by the ratio of the molecular weight of SO2 to the molecular weight of sulfur, D = the density of the fuel, and HV = the 
heating value of the fuel.  For this calculation, the values used were S - 0.0015%, D - 7.14 lb/gal, and HV - 0.138 MMBtu/gal.  Emission factor calculated in units of 
lb/MMBtu and converted to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr. 

c) VOC emission factors were estimated using the THC, NMHC, or TOC values calculated as in Note (a).  Emission factor given in AP-42 was converted from units of 
lb/MMBtu to lb/hp-hr using an average BSFC of 8089 Btu/hp-hr.  The TOC emission factor given in AP-42 assumed to be equal TOG and the conversion of organics to VOC 
was performed using the ratios given in Table 3-1.  TOC values provided in Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources used 
the "exhaust" values. 

d) For Particulate Matter (PM), it is assumed that PM=PM10=PM2.5. 
e) SOURCE: Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources.  Fifth Edition. 2000. Chapter 3.  Emission factors converted from 

units of lb/MMBtu to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr. 
f) NOX emission limits vary depending on max test speed of the engine.  The value provided is the most conservative value. 
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Table 3-5. Criteria Pollutant Emission Factors for Stationary Emergency Fire Pump Compression Ignition ICOM Engines 

 
SOURCE (unless otherwise stated): "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, Part 60-Standards of 

Performance for New Stationary Sources, Subpart IIII-Standards of Performance for Stationary Compression Ignition Internal Combustion Engines," U.S. Environmental 
Protection Agency. "Gen" Refers to generators.  A brake-specific fuel consumption (BSFC) value of 8089 Btu/hp-hr was used to convert from lb/MMBtu to lb/hp-hr.  This 
BSFC is given in Shire, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," August 2009.  
NSPS = New Source Performance Standards. 

a) Where thresholds of NOX+NMHC or NOX+THC were provided, the NOX emission factor was calculated using the NOX to NMHC or NOX to THC ratio as determined by the 
emission factors provided in AP-42.  Conversion of organics performed using ratios given in Table 3-1. 

b) SOX emission factor calculated using the following equation: S X 0.02 X D X (1/HV), where S = weight percent sulfur content of the fuel, 0.02 = conversion factor converting 
the weight percent to a weight fraction multiplied by the ratio of the molecular weight of SO2 to the molecular weight of sulfur, D = the density of the fuel, and HV = the 
heating value of the fuel.  For this calculation, the values used were S - 0.0015%, D - 7.14 lb/gal, and HV - 0.138 MMBtu/gal.  Emission factor calculated in units of 
lb/MMBtu and converted to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr. 

c) VOC emission factors were estimated using the THC, NMHC, or TOC values calculated as in Note (a).  Emission factor given in AP-42 was converted from units of 
lb/MMBtu to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr.  The TOC emission factor given in AP-42 assumed to be equal TOG 
and the conversion of organics to VOC was performed using the ratios given in Table 3-1. 

d) For Particulate Matter (PM) it is assumed that PM=PM10=PM2.5. 
e) SOURCE: Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources.  Fifth Edition. 2000. Chapter 3.  Emission factors converted from units 

of lb/MMBtu to lb/hp-hr using an average Brake-Specific Fuel Consumption (BSFC) of 8089 Btu/hp-hr. 
f) Regulation allows for the phasing in of these emission limits for engines within these model years that operate at a rated speed > 2650 rpm. For simplicity, the emission limits 

for the previous model year is provided.

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

≤600 hp non-NSPS All Years 3.57E-02
(e)

4.41E+00
(e)

7.68E-03
(e)

9.50E-01
(e) 1.26E-05 1.55E-03 2.79E-03

(e)
3.44E-01

(e)
2.51E-03

(e)
3.10E-01

(e)
2.51E-03

(e)
3.10E-01

(e)

Pre-2011 1.60E-02 1.98E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.65E-03 2.04E-01 1.65E-03 2.04E-01

2011 1.15E-02 1.42E+00 1.32E-02 1.64E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2011 1.46E-02 1.80E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 1.14E-03 1.41E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2011 1.15E-02 1.42E+00 1.08E-02 1.34E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 6.61E-04 8.18E-02 6.61E-04 8.18E-02

Pre-2011 1.46E-02 1.80E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 1.14E-03 1.41E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2011 1.15E-02 1.42E+00 9.04E-03 1.12E+00 1.26E-05 1.55E-03 8.99E-04 1.11E-01 4.85E-04 6.00E-02 4.85E-04 6.00E-02

Pre-2011 1.60E-02 1.98E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2011
(f) 1.60E-02 1.98E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

Pre-2010 1.60E-02 1.98E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

2010
() 1.60E-02 1.98E+00 8.16E-03 1.01E+00 1.26E-05 1.55E-03 1.25E-03 1.55E-01 1.32E-03 1.64E-01 1.32E-03 1.64E-01

Pre-2009 1.60E-02 1.98E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 1.25E-03 1.55E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2009
(f) 1.60E-02 1.98E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 1.25E-03 1.55E-01 8.82E-04 1.09E-01 8.82E-04 1.09E-01

>600 hp non-NSPS All Years 2.59E-02
(e)

3.20E+00
(e)

6.88E-03
(e)

8.50E-01
(e) 1.26E-05 1.55E-03 7.16E-04

(e)
8.86E-02

(e)
8.09E-04

(e)
1.00E-01

(e)
8.09E-04

(e)
1.00E-01

(e)

Pre-2009 1.68E-02 2.07E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 4.64E-04 5.74E-02 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2009
(f) 1.68E-02 2.07E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 4.64E-04 5.74E-02 8.82E-04 1.09E-01 8.82E-04 1.09E-01

Pre-2008 1.68E-02 2.07E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 4.64E-04 5.74E-02 8.82E-04 1.09E-01 8.82E-04 1.09E-01

2008 1.03E-02 1.28E+00 5.73E-03 7.09E-01 1.26E-05 1.55E-03 2.86E-04 3.53E-02 3.31E-04 4.09E-02 3.31E-04 4.09E-02

NSPS

NSPS

NSPS

NSPS

NSPS

NSPS

NSPS

NSPS

Internal Combustion Engine Emission Factors

Displacement 
(liters/cylinder)

Maximum Engine  
Power (hp)

Model Year
NOX

(a) CO SOX
(b)

VOC(c) PM10
(d) PM2.5

(d)NSPS 
Applicability

All

hp < 11

11 ≤ hp < 25

25 ≤ hp < 50

50 ≤ hp < 100

100 ≤ hp < 175

175 ≤ hp < 600

600 ≤ hp ≤ 750

hp > 750
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3.4.1.4 GHG Emission Factor Calculation 

As attention to global climate change intensifies, the estimation of GHG emissions becomes 
increasingly more significant.  A composite GHG EF, in terms of CO2e, was calculated using the 
default EF as given in Tables C-1 and C-2 of 40 CFR 98 for three GHGs using the methodology 
described in Section 1.4.4 of this guide.  The emission factors are provided in Table 3-6 in both 
units of lb/hr and lb/MMBtu using a BSFC of 8089 Btu/hp-hr. 

Table 3-6. GHG Emission Factors for Stationary Compression Ignition ICOM Engines 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, 

Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General Stationary Fuel Combustion Sources," U.S. 
Environmental Protection Agency. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their respective Global 
Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 respectively. 

b) A Brake Specific Fuel Consumption (BSFC) value of 8089 Btu/hp-hr was used for unit conversion.  This value from Shires, 
Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas 
Industry," August 2009. 

 
 

3.4.1.5 HAP Speciation Emission Factor Determination 

The NESHAP for stationary reciprocating ICOMs are given in 40 CFR 63 Subpart ZZZZ.  The 
HAP EFs for stationary ICOM CI engines are provided in Table 3-7.  Again, the EFs are 
presented in both units of lb/hp-hr and lb/MMBtu.  The table designates the EFs applicable to 
NSPS and non-NSPS engines.  Those EF for the non-NSPS are taken directly from sections 3.3 
and 3.4 of AP-42, depending on the size of the engine.  The NSPS values were calculated using 
the ratio of the pollutant to total VOC, given in AP-42, and multiplied by the total VOC as given 
in Table 3-3, Table 3-4, or Table 3-5.  Since AP-42 provides EFs for engines less than or equal to 
600 hp, and greater than 600 hp, the values were calculated for these size ranges.  To minimize 
the size of the table, the most conservative VOC values within these size ranges from Table 3-3, 
Table 3-4, and Table 3-5 were used in the calculations. 
 
 
  

lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr lb/MMBtu

All Stationary CI ICOM 1.32E+00 1.63E+02 5.35E-05 6.61E-03 1.07E-05 1.32E-03 1.32E+00 1.64E+02

Source Category

Emission Factors

CO2 CH4 N2O CO2e(a)
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Table 3-7. HAP Emission Factors for Stationary Compression Ignition ICOM Engines 

 
SOURCE (unless otherwise stated): Section 3.3 - "Gasoline and Diesel Industrial Engines," Compilation of Air Pollutant 

Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, 
October 1996. 

a) Source: Values calculated using the ratio of the pollutant to total Volatile Organic Compounds (VOC) as given in Chapter 3 
of "Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition." This ratio 
was then multiplied by the total VOC as given in Table 3-3, Table 3-4, and Table 3-5.  The most conservative VOC value 
was used to condense this table.  The values used in calculations were: 1.62E-01 for non-emergency engines less than or 
equal to 600 hp; 2.92E-02 for non-emergency engines greater than 600 hp; 1.55E-01 for fire pumps less than or equal to 600 
hp; and 5.74E-02 for fire pumps greater than 600 hp.  NSPS = New Source Performance Standards. 

b) Depending on the size of the engine, determines the applicability of the NSPS used in calculation of these emission factors.  
For engines less than 100 hp, the model year is 2011.  For engines greater than or equal to 100 hp and less than 175 hp, the 
model year is 2010.  For engines greater than or equal to 175 hp and less than or equal to 750 hp, the model year is 2009.  
For all engines greater than 750 hp, the model year is 2008. 

c) SOURCE (unless otherwise stated): Section 3.4 - "Large Stationary Diesel and all Stationary Dual-fuel Engines," 
Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 
Environmental Protection Agency, October 1996. 

“---” – No data available. 

 
  

lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu lb/hp-hr lb/MMBtu

1,3-Butadiene 3.16E-07 3.91E-05 --- --- 1.49E-07 1.84E-05 --- --- 1.43E-07 1.76E-05 --- ---
Acenaphthene 1.15E-08 1.42E-06 3.79E-08 4.68E-06 5.41E-09 6.69E-07 1.25E-08 1.54E-06 5.18E-09 6.40E-07 2.45E-08 3.03E-06
Acenaphthylene 4.09E-08 5.06E-06 7.47E-08 9.23E-06 1.93E-08 2.38E-06 2.46E-08 3.04E-06 1.84E-08 2.28E-06 4.84E-08 5.98E-06
Acetaldehyde 6.20E-06 7.67E-04 2.04E-07 2.52E-05 2.92E-06 3.61E-04 6.72E-08 8.31E-06 2.80E-06 3.46E-04 1.32E-07 1.63E-05
Acrolein 7.48E-07 9.25E-05 6.37E-08 7.88E-06 3.52E-07 4.36E-05 2.10E-08 2.60E-06 3.37E-07 4.17E-05 4.13E-08 5.11E-06
Anthracene 1.51E-08 1.87E-06 9.95E-09 1.23E-06 7.12E-09 8.81E-07 3.28E-09 4.05E-07 6.82E-09 8.43E-07 6.45E-09 7.97E-07
Benz(a)anthracene 1.36E-08 1.68E-06 5.03E-09 6.22E-07 6.40E-09 7.91E-07 1.66E-09 2.05E-07 6.12E-09 7.57E-07 3.26E-09 4.03E-07
Benzene 7.55E-06 9.33E-04 6.28E-06 7.76E-04 3.55E-06 4.39E-04 2.07E-06 2.56E-04 3.40E-06 4.20E-04 4.07E-06 5.03E-04
Benzo(a)pyrene 1.52E-09 1.88E-07 2.08E-09 2.57E-07 7.16E-10 8.85E-08 6.85E-10 8.47E-08 6.85E-10 8.47E-08 1.35E-09 1.66E-07
Benzo(b)fluoranthene 8.02E-10 9.91E-08 8.98E-09 1.11E-06 3.78E-10 4.67E-08 2.96E-09 3.66E-07 3.61E-10 4.47E-08 5.82E-09 7.19E-07
Benzo(g,h,i)perylene 3.96E-09 4.89E-07 4.50E-09 5.56E-07 1.86E-09 2.30E-07 1.48E-09 1.83E-07 1.78E-09 2.20E-07 2.91E-09 3.60E-07
Benzo(k)fluoranthene 1.25E-09 1.55E-07 1.76E-09 2.18E-07 5.90E-10 7.30E-08 5.81E-10 7.18E-08 5.65E-10 6.98E-08 1.14E-09 1.41E-07
Chrysene 2.86E-09 3.53E-07 1.24E-08 1.53E-06 1.34E-09 1.66E-07 4.08E-09 5.04E-07 1.29E-09 1.59E-07 8.02E-09 9.91E-07
Dibenz(a,h)anthracene 4.72E-09 5.83E-07 2.80E-09 3.46E-07 2.22E-09 2.75E-07 9.22E-10 1.14E-07 2.12E-09 2.63E-07 1.81E-09 2.24E-07
Fluoranthene 6.16E-08 7.61E-06 3.26E-08 4.03E-06 2.90E-08 3.58E-06 1.07E-08 1.33E-06 2.77E-08 3.43E-06 2.11E-08 2.61E-06
Fluorene 2.36E-07 2.92E-05 1.04E-07 1.28E-05 1.11E-07 1.38E-05 3.41E-08 4.22E-06 1.06E-07 1.32E-05 6.71E-08 8.29E-06
Formaldehyde 9.55E-06 1.18E-03 6.38E-07 7.89E-05 4.50E-06 5.56E-04 2.10E-07 2.60E-05 4.30E-06 5.32E-04 4.13E-07 5.11E-05
Indeno(1,2,3-c,d)pyrene 3.03E-09 3.75E-07 3.35E-09 4.14E-07 1.43E-09 1.77E-07 1.10E-09 1.36E-07 1.37E-09 1.69E-07 2.17E-09 2.68E-07
Naphthalene 6.86E-07 8.48E-05 1.05E-06 1.30E-04 3.23E-07 3.99E-05 3.47E-07 4.28E-05 3.09E-07 3.82E-05 6.81E-07 8.42E-05
Phenanthrene 2.38E-07 2.94E-05 3.30E-07 4.08E-05 1.12E-07 1.38E-05 1.09E-07 1.34E-05 1.07E-07 1.32E-05 2.14E-07 2.64E-05
Pyrene 3.87E-08 4.78E-06 3.00E-08 3.71E-06 1.82E-08 2.25E-06 9.89E-09 1.22E-06 1.74E-08 2.15E-06 1.94E-08 2.40E-06
Toluene 3.31E-06 4.09E-04 2.27E-06 2.81E-04 1.56E-06 1.93E-04 7.49E-07 9.26E-05 1.49E-06 1.84E-04 1.47E-06 1.82E-04
Xylenes 2.31E-06 2.85E-04 1.56E-06 1.93E-04 1.09E-06 1.34E-04 5.15E-07 6.36E-05 1.04E-06 1.28E-04 1.01E-06 1.25E-04

All Displacements

All Model Years

≤600 hp >600 hp(c) 

non-Emergency and non-Fire Pump Emergency
NSPS(a)

Fire Pumps
All Displacements

(b) 

>600 hp

Emission Factors

Compound

≤600 hp >600 hp

All Displacements

2007 to Present

≤600 hp

non-NSPS

Emergency and non-Emergency
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 Reciprocating Engines – Spark Ignition (SI) 

The NSPS standards for SI engines are given in 40 CFR 60 Subpart JJJJ.  As with CI engines, 
there have been different standards set by the EPA for both emergency and non-emergency 
engines.  The criteria pollutant EFs come directly from AP-42 and are given in Table 3-8 while 
the GHG EFs are given in Table 3-9.  Similarly, the HAP EFs, which are given in AP-42, are 
provided in Table 3-10. 
 

 Turbine Engines 

Though there are emissions standards for turbine engines, these standards are often higher than 
those developed in AP-42.  For this reason, turbine engines emissions may be calculated using 
the EFs given in Section 3.1 of AP-42.  While there are likely to be very few turbine engines 
found at a USAF installation, those that are in operation may use diesel, natural gas, landfill gas, 
or digester gas as the primary fuel.  The criteria pollutant and GHG EFs for turbines using these 
fuels are in Table 3-11 and Table 3-12 respectively.  Additionally, Table 3-13 provides HAP 
speciation data for Turbine engines. 
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Table 3-8. Criteria Pollutant Emission Factors for Stationary Spark Ignition ICOM Engines 

 
SOURCE:  U.S. EPA. Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources. Fifth Edition. 2000. Chapter 3.  
a) NOX and CO emission factors for natural gas assume engine operates at <90% load. 
b) An average Brake Specific Fuel Consumption (BSFC) of 7858 Btu/hp-hr for natural gas was used for unit conversion.  This value from Shires, Theresa M., et al, 

"Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," August 2009. 
c) Value converted from Total Organic Compounds (TOC) to VOC assuming TOC is equal to Total Organic Gas (TOG) and using the ratios provided in Table 3-1 for 4-stroke 

gasoline engines. 

Table 3-9. GHG Emission Factors for Stationary Spark Ignition ICOM Engines 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas 

Reporting, Subpart C-General Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency. 
a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their respective Global Warming Potentials (GWP).  The GWP for 

CO2, N2O, and CH4 are 1, 298, and 25 respectively. 
b) A Brake Specific Fuel Consumption (BSFC) value of 7858 and 7000 Btu/hp-hr were used for unit conversion for natural gas and gasoline respectively. These values from 

Shires, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," August 2009. 

 
 

lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu

Natural Gas - 2 Stroke Lean Burn 1.52E-02 1.94E+00 2.77E-03 3.53E-01 4.62E-06 5.88E-04 9.43E-04 1.20E-01 3.02E-04 3.84E-02 3.02E-04 3.84E-02

Natural Gas - 4 Stroke Lean Burn 6.66E-03 8.47E-01 4.38E-03 5.57E-01 4.62E-06 5.88E-04 9.27E-04 1.18E-01 6.06E-07 7.71E-05 6.06E-07 7.71E-05

Natural Gas - 4 Stroke Rich Burn 1.78E-02 2.27E+00 2.76E-02 3.51E+00 4.62E-06 5.88E-04 2.33E-04 2.96E-02 7.47E-05 9.50E-03 7.47E-05 9.50E-03

Gasoline 1.10E-02 1.63E+00 6.96E-03 9.90E-01 5.91E-04 8.40E-02 1.34E-02
(c) 

1.88E+00
(c) 7.21E-04 1.00E-01 7.21E-04 1.00E-01

Fuel

Emission Factors

NOX
(a)

CO(a) SOX VOC PM10 PM2.5

lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr lb/MMBtu

Natural Gas 9.19E-01 1.17E+02 1.73E-05 2.20E-03 1.73E-06 2.20E-04 9.20E-01 1.17E+02

Gasoline 1.08E+00 1.55E+02 4.63E-05 6.61E-03 9.26E-06 1.32E-03 1.09E+00 1.55E+02

Fuel

Emission Factors

CO2 CH4 N2O CO2e(a)



Air Emissions Guide for Air Force Stationary Sources Stationary Internal Combustion Engines 

74 
 

Table 3-10. HAP Emission Factors for Stationary Spark Ignition ICOM Engines 

 
SOURCE:  U.S. EPA. Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources. Fifth 

edition. 2000. Chapter 3. 
a) An average Brake Specific Fuel Consumption (BSFC) of 7858 Btu/hp-hr for natural gas was used for unit conversion.  

This value from Shires, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for 
the Oil and Natural Gas Industry," August 2009. 

“---” – No data available.

lb/hp-hr(a) lb/MMBtu lb/hp-hr(a) lb/MMBtu lb/hp-hr(a) lb/MMBtu

1,1,2,2,-Tetrachloroethane 5.21E-07 6.63E-05 3.14E-07 4.00E-05 1.99E-07 2.53E-05

1,1,2-Trichloroethane 4.14E-07 5.27E-05 2.50E-07 3.18E-05 1.20E-07 1.53E-05

1,1-Dichloroethane 3.07E-07 3.91E-05 1.85E-07 2.36E-05 8.88E-08 1.13E-05

1,2-Dichloropropane 3.50E-07 4.46E-05 2.11E-07 2.69E-05 1.02E-07 1.30E-05

1,3-Butadiene 6.44E-06 8.20E-04 2.10E-06 2.67E-04 5.21E-06 6.63E-04

1,3-Dichloropropene 3.44E-07 4.38E-05 2.07E-07 2.64E-05 9.98E-08 1.27E-05

2,2,4-Trimethylpentane 6.65E-06 8.46E-04 1.96E-06 2.50E-04 --- ---

Acenaphthene 1.05E-08 1.33E-06 9.82E-09 1.25E-06 --- ---

Acenaphthylene 2.49E-08 3.17E-06 4.35E-08 5.53E-06 --- ---

Acetaldehyde 6.10E-05 7.76E-03 6.57E-05 8.36E-03 2.19E-05 2.79E-03

Acrolein 6.11E-05 7.78E-03 4.04E-05 5.14E-03 2.07E-05 2.63E-03

Anthracene 5.64E-09 7.18E-07 --- --- --- ---

Benz(a)anthracene 2.64E-09 3.36E-07 --- --- --- ---

Benzene 1.52E-05 1.94E-03 3.46E-06 4.40E-04 1.24E-05 1.58E-03

Benzo(a)pyrene 4.46E-11 5.68E-09 --- --- --- ---

Benzo(b)fluoranthene 6.69E-11 8.51E-09 1.30E-09 1.66E-07 --- ---

Benzo(g,h,i)perylene 1.95E-10 2.48E-08 3.25E-09 4.14E-07 --- ---

Benzo(k)fluoranthene 3.35E-11 4.26E-09 --- --- --- ---

Biphenyl 3.10E-08 3.95E-06 1.67E-06 2.12E-04 --- ---

Carbon Tetrachloride 4.77E-07 6.07E-05 2.88E-07 3.67E-05 1.39E-07 1.77E-05

Chlorobenzene 3.49E-07 4.44E-05 2.39E-07 3.04E-05 1.01E-07 1.29E-05

Chloroethane --- --- 1.47E-08 1.87E-06 --- ---

Chloroform 3.70E-07 4.71E-05 2.24E-07 2.85E-05 1.08E-07 1.37E-05

Chrysene 5.28E-09 6.72E-07 5.45E-09 6.93E-07 --- ---

Ethylbenzene 8.49E-07 1.08E-04 3.12E-07 3.97E-05 1.95E-07 2.48E-05

Ethylene Dibromide 5.77E-07 7.34E-05 3.48E-07 4.43E-05 1.67E-07 2.13E-05

Ethylene Dichloride 3.32E-07 4.22E-05 1.85E-07 2.36E-05 8.88E-08 1.13E-05

Fluoranthene 2.84E-09 3.61E-07 8.72E-09 1.11E-06 --- ---

Fluorene 1.33E-08 1.69E-06 4.46E-08 5.67E-06 --- ---

Formaldehyde 4.34E-04 5.52E-02 4.15E-04 5.28E-02 1.61E-04 2.05E-02

Indeno(1,2,3-c,d)pyrene 7.80E-11 9.93E-09 --- --- --- ---

Methanol 1.95E-05 2.48E-03 1.96E-05 2.50E-03 2.40E-05 3.06E-03

Methylene Chloride 1.16E-06 1.47E-04 1.57E-07 2.00E-05 3.24E-07 4.12E-05

n-Hexane 3.50E-06 4.45E-04 8.72E-06 1.11E-03 --- ---

Naphthalene 7.57E-07 9.63E-05 5.85E-07 7.44E-05 7.63E-07 9.71E-05

Phenanthrene 2.77E-08 3.53E-06 8.17E-08 1.04E-05 --- ---

Phenol 3.31E-07 4.21E-05 1.89E-07 2.40E-05 --- ---

Pyrene 4.59E-09 5.84E-07 1.07E-08 1.36E-06 --- ---

Styrene 4.31E-07 5.48E-05 1.85E-07 2.36E-05 9.35E-08 1.19E-05

Toluene 7.57E-06 9.63E-04 3.21E-06 4.08E-04 4.38E-06 5.58E-04

Vinyl Chloride 1.94E-07 2.47E-05 1.17E-07 1.49E-05 5.64E-08 7.18E-06

Xylenes 2.11E-06 2.68E-04 1.45E-06 1.84E-04 1.53E-06 1.95E-04

Compound

Emission Factors

2-Stroke Lean Burn 4-Stroke Lean Burn 4-Stroke Rich Burn

Natural Gas
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Table 3-11. Criteria Pollutant Emission Factors for Stationary Turbine ICOM Engines 

 
SOURCE:  U.S. EPA. Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources. Fifth edition. 2000. Chapter 3. 
a) For natural gas and diesel fuel-fired turbines, the SOX emission factor was calculated using the equation from AP-42 and the sulfur content of the fuel for Natural gas and 

diesel as given in Table 3-2. 
b) For Natural Gas and Distillate oil-fired turbines, the source provides a total PM emission factor though the source does provide a PM10 emission factor for landfill gas and 

digester gas-fired units.  It is assumed that PM=PM10=PM2.5. 
c) A Brake Specific Fuel Consumption (BSFC) of 10,379 Btu/hp-hr was used for unit conversion for natural gas turbines.  A BSFC of 8078 Btu/hp-hr was used for all other 

turbines.  These values come from Shires, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," 
August 2009. 

d) Source does not provide an emission factor for this pollutant using this control device.  In lieu of any other data, the use of the non-controlled emission factor for this pollutant 
is recommended and provided here. 

 
  

lb/hp-hr(c) lb/MMBtu lb/hp-hr(c) lb/MMBtu lb/hp-hr(c) lb/MMBtu lb/hp-hr(c) lb/MMBtu lb/hp-hr(c) lb/MMBtu lb/hp-hr(c) lb/MMBtu

Uncontrolled 3.32E-03 3.20E-01 8.51E-04 8.20E-02 6.83E-06 6.58E-04 2.18E-05 2.10E-03 6.85E-05 6.60E-03 6.85E-05 6.60E-03

Water-Steam Injection 1.35E-03 1.30E-01 3.11E-04 3.00E-02 6.83E-06
(d)

6.58E-04
(d)

2.18E-05
(d)

2.10E-03
(d)

6.85E-05
(d)

6.60E-03
(d)

6.85E-05
(d)

6.60E-03
(d)

Lean-Premix 1.03E-03 9.90E-02 1.56E-04 1.50E-02 6.83E-06
(d)

6.58E-04
(d)

2.18E-05
(d)

2.10E-03
(d)

6.85E-05
(d)

6.60E-03
(d)

6.85E-05
(d)

6.60E-03
(d)

Uncontrolled 7.11E-03 8.80E-01 2.67E-05 3.30E-03 1.22E-05 1.52E-03 3.31E-06 4.10E-04 9.69E-06 1.20E-03 9.69E-06 1.20E-03

Water-Steam Injection 1.94E-03 2.40E-01 6.14E-04 7.60E-02 1.22E-05
(d)

1.52E-03
(d)

3.31E-06
(d)

4.10E-04
(d)

9.69E-06
(d)

1.20E-03
(d)

9.69E-06
(d)

1.20E-03
(d)

Landfill Gas Uncontrolled 1.13E-03 1.40E-01 3.55E-03 4.40E-01 3.64E-04 4.50E-02 1.05E-04 1.30E-02 1.86E-04 2.30E-02 1.86E-04 2.30E-02

Digester Gas Uncontrolled 1.29E-03 1.60E-01 1.37E-04 1.70E-02 5.25E-05 6.50E-03 4.69E-05 5.80E-03 9.69E-05 1.20E-02 9.69E-05 1.20E-02

Natural Gas

Diesel Fuel

Fuel Control Type

Emission Factors

NOX CO SOX
(a) VOC PM10

(b) PM2.5
(b)
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Table 3-12. GHG Emission Factors for Stationary Turbine ICOM Engines 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, 

Subpart C-General Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency. 
a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their respective Global Warming Potentials (GWP).  The GWP for 

CO2, N2O, and CH4 are 1, 298, and 25 respectively. 
b) A Brake Specific Fuel Consumption (BSFC) value of 10379 Btu/hp-hr was used for unit conversion for natural gas.  A BSFC of 8078 Btu/hp-hr was used for all other 

fuel-fired turbines.  These values from Shires, Theresa M., et al, "Compendium of Greenhouse Gas Emissions Estimation Methodologies for the Oil and Natural Gas 
Industry," August 2009. 

 
 
 
 

lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr(b) lb/MMBtu lb/hp-hr lb/MMBtu

Natural Gas 1.21E+00 1.17E+02 2.29E-05 2.20E-03 2.29E-06 2.20E-04 1.22E+00 1.17E+02

Diesel 1.32E+00 1.63E+02 5.34E-05 6.61E-03 1.07E-05 1.32E-03 1.32E+00 1.64E+02

Landfill Gas 9.27E-01 1.15E+02 5.70E-05 7.05E-03 1.12E-05 1.39E-03 9.32E-01 1.15E+02

Digester Gas 9.27E-01 1.15E+02 5.70E-05 7.05E-03 1.12E-05 1.39E-03 9.32E-01 1.15E+02

Fuel

Emission Factors

CO2 CH4 N2O CO2e(a)
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Table 3-13. HAP Emission Factors for Stationary Turbine ICOM Engines 

 
SOURCE:  U.S. EPA. Compilation of Air Pollutant Emission Factors Volume I: Stationary Point and Area Sources. Fifth 

edition. 2000. Chapter 3. 
a) An average Brake Specific Fuel Consumption (BSFC) of 10379 Btu/hp-hr for natural gas was used for unit conversion.  A 

BSFC of 8078 was used for all other turbines.  These values from Shires, Theresa M., et al, "Compendium of Greenhouse 
Gas Emissions Estimation Methodologies for the Oil and Natural Gas Industry," August 2009. 

“---” – No data available. 

  

lb/hp-hr(a) lb/MMBtu lb/hp-hr(a) lb/MMBtu lb/hp-hr(a) lb/MMBtu lb/hp-hr(a) lb/MMBtu

1,3-Butadiene 4.46E-09 4.30E-07 1.29E-07 1.60E-05 --- --- 7.92E-08 9.80E-06

1,4-Dichlorobenzene --- --- --- --- --- --- 1.62E-07 2.00E-05

Acetaldehyde 4.15E-07 4.00E-05 --- --- --- --- 4.28E-07 5.30E-05

Acetonitrile --- --- --- --- 9.69E-08 1.20E-05 --- ---

Acrolein 6.64E-08 6.40E-06 --- --- --- --- --- ---

Benzene 1.25E-07 1.20E-05 4.44E-07 5.50E-05 1.70E-07 2.10E-05 --- ---

Benzyl Chloride --- --- --- --- 9.69E-08 1.20E-05 --- ---

Carbon Tetrachloride --- --- --- --- 1.45E-08 1.80E-06 1.62E-07 2.00E-05

Chlorobenzene --- --- --- --- 2.34E-08 2.90E-06 1.29E-07 1.60E-05

Chloroform --- --- --- --- 1.13E-08 1.40E-06 1.37E-07 1.70E-05

Ethylbenzene 3.32E-07 3.20E-05 --- --- --- --- --- ---

Ethylene Dichloride --- --- --- --- --- --- 1.21E-07 1.50E-05

Formaldehyde 7.37E-06 7.10E-04 2.26E-06 2.80E-04 --- --- 1.53E-06 1.90E-04

Methylene Chloride --- --- --- --- 1.86E-08 2.30E-06 1.05E-07 1.30E-05

Naphthalene 1.35E-08 1.30E-06 2.83E-07 3.50E-05 --- --- --- ---

Propylene Oxide 3.01E-07 2.90E-05 --- --- --- --- --- ---

Tetrachloroethylene --- --- --- --- 2.02E-08 2.50E-06 1.70E-07 2.10E-05

Toluene 1.35E-06 1.30E-04 --- --- 8.89E-07 1.10E-04 --- ---

Trichloroethylene --- --- --- --- 1.53E-08 1.90E-06 1.45E-07 1.80E-05

Vinyl Chloride --- --- --- --- 1.29E-08 1.60E-06 2.91E-07 3.60E-05

Vinylidene Chloride --- --- --- --- --- --- 1.21E-07 1.50E-05

Xylenes 6.64E-07 6.40E-05 --- --- 2.50E-07 3.10E-05 --- ---

Compound

Emission Factors

Natural Gas Diesel Landfill Gas Digester Gas

Gas Turbines
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 Using Emission Factors from Other Sources 

In place of the EFs provided in this document, emissions may be estimated using EFs calculated 
directly from engine performance testing.  Contact the APIMS helpdesk prior to using any EFs 
generated from emissions testing and for any guidance as needed. 
 
3.4.4.1 Emissions Testing 

Another option for emissions estimation utilizes the results from emissions tests conducted on 
the engine.  The EPA has approved and promulgated test methods for determining pollutant 
emissions from stationary sources.  Any emissions tests must adhere to the requirements of these 
established methods or be approved by the EPA for establishing valid data and subsequent EFs.  
Some of the most commonly used test methods include: 
 

 Method 1 – Establishes the location of data sampling points within the exhaust stack. 

 Method 2 – Used to determine stack gas velocity and volumetric flow rate. 

 Method 3 – Used to determine oxygen and CO2 content as well as the dry molecular 
weight of the exhaust gas. 

 Method 4 – Used to determine the moisture content of the exhaust gas. 

 Method 5 – Used to determine PM emissions. 

 Method 6 – Used to determine SO2 emissions. 

 Method 7 – Used to determine NOX emissions. 

 Method 10 – Used to determine CO emissions. 

 Method 25 – Used to determine Total Organic Gas (TOG). 
 
This list is not exhaustive, and multiple methods have been established depending on the 
pollutant of interest.  Refer to the EPA’s list of promulgated test methods for more information.  
The test methods outline the minimum equipment and calibration requirements needed to 
provide valid results. 
 
If the results from emissions testing are used to establish EFs for a family of engines, only data 
from valid test runs may be used.  A minimum of three tests should be conducted before an 
average emission rate is calculated, though more test results may yield EFs that are more 
representative of the engine being tested.  Additional data points may also reveal any potential 
data outliers. 
 
3.4.4.2 Exhaust Certification Data Sheets (Discouraged) 

An engine manufacturer may be contacted to provide emissions certification sheets; however, the 
use of these certification sheets for EF development is not recommended.  This is because the 
certification sheets were generated from data collected from tests conducted in a lab environment 
under ideal conditions.  Unfortunately, this means that the engine is highly unlikely to achieve 
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the same levels of performance and resulting emission rates.  In contrast, a new engine may fall 
well short of the emission thresholds established by NSPS, so that when the engine is operated in 
the field, that engine may emit at a higher rate than the certification sheet, but may still emit 
below the NSPS thresholds.  EFs developed from performance testing is acceptable since the 
tests are conducted in the field, under realistic environmental conditions. 
 
 

3.5 Emissions Calculation 

There are multiple methods to calculate emissions from stationary internal combustion engines.  
Calculation methods used are dependent on the data available to estimate emissions, the 
equations below show the various methods to calculate emissions.  
 

 Fuel Consumption Method 

The fuel consumption method is the simplest method for calculating the emissions from 
stationary ICOM engines because all that is needed is the total fuel consumed by that engine and 
the EF.  The emissions are calculated as follows: 

𝑬𝑷𝒐𝒍 = 𝑸 × 𝑯𝑽 ×
𝟏

𝟏𝟎𝟔
× 𝑬𝑭𝑷𝒐𝒍 

Equation 3-1 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
Q = Annual quantity of fuel consumed (gal/yr) or (ft3/yr) 
HV = Heating value of the fuel used from Table 3-2(Btu/gal) or (Btu/ft3) 
106 = Factor to convert Btu to MMBtu (MMBtu/Btu) 
EFPol = Emission factor from Table 3-3, Table 3-4, Table 3-5, Table 3-6, Table 3-7, 

Table 3-8, Table 3-9, Table 3-10, Table 3-11, Table 3-12, or Table 3-13 
 
 
A detailed representation of the emissions from stationary ICOM engines is provided in Figure 
3-2. 

 

Figure 3-2. Stationary ICOM Control Volume - Fuel Consumption Method 
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 Load Factor Method 

To calculate the most accurate emissions for stationary ICOM engines, the first step is to gather 
the required data to look up and select the appropriate EF.  To use the load factor method, the 
engine’s rated power, operating time, and load factor must be known.  Table 3-14 provides 
typical load factors for several categories of ICOM engines.  The use of actual site-specific 
loading factors is preferable to using the typical load factor.  Contact the Power Production shop 
for guidance in using an appropriate load factor for the engines at the installation.  With the 
selected EF and load factor, the ICOM emissions are calculated using the following equation: 

𝑬𝑷𝒐𝒍 = 𝑶𝑻 × 𝑷𝑶 ×
𝑳𝑭

𝟏𝟎𝟎
× 𝑬𝑭𝑷𝒐𝒍 

Equation 3-2 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
PO = Rated power output of the engine (hp) 
LF = Engine load factor (%) 
100 = Factor for converting percent to fraction (%) 
OT = Annual engine operating time (hr/yr) 
EFPol = Emission factor from Table 3-3, Table 3-4, Table 3-5, Table 3-6, Table 3-7, 

Table 3-8, Table 3-9, Table 3-10, Table 3-11, Table 3-12, or Table 3-13 

Table 3-14. Typical Load Factors for Common Stationary ICOM Equipment 

Equipment Type Diesel Load Factor (%) Non-Diesel Load Factor(a) 

(%) 

Air Compressor 48 56 
Generator Set 74 68 
Pumps 74 69 
Refrigeration/AC    43(a) 46 
Welders 45 68 
SOURCE (Unless otherwise noted): “Software User's Guide: URBEMIS2007 for Windows,” South Coast Air Quality 

Management District (SCAQMD), November 2007. 
a) SOURCE: "Median Life, Annual Activity, and Load Factor Values for Nonroad Engine Emissions Modeling," U.S. 

Environmental Protection Agency (EPA), Office of Transportation and Air Quality, July 2010. 

 
 

A representation of the emissions from stationary ICOM engines is provided in Figure 3-3. 
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Figure 3-3. Stationary ICOM Control Volume - Load Factor Method 

 Discouraged Methods 

Previous source guides have proposed alternative methods for emergency generators using the 
peak demand of the generator.  This method assumes that the peak electrical demand is 
approximately the same as the power output of the generator.  This is not recommended because 
this assumes that the generator was properly sized.  As a result, this calculation method may 
significantly underestimate emissions and should no longer be used. 
 
 

3.6 Information Resources 

All EFs presented are conservative by necessity since each applies to a large range of equipment 
sizes and designs.  To obtain data required for emissions calculations, contact the group 
responsible for operating and maintaining stationary ICOM equipment on base, typically CE 
power production.  Additionally, consult the equipment specification sheets or contact the 
manufacturer directly.  Since the EFs provided are applicable to a wide range of equipment sizes, 
the accuracy of emissions calculations may be enhanced by reviewing the CFR.  This will help to 
determine the emissions thresholds of each pollutant for all stationary ICOM engines found on 
base.  Alternatively, the manufacturer may be contacted to request any emissions data they may 
have on file for those engine models.  If the engine’s BSFC is available, either through the 
specification sheet or from the manufacturer, then that value should be used for EF unit 
conversion.  Finally, since SOX emissions are a function of the sulfur content of the fuel used, the 
installation’s fuel supplier should be contacted to obtain the actual average sulfur content of the 
fuel used at that installation.  These sulfur content values should be used in place of those 
provided in Table 3-2. 
 
 

3.7 Example Problems 

 Problem #1 - Fuel Consumption Method 

A USAF base is looking to determine the NOX emissions from a natural gas-fired generator 
using spark ignition for the previous year.  Determine the NOX emissions from this generator for 
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last year using the fuel consumption method. This installation is not located in Alaska.  The 
generator is a 4-stroke, lean burn engine that used a total of 870 ft3 of fuel last year. 
 
Step 1 – Select and record emission factor and fuel heating value.  The EFs for natural gas-
fired engines are provided in Table 3-8.  For a 4-stroke, lean burn engine, the NOX EF is 8.47E-
01 lb/MMBtu.  Table 3-2 shows the heating value of natural gas to be 1,026 Btu/ft3. 
 
Step 2 – Choose a calculation method and record the appropriate equation.  For 
demonstration purposes, the calculation method was already assigned in the problem statement.  
However, it should be recognized that this is the most appropriate method to use since the power 
output and load factor are not provided while the annual fuel consumption is given.  The formula 
for the fuel consumption method is: 

𝐸௉௢௟ = 𝑄 × 𝐻𝑉 ×
ଵ

ଵ଴ల
× 𝐸𝐹௉௢௟  

 
Step 3 – Calculate emissions.  Using the fuel quantity data and EF and heating value recorded 
in Step 1, NOX emissions may be calculated using Equation 3-1. 

𝐸ேை೉
= 870 ቀ

௙௧య

௬௥
ቁ × 1,026 ቀ

஻௧௨

௙௧య
ቁ ×

ଵ

ଵ଴ల
ቀ

ெெ஻௧௨

஻௧௨
ቁ × 0.847 ቀ

௟௕

ெெ஻௧௨
ቁ  

𝑬𝑵𝑶𝑿
= 𝟎. 𝟕𝟔

𝒍𝒃

𝒚𝒓
  

 
 

 Problem #2 - Load Factor Method 

A USAF base must calculate emissions from a stationary non-emergency diesel-fired generator.  
The installation is not located in Alaska.  The generator is 1250 hp, has a displacement of 2.0 
liters (L) per cylinder, was manufactured in 2004, and operated for 550 hours last year.  
Calculate the VOC emitted by this generator from last year using the load factor method. 
 
Step 1 – Select and record emission factor and load factor.  The EFs for stationary diesel 
ICOM engines are provided in Table 3-3.  For a 1250 hp diesel engine manufactured in 2004 
(non-NSPS) with 2.0 L per cylinder displacement, the VOC EF is 7.16E-04 lb/hp-hr.  Similarly, 
Table 3-14 shows that the typical load factor for a diesel generator is 74%. 
 
Step 2 – Choose a calculation method and record the appropriate equation.  For 
demonstration purposes, the method was already assigned in the problem statement.  The 
formula for the load factor method is: 
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𝐸௉௢௟ = 𝑂𝑇 × 𝑃𝑂 ×
௅ி

ଵ଴଴
× 𝐸𝐹௉௢௟  

 
Step 3 – Calculate emissions.  Using the data above, VOC emissions are calculated as follows: 

𝐸௏ை஼ = 550 ቀ
௛௥

௬௥
ቁ × 1250(ℎ𝑝) ×

଻ସ%

ଵ଴଴%
× 0.000716 ቀ

௟௕

௛௣ି௛௥
ቁ  

𝐸௏ை஼ = 550 ቀ
௛௥

௬௥
ቁ × 1250(ℎ𝑝) × 0.74 × 0.000716 ቀ

௟௕

௛௣ି௛௥
ቁ  

𝑬𝑽𝑶𝑪 = 𝟑𝟔𝟒. 𝟐𝟕
𝒍𝒃

𝒚𝒓
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4 AIRCRAFT ENGINE TESTING (JET) 

 Point Source 
 
*Applies to test cells, not engines still attached to aircraft. 
 

4.1 Introduction 

Aircraft engine testing is performed at many USAF installations on a routine and as needed 
basis.  Testing is necessary to ensure proper engine operation prior to flight, especially after any 
maintenance has been performed.  Testing is conducted in an enclosed test cell, though some 
installations perform limited engine testing on the aircraft or on test stands mounted in the open.  
While testing of engines is generally considered a stationary source, if the engine is still on 
the aircraft during testing, it must be considered a mobile source as a flight operations 
source.  Additionally, some state/local regulatory agencies may have different interpretations of 
what may be considered a stationary or mobile source.  Therefore, the appropriate state and/or 
local regulatory agency(s) should be contacted to confirm proper designation prior to performing 
an AEI.  The aircraft engine is a point source for criteria pollutants, HAPs, and GHGs.  A 
simple control volume for emissions from aircraft engine testing is given in Figure 4-1. 

 

Figure 4-1. Simplified Aircraft Engine Testing Control Volume 

4.2 NESHAP Applicability 

NESHAPs from engine test cells/stands located at major sources of HAPs are outlined in 40 CFR 
63 Subpart PPPPP, National Emission Standards for Hazardous Air Pollutants for Engine Test 
Cells/Stands.  This Subpart provides emissions and operating limits for those installations 
determined to be major sources for HAPs.  Additionally, this CFR states that each test cell/stand 
must use a continuous parameter monitoring system or a continuous emission monitoring system 
to verify compliance with these emission limits.  To verify that the aircraft engine testing is 
adhering to these standards, or to review the general compliance requirements, consult 40 CFR 
63 Subpart PPPPP. 
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4.3 Emission Factors 

EFs for the calculation of emissions from aircraft engine testing have been calculated and may be 
obtained from the latest version of the Air Emissions Guide for Air Force Mobile Sources.  It is 
important to understand the differences in flight operations and engine testing so that the correct 
EF may be selected from the tables in the Air Emissions Guide for Air Force Mobile Sources.  
An aircraft in use operates across several different power settings such as Idle, Approach, 
Intermediate, Military, and Afterburner.  The tables provide an engine thrust percentage (if 
available), fuel flow rate, and an EF for each power setting.  For calculation of emissions from 
flight operations, often the mode and time in mode are known, so calculations may be made 
simply by selecting the EFs for these modes for the appropriate engine.  It is important to note 
that for each engine, there exists a range of values for fuel flow rate and engine thrust 
percentages which apply to the corresponding mode.  The values provided in the tables are 
representative of specific power settings, though a range of values are acceptable.  For 
calculating emissions from jet engine testing, the flight mode may not apply.  Rather, testing 
occurs across varying fuel flow rates which are used to select the appropriate EFs.  For 
calculating emissions, select the EF from the table with corresponding fuel flow rate closest to 
the fuel flow rate used during engine testing. 
 
 

4.4 Emissions Calculation 

Emissions from the testing of an aircraft engine may be determined by first calculating the 
emissions associated with testing at each different fuel flow rate.  These emissions are then 
summed to provide total emissions for each pollutant of interest.  Calculating emissions may be 
accomplished by multiplying the appropriate EF by the actual fuel flow rate, then by the actual 
time spent testing the engine at the specified fuel flow rate.  The equation used to estimate 
aircraft engine testing emissions is as follows: 

𝑬𝑷𝒐𝒍 = 𝑭𝑭𝑹 ×
𝟏

𝟏𝟎𝟎𝟎
× 𝑻𝑻𝒆𝒔𝒕 × 𝑬𝑭𝑷𝒐𝒍 

Equation 4-1 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
FFR = Fuel flow rate (lb/hr)  
EFPol = Emission factor provided in the latest version of the Air Emissions Guide for Air 

Force Mobile Sources (lb/103 lb) 
TTest = Total annual time engine testing occurred while operating at the applicable fuel 

flow rate (hr/yr) 
1000 = Factor for converting pounds to 103 pounds (lb/103lb) 
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A more detailed control volume describing the calculation of emissions from jet engine testing is 
given in Figure 4-2. 

 

Figure 4-2. Aircraft Engine Testing Control Volume 

The tables in the Air Emissions Guide for Air Force Mobile Sources provide SOX EFs for each 
engine.  The assumption is that all the sulfur in the fuel is converted to SOX (as SO2) during 
combustion.  The SOX EFs given in the tables assume a national average sulfur weight percent of 
0.053 percent.  For enhanced accuracy, if the sulfur weight percent of the fuel is known, a more 
accurate SOX EF may be calculated using the following equation: 

𝑬𝑭𝑺𝑶𝒙
= 𝟐𝟎 × 𝑺 

Equation 4-2 
Where, 

EFSOx  = SOx emission factor (lb/103 lb) 
S = Weight percent sulfur content of the fuel (%) 
20 = Factor for converting units from weight percent to lb/103 lb (lb/% 103 lb) 

 
 
Note the conversion factor of “20” is the product of the factor to convert weight percent to a 
fraction, the respective weight of SO2 to sulfur, and a factor converting lb to 103 lb as shown: 

20 =
1

100%
× 2

𝑆𝑂ଶ

𝑆
× 1000

𝑙𝑏

10ଷ 𝑙𝑏
 

 
 
The weight percent sulfur content of the fuel (S) may vary depending on the supplier and the 
geographical location where the fuel is produced.  Therefore, the typical sulfur content value 
should be obtained from the fuel supplier whenever possible.  If this information is not available, 
use the average sulfur content per region as provided in the latest version of the Air Emissions 
Guide for Air Force Mobile Sources.  The Air Emissions Guide for Air Force Mobile Sources 
cites the Petroleum Quality Information System Fuels Data document as the data source used for 
fuel sulfur data. 
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4.5 Information Resources 

The Aircraft Engine Maintenance organization should be contacted to obtain the information 
needed to calculate emissions from aircraft engine testing operations.  This includes the types of 
engines tested, the total time spent testing an engine at each fuel flow rate, and the corresponding 
power setting.  EFs may then be found in the latest version of the Air Emissions Guide for Air 
Force Mobile Sources. 
 
 

4.6 Example Problem 

A USAF installation uses a test cell to perform evaluations on the TF34-GE-100A engine that is 
used on their A-10 aircraft.  According to records kept by the Aircraft Engine Maintenance 
organization, 108 engine tests were performed during the year.  Each test used JP-8 with an 
average sulfur content of 0.055 percent.  Calculate criteria pollutant emissions for this engine.  
The operating times and fuel flow rates were approximately the same for each test, and are: 
 

Average Fuel Flow Rate 
During Testing (lb/hr) 

Average Operating Time 
per test (minutes) 

685 15 
915 40 

1,333 30 
2,801 15 

 
 
Step 1 - Calculate the total time (hours) during the year in which testing was performed for 
each fuel flow rate.  Since the problem stated that the fuel flow rate was approximately the same 
for each test, this value may be multiplied by the number of tests and converted into hours as 
follows: 

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆
𝟔𝟖𝟓

𝒍𝒃

𝒉𝒓

= 108
௧௘௦௧

௬௥
× 15

௠௜௡

௧௘௦௧
×

ଵ

଺଴

௛௥

௠௜௡
= 𝟐𝟕

𝒉𝒓

𝒚𝒓
  

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆
𝟗𝟏𝟓

𝒍𝒃

𝒉𝒓

= 108
௧௘௦௧

௬௥
× 40

௠௜௡

௧௘௦௧
×

ଵ

଺଴

௛௥

௠௜௡
= 𝟕𝟐

𝒉𝒓

𝒚𝒓
  

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆
𝟏𝟑𝟑𝟑

𝒍𝒃

𝒉𝒓

= 108
௧௘௦௧

௬௥
× 30

௠௜௡

௧௘௦௧
×

ଵ

଺଴

௛௥

௠௜௡
= 𝟓𝟒

𝒉𝒓

𝒚𝒓
  

𝑻𝒐𝒕𝒂𝒍 𝑻𝒊𝒎𝒆
𝟐𝟖𝟎𝟏

𝒍𝒃

𝒉𝒓

= 108
௧௘௦௧

௬௥
× 15

௠௜௡

௧௘௦௧
×

ଵ

଺଴

௛௥

௠௜௡
= 𝟐𝟕

𝒉𝒓

𝒚𝒓
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Step 2 – Calculate the SOX EF.  The problem stated that the average sulfur weight percent in 
the fuel was 0.055 percent which is different than the national average of 0.054 percent.  
Therefore, the SOX EF must be calculated using Equation 4-2, as shown: 

𝐸𝐹ௌைೣ
= 20 × 𝑆  

𝑬𝑭𝑺𝑶𝒙
= 20 × 0.055 = 𝟏. 𝟏𝟎  

 
Step 3 - Determine the appropriate EF to be used for each fuel flow rate.  The EFs 
(excluding SOX) from the Air Emissions Guide for Air Force Mobile Sources (AFCEC, 2016) 
are as follows: 
 

Aircraft 
Engine 

Fuel Flow 
Rate(lb/hr) 

Power 
Setting 

Emission Factors (lb/1000 lb fuel) 
NOx CO VOC HAP PM10 PM2.5 CO2e 

TF34-
GE-

100A 

498 Idle (Taxi) 0.32 65.62 2.24 2.03 8.13 3.60 3,233.87 
933 Approach 3.09 27.92 1.44  1.34 6.21 2.12 3,233.87 

1,512 Intermediate 5.61 8.88 0.13 0.09 8.93 6.95 3,233.87 
2,628 Military 9.11 3.94 0.07 .04 2.66 1.68 3,233.87 

 
 
Comparing the fuel flow rates (FFR) from testing to those provided in the Air Emissions Guide 
for Air Force Mobile Sources (AFCEC, 2016), the appropriate EFs to use in emissions 
calculations are given below: 
 
FFR from 

testing 
(lb/hr) 

Nearest FFR 
in Guide 
(lb/hr) 

Emission Factors (lb/1000 lb fuel) 

NOx SOx CO VOC HAP PM10 PM2.5 CO2e 

685 498 0.32 1.10 65.62 2.24 2.03 8.13 3.60 3,233.87 
915 933 3.09 1.10 27.92 1.44 1.34 6.21 2.12  3,233.87 

1,333 1,512 5.61 1.10 8.88 0.13 0.09 8.93 6.95 3,233.87 
2,801 2,628 9.11 1.10 3.94 0.07 0.04 2.66 1.68 3,233.87 

 
 
Step 4 - Calculate EFs.  Using Equation 4-1, the appropriate EFs, and the total time (hr/yr) 
calculated in Step 1, determine the individual emissions. 

𝐸௉௢௟ = 𝐹𝐹𝑅 ×
ଵ

ଵ଴଴଴
× 𝑇்௘௦௧ × 𝐸𝐹௉௢௟  
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For NOX: 

𝑬
𝑵𝑶𝑿ି𝟔𝟖𝟓

𝒍𝒃

𝒉𝒓

= 685
௟௕

௛௥
×

ଵ

ଵ଴଴଴

ଵ଴య௟௕

௟௕
× 27

௛௥

௬௥
× 0.32

௟௕

ଵ଴య௟௕
= 𝟓. 𝟗𝟐

𝒍𝒃

𝒚𝒓
  

𝑬
𝑵𝑶𝑿ି𝟗𝟏𝟓

𝒍𝒃

𝒉𝒓

= 915
௟௕

௛௥
×

ଵ

ଵ଴଴଴

ଵ଴య௟௕

௟௕
× 72

௛௥

௬௥
× 3.09

௟௕

ଵ଴య௟௕
= 𝟐𝟎𝟑. 𝟔

𝒍𝒃

𝒚𝒓
  

𝑬
𝑵𝑶𝑿ି𝟏𝟑𝟑𝟑

𝒍𝒃

𝒉𝒓

= 1333
௟௕

௛௥
×

ଵ

ଵ଴଴଴

ଵ଴య௟௕

௟௕
× 54

௛௥

௬௥
× 5.61

௟௕

ଵ଴య௟௕
= 𝟒𝟎𝟑. 𝟖

𝒍𝒃

𝒚𝒓
  

𝑬
𝑵𝑶𝑿ି𝟐𝟖𝟎𝟏

𝒍𝒃

𝒉𝒓

= 2801
௟௕

௛௥
×

ଵ

ଵ଴଴଴

ଵ଴య௟௕

௟௕
× 27

௛௥

௬௥
× 9.11

௟௕

ଵ଴య௟௕
= 𝟔𝟖𝟗. 𝟎

𝒍𝒃

𝒚𝒓
  

 
The other criteria pollutants are similarly calculated and presented in the following table: 
 

FFR from 
Testing (lb/hr) 

Emissions (lb/yr) 

NOx SOx CO VOC HAP PM10 PM2.5 CO2e 

685 5.9 20.3 1,213.6 41.4 37.5 150.4 66.6 59,810.4 
915 203.6 72.5 1,839.4 94.9 88.3 409.1 139.7 213,047.4 

1,333 403.8 79.2 639.2 9.4 6.5 642.8 500.3 232,780.4 
2,801 689.0 83.2 298.0 5.3 3.0 201.2 127.1 244,567.9 

 
 
Step 5 – Calculate total emissions from all fuel flow rates.  Sum the individual emissions per 
fuel flow rate to give the total emissions from the TF34-GE-100A during testing. 
 
  For NOX: 

𝐸ேை೉
= 5.9

௟௕

௬௥
+ 203.6

௟௕

௬௥
+ 403.8

௟௕

௬௥
+ 689.0

௟௕

௬௥
  

𝑬𝑵𝑶𝑿
= 𝟏, 𝟑𝟎𝟐. 𝟑

𝒍𝒃

𝒚𝒓
  

 
Emissions from the other criteria pollutants are similarly calculated and presented in the following 
table: 
 

Aircraft Engine 
Total Emissions (lb/yr) 

NOx SOx CO VOC HAP PM10 PM2.5 CO2e 

TF34-GE-100A 1302.3 255.2 3990.2 151.0 135.3 1403.5 833.7 750,206.1 
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5 FUEL DISPENSING (FDSP) 

 Fugitive Source 
 Mobile Source – When fuel is dispensed to mobile equipment. 
 Stationary Source – Fuel spills and when dispensed to stationary equipment. 

 
*USAF policy does not consider fuel dispensing to on-road vehicles a stationary source of 
emissions.  However, the regulator requires this category be included as a stationary 
source, contact the USAF air quality Subject Matter Expert (SME) for 
permission/guidance on emissions calculations.  Subtract these emissions from the 
emissions calculated from a mobile AEI to avoid duplicate emissions* 
 

5.1  Introduction 

Historically, “fuel dispensing” has referred to the refueling of vehicles at fuel service stations.  
Emissions from fuel dispensing are the result of vapors displaced as fuel is added to the fuel tank 
of the vehicle or equipment.  The amount of vapor released to the atmosphere is a function of the 
gas and fuel tank temperatures, the vapor pressure of the fuel, the dispensing rate, and the 
presence of vapor emission control devices.  The vapor that is emitted into the atmosphere is 
composed of both VOCs and HAPs and is considered fugitive in nature. 
 
Previous source guides have stated that emissions from fuel dispensing operations result from 
three separate activities.  These activities include the filling of underground storage tanks, the 
fueling of motor vehicles, and any resulting fuel spills that occur at fuel dispensing facilities.  
These emission sources have been historically regarded as stationary, but have been recently 
been changed to accurately classify the emission sources and reduce instances of duplicate 
reporting. 
 
Emissions resulting from the filling of storage tanks, are no longer a part of the fuel dispensing 
chapter.  The process for calculating emissions resulting from the filling of storage tanks is 
described in the “Storage Tanks” section of this guide.  That section describes the estimation 
of emissions resulting from the loading of storage tanks at fuel service stations, and the loading 
of large tanks which service stationary internal combustion engines.  Emissions from the 
loading of smaller tanks, which are those with a diameter of less than 3 feet and a length 
less than 5 feet, are described in the “Fuel Transfer” section of this guide.   
 
Since emissions from fueling mobile equipment are the result of displaced vapors from the fuel 
tank of a mobile source, the emissions generated from the refueling of vehicles are regarded 
as a mobile and are addressed in the Air Emissions Guide for Air Force Mobile Sources.  
Section 5.2.2.3 of AP-42 states that air emissions from motor vehicle refueling are incorporated 
in what is now the MOVES model.  Therefore, these emissions are already accounted for in the 
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on-road vehicle EFs.  Refer to the latest version of the Air Emissions Guide for Air Force Mobile 
Sources for the calculation of emissions from dispensing fuel to aircraft and non-road engines. 
 
Fuel spills may refer to either the minor and inevitable fuel loss that occurs through vehicle 
refueling or from significant fuel spills resulting from transfer incidents.  The method for 
estimating emissions from minor spills during vehicle refueling is described under the 
“Fuel Transfer” section of this guide.  For guidance regarding estimating emissions from 
significant fuel spills, refer to the latest version of the Air Emissions Guide for Air Force 
Transitory Sources. 
 
 
 
.
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6 FUEL TRANSFER (FLD, FDSP) – STATIONARY SOURCES 

 Fugitive Source 
 Mobile Source – When fuel is dispensed to mobile equipment. 
 Stationary Source – Fuel spills and when dispensed to stationary equipment. 

 
*The USAF recommends that most emissions generated during the transfer (dispensing) of 
fuel into on-road vehicles be classified as mobile emissions.  However, if the regulator 
requires this category be included as a stationary source, subtract those emissions from the 
mobile AEI and add them to the stationary AEI to avoid duplicate reporting* 
 

6.1 Introduction 

Fuel transfer activities include the transfer of liquid fuel from bulk storage to outlets such as fuel 
service stations or smaller tanks and the subsequent dispensing of fuel into aircraft, mobile and 
stationary ICOMs and ECOMs, and non-road engines and equipment.  Note that the emissions 
generated from the filling of larger storage tanks, which are those with a diameter larger 
than three feet and a length greater than five feet, are calculated as described in the 
“Storage Tanks” section of this guide.  Emissions from the filling of smaller tanks may be 
calculated using the methods outlined in this section.  Additionally, the emissions generated 
from the fueling of mobile equipment are regarded as mobile sources of emissions and are 
described in the Air Emissions Guide for Air Force Mobile Sources. 
 
At USAF installations, fuel is transferred from large storage tanks into tanker trucks at fuel 
loading docks, also known as racks or fill stands.  The tanker trucks distribute fuel to aircraft, 
tanks at fuel dispensing centers, non-road or stationary equipment, or smaller Petroleum, Oil, and 
Lubricant (POL) tanks.  The primary source of evaporative emissions from fuel transfer are due 
to vapor displacement during fuel loading.  These loading losses occur as the volume occupied 
by organic vapors in “empty” cargo tanks is supplanted by the liquid fuel loaded into the tank.  
The organic vapors are formed in the tank headspace through evaporation of residual product 
from previous loads.  Vapors are also transferred to the tank in vapor balance systems as product 
is being unloaded, and vapors are generated in the tank as the new product is being loaded.  The 
emitted vapor is fugitive in nature and is comprised of both VOCs and HAPs.  This is 
illustrated in a simple control volume in Figure 6-1.  The quantity of vapor emissions that are lost 
during a fuel transfer process depend on multiple factors that include loading method, vapor 
capturing unit efficiency, and fuel type. 
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Figure 6-1. Simple Control Volume for Emissions from Fuel Transfer 

The loading method used in the fuel transfer process has a significant effect on the amount of 
vapor emissions generated during the transfer activity.  There are two main fuel loading 
methods: splash loading and submerged loading.  The splash loading method involves the 
lowering of the fill pipe into the tank above the liquid level.  The loading of the fuel using the 
splash method results in significant turbulence, which increases the amount of vapor released 
into the atmosphere.  The alternative method, submerged loading, may be further subdivided into 
two techniques: submerged fill pipe method and the bottom loading method.  In the submerged 
fill pipe method, the fill pipe extends almost to the bottom of the storage tank, below the liquid 
level.  In the bottom loading method, a fill pipe is permanently attached to the bottom of the 
storage tank.  In both cases, the fill pipe is below the liquid level so turbulence is minimized and 
vapor emissions are greatly reduced when compared to the splash loading method.  Each method 
is shown in Figure 6-2. 

 

Figure 6-2. Splash Loading, Submerged Fill Pipe, and Bottom Loading Methods 

There are several challenges to calculating evaporative emissions from fuel transfer activities.  
These challenges include the fact that there are several different fuels used on base, such as 
gasoline, diesel, or JP-8 fuel, each with different vapor pressures.  Furthermore, there are 
multiple destinations for fuels on base that may make it more difficult to gather data or determine 
what emissions are classified as mobile or stationary.  To simplify how each base should 
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calculate fuel transfer emissions, a diagram of the typical destinations of fuel on base is provided 
in Figure 6-43.  

 

Figure 6-3. Typical On-Base Fuel Transfer Activities and Destinations 

Figure 6-3 illustrates the potential fuel transfer pathways for fuels used at a USAF installation.  
The transfer of the fuel into different equipment results in the generation and release of pollutant 
emissions.  The classification (mobile vs. stationary) of these pieces of equipment, determines if 
the emissions generated are regarded as mobile or stationary sources.  It is important to note that 
significant fuel spills may occur at any point in the fuel transfer process, which will contribute to 
VOC and HAP emissions as the fuel evaporates.  However, since these are uncommon 
occurrences, emissions from fuel spills are addressed in the Air Emissions Guide for Air Force 
Transitory Sources.  During the fuel transfer processes involving storage tanks, emissions 
generated from breathing and/or working losses are estimated using the total fuel throughput in a 
year for each tank.  These emissions are not broken down by each specific stage or pathway.  
Emissions generated by these losses are estimated using the methodology of EPA’s TANKS 
modeling program which is an emissions estimate program.  The TANKS program is in APIMS 
tanks emission calculation module.  The specific pathways illustrated in Figure 6-43 are 
described below and categorized as either mobile (shaded) or stationary (not shaded) sources of 
emissions.  
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1→2 This figure illustrates fuel transferred to refuel an aircraft from a bulk storage tank via a 

hydrant system.  The vapors displaced within the storage tank as the liquid level lowers or 
rises are known as “working losses”. Vapors generated in the space above the stored liquid are 
known as “breathing losses”.  These emissions result in stationary emissions of pollutants 
and are calculated as described in the “Storage Tanks” section of this guide.  

 
Mobile emissions are generated from the displaced vapor in the aircraft fuel tank.  These 
emissions are calculated as directed by the Air Emissions Guide for Air Force Mobile Sources 
and should be reported in a mobile AEI. 

 
 
1→3 In this figure, the stationary source of emissions is the storage tank producing working 

losses and breathing losses from the liquid fuel.  These emissions, previously calculated by 
the now incompatible EPA’s TANKS modeling program, can now be calculated with either 
ACAM or APIMS.  This is described in the “Storage Tanks” section of this guide or with 
Equation 6-2 if the tank size is below the minimum dimensions required to run the modeling 
program. 
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The mobile emissions from loading fuel into refueling trucks are generated from the displaced 
vapor in the fuel truck.  The mobile emissions should be reported in a mobile AEI and are 
calculated as directed by the Air Emissions Guide for Air Force Mobile Sources. 

 
 
2↔3 This figure illustrates the fueling or defueling of an aircraft via a refueling truck.  Both 

pieces of equipment are mobile.  All emissions generated from these activities (which come 
from displaced vapors in the refueling truck or aircraft fuel tanks) should be reported in a 
mobile AEI and calculated as directed by the Air Emissions Guide for Air Force Mobile 
Sources. 

 
 
3→4 This figure illustrates the loading of fuel from a refueling truck into a storage tank at a 

fuel service station.  The stationary emissions from the refilling of a storage tank at a fuel 
dispensing location include breathing and working losses from the storage tank.  These 
emissions, previously calculated by the now incompatible EPA’s TANKS modeling program, 
can now be calculated with either ACAM or APIMS.  This is described in the “Storage 



Air Emissions Guide for Air Force Stationary Sources Fuel Transfer 

102 
 

Tanks” section of this guide or with Equation 6-2, if the tank size is below the minimum 
dimensions required to run the modeling program. 

 
Likely, the only substantial emissions coming from the mobile source (refueling truck) would 
be the emissions generated from any significant fuel spills.  Emissions from significant fuel 
spills are addressed in the Air Emissions Guide for Air Force Transitory Sources. 

 
 
5→6 This figure illustrates the refueling of a vehicle at a service station.  The stationary 

emissions are the result of the evaporation of spilled fuel from the fuel nozzle whose 
calculations are described in Equation 6-3.  Another source of stationary emissions come from 
the working losses of the storage tank as the fuel level is lowered.  Therefore, depending on 
the tank size, the emissions are estimated with ACAM or APIMS, or with Equation 6-2.  

 
The mobile emissions are generated from the displaced vapors in the vehicle fuel tank.  The 
displaced vapor emissions should be included in a mobile AEI and are already calculated by 
the EPA’s Motor Vehicle Emission Simulator (MOVES) model used to determine on-road 
vehicle emissions.  AP-42 states that the motor vehicle refueling emissions equation is 
incorporated into the MOBILE model, which has been integrated into the MOVES model.  
The MOVES model, which is the current model used for estimating emissions for on-road 
vehicles, allows for disabling of the refueling emissions calculation if these emissions are 
included in a stationary AEI rather than in a mobile AEI.  This should only be done if the 
regulator requires this category be included as a stationary source.  
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3→7 This point in the fuel transfer pathway describes the loading of fuel from a refueling truck 

into a storage tank.  The stationary emissions include the breathing and working losses from 
smaller storage tanks on base.  Provided that these tanks have a diameter of at least three feet 
and minimum length of five feet, these emissions are calculated using either the ACAM or 
APIMS program as described in the “Storage Tanks” section of this guide.  If the tank has 
dimensions smaller than what is described above, the emissions are calculated using Equation 
6-2 provided later in this chapter. 

 
Likely, the only emissions generated from the mobile source (refueling truck) are from any 
significant fuel spills which are addressed in the Air Emissions Guide for Air Force Transitory 
Sources. 

 
 
7→8 This figure illustrates the loading of fuel from a storage tank into a stationary ICOM 

piece of equipment, such as a generator, or ECOM equipment, such as a boiler.  The 
stationary emissions from the fuel outlet, the storage tank, are the result of any significant 
fuel spills and breathing/working losses generated.  The losses are calculated either using 
either the ACAM or APIMS program, or using the equation provided later in this chapter.  
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Emissions from fuel spills are addressed in the Air Emissions Guide for Air Force Transitory 
Sources.  The stationary emissions from the fuel loading inlet, the stationary ICOM or 
ECOM equipment, are generated from the displaced vapor in the fuel tanks.  Emissions 
calculations for these equipment pieces are described later in this chapter. 

 
 
7→9 During this fuel transfer activity, fuel is moved from a storage tank to a mobile piece of 

equipment, such as non-road equipment, Ground Support Equipment (GSE), or a mobile 
generator.  The stationary emissions from the storage tank are the result of any significant 
fuel spills and breathing/working losses generated.  The losses are calculated using either the 
ACAM or APIMS program, or using the equation provided later in this chapter while fuel 
spill emissions are addressed in the Air Emissions Guide for Air Force Transitory Sources. 

 
The mobile emissions from the fuel loading inlet (non-road and ground support equipment or 
mobile generator) are produced by the displaced vapor in the fuel tanks, and should be 
recorded in only the mobile AEI.  Emissions are calculated as described in the Air Emissions 
Guide for Air Force Mobile Sources. Care should be taken to avoid duplicate reporting. 
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3→9 This figure illustrates the transfer of fuel from a mobile fuel loading outlet (refueling 

truck) into either non-road equipment, GSE, or a mobile generator, all of which are 
considered mobile sources.  Emissions are calculated as described in the Air Emissions Guide 
for Air Force Mobile Sources and should be reported in a mobile AEI. 

 
 

6.2 NSPS and NESHAP Applicability 

40 CFR 60 Subpart XX, Standards of Performance for Bulk Gasoline terminals, defines bulk 
gasoline terminals as any gasoline facility receiving gas by pipeline having a throughput greater 
than 75,700 liters per day.  This regulation applies to all loading racks that deliver gasoline to 
fuel trucks.  According to this regulation, any facility whose construction or modification 
commenced after December 17, 1980 is required to have a vapor collection system to collect the 
TOC vapors while loading fuel trucks.  Additionally, these standards impose emission limits and 
regulations regarding the vapor documentation of the trucks loaded at the facility.  To verify that 
the installation adheres to these rules, refer to 40 CFR 60 Subpart XX for detailed information. 
 
In addition to the performance standards that are required of the bulk gasoline terminals, there 
are also NESHAPs promulgated in 40 CFR 63 Subparts R and BBBBBB.  Subpart R, National 
Emission Standards for Gasoline Distribution Facilities (Bulk Gasoline Terminals and Pipeline 
Breakout Stations), applies to facilities that are classified as major sources.  This section outlines 
the standards for loading racks and alternative means of emissions limitation.  Subpart 
BBBBBB, National Emission Standards for Hazardous Air Pollutants for Source Category: 
Gasoline Distribution Bulk Terminals, Bulk Plants, and Pipeline Facilities, applies to area 
source gasoline distribution bulk terminals.  This Subpart also outlines the national emission 
limitations and management practices for HAP emissions, including requiring monthly leak 
inspections and requiring submerged fill method for all tanks with a capacity equal to or more 
than 250 gallons. 
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6.3 Emission Factors 

The loading losses are the primary source of evaporative emissions from the loading of fuel 
tanks.  These losses are the result of organic vapors within a tank that are displaced to the 
atmosphere as the tank is loaded with fuel.  Calculation of these emissions requires the use of a 
saturation factor, which refers to the ratio of the saturated value of the expelled vapor to the 
unsaturated value.  These values vary based on the loading parameters, such as the recent loading 
history of a cargo carrier and are an important factor in determining loading losses.  A tank that 
is filled with only one type of fuel, or fuels with similar chemical characteristics, is said to be 
practicing “dedicated normal service.”  When loading vapors are returned to the loading terminal 
after the fuel is unloaded to a storage tank, it is known as “dedicated vapor balance service”.  
Section 5.2 of AP-42 provides fuel loading saturation factors (S) which are provided in Table 
6-1. 

Table 6-1. Fuel Loading Saturation Factors 

Loading Method Loading Parameters S Factor 

Submerged Loading 
Clean Tank 0.50 
Dedicated Normal Service 0.60 
Dedicated Vapor Balance Service 1.00 

Splash Loading 
Clean Tank 1.45 
Dedicated Normal Service 1.45 
Dedicated Vapor Balance Service 1.00 

SOURCE: Section 5.2- “Transportation and Marketing of Petroleum Liquids," Compilation of Air 
Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 
Environmental Protection Agency, June 2008. 

 
 
The vapor emissions resulting from fuel transfer are a function of the vapor pressure of the fuel, 
which is indicative of the evaporation rate of a liquid.  The vapor pressures for each fuel and 
their respective vapor molecular weights are provided in Table 6-2. 
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Table 6-2. Vapor Pressures for Various Fuels 

 
SOURCE (unless otherwise stated): TANKS, Version 4.09d, U.S. Environmental Protection Agency, October 2005. 
a) SOURCE: Section 7.1 - “Organic Liquid Storage Tanks," Compilation of Air Pollutant Emission Factors - Volume I: 

Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, November 2006. 
b) SOURCE: “JP-8 Volatility Study,” Southwest Research Institute, March 2001. Vapor pressures calculated using the 

composite data calculation, an average flash point temperature of 118.238°F, and atmospheric pressure of 760mmHg.  
Flash point temperature average provided by “Petroleum Quality Information System Fuels Data (2005),” Defense 
Logistics Agency, Defense Energy Support Center, Technology and Standardization Division, 2006. 

 
 

6.4 Control and Capture Efficiencies 

The structure of equipment and presence of vapor recovery systems can help reduce vapor losses 
throughout fuel transportation.  Control efficiencies for the vapor recovery units range from 90 to 
over 99 percent.  However, only 70 to 90 percent of the displaced vapors are captured by the 
control device, due to leakage from both the tank truck and collection system.  Therefore, there 
are various efficiency values to choose from depending on what capture system is used in 
addition to the control techniques practiced.  The assorted values are given in Table 6-3 for the 
typical capture efficiencies, and Table 6-4 for the typical fuel transfer control efficiencies. 
 
  

40°F 50°F 60°F 70°F 80°F 90°F 100°F

Crude Oil RVP 5(a) 207 50 1.8 2.3 2.8 3.4 4 4.8 5.7

Gas RVP 6 92 69 1.9 2.37 2.93 3.6 4.38 5.29 6.35

Gas RVP 7 92 68 2.3 2.9 3.5 4.3 5.2 6.2 7.4

Gas RVP 7.8 92 68 2.59 3.21 3.94 4.79 5.79 6.96 8.3

Gas RVP 8 92 68 2.67 3.3 4.04 4.92 5.94 7.13 8.5

Gas RVP 8.3 92 68 2.79 3.44 4.22 5.13 6.19 7.42 8.83

Gas RVP 9 92 67 3.06 3.77 4.61 5.59 6.74 8.06 9.58

Gas RVP 10 92 66 3.4 4.2 5.2 6.2 7.4 8.8 10.5

Gas RVP 11 92 65 3.87 4.75 5.77 6.96 8.34 9.92 11.74

Gas RVP 11.5 92 65 4.09 5 6.07 7.31 8.75 10.41 12.29

Gas RVP 12 92 64 4.29 5.24 6.36 7.65 9.15 10.86 12.82

Gas RVP 13 92 62 4.7 5.7 6.9 8.3 9.9 11.7 13.8

Gas RVP 13.5 92 62 4.93 6.01 7.26 8.71 10.38 12.29 14.46

Gas RVP 15 92 60 5.58 6.77 8.16 9.77 11.61 13.71 16.09

Diesel 188 130 3.10E-03 4.50E-03 6.50E-03 9.00E-03 1.20E-02 1.60E-02 2.20E-02

JP-8/Jet A(b) 162 130 1.58E-02 2.19E-02 3.01E-02 4.08E-02 5.48E-02 7.27E-02 9.54E-02

Petroleum Liquid
Vapor Molecular 

Weight (lb/lb-mol)

True Vapor Pressure (psia)Liquid Molecular 
Weight (lb/lb-mol)
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Table 6-3. Typical Fuel Truck Capture Efficiencies 

Fuel Truck Capture System Capture Efficiency (%) 

Untested 70.0 
EPA standards (NSPS Subpart XX) leak test 98.7 
MACT-level annual leak test 99.2 
Trucks with installed blower system 100.0(a) 

SOURCE (Unless otherwise stated): Section 5.2-“Transportation and Marketing of Petroleum Liquids," 
Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth 
Edition, U.S. Environmental Protection Agency, June 2008. 

a) SOURCE: "Tank Truck Loading of Crude Oil or Condensate," Texas Commission on Environmental 
Quality (TCEQ), <http://www.tceq.texas.gov/assets/public/permitting/air/NewSourceReview/oilgas/ 
tank-truck-load.pdf>. 

Table 6-4. Typical Fuel Transfer Control Efficiencies 

Control Techniques Control Efficiency (%) 

Flares(a) 
Compounds ≤ 3 Carbon atoms 99.0 
Other Organic Compounds 98.0 

Thermal Oxidizers(b) 99.0 
Carbon Systems(c) 98.0 
Vapor Recovery Units 100.0 

SOURCE: TCEQ. "Tank Truck Loading of Crude Oil or Condensate," Texas Commission on Environmental 
Quality (TCEQ), <http://www.tceq.texas.gov/assets/public/permitting/air/NewSourceReview/oilgas/ 
tank-truck-load.pdf>. 

a) Flares must meet 40 CFR 60.18 requirements of minimum heating value of waste gas and a maximum flare 
tip velocity. 

b) Must be designed for the variability of the waste gas stream and basic monitoring which consists of 
temperature monitor that indicates the device is achieving a satisfactory minimum temperature. 

c) Must have an alarm system that will prevent break through. 

 
 

6.5 Emissions Calculation 

Emissions of concern from fuel transfer are VOCs and HAPs.  The total VOC emissions from 
fuel transfer is the sum of the emissions from vapor displacement and emissions from evaporated 
fuel due to spills, if any, and is shown in Equation 6-1. 

𝑬(𝑻𝒐𝒕𝒂𝒍)𝑽𝑶𝑪 = 𝑬(𝑽𝒂𝒑𝒐𝒓)𝑽𝑶𝑪 + 𝑬(𝑺𝒑𝒊𝒍𝒍𝒔)𝑽𝑶𝑪 

Equation 6-1 
Where, 

E(Total)VOC = Total annual VOCs emitted from fuel transfer activities (lb/yr) 
E(Vapor)VOC = Annual VOC emissions due to vapor displacement (lb/yr) 
E(Spills)VOC = Annual VOC emissions due to evaporated fuel from spills (lb/yr) 
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 VOC Emissions Calculations from Vapor Displacement 

VOC emissions created by vapor displacement are calculated as follows: 

𝑬𝑽𝑶𝑪 = 𝑸 ×
𝟏

𝟏𝟎𝟎𝟎
× 𝟏𝟐. 𝟒𝟔 ×

𝑺 × 𝑷 × 𝑴

𝑻
× ൜𝟏 − ൤൬

𝑪𝒂𝒑

𝟏𝟎𝟎
൰ × ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨ൠ 

Equation 6-2 
Where, 

EVOC = Annual emissions of VOCs (lb/yr). 
Q = Annual quantity of fuel transferred into the tanks (gal/yr). 
1000 = Factor converting gallons to 103 gallons (gal/103 gal) 
12.46 = Equation constant (°R lb-mol/psia 103 gal). 
S = Saturation factor. This is provided in Table 6-1. 
P = True vapor pressure of fuel (psia). This is provided in Table 6-2. 
M = Vapor molecular weight of the fuel (lb/lb-mol). This is provided in Table 6-2. 
T = Temperature of bulk liquid loaded (°R). 
Cap = Capture efficiency of the loading terminal (%). This is provided in Table 6-3. 
CE = Efficiency of the control device (%). This is provided in Table 6-4. 
100 = Factor for converting a percent to a fraction (%). 

 
 
A detailed control volume for fuel loading activities is provided in Figure 6-4. 

 

Figure 6-4. Fuel Transfer Control Volume 

 VOC Emissions Calculations from Fuel Spills 

In addition to emissions generated from the displacement of fuel vapor, fuel transfer activities 
will inevitably lead to spilled fuel, which also serves as a VOC emissions source as the fuel 
evaporates.  This section is concerned with the calculation of emissions from fuel spills that 
result from the filling of on-road vehicle gas tanks, not the significant spills that may occur 
periodically and are reported to base Environmental Management or the Hazardous Materials 
Response Team.  Emissions resulting from fuel spills of significant magnitude are calculated 
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using the methodology as described in the “Spills and Releases” section of the Air Emissions 
Guide for Air Force Transitory Sources. 
 
Emissions from smaller-scale fuel spills, such as those at fuel service stations, have been studied 
to determine a representative Spillage Factor (SF) that is typical across all service stations.  For 
gasoline, AP-42 states this value is equivalent to 0.7 pounds for every thousand gallons of 
gasoline dispensed.  Compared to gasoline, diesel is typically denser with significantly lower 
vapor pressures, therefore, diesel evaporative losses are considered negligible.  However, the 
same SF used for gasoline is used for diesel and is recognized as very conservative.  For 
emissions estimates, a value of 0.7 pounds per thousand gallons of fuel dispensed may be used 
unless more accurate estimates are available. 
 
With the amount of fuel dispensed at the fuel service station known, the VOC emissions from the 
evaporated fuel from spills are estimated as follows: 

𝑬𝑽𝑶𝑪 = 𝑸 ×
𝟏

𝟏𝟎𝟎𝟎
× 𝑺𝑭 

Equation 6-3 
Where, 

EVOC = VOC emissions from evaporated fuel spills (lb/yr)  
SF = Spillage factor.  The typical value is 0.7 (lb/103 gal) 
Q = Annual quantity of fuel dispensed at service station (gal/yr) 

 
 

 HAP Speciation 

The calculation of HAPs emitted from fuel transfer activities is directly proportional to both the 
amount of VOCs emitted and the weight percent of the HAP in the fuel.  Contact the fuel 
supplier for specific information regarding the weight percent of HAPs in fuels commonly used 
at USAF installations.  In the absence of available data, Table 6-5 provides the typical weight 
percent of individual HAPs found in several fuels used at USAF installations. 
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Table 6-5. HAP Speciation of Fuels Commonly Used at USAF Installations 

 
SOURCE (Unless otherwise stated): Data taken from USEPA 2005, TANKS, Version 4.09d, U.S. Environmental Protection 

Agency, October 2005.  wt. % = weight percent. 
a) SOURCE: “JP-8 Composition and Variability,” Armstrong Laboratory, Environics Directorate, Environmental Research 

Division, May 1996.  An average density of 6.67 pounds per gallon (lb/gal) was used for unit conversion. 
b) The vapor phase speciation data was estimated using the liquid phase speciation data and equations found in Section 7.1.4 of 

AP-42, Fifth Edition, Volume I last updated November 2006. Physical properties for fuels used for calculations can be 
found in Table 6-2. 

c) SOURCE: SPECIATE, Version 4.4, U.S. Environmental Protection Agency, February 2014. 
“---” No data available 

 
 
 
 
  

Liquid Phase Vapor Phase (b) Liquid Phase Vapor Phase(b) Liquid Phase Vapor Phase (b)

Anthracene 2.83E-03
(c) --- --- --- --- ---

Benzene 8.00E-04 1.96E-01 1.80E+00 6.18E-01 3.38E-02 1.58E+00

1,3-Butadiene --- --- 2.00E-04(c) 1.62E-03 --- ---

Cumene (Isopropylbenzene) --- --- 5.00E-01 7.79E-03 1.81E-01 3.83E-01

Dibenzofuran 1.64E-02
(c) --- --- --- --- ---

Ethylbenzene 1.30E-02 3.10E-01 1.40E+00 4.67E-02 1.59E-01 7.20E-01

Fluorene 2.94E-02(c) --- --- --- 3.44E-03 ---

Hexane 1.00E-04 3.98E-02 1.00E+00 5.57E-01 --- ---

Isooctane (2,2,4-Trimethyl Pentane) --- --- 4.00E+00 7.11E-01 1.23E-03 2.97E-02

Naphthalene 3.39E-01
(c) 2.15E-01 1.74E-01

(c) 1.54E-04 2.68E-01 3.23E-02

Phenanthrene 3.22E-02(c) --- --- --- --- ---

Phenylbenzene (1,1'-biphenyl) --- --- --- --- 6.78E-02 ---

Pyrene 3.62E-02
(c) --- --- --- 1.00E-05 ---

Toluene 3.20E-02 2.30E+00 7.00E+00 7.05E-01 2.19E-01 3.00E+00

Xylenes 2.90E-01 7.19E+00 7.00E+00 2.43E-01 1.19E+00 5.61E-02

Typical wt. %

Diesel Gasoline JP-8/Jet A(a)Compound
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Speciation of HAP emissions is becoming increasingly more important for all emission sources.  
HAP emissions from fuel transfer activities are determined by taking the product of the total 
VOCs emitted and the weight fraction of the individual HAP in the fuel as shown: 

𝑬𝑯𝑨𝑷 = 𝑬𝑽𝑶𝑪 × ൬
𝑾𝑷𝑯𝑨𝑷

𝟏𝟎𝟎
൰ 

Equation 6-4 
Where, 

EHAP = Total HAP emitted from fuel transfer activities (lb/yr) 
EVOC = Total VOCs emitted due to fuel transfer activities (lb/yr) 
WPHAP = Weight percent of HAP in the fuel (%).  Note- Use the vapor-phase weight % 

for emissions from vapors.  
100 = Factor converting weight percent to weight fraction (%) 

 
 

6.6 Information Resources  

The gasoline terminal supervisor should be contacted for information regarding fuel transfer 
activities.  This includes the annual throughput, method of tank filling, fuel type, and presence of 
vapor recovery control systems.  If a vapor recovery system is used for the loading of fuel into 
tanker trucks, then the base CE or the applicable manufacturer will need to be contacted to obtain 
the control efficiency of the vapor recovery unit. 
 
 

6.7 Example Problem 

Approximately 4,450,000 gal of JP-8 was transferred from tanker trucks to stationary generators 
during the previous year.  All fuel transfer was performed using the submerged fill pipe method 
with dedicated vapor balance service and a vapor recovery system with 95 percent control 
efficiency.  The tanker trucks are not required to pass an annual leak test.  The annual average 
bulk JP-8 temperature is assumed to be about the same as the annual average ambient 
temperature at the base which is approximately 60 degrees Fahrenheit (°F) or 520 degrees 
Rankin (°R).  Calculate the annual VOC emissions and benzene emissions associated with fuel 
transfer operations on base.  
 
Step 1 – Record the saturation factor, vapor pressures, vapor molecular weights, and 
capture/control efficiencies.  Based on the loading method employed, the saturation factor is 
1.00 (from Table 6-1).  Since the fuel used was JP-8, the vapor pressure at 60°F and vapor 
molecular weight may be found in Table 6-2.  The vapor pressure and molecular weight are 
0.0301 psia and 130 lb/lb-mol, respectively.  The tanker trucks are not required to pass an 
annual leak test which means that, according to Table 6-3, the capture efficiency of the vapor 
recovery system is 70.0%. 
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Step 2 – Calculate VOC emissions.  Using Equation 6-2, the data provided in the problem 
statement, the data collected in Step 1 above, and assuming no spillage, VOC emissions are 
calculated as follows: 

𝐸௏ை஼ = 𝑄 ×
ଵ

ଵ଴଴଴
× 12.46 ×

ௌ×௉×ெ

்
× ቄ1 − ቂቀ

஼௔௣

ଵ଴଴
ቁ × ቀ

஼ா

ଵ଴଴
ቁቃቅ  

𝐸௏ை஼ = 4,450,000
௚௔௟

௬௥
×

ଵ

ଵ଴଴଴
ቀ

ଵ଴య௚௔௟

௚௔௟
ቁ × 12.46

°ோ ௟௕ି௠௢௟

௣௦௜௔ ଵ଴య௚௔௟
×

ଵ.଴଴×଴.଴ଷ଴ଵ ௣௦௜௔×ଵଷ଴
೗್

೗್ష೘೚

ହଶ଴°ோ
× ቄ1 −

ቂቀ
଻଴.଴%

ଵ଴଴%
ቁ × ቀ

ଽହ.଴%

ଵ଴଴%
ቁቃቅ  

𝐸௏ை஼ = 4,450
ଵ଴య௚௔௟

௬௥
× 12.46

°ோ ௟௕ି௠

௣௦௜௔ ଵ଴య௚௔௟
×

ଵ.଴଴×଴.଴ଷ଴ଵ ௣௦௜௔×ଵଷ଴
೗್

೗್ష೘

ହଶ଴°ோ
× {1 − [(0.7) × (0.95)]}  

𝐸௏ை஼ = 4,450
ଵ଴య௚௔௟

௬௥
× 12.46

°ோ ௟௕ି௠

௣௦௜௔ ଵ଴య௚௔௟
×

ଵ.଴଴×଴.଴ଷ଴ଵ ௣௦௜௔×ଵଷ଴
೗್

೗್ష೘೚೗

ହଶ଴°ோ
× {1 − [0.665]}  
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ଵ଴య௚௔௟

௬௥
× 12.46

°ோ ௟௕ି௠௢௟

௣௦௜௔ ଵ଴య௚௔௟
× 0.007525

௣௦௜௔ ௟௕

°ோ ௟௕ି௠௢௟
× {0.335}  

𝐸௏ை஼ = 4,450
ଵ଴య௚௔௟

௬௥
× 0.0937615

௟௕

ଵ଴య௚௔௟
× {0.335}  

𝑬𝑽𝑶𝑪 = 𝟏𝟑𝟗. 𝟖
𝒍𝒃

𝒚𝒓
  

 
Step 3 – Record benzene weight percent.  According to Table 6-5, the estimated vapor-phase 
weight percent of benzene in JP-8 fuel is 1.58%. 
 
Step 4 – Calculate the total benzene emissions.  Using the total VOCs emitted as calculated in 
Step 2, the weight percent of benzene in JP-8 as recorded in Step 3, and Equation 6-4, the total 
benzene emissions are calculated as follows: 

𝐸ு஺௉ = 𝐸௏ை஼ × ቀ
ௐ௉ಹಲು

ଵ଴଴
ቁ  

𝐸஻௘௡௭௘௡௘ = 139.8
௟௕

௬௥
× ቀ

ଵ.ହ଼%

ଵ଴଴%
ቁ  

𝐸஻௘௡௭௘௡௘ = 139.8
௟௕

௬௥
× 0.0158  

𝑬𝑩𝒆𝒏𝒛𝒆𝒏𝒆 = 𝟐. 𝟐𝟏
𝒍𝒃

𝒚𝒓
  

 



Air Emissions Guide for Air Force Stationary Sources Fuel Transfer 

114 
 

6.8 References 

40 CFR 60 Subpart XX, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 60-Standards of Performance for New 
Stationary Sources, Subpart XX-Standards of Performance for Bulk Gasoline Terminals," U.S. 
Environmental Protection Agency 

40 CFR 63 Subpart R, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 63-National Emission Standards for 
Hazardous Air Pollutants for Source Categories, Subpart R-National Emission Standards for 
Gasoline Distribution Facilites (Bulk Gasoline Terminals and Pipeline Breakout Stations)," U.S. 
Environmental Protection Agency 

40 CFR 63 Subpart BBBBBB, "Title 40-Protection of the Environment, Chapter I-
Environmental Protection Agency, Subchapter C-Air Programs, Part 63-National Emission 
Standards for Hazardous Air Pollutants for Source Categories, Subpart BBBBBB-National 
Emission Standards for Hazardous Air Pollutants for Source Category: Gasoline Distribution 
Bulk Terminals, Bulk Plants, and Pipeline Facilities," U.S. Environmental Protection Agency 

DLA 2006, “Petroleum Quality Information System Fuels Data (2005),” Defense Logistics 
Agency (DLA), Defense Energy Support Center, Technology and Standardization Division, 
2006 

Mayfield 1996, “JP-8 Composition and Variability,” Armstrong Laboratory, Environics 
Directorate, Environmental Research Division, May 1996 

SWRI 2001, “JP-8 Volatility Study,” Southwest Research Institute (SWRI), March 2001 

TCEQ 2013, "Tank Truck Loading of Crude Oil or Condensate," Texas Commission on 
Environmental Quality (TCEQ), http://www.tceq.texas.gov/assets/public/permitting/air/ 
NewSourceReview/oilgas/tank-truck-load.pdf 

USEPA 2005, TANKS, Version 4.09d, U.S. Environmental Protection Agency, October 2005 

USEPA 2006, Section 7.1-“Organic Liquid Storage Tanks," Compilation of Air Pollutant 
Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 
Environmental Protection Agency, November 2006 

USEPA 2008, Section 5.2-“Transportation and Marketing of Petroleum Liquids," Compilation of 
Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, 
U.S. Environmental Protection Agency, June 2008 

USEPA 2014, SPECIATE, Version 4.4, U.S. Environmental Protection Agency, February 2014 



Air Emissions Guide for Air Force Stationary Sources Abrasive Blasting 

115 
 

7 ABRASIVE BLASTING (ABCL) 

 Point Source – When performed using an industrial (non-heating, ventilating, and air 
conditioning [HVAC]) ventilation system 

 Fugitive Source – When not using an industrial (non-HVAC) ventilation system 
 

7.1 Introduction 

Abrasive blasting operations involve the use of a hard, abrasive material (e.g. sand, garnet, glass 
beads) being projected with high intensity onto a surface to remove paint and/or corrosion from 
an object.  A high pressure pneumatic gun is used to blast the abrasive media at the equipment 
being stripped.  Blasting operations are typically performed by the Corrosion Control, Vehicle 
Maintenance, Repair and Reclamation, and Aerospace Ground Equipment (AGE) shops.  Due to 
the nature of abrasive blasting operations, the primary pollutants of interest are PM10, 
PM2.5, and HAPs within the particulate. 
 
The material that makes up the coating (paint and primer) that is exhausted from blasting 
operations is in the form of particulate that may contain inorganic HAPs such as chromium, lead, 
or cadmium.  The exhaust from these blasting operations is usually vented to a control system 
consisting of a Fabric Filter (FF) to remove particulate.  A cyclone may precede the FF in the 
collection system to separate the larger blast media from the smaller particulate in the exhaust 
stream.  The large beads are then recycled to the blasting system while the smaller particulate is 
vented to the baghouse where it is captured and collected in a bin for disposal.  Samples of the 
collected waste material are regularly analyzed to confirm the material is not considered 
hazardous waste. 
 
Abrasive blasting operations may take place in different locations on an installation depending 
on the size of the object being stripped.  For example, an aircraft wheel is usually stripped in a 
cabinet.  AGE is usually stripped in a booth, and aircraft are usually stripped in a hangar.  
Additionally, some bases may perform uncontrolled abrasive blasting (e.g., emissions are 
exhausted directly into the atmosphere).  Possible uncontrolled abrasive blasting operations 
include small scale (touch-up) blasting of equipment, blasting of large outdoor structures such as 
building exteriors or water towers, and blasting of road surfaces.  The location of the operation is 
important in making the distinction between fugitive and point source emissions.  Blasting 
operations performed indoors (cabinet, booth, hangar) typically utilize a non-HVAC 
industrial ventilation system, and are, therefore, considered point sources.  Blasting of 
buildings outdoors without any ventilation system results in fugitive emissions.  This means 
that when making a major source determination, the PM from outdoor applications does not need 
to be estimated.  However, under NESHAP, HAPs must be estimated for both indoor and 
outdoor abrasive blasting operations.  A simple control volume for abrasive blasting operations is 
provided in Figure 7-1. 
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Figure 7-1. Simplified Abrasive Blasting Control Volume 

7.2 NESHAP Applicability 

Abrasive blasting operations for aerospace vehicles are subject to the NESHAP as outlined in 40 
CFR 63 Subpart GG, National Emission Standards for Aerospace Manufacturing and Rework 
Facilities.  These standards state that the removal of paint from aerospace vehicles must be 
performed in an enclosed area unless a closed-cycle system is used.  Additionally, the NESHAP 
requirements for paint removal of aerospace vehicles state that the abrasive blasting system for 
new and existing sources must use a filter system with a minimum particulate removal efficiency 
as specified in 40 CFR 63.745.  To verify that the abrasive blasting operations on the USAF 
installation adhere to the NESHAP requirements, consult 40 CFR 63 Subpart GG. 
 
 

7.3 Emission Factors 

Air emissions from abrasive blasting operations are dependent on the blasting media, wind 
speed, and emissions control efficiency.  Currently, few EFs have been developed for abrasive 
blasting.  Therefore, a mass balance method may be the most viable option for estimating 
emissions from these operations.  PM EFs have been developed by AP-42 and the Air Pollution 
Control District of San Diego County, California.  These EFs are presented in Table 7-1. 
 
Calculating EFs for HAPs from abrasive blasting is considerably more difficult due to their 
dependence on the amount of material removed from the object being blasted.  Additionally, the 
amount of material removed is negligible compared to the amount of abrasive material used.  If 
necessary, site-specific data should be used to calculate HAP emissions.  A chemical analysis of 
the waste material using the Toxicity Characteristic Leaching Procedure (TCLP) may determine 
the HAP concentration in the waste blast material.  Analysis of waste material for HAPs is not 
encouraged since HAP concentrations are likely to be negligible.  
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Table 7-1. PM Emission Factors for Abrasive Blasting 

 
SOURCE (unless otherwise stated): Air Pollution Control District County of San Diego. 

"Abrasive Blasting." 1999. County of San Diego. Document. 21 October 2013. 
a) SOURCE: Krause, Mike and Steve Smith. "Methodology to Calculate Particulate Matter 

(PM) 2.5 and PM 2.5 Significance Thresholds." South Coast Air Quality Management 
District, 2006. Value calculated using the PM fractions given in this document. 

b) SOURCE: United States Environmental Protection Agency. Section 13.2.6 -"Abrasive 
Blasting." Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and 
Area Sources. Fifth edition. 1997. 

 
 

7.4 Control Techniques 

A variety of techniques are used to control pollutant emissions from abrasive blasting.  
Emissions from abrasive blasting are a function of the blast media used.  Therefore, selecting a 
certain type of media may have a significant effect on the total particulate or HAP emissions.  In 
addition, there are several control devices and techniques which are commonly implemented to 
contain the amount of particulate released into the atmosphere.  Common control techniques 
include using a FF in blast enclosures, vacuum blasters, drapes, water curtains, wet blasting, and 
reclaim systems.  Depending on the type of control system used, the control efficiency may 
range from 50 percent to over 96 percent.  If the control efficiency for the device is known, then 
the emissions from the abrasive blasting using the appropriate media for uncontrolled emissions 
should be multiplied by the control efficiency of the device.  If the efficiency is not known, then 
either the control device manufacturer should be contacted or a conservative estimate should be 
used. 
 
 

PM10 PM2.5
(a)

Aluminum Oxide 7.50 6.89

Copper Slag 5.00 4.60

Garnet - Uncontrolled 4.00 3.68

Garnet - Controlled with Fabric Filter 0.59(a,b) 0.55

Glass Beads 7.50 6.89

Sand 13.00(b) 1.30(b)

Shot Peen 5.00 4.60

Steel Grit 3.80 3.49

Steel Shot 5.00 4.60

Walnut Shell 7.50 6.89

Misc. Blast Materials 5.00 4.60

Abrasive Media
Emission Factors (lb/103lb Blasting Media)
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7.5 Emissions Calculation 

 Calculations Using Mass Balance (Controlled Operations) 

7.5.1.1 PM Emissions 

Mass balance emissions calculations for abrasive blasting requires that the total mass of blast 
media used is known.  This may be calculated if the blasting operation has a control device and 
the efficiency of that device is known or can be estimated.  Using the total waste material 
collected and the control device efficiency, the total PM may be calculated.  With this total, PM10 
and PM2.5 emissions are estimated using a “fractional concentration”.  The “fractional 
concentration” of PM10 and PM2.5 has been estimated to be 0.86 and 0.79, respectively 
(Krause 2006).  Calculation of PM emissions for abrasive blasting using mass balances is 
performed as follows: 

𝐄𝐏𝐨𝐥 =  (𝐌𝐓𝐨𝐭 − 𝐌𝐂𝐨𝐥) × 𝐂𝐏𝐨𝐥 

Equation 7-1 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
MTot = Mass of abrasive media applied.  This is estimated in Equation 7-2. (lb/yr) 
MCol = Mass of waste material collected by the fabric filter (lb/yr) 
CPol = Fractional concentration of the pollutant.  0.86 for PM10 and 0.79 for PM2.5. 

 
 
If the total mass applied in abrasive blasting operations is unknown, it may be estimated using 
the efficiency of the control device used to collect PM.  This is shown in Equation 7-2. 

𝐌𝐓𝐨𝐭 =
𝐌𝐂𝐨𝐥

𝐂𝐄
𝟏𝟎𝟎ൗ

 

Equation 7-2 
Where, 

MTot = Mass of abrasive media applied (lb/yr) 
MCol = Mass of waste material collected by the fabric filter (lb/yr) 
CE = Efficiency of control device (%) 
100 = Factor for converting a percent to a fraction (%) 

 
 

7.5.1.2 HAP Emissions 

HAPs may be generated from abrasive blasting operations if the paint/coating being stripped 
contains an inorganic HAP such as chromium, lead, or cadmium.  Although HAP emissions from 
abrasive blasting are usually relatively low, they can be estimated by performing a chemical 
analysis of the waste material collected by the FF.  The chemical analysis of the waste material is 
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typically accomplished by TCLP.  The results of the total constituent analysis are typically 
provided in units of milligrams per kilogram (mg/kg) but may be converted into the appropriate 
fractional concentration to yield the HAP concentration (CHAP).  HAP emissions are calculated 
by substituting CHAP for CPol into Equation 7-1.  A more detailed control volume describing the 
calculation of emissions from abrasive blasting using the mass balance method is given in Figure 
7-2 below. 

 

Figure 7-2. Abrasive Blasting Control Volume – Mass Balance Method 

 Calculations Using Emission Factors (Controlled or Uncontrolled Operations) 

7.5.2.1 PM Emissions 

As an alternative to the above method, emissions from both controlled and uncontrolled abrasive 
blasting operations may be calculated by using EFs.  If the EF is available, the emissions from an 
abrasive blasting operation may be estimated by multiplying the EF by the amount (mass) of 
abrasive material used as shown below: 

𝐄𝐏𝐨𝐥 =  𝐐 ×
𝟏

𝟏𝟎𝟎𝟎
× 𝐄𝐅𝐏𝐨𝐥 × ൤𝟏 – ൬

𝐂𝐄

𝟏𝟎𝟎
൰൨  

Equation 7-3 
Where, 

EPol = Emissions of pollutant from abrasive blasting (lb/yr) 
Q = Annual blast media consumed (lb/yr) 
1000 = Factor for converting pounds to 103 pounds (lb/103 lb) 
EFPol = Emission factor (lb/103 lb of blast media used) 
CE = Control Device Efficiency (%) 
100 = Factor for converting a percent to a fraction (%) 

 
 
A more detailed control volume describing the calculation of emissions from abrasive blasting 
using the EF method is given in Figure 7-3. 

Emissions

Abrasive Media

Captured PM

Part

Control Device
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Figure 7-3. Abrasive Blasting Control Volume - Emission Factor Method 

7.6 Information Resources 

Information associated with abrasive blasting operations can be obtained from the specific 
shops/organizations performing the blasting operations (e.g., Corrosion Control, Wheel & Tire, 
AGE, and CE).  Information about the amount of abrasive blasting waste disposed off-site as 
hazardous waste, and the required chemical analysis of the waste for disposal, may be available 
from the hazardous waste section of the Civil Engineering Environmental (CEV).  Additionally, 
information regarding the NESHAP requirements specific to aerospace vehicles may be found in 
40 CFR 63 Subpart GG. 
 
 

7.7 Example Problems 

 Problem # 1 – Mass Balance Method 

The Corrosion Control Shop on base performs abrasive bead blasting on an aircraft in a large 
hangar.  Exhaust from the hangar is ventilated and small particulate is sent to a baghouse.  Shop 
records show that 3,275 lb of waste material was collected by the baghouse and disposed.  Based 
on the manufacturer’s estimates, the control efficiency of the baghouse for this material is 96 
percent.  A review of the SDS for the primer and paint used on the aircraft reveals that the primer 
contains zinc chromate.  Since chromium compounds are HAPs, a sample of the waste material 
was collected by the Base Bioenvironmental Engineer (BEE) and sent to an analytical laboratory 
for total chromium analysis.  Results from the laboratory indicate the total chromium parts per 
million (ppm) content is 940 mg/kg.  Calculate both the PM10 and chromium emissions. 
 
Step 1 - Convert the chromium content value into the correct fractional concentration.  The 
problem statement provided a chromium content in ppm (mg/kg).  Conversion of this 
concentration into a fractional concentration is accomplished as follows: 

𝐂𝐂𝐫 =  
ଽସ଴

೘೒

ೖ೒

ଵ,଴଴଴,଴଴଴
೘೒

ೖ೒

= 𝟎. 𝟎𝟎𝟎𝟗𝟒  
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Step 2 – Calculate the total mass of abrasive material applied.  The total abrasive material 
applied during this operation is a function of the efficiency of the control device and the amount 
of material collected by the control device.  Total abrasive material applied may be calculated 
using Equation 7-2: 

𝑀்௢௧ =
ெ಴೚೗

஼ா
ଵ଴଴ൗ

  

𝑴𝑻𝒐𝒕 =
ଷ,ଶ଻ହ.଴

೗್

೤ೝ

ଽ଺%
ଵ଴଴%ൗ

= 𝟑, 𝟒𝟏𝟏. 𝟓
𝒍𝒃

𝒚𝒓
  

 
Step 3 – Calculate emissions.  Use Equation 7-1 to calculate the PM10 and chromium emissions 
based on the amount of waste material collected and the efficiency of the baghouse: 

E୔୭୪ =  (𝑀்௢௧ − Mେ୭୪) × C୔୭୪  

 
  For PM10: 

E୔୑భబ
=  ቀ3,411.5

௟௕

௬௥
 −  3,275.0

୪ୠ

୷୰
ቁ × 0.86  

E୔୑భబ
=  ቀ136.5

୪ୠ

୷୰
ቁ × 0.86  

𝐄𝐏𝐌𝟏𝟎
=  𝟏𝟏𝟕. 𝟒 

𝒍𝒃

𝒚𝒓
  

 
  For Chromium: 

Eେ୰ =  ቀ3,411.5
௟௕

௬௥
 −  3,275.0

୪ୠ

୷୰
ቁ × 0.00094  

Eେ୰ =  ቀ136.5
௟௕

୷୰
ቁ × 0.00094  

𝐄𝐂𝐫 =  𝟏. 𝟐𝟖 × 𝟏𝟎ି𝟏  
𝐥𝐛

𝒚𝒓
  

 
 

 Problem # 2 – Emission Factor Method 

A USAF base used approximately 6,500 lb of sand during the year to perform abrasive blasting 
on various parts in a blasting booth.  Calculate the annual PM10 emissions assuming a FF with 92 
percent control efficiency is used. 
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Step 1 - Select and record the appropriate EF.  Table 7-1 lists it as 13.00 lb/103 lb for sand 
being used as the blasting media. 
 
Step 2 – Determine PM10 emissions.  Use Equation 7-3 to determine the PM10 emissions: 

E୔୭୪ =  Q ×
ଵ

ଵ଴଴଴
× EF୔୭୪ × ቂ1 – ቀ

େ୉

ଵ଴଴
ቁቃ  

E୔୑భబ
=  6,500

୪ୠ

୷୰
×

ଵ

ଵ଴଴଴

ଵ଴య୪ୠ

୪ୠ
× 13.00

 ୪ୠ

ଵ଴య ୪ୠ
× ቂ1 −  ቀ

ଽଶ%

ଵ଴଴%
ቁቃ    

E୔୑భబ
= 6,500

୪ୠ

୷୰
×

ଵ

ଵ଴଴଴

ଵ଴య୪ୠ

୪ୠ
× 13.00

 ୪ୠ

ଵ଴య ୪ୠ
× [1 − 0.92]     

E୔୑భబ
= 6.50

ଵ଴య୪ୠ

୷୰
× 13.00

 ୪ୠ

ଵ଴య ୪ୠ
× (0.08)  

E୔୑భబ
= 84.50 

௟௕

௬௥
 × [0.08]  

𝐄𝐏𝐌𝟏𝟎
=  𝟔. 𝟕𝟔 

𝐥𝐛

𝐲𝐫
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8 CORROSION CONTROL COATINGS (MPLT, TMS) 

 Point Source – When performed using an industrial (non-HVAC) ventilation system 
 Fugitive Source – When not using an industrial (non-HVAC) ventilation system 

 

8.1 Introduction 

Due to the nature of their operation, a wide variety of parts and equipment found at USAF 
installations require surface coating.  These coatings may be for decorative purposes, but are 
usually performed to improve the life or mechanical properties of the item being treated.  Often, 
the surface treatments are applied to improve a part’s resistance to corrosion.  There are several 
types of corrosion control coating methods that may be performed at a USAF base including 
electroplating (both hard and decorative), chromic acid anodizing, and thermal metal spraying.  
If an industrial (non-HVAC) system is used, electroplating, chromic acid anodizing, or 
thermal metal spraying may serve as point or fugitive sources of metallic HAP and PM 
emissions.  A graphic representation describing emissions from these processes is given in 
Figure 8-1. 

 

Figure 8-1. Simplified Corrosion Control Coatings Control Volume 

 Electroplating 

Electroplating is the process of applying a coating layer to a surface through electrodeposition.  
In this process, the part to be coated is immersed in an electrolytic solution that contains the 
metal ions that will coat the part.  When an electric current is applied to the solution, the metal 
ions of this coating source are oxidized and dissolve in the bath.  The part acts as the cathode, 
attracting the metal ions and reducing them.  The thickness of the metal layer which adheres to 
the part depends on the current density and plating time. 
 
Emissions of concern from electroplating operations are PM (PM10 and PM2.5) and HAPs.  The 
amount of emitted pollutants is dependent on the composition of the electrolyte bath and the 
plating time.  The plating time is a function of the cathode efficiency and current densities 
applied to the bath. 
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Some of the metals used for electroplating include brass, cadmium, chromium, copper, gold, 
lead, nickel, platinum, silver, tin, and zinc.  Several of the metal ions pose an environmental 
threat since they are classified as HAPs and may react with other materials to form additional 
hazardous compounds.  It is common for the electrolytic solution to contain harmful materials, 
such as cyanide, sulfuric acid, formaldehyde, and boric acid, among others.  Emissions from 
electroplating operations result from misting of the electrolyte solution due to the evolution of 
gas bubbles or through mechanical agitation. 
 
One of the most common and most regulated metals used in electroplating operations is 
chromium.  Chrome electroplating is of particular importance from an environmental standpoint, 
and some air resource boards have developed several rules regarding its use.  There are two types 
of chromium electroplating, hard and decorative.  Hard chromium electroplating produces a 
relatively thick chromium layer and is performed to improve a material’s physical properties or 
to build up surfaces that have been eroded by use.  Decorative chromium plating results in a thin 
chromium layer that produces a bright surface with wear and tarnish resistance.  Hexavalent 
chromium (Cr+6), which is the most toxic form of chromium, is the most widely used for 
depositing chrome on metal.  Trivalent chromium is sometimes used as an alternative to Cr+6, 
because of lower operating costs and fewer environmental concerns.  However, trivalent 
chromium is more sensitive to contamination than Cr+6, and does not provide the full range of 
coating thickness options that Cr+6 provides. 
 

 Chromic Acid Anodizing 

Chromic acid anodizing is another coating method that is commonly used on aluminum aircraft 
parts that are subject to high stress and corrosion.  The process is similar to that of chrome 
electroplating, with some equipment differences.  For chromic acid anodizing, the tank acts as 
the cathode while the aluminum part acts as the anode.  Sidewall shields are used to reduce the 
possibility of short circuits and to decrease the effective cathode area.  The chromic acid 
solution, which serves as the electrolyte in the anodizing process, typically has a concentration 
ranging from 50 to 100 grams per liter (g/L).  During anodizing, the voltage is applied step-wise 
at a rate of 5 volts per minute, from 5 to 40 volts, and then maintained at 40 volts for the 
remainder of the anodizing time.  The current density applied during chromic acid anodizing 
varies depending on the size of the aluminum parts, but typically ranges from 144 to 720 
ampere/square foot (A/ft2).  The chromic acid anodizing process produces PM emissions made 
up entirely of chromic acid mist. 
 

 Thermal Metal Spraying 

Thermal metal spraying is a process in which metal coatings are applied to critical or high 
strength parts.  This coating method was developed as a more environmentally friendly 
alternative to electroplating.  The purpose of thermal metal spraying may be for corrosion 
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control, improved wear characteristics, thermal protection, electrical insulation or conduction, or 
just for aesthetics.  The coating material used in thermal metal spraying may be in the form of a 
powder, rod, or wire that is heated and deposited in a molten or semi-molten condition onto the 
part being treated.  Emissions of concern from thermal metal spraying are PM (PM10 and PM2.5) 
and HAPs. 
 
For thermal metal spraying processes, the method of application is dependent on the thickness of 
the coating to be applied or the properties of the part being coated.  The different application 
methods include electric arc spray, flame spray, high velocity oxy-fuel (HVOF) spray, and 
plasma spraying.  The coating precursor, "feedstock", is heated by chemical (combustion flame) 
or electrical (plasma or arc) methods. 
 
In electric arc spraying, two conductive wires are fed into a spray gun and brought into close 
contact.  A voltage is applied to the wires, which creates an electric arc that melts the tips of the 
wires.  Air is directed through this point, projecting the molten material onto the part being 
coated.  This method is ideal for applying thick coatings to any part or applying coatings to non-
metallic materials at high spray rates.   
 
Flame spraying, which is sometimes known as combustion spraying, uses a spray gun that 
combusts spray gas such as O2 and acetylene.  Powder or wire is fed through a combustion point 
where the temperatures are sufficiently high to melt the feedstock.  The spray gas air stream 
projects the molten particles onto the part to be coated.  This process may use non-conductive 
wires and has high transfer efficiency for materials with low melting points. 
 
High velocity oxy-fuel (HVOF) spraying is a subset of flame spraying developed to produce high 
quality, specialty coatings.  In HVOF, powder feedstock is added to the jet stream, which 
partially melts the powder particles and projects them onto the part being coated.  The high 
velocity of the jet stream results in a dense coating with low porosity and strong adhesion, which 
may be applied to form a relatively thick coating with minimal thermal or metallurgical effects. 
 
Plasma spraying is the most versatile thermal metal spraying application method since it utilizes 
a wide range of coatings, can be used on both small and large components, and can be used on 
almost any sprayable surface.  This is partly because the substrate being coated does not 
experience a significant temperature increase as it is being coated.  In plasma spraying, an 
electric arc is created in the spray gun.  The electric arc is surrounded by a plasma forming gas 
such as an argon/helium or argon/hydrogen mixture.  The gas expands due to the increased 
temperature and forms a jet stream as it leaves the nozzle of the spray gun.  Powder particles are 
injected into the jet stream where the temperature is sufficiently high to melt them.  Due to the 
high velocity of the jet stream, the molten material forms a strong bond to the substrate. 
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8.2 NESHAP Applicability 

The use of HAPs as coating material for corrosion control processes has given rise to several 
NESHAPs to minimize the release of these pollutants into the atmosphere.  40 CFR 63 Subpart 
N, National Emission Standards for Chromium Emissions from Hard and Decorative Chromium 
Electroplating and Chromium Anodizing Tanks, outlines the record keeping and operating 
requirements of any facility which operates either a hard chromium or decorative chromium 
electroplating tank.  Similarly, any facility that owns or operates a plating or polishing facility 
that is an area source of HAP emissions and performs non-chromium electroplating is subject to 
the standards described in 40 CFR 63 Subpart WWWWWW, National Emission Standards for 
Hazardous Air Pollutants: Area Source Standards for Plating and Polishing Operations.  40 
CFR 63 Subpart GG, National Emission Standards for Aerospace Manufacturing and Rework 
Facilities, also applies to any facilities that are major sources for HAPs that manufacture or 
rework aerospace vehicles or components.  Refer to 40 CFR 63 Subparts N, GG, and 
WWWWWW to verify that the facility complies with the standards outlined in these sections. 
 
 

8.3 Emission Factors 

Emissions from electroplating operations are dependent on the metal used in the process.  EFs 
have been developed for chromium electroplating processes and are presented in Table 8-1.  EFs 
are based on which type of electroplating is being applied, hard or decorative, as well as what 
control type is applicable, if present.  If the electroplating shop performs electroplating 
operations using metals other than chromium, the appropriate EFs should be selected from 
Section 12.20 of AP-42.   
 
Unlike the EFs for chromium electroplating, the EFs for chromic acid anodizing operations are 
in units of lb/103hr-ft2.  This is because the EFs are dependent on the tank surface area.  The EFs 
for chromic acid anodizing are listed in Table 8-2. 
 
During thermal metal spraying, both chromium and nickel are commonly applied to substrates 
for decorative and practical purposes.  Due to their common use and harmful environmental 
effects, EFs for thermal metal spraying using nickel and chromium have been developed for each 
of the more common application methods.  These EFs are in units of lb HAP/lb coating sprayed, 
and are provided in Table 8-3.  Note that an EF for Cr+6 is given, and not for total chromium.  
Other common materials applied using thermal metal spraying include cadmium, lead, and 
manganese; however, EFs are not known to have been developed for these metals.   
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Table 8-1. Chromium and PM Emission Factors for Chromium Electroplating 

 
SOURCE: Section 12.20 - “Electroplating," Compilation of Air Pollutant Emission Factors Volume I: Stationary Point 

and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, July 1996.  SCC = Source Classification 
Code. 

a) Control Types include: MEX - Moisture Extractor, PB - Polypropylene Balls, FS - Fume Suppressant, PBS - Packed 
Bed Scrubber, CBME - Chevron Blade Mist Eliminator, and MPME - Mesh Pad Mist Eliminator. 

b) Original source lists emission factors for total particulate matter (PM). Assumption is that total PM = PM10 = PM2.5. 

 
  

Chromium PM10
(b) PM2.5

(b)

Uncontrolled 1.71E-02 3.57E-02 3.57E-02

MEX 2.00E-03 4.00E-03 4.00E-03

PB 6.00E-03 1.26E-02 1.26E-02

FS 2.29E-03 4.86E-03 4.86E-03

FS and PB 4.29E-04 9.00E-04 9.00E-04

PBS 3.00E-04 6.29E-04 6.29E-04

PBS, FS, and PB 3.71E-05 7.86E-05 7.86E-05

CBME 1.26E-03 2.57E-03 2.57E-03

MPME 1.71E-04 3.71E-04 3.71E-04

PBS and MPME 4.57E-07 9.57E-07 9.57E-07

Composite MPME 5.43E-05 1.14E-04 1.14E-04

Uncontrolled 4.71E-03 9.86E-03 9.86E-03

FS 1.71E-05 3.57E-05 3.57E-05

Control Type(a) Emission Factor (lb/103 A-hr)
Process

Hard Chromium Electroplating
SCC 3-09-010-18

Decorative Chrome Electroplating
SCC 3-09-010-28
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Table 8-2. Chromium and PM Emission Factors for Chromic Acid Anodizing 

 
SOURCE: Section 12.20 - “Electroplating", Compilation of Air Pollutant Emission 

Factors Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 
Environmental Protection Agency, July 1996. 

a) Control types include: PB – Polypropylene balls, FS – Fume suppressant, PBS – 
Packed Bed Scrubber, MPME – Mesh Pad Mist Eliminator, WS – Wet Scrubber, 
MEX – Moisture Extractor, HEPA – High Efficiency Particulate Air. 

b) Original source lists emission factors for particulate matter (PM).  Assumption is that 
Total PM = PM10 = PM2.5. 

Table 8-3. Chromium and Nickel Emission Factors for Thermal Metal Spraying 

 
SOURCE: "Airborne Toxic Control Measure to Reduce Emissions of Hexavalent 

Chromium and Nickel from Thermal Spraying," California Environmental Protection 
Agency, 2011 

“---” – No data available 

 
 

8.4 Control Techniques 

There are several types of control devices and techniques that have been implemented to reduce 
the amount of emissions from electroplating, especially given the common use of Cr+6.  Several 
control devices act as mist suppressants to reduce PM and HAP emissions.  Mist suppressant 
controls include moisture extractors, blade and mesh pad mist eliminators, polypropylene balls, 

Chromium PM10
(b) PM2.5

(b)

Uncontrolled 2.86E-01 6.00E-01 6.00E-01

PB 2.43E-01 5.14E-01 5.14E-01

FS 9.14E-03 1.86E-02 1.86E-02

FS and PB 3.57E-03 7.57E-03 7.57E-03

PBS 1.37E-03 2.86E-03 2.86E-03

PBS and FS 1.07E-04 2.29E-04 2.29E-04

MPME 7.29E-04 1.57E-03 1.57E-03

PBS and MPME 7.71E-05 1.57E-04 1.57E-04

WS, MEX, and HEPA filter 6.86E-05 1.43E-04 1.43E-04

Emission Factor (lb/103 hr-ft3)
Control Type(a)

lb Cr+6/lb Cr sprayed lb Ni/lb Ni sprayed

Electric Arc Spray 6.96E-03 6.00E-03
Flame Spray 6.20E-03 1.10E-01
Single-Wire  Flame Spray 4.68E-03 ---
HVOF 6.20E-03 1.10E-01
Plasma Spray 1.18E-02 1.50E-01
Other Thermal Spraying 7.17E-03 9.40E-02

Operation
Emission Factors (lb HAP/lb sprayed)
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and both packed bed and wet scrubbers.  Moisture extractors utilize a centrifuge to remove 
chromic acid mist from the bath exhaust.  Chevron blade and mesh pad moisture eliminators 
work by allowing the vapor stream to pass through them.  This results in the collection of the air-
suspended liquid droplets that coalesce over time and flow back into the tank.  Polypropylene 
balls reduce the amount of liquid surface area in the tank, which greatly reduces the amount of 
mist generated.  Scrubbers are the most common control device for electroplating and chromic 
acid anodizing.  The chromic acid air stream flows through the scrubber, which absorbs the 
gaseous component of chromic acid and removes excess liquid from the air stream. 
 
In addition to mist suppression, there are fume suppressant controls that are often used.  Fume 
suppressants may be subdivided into two categories; those that suppress surface misting and 
those that are wetting agents, which change the surface chemistry.  Wetting agents reduce the 
surface tension of the plating baths, which results in a diminished “bursting” of the bubbles 
formed at the liquid surface, and a reduced amount of misting. 
 
For thermal metal spraying, emissions may be controlled through the addition of filters, wet 
impingers, baghouses, or water curtains.  Most likely, most emissions reductions for thermal 
metal spraying will come from add-on control devices.  Common control devices include a water 
curtain, dry filters, or High Efficiency Particulate Air (HEPA) filters.  Contact the manufacturer 
to determine the control efficiency of the device. 
 
 

8.5 Emissions Calculation 

 Electroplating 

To calculate emissions from hard and decorative chromium electroplating operations, the total 
annual energy input (A-hr) is multiplied by the appropriate EF, as shown below: 

𝑬𝑷𝒐𝒍 = 𝑬𝑰 ×
𝟏

𝟏𝟎𝟎𝟎
× 𝑬𝑭𝑷𝒐𝒍 

Equation 8-1 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
EI = Total annual energy input (A-hr/yr) 
1000 = Factor converting A-hr to 103 A-hr (A-hr/103 A-hr) 
EFPol = Emission factor (lb/103A-hr) 

 
 
A detailed control volume depicting emissions from electroplating is provided in Figure 8-2. 
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Figure 8-2. Electroplating Control Volume 

 Chromic Acid Anodizing 

To calculate emissions from chromic acid anodizing operations, the total annual tank operating 
time and the tank surface area must be known.  These values are multiplied by the appropriate 
EF, as shown in Equation 8-2. 

𝑬𝑷𝒐𝒍 = 𝑶𝑻 ×
𝟏

𝟏𝟎𝟎𝟎
× 𝑺𝑨 × 𝑬𝑭𝑷𝒐𝒍 

Equation 8-2 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
OT = Total annual tank operating time (hr/yr) 
1000 = Factor converting hr to 103 hr (hr/103 hr) 
SA = Surface area of tank (ft2) 
EFPol = Emission Factors (lb/103 hr-ft2) 

 
 
A detailed control volume for chromic acid anodizing is provided in Figure 8-3. 

 

Figure 8-3. Chromic Acid Anodizing Control Volume 
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 Thermal Metal Spraying 

There are two methods for calculating emissions from thermal metal spraying.  The first method 
uses a mass balance equation, while the second method uses EFs for emissions calculations.  The 
two methods are described below. 
 

8.5.3.1 Mass Balance Method for Calculating Particulate and Inorganic HAP 
Emissions 

Particulate emissions calculations are more complex than organic HAP and VOC emissions due 
to the transfer efficiency and fallout percentage associated with each process.  Transfer 
efficiency refers to the fraction of coating solids which adhere to the part surface.  Overspray 
refers to those solids that are applied, but do not adhere to the surface of the part being treated.  
There are several variables that affect the transfer efficiency including the application method, 
the size and surface area of the part, and even the skill of the person applying the coating.  Each 
shop should be able to provide assistance in determining the transfer efficiency for emissions 
estimation purposes.  The fallout percent refers to the percent of solids in the overspray that fall 
to the floor prior to passing through the control device.  The fallout value is a function of the 
application method, the size and surface area of the part, and the spray area ventilation rate.  
Contact the paint shops for assistance in estimating the fallout.  However, if this information is 
unavailable a conservative assumption of 0 percent fallout may be made.  The calculation is 
performed as follows: 

𝑬𝑷𝒐𝒍 = 𝑸 × ൬
𝑾𝑷𝑷𝒐𝒍

𝟏𝟎𝟎
൰ × ൤𝟏 − ൬

𝑻𝑬

𝟏𝟎𝟎
൰൨ × ൤𝟏 − ൬

𝑭𝑶

𝟏𝟎𝟎
൰൨ × ൤𝟏 − ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨ 

Equation 8-3 
Where, 

EPol = Pollutant Emissions (lb/yr) 
Q = Quantity of coating applied (lb/yr) 
WPPol = Weight percent of the pollutant in the coating (%) 
100 = Factor converting percent to a fraction (%) 
TE = Transfer efficiency (%) 
FO = Fallout (%). Use 0 if unknown. 
CE = Efficiency of the emission control device (%). This is 0 if no device is present. 

 
 
A detailed control volume showing the emissions from thermal metal spraying is shown in 
Figure 8-4. 
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Figure 8-4. Thermal Metal Spraying Control Volume – Mass Balance Method 

Note that if the fallout fraction is unknown, but the quantity of overspray recovered is known, 
then Equation 8-3 may be modified to calculate emissions as follows: 

𝑬𝑷𝒐𝒍 = (𝑸𝑺 − 𝑸𝑹) × ൬
𝑾𝑷𝑷𝒐𝒍

𝟏𝟎𝟎
൰ × ൤𝟏 − ൬

𝑻𝑬

𝟏𝟎𝟎
൰൨ × ൤𝟏 − ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨ 

Equation 8-4 
Where, 

QS = Quantity of coating applied (lb/yr) 
QR = Quantity of coating recovered – not from control device (lb/yr) 

 
 
If emissions of a specific HAP are required and the weight percent is unknown, but the weight 
percent of the HAP containing compound is known, then the weight percent of the specific HAP 
may be determined using Equation 8-5. 

𝑾𝑷𝑯𝑨𝑷 =
𝑴𝑾𝑯𝑨𝑷

𝑴𝑾𝑪𝒎𝒑𝒅
× 𝑾𝑷𝑪𝒎𝒑𝒅 

Equation 8-5 
Where,  

WPHAP = Weight percent of the specific HAP in the coating (%) 
MWHAP = Molecular weight of HAP in the coating compound (g) 
MWCmpd = Molecular weight of the HAP containing compound (g) 
WPCmpd = Weight percent of the HAP containing compound in the coating (%) 
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8.5.3.2 Emission Factor Method 

The EF method is less accurate than the mass balance equation and should be used when it is the 
only viable option.  In addition to the diminished accuracy that comes with using EFs, the PM 
EFs for thermal spraying have not been developed directly for total PM, but rather, for speciation 
of HAPs within PM.  EFs have been calculated to determine chromium, Cr+6, and nickel 
emissions and are provided in Table 8-3.  Emissions calculation using the EF method is 
performed as follows: 

𝑬𝑷𝒐𝒍 = 𝑸 × ൬
𝑾𝑷𝑷𝒐𝒍

𝟏𝟎𝟎
൰ × 𝑬𝑭𝑷𝒐𝒍 × ൤𝟏 − ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨ 

Equation 8-6 
Where, 

EPol = Pollutant emissions (lb/yr) 
Q = Quantity of coating applied (lb/yr) 
WPPol = Weight percent of the pollutant in the coating (%) 
EFPol = Pollutant emission factor (lb/lb) 
CE = Efficiency of the emission control device (%) 

 
 
A more detailed control volume for thermal spraying using EFs is given in Figure 8-5. 

 

Figure 8-5. Thermal Metal Spraying Control Volume - Speciated Inorganic HAP Emission 
Factor Method 

8.6 Information Resources 

The base electroplating shop(s) may be contacted directly for all information required to 
calculate emissions from electroplating or chromic acid anodizing operations.  Information on 
the quantity of coating material delivered to a shop should be available from records/databases 
maintained by the Hazardous Materials Pharmacy (HAZMART), or Enterprise Environmental, 
Safety & Occupational Health Management Information System (EESOH-MIS).  Information 
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may also be obtained from the product literature (e.g. SDS, container label, and technical 
specification sheets).  If necessary, Bioenvironmental Engineering (BEE) should be able to 
provide a list of all shops on base that perform electroplating, anodizing, and/or thermal metal 
spraying. 
 
The efficiency of any control device used may be obtained from product literature or directly 
from the manufacturer of the control device.  For thermal metal spraying, the average transfer 
efficiency should be available from the paint shops.  However, the manufacturer of the spray 
equipment may also be able to provide guidance.  Note that transfer efficiency is directly 
correlated to the size and shape of the part being coated, so the manufacturer may need to know 
this information regarding the typical pieces being treated to provide a more accurate value.  The 
most difficult value to obtain may be the fallout efficiency, which can be determined through on-
site measurements.  If required, a conservative emission calculation is possible by assuming this 
value to be equal to zero. 
 
 

8.7 Example Problems 

 Problem #1 (Electroplating and Chromic Acid Anodizing) 

A USAF base needs to calculate chromium emissions from two electroplating shops on base.  
Shop A performs hard chromium electroplating with polypropylene balls, and used 
approximately 1,260,000 A-hr during the year.  Shop B performs chromic acid anodizing with a 
fume suppressant, and reports a total operating time of 5,600 hr for its tank.  The surface area of 
the tank is 20 ft2.  Calculate the total chromium emissions from both processes at these shops. 
 
Step 1 - Select and record the appropriate emission factors.  EFs for electroplating and 
chromic acid anodizing may be found in Table 8-1 and Table 8-2, respectively.  For shop A, the 
EF for chromium is 6.00E-03 lb/103 A-hr and for shop B, the EF for chromium is 9.14E-03 
lb/103 hr-ft2. 
 
Step 2 – Calculate chromium emissions for shop A.  Using the data given in the problem 
statement, the EFs recorded in Step 1, and Equation 8-1, the chromium emissions are calculated 
as follows: 

𝐸௉௢௟ = 𝐸𝐼 ×
ଵ

ଵ଴଴଴
× 𝐸𝐹௉௢௟  

𝑬(𝒔𝒉𝒐𝒑 𝑨)𝑪𝒓 = 1,260,000 
஺ି௛௥

௬௥
×

ଵ

ଵ଴଴଴

ଵ଴య஺ି௛௥

஺ି௛௥
× 0.006

௟௕

ଵ଴య஺ି௛௥
= 𝟕. 𝟓𝟔

𝒍𝒃

𝒚𝒓
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Step 3 - Determine the chromium emissions from Shop B.  Using the data given in the 
problem statement, the EFs recorded in Step 1, and Equation 8-2, the chromium emissions are 
calculated as follows: 

𝐸௉௢௟ = 𝑂𝑇 ×
ଵ

ଵ଴଴଴
× 𝑆𝐴 × 𝐸𝐹௉௢௟  

𝑬(𝒔𝒉𝒐𝒑 𝑩)𝑪𝒓 = 5,600
௛௥

௬௥
×

ଵ

ଵ଴଴଴

ଵ଴య௛௥

௛௥
× 20𝑓𝑡ଶ × 0.00914

௟௕

ଵ଴య௛௥ି௙௧మ
= 𝟏. 𝟎𝟐

𝒍𝒃

𝒚𝒓
  

 
Step 4 - Calculate the total chromium emissions.  Add chromium emissions from both shop A 
and shop B for the total as shown: 

𝐸(𝑡𝑜𝑡𝑎𝑙)஼௥ = 𝐸(𝑠ℎ𝑜𝑝 𝐴)஼௥ + 𝐸(𝑠ℎ𝑜𝑝 𝐵)஼௥  

𝐸(𝑡𝑜𝑡𝑎𝑙)஼௥ = 7.56 
௟௕

௬௥
+ 1.02 

௟௕

௬௥
  

𝑬(𝒕𝒐𝒕𝒂𝒍)𝑪𝒓 = 𝟖. 𝟓𝟖 
𝒍𝒃

𝒚𝒓
  

 
 

 Problem #2 (Thermal Metal Spraying - Emission Factor Method) 

A USAF base is interested in determining the amount of Cr+6 that was emitted in the previous 
year.  The base has two spray booths that perform thermal spraying with one booth dedicated to 
plasma spraying and the other to HVOF spraying.  After looking at shop records and the SDS for 
the materials sprayed, the quantity of material used, weight percent HAPs, and controls are 
recorded and provided below. 
 

Booth 
Control 
Device 

Operation Material 
Quantity Used 

(lb/yr) 
% Total Cr 

Booth #1 HEPA Filter Plasma Spray 
Powder A 25 25 
Powder B 15 *** 

Booth #2 HEPA Filter HVOF Powder A 30 25 

 
 
***Powder B does not have a weight percent provided for Cr, but does state that the powder is 
95 percent chromium oxide (Cr2O3) by weight.  Assuming the HEPA filter has an efficiency of 
99 percent, calculate the amount of Cr+6 emitted the previous year. 
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Step 1 – Calculate the weight percent Cr in powder B.  The information has already been 
gathered and provided in the table above, but the weight percent Cr for powder B must be 
calculated.  This is accomplished using Equation 8-5 as follows: 

𝑊𝑃ு஺௉ =
ெௐಹಲು

ெௐ಴೘೛೏
× 𝑊𝑃஼௠௣ௗ  

𝑊𝑃஼௥ =
(ହଶ×ଶ)

೒

೘೚೗

[(ହଶ×ଶ)ା(ଵ଺×ଷ)]
೒

೘೚೗

× 95%  

𝑊𝑃஼௥ =
ଵ଴ସ

೒

೘೚

ଵହଶ
೒

೘೚೗

× 95%  

𝑾𝑷𝑪𝒓 = 0.684 × 95% = 𝟔𝟓%  

 
Step 2 – Select and record the appropriate emission factors.  Using Table 8-3, the EFs for 
Cr+6 are stated as 1.18E-02 and 6.20E-03 lb Cr+6/lb Cr for plasma spraying and HVOF, 
respectively. 
 
Step 3 – Calculate Cr+6 emissions.  Using the control efficiency and the quantity of the coating 
applied as given in the problem statement, plus the EFs recorded in Step 2, the emissions of Cr+6 
for each booth may be calculated using Equation 8-6. 

𝐸௉௢௟ = 𝑄 × ቀ
ௐ௉ು೚೗

ଵ଴଴
ቁ × 𝐸𝐹௉௢௟ × ቂ1 − ቀ

஼ா

ଵ଴଴
ቁቃ  

 
For Booth #1: 
  For Powder A: 

𝐸஼௥శల = 25
௟௕

௬௥
× ቀ

ଶହ%

ଵ଴଴%
ቁ × 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× ቂ1 − ቀ

ଽଽ%

ଵ଴଴%
ቁቃ  

𝐸஼௥శల = 25
௟௕

௬௥
× 0.25 × 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× [1 − (0.99)]  

𝐸஼௥శల = 25
௟௕

௬௥
× 0.25 × 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× [0.01]  

𝑬𝑪𝒓శ𝟔 = 6.25
௟௕

௬௥
× 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× [0.01] = 𝟕. 𝟑𝟖𝑬 − 𝟎𝟒

𝒍𝒃

𝒚𝒓
  

 
  For Powder B: 

𝐸஼௥శల = 15
௟௕

௬௥
× ቀ

଺ହ%

ଵ଴଴%
ቁ × 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× ቂ1 − ቀ

ଽଽ%

ଵ଴଴%
ቁቃ  
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𝐸஼௥శల = 15
௟௕

௬௥
× ቀ

଺ହ%

ଵ଴଴%
ቁ × 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× [1 − (0.99)]  

𝐸஼௥శల = 15
௟௕ 

௬௥
× 0.65 × 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× [0.01]  

𝑬𝑪𝒓శ𝟔 = 9.75
௟௕

௬௥
× 0.0118

௟௕ ஼௥శల

௟௕ ஼௥
× [0.01] = 𝟏. 𝟏𝟓𝑬 − 𝟎𝟑

𝒍𝒃

𝒚𝒓
  

 
For Booth #2: 

𝐸஼௥శల = 30
௟௕

௬௥
× ቀ

ଶହ%

ଵ଴଴%
ቁ × 0.0062

௟௕ ஼௥శల

௟௕ ஼௥
× ቂ1 − ቀ

ଽଽ%

ଵ଴଴%
ቁቃ  

𝐸஼௥శల = 30
௟௕

௬௥
× ቀ

ଶହ%

ଵ଴଴%
ቁ × 0.0062

௟௕ ஼௥శల

௟௕ ஼௥
× [1 − (0.99)]  

𝐸஼௥శల = 30
௟௕

௬௥
× 0.25 × 0.0062

௟௕ ஼௥శల

௟௕ ஼௥
× [0.01]  

𝑬𝑪𝒓శ𝟔 = 7.5
௟௕

௬௥
× 0.0062

௟௕ ஼௥శల

௟௕ ஼௥
× [0.01] = 𝟒. 𝟔𝟓𝑬 − 𝟎𝟒

𝒍𝒃

𝒚𝒓
  

 
Step 4 – Calculate total Cr+6 emissions.  The total emissions are the sum of the Cr+6 from each 
coating in both booths. 

𝐸஼௥శల = (0.000738 + 0.00115 + 0.000465)
௟௕

௬௥
  

𝑬𝑪𝒓శ𝟔 = 𝟐. 𝟑𝟓𝑬 − 𝟎𝟑
𝒍𝒃

𝒚𝒓
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9 DRY CLEANING (CLN) 

 Point Source 
 

9.1 Introduction 

Most USAF installations offer some form of dry cleaning service.  In most cases, the actual dry 
cleaning process is performed at off-site locations by contracted employees.  However, there are 
some installations that perform dry cleaning on-base.   
 
Dry cleaning involves the cleaning of fabrics (e.g., garments, draperies, leather goods) with a 
variety of solvents.  As the industry has evolved, so has the process, and alternative dry cleaning 
solvents have been introduced.  These new solvents include halogenated hydrocarbons, 
petroleum-based solvents, aqueous solvents, and liquid CO2.  Depending on the type of solvent 
used, the emissions of concern from dry cleaning are VOCs from petroleum solvents and/or 
organic HAPs such as perchloroethylene (PERC). 
 
One type of previously used solvent, trichlorotrifluoroethane, is subject to the Montreal Protocol 
and is no longer manufactured or used.  Petroleum solvents are flammable and may form 
explosive mixtures.  Therefore, their use is limited to transfer machines where the solvent 
concentration in vapors does not build to high levels.  While there are new technologies 
emerging, the most common type of solvent is a synthetic, halogenated hydrocarbon known as 
PERC. 
 
Historically, there were two basic types of dry cleaning machines: transfer and dry-to-dry.  In 
transfer machines, the fabrics are washed in one machine and manually transferred to another 
machine to dry.  Emissions result from the evaporation of the solvent, which occurs both during 
the transfer and during the operation of the washer and dryer.  Evaporated solvents are emitted 
into the air through the vents on the dry cleaning machines.  Transfer units are older technologies 
that produce more emissions than dry-to-dry machines.  New air quality standards, such as those 
regulated under the EPA’s NESHAP program and those regulated under state or local programs, 
require that all transfer machines be replaced by dry-to-dry units.  As a result, there should not 
be any transfer units in operation at any USAF installation.  In the dry-to-dry process, both 
washing and drying take place in one machine that may either be vented or vent-less. 
 
Due to the increase in air quality regulations and the high cost of synthetic halogenated solvents, 
most dry cleaning machines are equipped with control devices that capture and reduce emissions 
from air vents.  Emissions control is also achieved through changes in operational practices to 
reduce fugitive emissions through Best Management Practices (BMPs).  Examples of BMPs 
include storage of solvents and wastewater in tightly sealed containers, minimizing the length of 
time the door on any given dry cleaning machine is left open, and prompt detection and repair of 
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any leaky valves, hose connections, or gaskets, as required under the EPA’s 2008 Final Rule for 
all sources. 
 
In addition to utilizing BMPs to control emissions, control devices can also be employed.  The 
two primary types of control devices used on dry cleaning machines are refrigerated condensers 
and carbon adsorbers.  After separating out the water, the solvent captured by a refrigerated 
condenser is placed back into the pure solvent supply tank.  To recover/reclaim the solvent 
collected by a carbon adsorber, it must be desorbed off the carbon adsorption material (usually 
accomplished using steam).  Desorbed solvent and water are then condensed and separated.  
Reclaiming solvent captured via carbon adsorption can be accomplished either on- or off-site.  If 
performed on-site, the solvent is placed back into the pure solvent supply tank to be re-used.  
Control devices of this nature are required to be installed in all new dry cleaning machines.  
NESHAP and the EPA’s 2008 Final Rule requirements for dry cleaning require leak detection 
and seal inspection programs.  Additionally, monitoring and reporting programs, and some form 
of control device, such as the use of refrigerated condensers or carbon adsorbers are also 
required.  Dry cleaning facilities and equipment are considered point sources and a simple 
control diagram for these operations is given in Figure 9-1. 

 

Figure 9-1. Simplified Control Volume for Emissions from Dry Cleaning 

9.2 NSPS and NESHAP Applicability 

The EPA has established NSPS for dry cleaning machines to reduce the amount of solvent vapor 
released to the atmosphere.  According to 40 CFR 60 Subpart JJJ, Standards of Performance for 
Petroleum Dry Cleaners, any dryer installed after December 14, 1982 must be a solvent recovery 
dryer for those facilities which use petroleum based solvents.  Similarly, any filter installed at a 
petroleum dry cleaning plant after this date must be a cartridge filter.  Supplemental information 
regarding the recordkeeping requirements and performance standards for dry cleaning equipment 
may be found in 40 CFR 60 Subpart JJJ. 
 
In addition to the required performance standards, some dry cleaning facilities are also required 
to observe NESHAP requirements as outlined in 40 CFR 63 Subpart M, National 
Perchloroethylene Air Emission Standards for Dry Cleaning Facilities.  These standards outline 
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the required system components for the operation of dry cleaning machines that use PERC.  This 
standard also states that each new dry cleaning facility installed after September 22, 1993 must 
“eliminate any emission of perchloroethylene during the transfer of articles between the washer 
and dryer(s)” [40 CFR 63.322(b)(2)].  This mandate has essentially led to the elimination of 
transfer machines at dry cleaning facilities.  To verify that the dry cleaning facility complies with 
the standards outlined in this NESHAP, refer to 40 CFR 63 Subpart M. 
 
 

9.3 Emission Factors 

Chapter 4, Section 1, of AP-42 provides EFs from dry cleaning processes.  However, the EFs 
provided in Table 4.1-1 are for transfer processes that are no longer allowed, and for dry-to-dry 
processes using trichlorotrifluoroethane, which is no longer used.  Therefore, the use of these 
EFs is no longer valid.  Consequently, calculation of emissions from dry cleaning should be 
performed using a mass balance approach, rather than an EF approach. 
 
 

9.4 Emissions Calculation 

Emissions produced from dry cleaning operations are estimated using a mass balance method as 
shown by Equation 9-1 below: 

𝐄𝐒𝐨𝐥𝐯𝐞𝐧𝐭 = [(𝐕𝐅𝐒  − 𝐕𝐖𝐒)  − 𝐕𝐂𝐒] ×  𝐃  
Equation 9-1 

Where, 
ESolvent = Annual emissions of solvent (lb/yr) 
VFS = Volume of fresh solvent added to the dry cleaning process (gal/yr) 
VWS = Volume of waste solvent removed from the process (gal/yr) 
D = Density of solvent (lb/gal) 
VCS = Volume of solvent which is captured via carbon adsorption and not reintroduced 

back into the process (gal/yr) 
 
 
A more detailed diagram of the emissions resulting from dry cleaning is given in Figure 9-2. 
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Figure 9-2. Detailed Control Volume for Emissions from Dry Cleaning 

9.5 Information Resources 

The volume of solvent used (VFS), removed (VWS), and recovered (VCS), should be available 
from the personnel who operate the dry cleaning machines.  Additionally, these personnel should 
also have the solvent density, which is also available from the SDS supplied by the solvent 
manufacturer.  Information regarding emissions limits and reporting requirements for dry 
cleaning may be found in 40 CFR 60 Subpart JJJ and 40 CFR 63 Subpart M. 
 
 

9.6 Example Problem 

A dry cleaning facility has a single dry-to-dry machine that uses PERC.  A total of 250 gal of 
fresh PERC was added to the process during the year while approximately 200 gal of waste 
solvent was removed from the process for off-site recycling.  Emissions are controlled by a 
refrigerated condenser followed by a carbon adsorber.  Approximately 25 gal of PERC was 
captured by the carbon adsorption material during the year and shipped off-site for reclamation.  
Calculate the PERC emissions using the mass balance method described above. (Note: Density 
of PERC is 13.5 lb/gal) 
 
Step 1 – Calculate emissions from dry cleaning processes.  The problem states that the volume 
of PERC added (VFS) was 250 gal, the amount removed (VWS) was 200 gal, and the volume 
recovered (VCS) was 25 gal.  Use this data and Equation 9-1 to determine total PERC emissions. 

Eୗ୭୪୴ୣ୬୲ = [(V୊ୗ  −  V୛ୗ)  −  Vୌ] ×  D   

E୔୉ୖେ = ቂቀ250
௚௔௟

௬௥
 −  200

௚௔௟

௬௥
ቁ  −  25

௚௔௟

௬௥
ቃ × 13.5

௟௕

௚௔௟
  

E୔୉ୖେ = ቂቀ50
௚௔௟

௬௥
ቁ − 25

௚௔௟

௬௥
ቃ × 13.5

௟௕

௚௔௟
   

Solvent Added Evaporated Solvent

Waste SolventCaptured Solvent

Dry to Dry Machine
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E୔୉ୖେ = ቂ25
௚௔௟

௬௥
ቃ × 13.5

௟௕

௚௔௟
  

𝐄𝐏𝐄𝐑𝐂 = 𝟑𝟑𝟕. 𝟓 
𝐥𝐛

𝒚𝒓
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9.7 References 

40 CFR 60 Subpart JJJ, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 60-Standards of Performance for New 
Stationary Sources, Subpart JJJ-National Perchloroethylene Air Emission Standards for Dry 
Cleaning Facilities," U.S. Environmental Protection Agency 

40 CFR 63 Subpart M, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 63-National Emission Standards for 
Hazardous Air Pollutants for Source Categories, Subpart M-National Perchloroethylene Air 
Emission Standards for Dry Cleaning Facilities," U.S. Environmental Protection Agency 

USEPA 1995, Section 4.1-"Dry Cleaning," Compilation of Air Pollutant Emission Factors - 
Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection 
Agency, January 1995 
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10 ELECTRONIC TRANSMISSIONS (ELEC) 

 Fugitive Source 
 
*ONLY FOR MANDATORY GHG REPORTING IF REQUIRED TO REPORT* 
 

10.1 Introduction 

USAF bases often have electrical transmission and distribution equipment insulated with sulfur 
hexafluoride (SF6) or perfluorocarbons (PFCs).  Typical equipment includes substations, circuit 
breakers, lines, switchgears, power transformers, and even components used in radar domes.  
The insulating gases have exceptional dielectric and arc-quenching properties to prevent 
electrical discharges and arcing from occurring.  The equipment may be either hermetically 
sealed-pressure or closed-pressure.  Hermetically sealed-pressure equipment does not require 
periodic refilling of the insulating gases, while closed-pressure equipment does.  The amount of 
gas that the system is structurally engineered to hold is known as the Nameplate Capacity (NC) 
and is typically reported in pounds. 
 
Sulfur hexafluoride (SF6) is the most common gas used to insulate equipment.  Electric power 
facilities constitute over 80 percent of SF6 used in the United States, and currently there are no 
viable alternatives to SF6.  Other gases, such as perfluorocarbons (PFCs), are sometimes used 
either pure or mixed with SF6 to decrease the cost of using pure SF6.  Selected GWPs of common 
gases used in electric power facilities are given in Table 10-1. 

Table 10-1. Global Warming Potentials of Common Dielectric Gases 

Pollutant 
Global Warming 

Potential 

Carbon Tetraflouride (PFC-14) 7,390 

Hexafluoroethane (PFC-116) 12,200 

Perfluorobutane (PFC-3-1-10) 8,860 

Perfluorohexane (PFC-5-1-14) 9,300 

Perfluoropropane (PFC-218) 8,830 

Sulfur Hexafluoride 22,800 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection 
Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, 
Subpart A-General Provision," U.S. Environmental Protection Agency. 

 
 
Emissions of GHGs occur through leaks in the system and during equipment installation, testing, 
maintenance, and decommissioning.  The leaked gases are fugitive in nature and are assumed 
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to be 100 percent emitted into the atmosphere.  Note that this chapter only applies to USAF 
installations with mandatory GHG reporting facilities.  A graphic representation of the 
emissions from electronic transmission is provided in Figure 10-1. 

 

Figure 10-1. Simplified Electronic Transmission Control Volume 

10.2 Greenhouse Gas Mandatory Reporting Rule 

The EPA has established mandatory GHG reporting requirements for owners and operators of 
facilities that directly emit GHGs into the atmosphere.  Regulations in 40 CFR 98.3, are for 
facilities that operate electrical transmission and distribution equipment using SF6 and PFC with 
a total NC exceeding 17,820 pounds.  These facilities are subject to the reporting rules outlined 
in 40 CFR 98 Subpart DD, Electrical Transmission and Distribution Equipment Use.  Each 
facility subject to the reporting requirements as given in 40 CFR 98 Subpart DD must report the 
following: 

 NC of equipment containing SF6 and each PFC. 

 Transmission miles. 

 Distribution miles. 

 Pounds of SF6 and PFC stored in containers and not in equipment at the beginning and 
end of each year. 

 Pounds of SF6 and PFC purchased in bulk from distributors and those found in purchased 
equipment. 

 Pounds of SF6 and PFC returned to the facility after off-site recycling. 

 Pounds of SF6 and PFC sold to other entities, returned to suppliers, or sent off-site for 
recycling or destruction. 

 
The EPA stipulates that the scale used to weigh the quantities listed above must be accurate to 
within ±2 pounds and periodically calibrated per manufacturer specifications.  To verify that the 
facility complies with the reporting requirements stipulated by the EPA, refer to 40 CFR 98 
Subpart DD for additional information. 
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10.3 Emissions Calculation 

GHG emissions from electronic transmission and distribution are performed using a mass 
balance approach.  Emissions calculations require the net difference in NC to be known and can 
be found by subtracting the NC of any retiring equipment from the NC of new equipment added 
to inventory.  Note that the NC is specific for each gas. 

𝑵𝑪𝑫 = 𝑵𝑪𝑵 − 𝑵𝑪𝑹 

Equation 10-1 
Where, 

NCD = Net annual difference in total nameplate capacity of equipment operated (lb/yr) 
NCN = Nameplate capacity of new equipment added to facility (lb/yr) 
NCR = Nameplate capacity of retiring equipment (lb/yr) 

 
 
Emissions from all pertinent gases used to insulate an electric power transmission and 
distribution facility should then be calculated using a mass balance approach, as follows: 

𝑬𝑷𝒐𝒍 = (𝑸𝑫 + 𝑸𝑨) − (𝑸𝑹 + 𝑵𝑪𝑫) 

Equation 10-2 
Where,  

EPol = Annual emissions of greenhouse gas (lb/yr) 
QD = Annual net decrease of greenhouse gas inventory stored in containers but not in 

equipment (lb/yr) 
QA = Annual acquisitions of greenhouse gas from chemical producers or distributors, 

gas found in purchased equipment, and gas returned to the facility after off-site 
recycling (lb/yr) 

QR = Annual removal of greenhouse gas either sold to other entities, returned to 
suppliers, sent off-site for recycling, or sent off-site for destruction (lb/yr) 

NCD = Annual net increase in total nameplate capacity of newer equipment added to 
inventory or replacing old equipment.  Note this is proper equipment charge 
and not actual charge which may reflect leakage (lb/yr) 

 
 
A detailed control volume depicting emissions of GHGs using electronic transmission and 
distribution equipment is provided in Figure 10-2. 
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Figure 10-2. Electronic Transmission Control Volume 

The emissions of GHGs in 100-year CO2e are then calculated by multiplying the annual 
emissions of the pollutant from Equation 10-2 by their respective GWP from Table 10-1 and 
summing their totals, as shown: 

𝑬(𝑪𝑶𝟐𝒆)𝑮𝑯𝑮 = ෍൫𝑬𝑷𝒐𝒍𝒊
× 𝑮𝑾𝑷𝑷𝒐𝒍𝒊

+ ⋯ + 𝑬𝑷𝒐𝒍𝒏
× 𝑮𝑾𝑷𝑷𝒐𝒍𝒏

൯

𝒏

𝒊ୀ𝟏

 

Equation 10-3 
Where, 

EGHG = Annual GHG emissions in CO2e (lb/yr) 
EPol = Annual emissions of either SF6 or PFCs (lb/yr) 
GWPPol = 100-year GWP of selected GHG in CO2e.  This is provided in Table 10-1. 

 
 

10.4 Information Resources 

All information required for calculating emissions from electronic transmission facilities can be 
obtained through base CE.  This includes NC, volume of gas in storage, volume of gas acquired, 
volume of gas disposed, and if applicable, any gas mixtures.  GWPs of applicable GHGs can be 
found in 40 CFR 98 Subpart A. 
 
 

10.5 Example Problem 

A USAF base is mandated to calculate GHG emissions from the electric power facility on site.  
Base CE was contacted, and reports the total NC of all equipment was 11,500 lb last year, which 
increased to 11,800 lb this year.  Additionally, they estimated that the amount of gas stored in 
containers decreased by 50 lb, while another 460 lb of gas had been purchased and 40 lb of gas 
was removed for disposal.  Only SF6 is used in the equipment at the facility.  Calculate the GHG 
emissions from the operation of electrical transmission equipment for this facility. 
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Step 1 - Record all information necessary to calculate emissions.  The problem states that the 
net decrease of gas stored in containers (QD) was 50 lb, the volume of gas acquired (QA) was 460 
lb, the volume of gas removed (QR) was 40 lb, and the previous NC increased to 11,800 lb from 
11,500 lbs.  Also, according to Table 10-1, the GWP of SF6 is 22,800. 
 
Step 2 - Calculate the net increase in total nameplate capacity.  Using the data recorded in 
Step 1 and Equation 10-1, the net increase in total NC is calculated as follows: 

𝑁𝐶஽ = 𝑁𝐶ே − 𝑁𝐶ோ  

𝑵𝑪𝑫 = 11,800 
௟௕

௬௥
− 11,500 

௟௕

௬௥
= 𝟑𝟎𝟎

𝒍𝒃

𝒚𝒓
  

 
Step 3 - Calculate the annual emissions of SF6.  Using the data given in Step 1 and Equation 
10-2, the annual emissions of SF6 are calculated as follows: 

𝐸௉௢௟ = (𝑄஽ + 𝑄஺) − (𝑄ோ + 𝑁𝐶஽)  

𝐸ௌிల
= ቀ50

௟௕

௬௥
+ 460

௟௕

௬௥
ቁ − ቀ40

௟௕

௬௥
+ 300

௟௕

௬௥
ቁ  

𝑬𝑺𝑭𝟔
= ቀ510

௟௕

௬௥
ቁ − ቀ340

௟௕

௬௥
ቁ = 𝟏𝟕𝟎

𝒍𝒃

𝒚𝒓
  

 
Step 4 - Calculate the annual emissions of GHGs.  Convert the annual emissions of SF6 
calculated in Step 3 into units of equivalent CO2 (CO2e) using the GWP of SF6 gathered in Step 
1 using Equation 10-3 as follows: 

𝐸(𝐶𝑂ଶ𝑒)ீுீ = ෍൫𝐸௉௢௟౟
× 𝐺𝑊𝑃௉௢௟౟

+ ⋯ + 𝐸௉௢௟೙
× 𝐺𝑊𝑃௉௢௟೙

൯

௡

௜ୀଵ

 

𝐸(𝐶𝑂ଶ𝑒)ீுீ = 170
௟௕

௬௥
× 22800  

𝑬(𝑪𝑶𝟐𝒆)𝑮𝑯𝑮 = 𝟑, 𝟖𝟕𝟔, 𝟎𝟎𝟎
𝒍𝒃

𝒚𝒓
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10.6 References 

40 CFR 98 Subpart A, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, 
Subpart A-General Provision," U.S. Environmental Protection Agency 

40 CFR 98 Subpart DD, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, 
Subpart DD-Electrical Transmission and Distribution Equipment Use," U.S. Environmental 
Protection Agency 
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11 ETHYLENE OXIDE STERILIZERS (STER) 

 Point Source 
 

11.1 Introduction 

Ethylene Oxide (EtO) is commonly used in the sterilization of medical equipment and surgical 
materials.  Many hospitals and clinics on USAF bases have small, self-contained units for EtO 
sterilization.  It is important to note that some facilities are beginning to use another method 
which utilizes ozone as a sterilizing agent.  The ozone sterilization process takes United States 
Pharmacopeia (USP) grade O2, water, and electricity, and energizes it to form ozone within the 
sterilizer.  The ozone is then converted back into O2 and water vapor by the end of the 
sterilization cycle, so is not considered a significant source of ozone emissions.  Therefore, 
ozone sterilizers are not addressed within this guide and this section pertains only to EtO 
sterilizers. 
 
EtO sterilization is ideal for heat and moisture sensitive equipment.  However, EtO is highly 
flammable in the presence of as little as 3 percent air by volume.  In 2010, new label restrictions 
required EtO sterilization to be performed in a single-chamber process.  The sterilization process 
involves the use of a vacuum chamber that is a pressure vessel designed to safely handle EtO.  
Typical operating procedures involve five different stages: preconditioning/humidification, 
sterilant introduction, exposure, evacuation, and air washes.  The sterilant of choice may either 
be 100 percent EtO or an EtO/gas mixture.  Often, EtO sterilizers are operated in a closed loop 
system, which typically results in zero emissions. 
 
EtO is both a VOC and a HAP.  Emissions from EtO sterilizers may be passed through a control 
device prior to being vented into the atmosphere.  Possible control techniques include, but are 
not limited to, thermal oxidation (incineration), catalytic oxidation, and wet scrubbing.  Although 
control techniques are designed to reduce EtO emissions, they could potentially break down EtO 
that may lead to other emissions of concern, such as GHGs.  If the EtO sterilizer has a control 
device installed, the control device manufacturer may be contacted for more information 
regarding the emissions reduction efficiency.  Additionally, if an EtO gas mixture is used, all 
constituents of the sterilant must be considered for emissions.  EtO sterilizers are point sources 
of emissions.  A simple control volume outlining emissions from the use of EtO sterilizers is 
provided in Figure 11-1. 
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Figure 11-1. Simplified Control Volume for Emissions from EtO Sterilizers 

11.2 NESHAP Applicability 

The NESHAP requirements for EtO sterilizers are outlined in 40 CFR 63 Subpart WWWWW, 
National Emission Standards for Hospital Ethylene Oxide Sterilizers.  This section states that 
any new or existing facility at a hospital that is an area source of HAP emissions must sterilize 
full loads of items having a common aeration time, except under medically necessary 
circumstances.  This regulation also states the requirements to demonstrate compliance.  For 
additional information, consult 40 CFR 63 Subpart WWWWW to verify that all facilities using 
EtO sterilizers comply with this NESHAP.  Additionally, 40 CFR 63 Subpart O, Ethylene Oxide 
Emissions Standards for Sterilization Facilities, outlines the standards for EtO emissions for 
sterilization facilities.  These standards are applicable to all sources using one ton in sterilization 
or fumigation operations.  However, these standards do not apply to research laboratories or 
facilities whose primary purpose is to provide medical services to humans or animals.  This 
standard stipulates that all sources using over one ton in sterilization must achieve at least 99 
percent reduction in emissions from each sterilization chamber vent.  Refer to 40 CFR 63 
Subpart O for more information. 
 
 

11.3 Control Techniques 

Increased awareness of the dangers of exposure to EtO has led to advancements in sterilizer 
technology.  These technologies include pulse-purging, in-chamber aeration, catalytic oxidizers, 
and acid scrubbers.  These sterilizer techniques may reduce emissions to insignificant levels.  It 
is important to note that some controls may be effective only on EtO and not diluent gases.  
Contact the manufacturer for more information regarding the control efficiencies of these 
devices. 
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11.4 Emissions Calculation 

Emissions from EtO sterilizers are estimated using a mass balance approach.  This approach 
assumes that all EtO not captured by the control device is released to the atmosphere.  Using this 
method, emissions from the use of EtO sterilizers may be calculated as follows: 

𝑬𝑷𝒐𝒍 = 𝑸 ×
𝑾𝑷𝑷𝒐𝒍

𝟏𝟎𝟎
× ൤𝟏 − ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨ 

Equation 11-1 
Where, 

EPol  = Emissions of pollutant, typically only EtO unless a mixture is used (lb/yr) 
Q = Quantity (mass) of sterilant used (lb/yr) 
WPPol = Weight percent of the pollutant in the sterilant (%) 
CE = Efficiency of control device (%).  Note: CE is zero when no control device is used 
100 = Factor to convert weight percent/percent efficiency to a decimal fraction (%) 

 
 
A detailed control volume of EtO emissions is shown in Figure 11-2. 

 

Figure 11-2. EtO Sterilizers Control Volume 

11.5 Information Resources 

Hospitals and/or clinics that use EtO sterilizers should have all the information needed to 
calculate EtO emissions.  This includes the type and quantity of each sterilant used, type of 
sterilizing equipment used, and type of control device used.  The control device manufacturer 
may need to be contacted to determine the control efficiency of the device.  Additional 
information regarding the NESHAP requirements may be found in 40 CFR 63 Subpart 
WWWWW and Subpart O.   
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11.6 Example Problem 

The USAF base hospital has a vacuum chamber sterilizer for sterilizing heat sensitive medical 
equipment.  The only type of sterilant used in this sterilizer is a gas mixture containing 10 
percent EtO and 90 percent CO2, by weight.  According to hospital records, 235 pounds of 
sterilant were used in the sterilizer during the year.  The exhaust from the sterilizer is vented to a 
stack, and then directly into the atmosphere, using no control device.  Calculate the annual 
emissions of EtO, and the annual emissions of CO2. 
 
Step 1 – Calculate emissions using mass balance approach.  Using the data provided in the 
problem statement, there is sufficient information to calculate the emissions for each pollutant 
using Equation 11-1. 

𝐸௉௢௟ = 𝑄 ×
ௐ௉ು೚೗

ଵ଴଴
× ቂ1 − ቀ

஼ா

ଵ଴଴
ቁቃ  

 
  For EtO: 

𝐸ா௧ை = 235
௟௕

௬௥
×

ଵ଴%

ଵ଴଴%
× ቂ1 − ቀ

଴%

ଵ଴଴%
ቁቃ  

𝐸ா௧ை = 235
௟௕

௬௥
×

ଵ଴%

ଵ଴଴%
× [1]  

𝐸ா௧ை = 235
௟௕

௬௥
× 0.10 × [1]  

𝑬𝑬𝒕𝑶 = 𝟐𝟑. 𝟓
𝒍𝒃

𝒚𝒓
  

 
  For CO2: 

𝐸஼ைమ
= 235

௟௕

௬௥
×

ଽ଴%

ଵ଴଴%
× ቂ1 − ቀ

଴%

ଵ଴଴%
ቁቃ  

𝐸஼ைమ
= 235

௟௕

௬௥
×

ଽ଴%

ଵ଴଴%
× [1]  

𝐸஼ைమ
= 235

௟௕

௬௥
× 0.90 × [1]  

𝑬𝑪𝑶𝟐
= 𝟐𝟏𝟏. 𝟓

𝒍𝒃

𝒚𝒓
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11.7 References 

40 CFR 63 Subpart O, "Title 40-Protection of the Environment, Chapter I-Environmental 
Protection Agency, Subchapter C-Air Programs, Part 63-National Emission Standards for 
Hazardous Air Pollutants for Source Categories, Subpart O-Ethylene Oxide Emissions Standards 
for Sterilization Facilities," U.S. Environmental Protection Agency 

40 CFR 63 Subpart WWWWW, "Title 40-Protection of the Environment, Chapter I-
Environmental Protection Agency, Subchapter C-Air Programs, Part 63-National Emission 
Standards for Hazardous Air Pollutants for Source Categories, Subpart WWWWW-National 
Emission Standards for Hospital Ethylene Oxide Sterilizers," U.S. Environmental Protection 
Agency 
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12 FIRE FIGHTER TRAINING (FIRE) 

 Fugitive Source 
 

12.1 Introduction 

Training of military fire fighters involves the use of live fires fueled by liquid propane, JP-8, JP-
4, or specially designed fire fighter training fuels, such as Tekflame or E-III, to create a realistic 
fire scenario.  Most training of USAF fire fighters is accomplished at the Department of Defense 
(DoD) Louis F. Garfield Fire Training Academy located at Goodfellow AFB, TX.  However, a 
few other USAF installations have smaller scale fire fighter training facilities that are used for 
periodic refresher training.  The training performed at Goodfellow and the other USAF 
installations is performed in live fire training pits, which usually include a mock-up metal 
structure, such as an aircraft, vehicle, or building. 
 
The emissions of concern from fire fighter training include both criteria pollutants and 
HAPs resulting from the open combustion of the fuels mentioned above.  Criteria pollutant 
emissions from fire fighter training include PM10, PM2.5, CO, NOX, SO2, and VOC.  EFs for 
these pollutants are dependent upon the type of fuel burned and are estimated based on measured 
emissions from the uncontrolled burning of each fuel.  Additionally, since fire fighter training 
may also involve the burning of wooden pallets or hay, emissions will also vary depending on 
the item being burned.  Emissions from fire fighter training are considered fugitive.  A 
graphic representation of emissions from fire fighter training is provided in Figure 12-1. 

 

Figure 12-1. Simplified Control Volume for Emissions from Fire Fighter Training 

12.2 Emission Factors 

EFs for fire fighter training are dependent on the type of fuel used and material burned.  There is 
limited information regarding EFs from firefighter training, specifically regarding HAPs and 
GHGs.  This guide only provides an EF for one HAP – formaldehyde, which is provided 
alongside the criteria pollutant EFs in Table 12-1.  GHG EFs were taken from subpart C of Title 
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40 Part 98 of the CFRs which gives the HHV and default EFs for general stationary fuel 
combustion sources.  These EFs are given in Table 12-2. 

Table 12-1. Criteria and HAP Emission Factors for Burned Fuel During Fire Fighter 
Training 

 
SOURCE (unless otherwise stated): "Emissions Testing of Fire Fighter Training Facility Final Technical Report," Environmental 

Quality Management (EQM), 1998. 
a) PM2.5 is conservatively assumed to equal PM10. 
b) SOURCE: “Air Quality Procedures for Civilian Airports and Air Force Bases," U.S. Department of Transportation, Federal 

Aviation Administration (FAA) Office of Environment and Energy (AEE), April 1997. 
c) Source provides total hydrocarbons emission factor.  This is used as a conservative estimate of volatile organic compounds 

(VOC). 
d) Source provides particulate matter (PM) emission factor.  A conservative assumption of PM = PM10 = PM2.5 was made. 
e) SOURCE: Kenney, Michael, et al, "Aviation Emissions and Air Quality Handbook, Version 3."  Federal Aviation 

Administration (FAA), 2014. 
“---” - No data available. 

Table 12-2. GHG Emission Factors for Burned Fuel During Fire Fighter Training 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, 

Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-
General Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 
and their respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 
1, 298, and 25 respectively. 

b) JP-8 emission factors used as a surrogate for Tekflame. 

 
 
Total emissions from fire fighter training also include those emissions from the material that is 
being burned.  A separate set of EFs for burning items such as wood and hay have been 
calculated.  For fire fighter training, hay or wooden pallets may be used to sustain fires for an 
appropriate amount of time.  EFs for these items are given in Section 2.5 of AP-42 regarding the 

NOX CO SOX VOC PM10 PM2.5
(a) Formaldehyde

Propane 55.7 15.4 0.02
(b)

24.0
(c) 

9.5
(d) 9.5 0.7

JP-8 10.0 296.1 6.8
(b)

584.5
(c) 

193.9
(d) 193.9 7.0

Tekflame
(e) 3.7 68.3 0.04 49.6 33.3 33.3 ---

Fuel
Emission Factors (lb/103gal)

CO2 CH4 N2O CO2e
(a)

Propane 12,613 0.60 0.12 12,664

JP-8 21,494 0.89 0.18 21,570

Tekflame(b) 21,494 0.89 0.18 21,570

Fuel
Emission Factors (lb/103gal)
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open burning of agricultural materials.  The criteria pollutant and GHG EFs are provided in 
Table 12-3 and Table 12-4 respectively. 

Table 12-3. Criteria Pollutant Emission Factors for Burned Materials During Fire Fighter 
Training 

 
SOURCE: Section 2.5- “Open Burning," Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point 

and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, October 1992. 
a) Source provides total organic compounds (non-methane) emission factor. This is used as a conservative estimate of 

volatile organic compounds (VOC). 
b) Source provides total particulate emission factor. A conservative assumption of particulate matter (PM) = PM10 = 

PM2.5 was made. 
c) Emission factors are assumed to be head fire burning. 
d) “Unspecified” forest residues used to select emission factors. 
e) SOURCE: Reid, Stephen B., et al, “Research and Development of Planned Burning Emission Inventories for the 

Central States Regional Air Planning Association, Final Report.” Sonoma Technology, Inc., July 2004.  

Table 12-4. GHG Emission Factors for Burned Materials During Fire Fighter Training 

 
SOURCE (unless otherwise stated): "Title 40-Protection of the Environment, Chapter I-Environmental 

Protection Agency, Subchapter C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart 
C-General Stationary Fuel Combustion Sources," U.S. Environmental Protection Agency. 

a) SOURCE: Section 2.5 - “Open Burning", Compilation of Air Pollutant Emission Factors Volume I: 
Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, January 1995.  
"Unspecified Forest Residues" used for wood pallets. 

b) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their 
respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 
respectively.  "Agricultural Byproducts" and "Wood and Wood Residuals" used for hay and wood 
pallets respectively. 

 
 

12.3 Emissions Calculation 

For enhanced accuracy, if agricultural materials are used and their composition and mass is 
known, then the appropriate EF may be selected.  EFs for the burning of various agricultural 
products are given in Sections 2.5 and 13.1 of AP-42.  Generally, emissions from fire fighter 
training operations can be calculated as follows: 

NOX CO VOC(a) PM10
(b) PM2.5

(b) 

Hay
(c) 

4.5
(e) 139.0 17.0 32.0 32.0

Wood Pallets
(d) 4.0 140.0 19.0 17.0 17.0

Material
Emission Factors (lb/ton)

CO2 CH4
(a) N2O CO2e

(b)

Hay 2,149 5.0 0.1 2,297

Wood Pallets 3,615 5.7 0.1 3,799

Material
Emission Factors (lb/ton)
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𝑬𝑷𝒐𝒍 = ෍(𝑸 × 𝑬𝑭𝑷𝒐𝒍) 

Equation 12-1 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
Q = Annual quantity of fuel or material burned (103 gal/yr or ton/yr) 
EFPol = Emission factor (lb/103 gal or lb/ton) 

 
 
A detailed control volume for emissions from fire fighter training is provided in Figure 12-2. 

 

Figure 12-2. Fire Fighter Training Control Volume 

12.4 Information Resources 

The quantity of fuel and material burned is available from the Aircraft Rescue and Firefighting 
department, airport operator, or base operations section.  For Goodfellow AFB, this information 
can be obtained from the DOD Louis F. Garfield Fire Training Academy. 
 
 

12.5 Example Problem 

Approximately 24,000 gal of liquid propane and approximately 800 gal of JP-8 were used in a 
two-month period for two fire training pits.  Additionally, approximately 8,500 lb of hay and 
4,500 lb of wood pallets were also burned throughout the year.  Calculate the emission of CO, 
SOX, and PM10 for the year. 
 
Step 1 - Select and record EFs.  Table 12-1 provides the EFs for the fuel.  For propane, the CO, 
SOX, and PM10 are 15.4, 0.02, and 9.5 lb/103 gal, respectively.  For JP-8, the EFs for CO, SOX, 
and PM10 are 296.1, 6.8, and 193.9 lb/103 gal, respectively.  Table 12-3 provides the EFs for the 
hay and pallets that were burned.  SOX emissions are typically a function of the sulfur content of 
fuel used, therefore SOX EFs are not given in Table 12-3.  For hay, the CO and PM10 EFs are 139 
and 32 lb/ton.  For the wood pallets, the CO and PM10 EFs are 140 and 17 lb/ton. 
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Step 2 – Convert the fuel and material quantity into the appropriate units.  The fuel EFs are 
in units of lb/103gal.  The material EFs are in units of lb/ton, so for accurate calculations, the 
quantities must be converted into the correct units as follows: 
 
For Fuels: 

𝑄௉௥௢௣௔௡௘ =
ଶସ,଴଴଴

೒ೌ೗

೤ೝ

ଵ,଴଴଴
೒ೌ೗

భబయ೒ೌ೗

= 𝟐𝟒
𝟏𝟎𝟑𝒈𝒂𝒍

𝒚𝒓
  

𝑄௃௉ି଼ =
଼଴଴

೒ೌ೗

೤ೝ

ଵ,଴଴଴
೒ೌ೗

భబయ೒ೌ೗

= 𝟎. 𝟖
𝟏𝟎𝟑𝒈𝒂𝒍

𝒚𝒓
  

 
For Material: 

𝑄ு௔௬ =
଼,ହ଴଴

೗್

೤ೝ

ଶ,଴଴଴
೗್

೟೚೙

= 𝟒. 𝟐𝟓
𝒕𝒐𝒏

𝒚𝒓
  

𝑄௉௔௟௟௘௧௦ =
ସ,ହ଴଴

೗್

೤ೝ

ଶ,଴଴଴
೗್

೟೚೙

= 𝟐. 𝟐𝟓
𝒕𝒐𝒏

𝒚𝒓
  

 
Step 3 – Calculate emissions for each pollutant.  Use the EFs recorded in Step 1 and Equation 
12-1 as follows: 

E୔୭୪ = Q × EF௉௢௟  

 
  For Propane: 

𝐄𝐂𝐎 = 24
ଵ଴య୥ୟ୪

୷୰
× 15.40

୪ୠ

ଵ଴య୥ୟ୪
= 𝟑𝟔𝟗. 𝟔𝟎

𝒍𝒃

𝒚𝒓
  

𝐄𝐒𝐎𝐗
= 24

ଵ଴య୥ୟ୪

୷୰
× 0.02

୪ୠ

ଵ଴య୥ୟ୪
 = 𝟎. 𝟒𝟖

𝒍𝒃

𝒚𝒓
  

𝐄𝐏𝐌𝟏𝟎
= 24

ଵ଴య୥ୟ୪

୷୰
× 9.50

୪ୠ

ଵ଴య୥ୟ୪
 = 𝟐𝟐𝟖. 𝟎𝟎

𝒍𝒃

𝒚𝒓
  

 
  For JP-8: 

𝐄𝐂𝐎 = 0.8
ଵ଴య୥ୟ୪

୷୰
× 296.10

୪ୠ

ଵ଴య୥ୟ୪
 = 𝟐𝟑𝟔. 𝟖𝟖

𝒍𝒃

𝒚𝒓
   

𝐄𝐒𝐎𝐗
= 0.8

ଵ଴య୥ୟ୪

୷୰
× 6.80

୪ୠ

ଵ଴య୥ୟ୪
 = 𝟓. 𝟒𝟒

𝒍𝒃

𝒚𝒓
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𝐄𝐏𝐌𝟏𝟎
= 0.8

ଵ଴య୥ୟ୪

୷୰
× 193.90

୪ୠ

ଵ଴య୥ୟ୪
 = 𝟏𝟓𝟓. 𝟏𝟐

𝒍𝒃

𝒚𝒓
  

 
  For Hay: 

𝐄𝐂𝐎 = 4.25
୲୭୬

୷୰
× 139

୪ୠ

୲୭୬
 = 𝟓𝟗𝟎. 𝟕𝟓

𝒍𝒃

𝒚𝒓
   

𝐄𝐏𝐌𝟏𝟎
= 4.25

୲୭୬

୷୰
× 32

୪ୠ

୲୭୬
 = 𝟏𝟑𝟔. 𝟎𝟎

𝒍𝒃

𝒚𝒓
  

 
  For Wood Pallets: 

𝐄𝐂𝐎 = 2.25
୲୭୬

୷୰
× 140

୪ୠ

୲୭୬
 = 𝟑𝟏𝟓. 𝟎𝟎

𝒍𝒃

𝒚𝒓
   

𝐄𝐏𝐌𝟏𝟎
= 2.25

୲୭୬

୷୰
× 17

୪ୠ

୲୭୬
 = 𝟑𝟖. 𝟐𝟓

𝒍𝒃

𝒚𝒓
  

 
Step 4 -Calculate total emissions.  Add the emissions from the fuels and material burned as 
shown: 
 
  For CO: 

Eେ୓ = 369.60
୪ୠ

୷୰
+  236.88

୪ୠ

୷୰
+ 590.75

௟௕

௬௥
+ 315.00

௟௕

௬௥
  

𝐄𝐂𝐎 = 𝟏, 𝟓𝟏𝟐. 𝟐𝟑 
𝐥𝐛

𝒚𝒓
  

 
  For SOX: 

Eୗ୓౔
= 0.48

௟௕

௬௥
+ 5.44

௟௕

௬௥
  

𝐄𝐒𝐎𝐗
= 𝟓. 𝟗𝟐 

𝐥𝐛

𝒚𝒓
  

 
 
  For PM10: 

E୔୑భబ
= 228.00

௟௕

௬௥
+ 155.12

௟௕

௬௥
+ 136.00

௟௕

௬௥
+ 38.25

௟௕

௬௥
  

𝐄𝐏𝐌𝟏𝟎
= 𝟓𝟓𝟕. 𝟑𝟕 

𝐥𝐛

𝒚𝒓
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13 GENERAL CHEMICAL USE (CHEM, LAB, NDI, PHAT, DEGR, WSR, CLN, 
SEAD, FIBR, GSOL) 

 Point Source – When performed using an industrial (non-HVAC) ventilation system 
 Fugitive Source – When an industrial (non-HVAC) ventilation system is not used 

 

13.1 Introduction 

General chemical use includes a wide variety of items that are point sources of air emissions that 
are not specifically addressed in any other section of this guide.  The chemicals that fall into this 
category are typically items commercially purchased in small quantities, such as household 
cleaners, adhesives, or sealants, and includes lab chemicals and solvents used for degreasing or 
non-destructive inspections.  Most general chemicals are typically exempt from regulatory 
consideration under federal, state, and local air pollution control agency air quality regulations.  
However, these agencies should be consulted prior to excluding the sources that comprise this 
category.  Information pertaining to the composition of general chemicals may be obtained from 
the base’s SDS database, other product literature, or from the manufacturer, and made available 
if requested by state regulators. 
 
The primary pollutants of concern associated with general chemical use are VOCs, organic 
HAPs, and occasionally PM from vapor displacement as the product evaporates.  As a 
result, some organic chemical products, and most inorganic chemical products that have 
extremely low vapor pressures (e.g., <0.1 mm Hg), are considered insignificant and are usually 
not addressed in an AEI.  Examples include heavy lubricants/oils, greases, hydraulic fluids, 
glycol deicers, and non-solvent (aqueous) cleaners.  Emissions from general chemical use may 
be either point or fugitive, depending on if an industrial ventilation (non-HVAC) system is 
used.  Figure 13-1 provides a graphical representation of emissions from general chemical use. 

 

Figure 13-1. Simplified Control Volume for Emissions from General Chemical Use 
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 Laboratory Chemicals (LAB) 

Chemical laboratories are commonly found at USAF installations and are typically used for 
analytical, medical, and/or research purposes.  A large variety of chemicals are used in these 
laboratories including solvents, acids/bases, and other various reagents.  Vapors are most often a 
result of activities such as pouring/pipetting, heating solvents or having uncovered beakers and 
containers.  Disposal methods vary according to the type of chemical used, and may range from 
placing chemicals into a sanitary sewer to shipping them off-site as hazardous waste. 
 
Typically, air emissions occur as the chemical reagents are used or prepared underneath a fume 
hood.  Some fume hoods vent the air through a filter, which recovers emitted pollutants to allow 
for their disposal while other fume hoods vent pollutants directly into the atmosphere.  The main 
pollutants of concern are the VOCs and/or volatile HAP ingredients in liquid reagents. 
 
To quantify emissions from laboratory chemicals, the volume of chemicals consumed must be 
considered a “loss”.  As such, the chemical is assumed to be emitted directly into the 
atmosphere.  To calculate air emissions, determine the original quantity of chemical from the 
previous inventory and add any amount of chemical that may have been purchased or otherwise 
added to the inventory.  Then, subtract the amount of unused chemical remaining in inventory, 
any chemical still in use in any solutions or mixtures, all forms of the chemical disposed of as 
waste, and any non-waste amount(s) that were shipped off-site.  The result is the maximum 
amount of the specified chemical that could have potentially been emitted into the air during the 
inventory period. 
 

 Non-Destructive Inspection (NDI) 

USAF installations with aircraft maintenance operations typically have a Non-Destructive 
Inspection (NDI) shop where metal parts are inspected for cracks, fractures, and other flaws.  
NDI shops use a variety of chemicals to inspect and clean metal parts such as inspection 
penetrants, penetrant removers, penetrant developers, alcohol cleaners (e.g., isopropyl, denatured 
ethanol, methanol), and other cleaning compounds.  The primary pollutants of concern from 
the use of these chemicals are VOCs and organic HAPs.  ODCs may also be a concern, as 
some inspection chemicals may contain methyl chloroform, a known ODC. 
 
Generally, there are two methods used at NDI shops to inspect and clean mechanical parts.  The 
first method involves placing chemicals into a tank in which the parts to be inspected are 
submerged/soaked.  These chemicals are periodically replaced as they become dirty or no longer 
meet specifications.  Any waste chemicals are collected and sent off-site for disposal.  Pollutants 
are emitted as the chemicals vaporize when loaded into the tank, during use within the tank, and 
as they evaporate from the parts removed from the tank.  To quantify these emissions, the 
volume of chemical removed from the tank during the year may be subtracted from the volume 
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of chemical added to the tank during the year.  This difference (gal/yr) is assumed to completely 
evaporate into the air.  The resultant emissions are a function of the volume evaporated and the 
density of the chemical. 
 
The second method involves the application of chemicals onto parts with the use of a spray can 
or bottle.  Emissions from this technique are conservatively estimated by assuming the entire 
amount of chemical applied is emitted to the atmosphere.  To calculate the emissions of a 
pollutant for the spraying method, the volume of chemical used is multiplied by its density and 
the weight percent of the pollutant in the chemical. 
 

 Printing Operations (PHAT) 

Some USAF installations may perform large scale printing for mass distribution.  There are six 
basic processes of the printing industry including: web offset lithography, web letterpress, 
flexography, rotogravure, screen, and plate-less.  The emissions of concern from printing 
operations include VOCs and HAPs which result from the evaporation of inks and solvents 
used during the printing process.  The amount of emissions produced is a function of the 
printing process, the ink formulation and coverage, the press size and speed, and the operating 
time. 
 
Web offset lithography is commonly used for large volume applications since printing can occur 
at high speeds and on both sides of a page.  The process involves the use of plates that have an 
image area that is receptive to ink (lipophilic) and repellant to water (hydrophobic) while the 
non-image area is ink repellant (lipophobic) and receptive to water (hydrophilic).  The image is 
applied to a rubber “blanket” and onto the substrate.  The ink used in the process may be either 
quickset, which dries by absorption on the substrate, or heatset which requires the application of 
high temperatures to dry.  The heat is applied using a dryer operating at around 400 - 500°F.  The 
dryers may be either hot air or direct flame. 
 
Web letterpress printing is the oldest form of moveable type printing and is declining in use as 
printers continue to adopt faster printing methods.  In web letterpress printing, an image area is 
raised and the ink is directly transferred from the image surface to the substrate.  Pressure is 
applied at varying amounts on the substrate depending on the image and its size.  The greater the 
pressure, the smaller and darker an ink dot becomes.  This process is time consuming and 
expensive as multiple adjustments must be continuously made to get the image impression 
correct. 
 
Flexography printing is essentially a modernized form of letterpress printing.  The primary 
differences are that flexography uses a rubber image carrier and uses alcohol-based inks.  
Flexography is widely used for printing on food packaging since this method is suitable for 
printing on a variety of non-porous substrates. 
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Rotogravure printing utilizes a copper-plated steel cylinder as an image carrier.  The image is 
engraved on this image carrier which then rotates in an ink trough or fountain.  The ink is picked 
up on the engraved area while a “doctor blade” removes the excess from the non-image area.  
The substrate is fed between the image carrier cylinder and an impression cylinder which 
produces enough pressure to allow the image to transfer onto the substrate. 
 
For screen printing, an image is first made in a silk screen that serves as a stencil.  The silk 
screen stencil is composed of a woven mesh that allows or restricts the flow of ink based on the 
presence or absence of openings in the mesh.  The screen is placed on the substrate and ink is 
applied.  The ink which flows through the openings on the mesh forms the image on the 
substrate. 
 
Plate-less printing has several advantages over traditional printing operations.  Some advantages 
are that plate-less printing often operates with solvent-free ink, it does not require solvent 
washes, and can be performed for quick print applications.  Plate-less printing requires 
sophisticated computer software and hardware that may result in a high initial investment cost, 
thus limiting the use of plate-less printing to in-plant and quick printing applications. 
 

 Solvent Cleaning Equipment (DEGR) 

Solvent cleaning equipment is commonly used by USAF maintenance organizations to remove 
grease, oils, lubricants, soils, waxes, carbon deposits, fluxes, tars, and other contaminants from a 
variety of parts and equipment, such as aircraft, automobiles, and AGE.  To a smaller extent, 
solvent cleaning equipment may also be found within the CE organization and in workplaces 
associated with communications and electronics maintenance. 
 
There are two types of solvents that may be used: water-based solvents and organic solvents.  
Water-based solvents have fewer environmental concerns, as they contain fewer VOCs than 
organic solvents.  However, organic solvents are still used in cleaning operations in which water-
based solvents are not feasible.  The emissions of concern from solvent cleaning equipment 
using organic solvents include VOCs and organic HAPs. 
 
Organic solvents may be composed of non-halogenated compounds and/or halogenated 
compounds.  Common non-halogenated solvents include aliphatic petroleum distillates, alcohols, 
ketones, and glycol ethers.  Common halogenated solvents include methylene chloride, PERC, 
trichloroethylene, methyl chloroform, carbon tetrachloride, and chloroform.  Many of these 
components found in organic solvents may be classified as a VOC, HAP, or both.  However, the 
EPA has identified several organic compounds that may not be considered a VOC due to their 
negligible photochemical reactivity.  The complete list of these compounds may be found in 40 
CFR 51.100, under the definition of VOCs. 
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In general, there are four types of machines used for solvent cleaning.  These include batch cold, 
batch vapor, in-line cold, and in-line vapor cleaning machines.  The difference between a “batch” 
type and an “in-line” type of solvent cleaning machine is that the batch type allows only one load 
of parts to be cleaned at a time, while the in-line type employs automated loading to 
continuously clean parts.  Since in-line machines are typically used for very large cleaning 
operations, they are not normally found at USAF installations.  Cold cleaning machines use 
liquid, non-boiling solvent to clean or dry parts, while vapor cleaning machines boil liquid 
solvent to generate solvent vapor to clean or dry parts.  The most common type of machine found 
is the batch cold cleaning machine, although some installations may also use batch vapor 
cleaning machines. 
 
Batch cold cleaning machines provide the simplest and least expensive method of cleaning.  
These types of machines typically use non-halogenated solvents at room temperature or heated to 
a temperature below the solvent’s boiling point.  The parts are usually cleaned manually and then 
placed in the tank to soak until adequately cleaned.  The solvent is drained from the parts for at 
least 15 seconds (or until dripping has stopped) before removing.  The cover of the machine is 
intended to be securely closed whenever parts are not being handled in the cleaner. 
 
Batch vapor cleaning machines heat the solvent to a temperature that is at or above the solvent’s 
boiling point.  These types of machines typically use halogenated solvents, due to their low 
flammability and higher vapor density.  The most common type of batch vapor cleaning machine 
is an open-top vapor cleaner which is designed to generate and contain solvent vapors.  As the 
solvent boils, the denser solvent vapors rise and displace the air within the tank.  Coolant is 
circulated in condensing coils at the top of the tank, creating a controlled vapor zone.  Parts are 
lowered into the vapor zone, and are cleaned when the solvent vapors condense onto the surface 
of the parts.  Cleaning is often enhanced by either spraying the parts with the hot solvent or by 
immersing the parts in the solvent.  Most batch vapor cleaning machines are equipped with a lip-
mounted ventilation system that carries solvent vapors away from the operating personnel.  The 
vapors may then be passed through a control device prior to being vented into the atmosphere. 
 
Emissions associated with solvent cleaning equipment may occur from a variety of sources.  
These sources include solvent bath evaporation, spray evaporation, agitation, diffusion, 
convection, solvent carryout, and ventilation/exhaust systems.  Emissions from many of these 
sources may be significantly reduced by regularly employing the use of a cover.  To quantify 
these emissions, start with any solvent purchased or otherwise added during the year, and 
subtract any waste solvent, including solvent disposed of, recycled, or reclaimed.  Although the 
waste product includes contaminants and is not pure solvent, for emission estimation purposes, 
the waste product may be considered pure solvent and subtracted from the total amount of 
solvent used. 
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 Waste Solvent Reclamation (WSR) 

Waste solvent reclamation is used as a pollution prevention initiative on some bases to perform 
on-site reclamation of certain waste solvents generated at their facility (e.g. methyl ethyl ketone).  
Reclamation is the process of restoring a waste solvent to a condition that permits its reuse, 
either for its original purpose or for other industrial needs.  A typical waste solvent reclamation 
operation consists of the following individual processes: solvent storage and handling, initial 
treatment, distillation, purification, and waste disposal.  The emissions of concern from these 
processes include VOCs, organic HAPs, and PM (when considering incinerator stacks).  A 
description of each process follows. 
 
Solvent storage and handling involves the storage of solvents both before and after 
reclamation.  Solvents are stored in containers of varying size ranging from 55-gallon drums to 
20,000-gallon tanks.  To prevent solvent vapors from creating excessive pressure buildup, such 
storage tanks are typically of either fixed or floating-roof design and may include a venting 
system or a vacuum inside the fixed roof tanks.  The handling of waste solvents typically 
involves loading the solvent into process equipment and filling drums and tanks prior to transport 
and storage. 
 
Initial treatment involves one of two different methods: vapor recovery or mechanical 
separation.  Vapor recovery involves the removal of solvent vapors from a gas stream to prepare 
for further reclaiming operations, while mechanical separation removes undissolved solid 
contaminants from liquid solvents.  There are multiple vapor recovery methods that can be used, 
the selection of which is highly dependent on the properties of the solvent (i.e. miscibility, vapor 
composition and concentration, boiling point, reactivity, solubility, etc.). Vapor recovery 
methods include condensation, adsorption, and absorption. 
 
Distillation is the process that removes dissolved impurities and separates solvent mixtures, 
taking the initial treatment process one step further.  The separation of dissolved impurities is 
accomplished by simple batch, simple continuous, or steam distillation.  The mixed solvents are 
separated by multiple simple distillation methods, such as batch or continuous rectification. 
 
Purification is the process by which water is removed from the solvent by decanting or salting.  
Decanting is accomplished with immiscible solvent and water which, when condensed, form 
separate liquid layers, either of which can be drawn off mechanically.  With salting, solvent is 
passed through a calcium chloride bed and water is removed by absorption.  If necessary, 
reclaimed solvents are stabilized during the purification process. 
 
Waste disposal is the incineration, landfilling, or deep well injecting of the materials separated 
from the solvents during the initial treatment and distillation processes.  The composition of this 
waste varies depending on the original use of the solvent.  However, according to Section 4.7 of 



Air Emissions Guide for Air Force Stationary Sources General Chemical Use 

173 
 

AP-42, up to 50 percent of this waste is un-reclaimed solvent.  The remaining solvent consists of 
components such as oils, greases, waxes, detergents, pigments, metal fines, dissolved metals, 
organics, vegetable fibers, and resins. 
 
VOC emissions can be calculated using a mass balance approach by subtracting the mass of 
waste material disposed and the mass of solvent reclaimed from the mass of the waste solvent 
that was distilled.  Note that in some cases, the mass of waste solvent distilled and/or the mass of 
waste material disposed of annually may not be known.  In such cases, the mass can be 
calculated by multiplying the annual volume by the density.  Density, in turn, can be estimated 
by weighing out known volumes of other components, such as oils and greases, in the waste 
material since the composition of the waste includes many other components in addition to the 
solvent itself.  The same also applies to calculations for determining the mass of reclaimed 
solvent. 
 
There is an alternate means of calculating emissions that utilizes EFs.  However, the mass 
balance approach should be the primary approach for calculation of Waste Solvent Reclamation 
emissions.  For more information on emissions calculations using developed EFs, refer to 
Chapter 4.7 Waste Solvent Reclamation of AP-42. 
 

 Hand-Wipe Cleaning (HCLN) 

Hand-wipe cleaning involves the use of cleaning solvents to remove contaminants from a surface 
by hand.  Typically, at a USAF installation, this is performed on aircraft and aircraft 
components, making the use of solvents for this purpose subject to emissions standards.  These 
standards are outlined in 40 CFR 63 Subpart GG, National Emission Standards for Aerospace 
Manufacturing and Rework Facilities.  The emissions generated from this source results from 
the evaporation of the cleaning solvent which may contain a significant amount of VOCs.  
As with other sources that comprise the General Chemical Use category, the solvents should be 
stored in a closed container prior to use and stored in a sealed, nonabsorbent container at all 
times. 
 

 Sealants and Adhesives (SEAD) 

Sealants and adhesives are used to bond two substrates together.  They are used in a variety of 
applications including, but not limited to, the manufacture or repair of aircraft and aircraft parts, 
engines, HVAC systems, and on-road vehicles.  The primary difference between sealants and 
adhesives is that sealants are more commonly used as a bonding agent between two substrates 
with different physical properties.  This is because sealants are not as strong as adhesives but are 
more elastic, allowing for more flexibility between substrates with different thermal coefficients 
of expansion.  The use of both sealants and adhesives results in the emission of VOCs and 
organic HAPs. 



Air Emissions Guide for Air Force Stationary Sources General Chemical Use 

174 
 

Sealants are often used to seal small openings and are effective in waterproofing processes.  In 
the aerospace industry, sealants are commonly used for sealing fuel tanks, or repairing aircraft 
airframes or windshields.  Sealants may also be exploited for their electrical conductivity or 
thermal and acoustical insulation properties.  There are many types of sealants ranging from 
relatively high strength resins to low strength waxes and putties such as silicone. 
 
Adhesives may be categorized as either reactive or non-reactive.  Reactive adhesives are those 
that harden through chemical reaction while non-reactive adhesives do not.  Reactive adhesives 
may be multi-part, which require the mixing of two compounds that chemically react and harden, 
or single-part, which harden through chemical reactions with heat, radiation, or moisture.  Non-
reactive adhesives include solvent based drying adhesives that harden as the solvent evaporates. 
 

 Fiberglass (FIBR) 

Fiberglass is used in a variety of applications due to its light weight and high strength as well as 
its ability to be molded into complex shapes.  Fiberglass is made of plastic reinforced with thin 
glass filaments that are woven together.  Storage tanks and on-road vehicles may be partially 
comprised of fiberglass, but on an USAF installation, the most common use of fiberglass is 
likely to be aircraft repair.  The primary emissions from fiberglass manufacture are VOCs, 
such as styrene, which are emitted as the solvent evaporates and the resin dries. 
 

 General Solvent Use (GSOL) 

Solvents used on base that do not fall into the categories listed above (or any other section of this 
guide) may fall into the general solvent use source category.  Sources that fall into this category 
are typically base-specific.  Care should be taken to verify the volume of solvent used for this 
purpose is easy to distinguish from the volume used in any of the other source categories 
provided above to avoid duplicate emissions calculations.  Contact the air quality SME for any 
guidance as necessary. 
 
 

13.2 NSPS and NESHAP Applicability 

For processes that fall under the general chemical use category, several standards have been 
enacted to limit the emissions of pollutants into the atmosphere.  NSPS applicable to publication 
rotogravure printing is given in 40 CFR 60 Subpart QQ, Standards of Performance for the 
Graphic Arts Industry: Publication Rotogravure Printing.  This standard states that no facility 
that performs rotogravure printing may emit more than 16 percent of the total mass of VOC and 
water used during an averaging period.  This standard applies to any facility whose construction, 
modification, or reconstruction occurred after October 28, 1980, and describes the requirements 
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of the performance tests needed to verify compliance with this standard.  For more information 
regarding this standard, refer to 40 CFR 60 Subpart QQ.  
 
Some general chemicals and applications may have applicable NESHAP requirements, provided 
in the CFRs.  For example, 40 CFR 63 Subpart T, National Emission Standards for Halogenated 
Solvent Cleaning, applies to any solvent cleaning machine that uses either methylene chloride, 
PERC, trichloroethylene, 1,1,1-trichloroethane, carbon tetrachloride, or chloroform in excess of 
5 percent by weight as a cleaning/drying agent.  For these solvent cleaning machines, this 
NESHAP describes the operating requirements and emission limits.  Also, 40 CFR 63 Subpart 
GG, National Emission Standards for Aerospace Manufacturing and Rework Facilities, outlines 
the operating and reporting requirements for the manufacturing and rework of aerospace vehicles 
and components.  These activities may include cleaning and/or chemical milling.  Additionally, 
40 CFR 63 Subpart KK, National Emission Standards for the Printing and Publishing Industry, 
applies to any facility that performs publication rotogravure, product and packaging rotogravure, 
or web flexographic printing and is a major source of HAPs.  The standard limits emissions of 
organic HAPs to 8 percent or less of the total VOC used monthly.  It is important to note that the 
NESHAP requirements listed here may not be all inclusive and the appropriate regulatory agency 
should be contacted to ensure compliance.  Consult the CFRs, including 40 CFR 63 Subparts T, 
GG and KK, for more information and to verify that the USAF installation complies with these 
standards. 
 
 

13.3 Control Techniques 

Air emissions control equipment may or may not be installed on any of the apparatus involved in 
the processes that fall under the category of general chemical use.  Some processes, such as 
solvent degreasing, may have one or more control devices working in combination to reduce air 
emissions, including condensers or carbon adsorption systems.  The condenser equipment works 
to apply a cooler air “blanket” to limit the vaporization of the solvent.  Carbon adsorption is the 
process in which the liquid or gaseous solvent, or solvent components, adhere to the surface of 
the carbon adsorbent.  Air emission controls are specific to the process, so it may be necessary to 
contact the personnel involved in the process.  Additionally, contact the control device 
manufacturer to get specifics on emission controls and their respective efficiencies involved in 
the process. 
 
 

13.4 Emissions Calculation 

Emissions from general chemical use is estimated by using a material mass balance approach.  
The product of the total volume of the chemical used and the weight percent of the pollutant of 
interest is taken as follows to calculate annual emissions of pollutants: 
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𝑬𝑷𝒐𝒍 = (𝑸𝑨 − 𝑸𝑹 − 𝑸𝑪) × ቀ
𝑾𝑷𝑷𝒐𝒍

𝟏𝟎𝟎
ቁ  

Equation 13-1 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
QA = Annual mass of chemical used/added to process (lb/yr) 
QR = Annual mass of chemical product removed for disposal (lb/yr) 
QC = Annual mass of chemical captured by control device, and not reintroduced into 

the process, if applicable (lb/yr) 
WPPol = Weight percent of the pollutant in the chemical product (%).  Assume this to be 

100 for waste solvent reclamation. 
100 = Factor converting weight percent to weight fraction (%) 

 
 
A more detailed representation explaining this process is provided in Figure 13-2. 

 

Figure 13-2. General Chemical Use Control Volume 

If the mass of chemical captured by the control device cannot be measured on-site, this value 
may be estimated as needed.  The annual mass of chemical captured by the control device, Qc, is 
estimated using the control efficiency and capture efficiency of the control device as follows: 

𝑸𝑪 = (𝑸𝑨 − 𝑸𝑹) × ൜𝟏 − ൤൬
𝑪𝒂𝒑

𝟏𝟎𝟎
൰ × ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨ൠ 

Equation 13-2 
Where, 

QC = Annual mass of chemical captured by control device, if applicable (lb/yr) 
QA = Annual mass of chemical used/added to process (lb/yr) 
QR = Annual mass of chemical product removed for disposal (lb/yr) 
Cap = Capture efficiency of the capture device (%) 
CE = Efficiency of the control device (%) 
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If the volume and not the mass of the chemical used during the year is known, the mass may be 
calculated using the chemical density or specific gravity as follows: 

𝑸𝑿 = (𝑽𝑿 × 𝑫) = (𝑽𝑿 × 𝑺𝑮 × 𝟖. 𝟑𝟑) 

Equation 13-3 
Where, 

QX = Annual mass of chemical used, disposed, or captured (lb/yr) 
VX = Annual volume of chemical used, disposed, or captured (gal/yr) 
D = Density of the chemical (lb/gal) 
SG = Specific gravity of the chemical 
8.33 = Density of water (lb/gal) 

 
 

13.5 Information Resources 

Most of the information necessary to calculate emissions from general chemical use may be 
obtained from EESOH-MIS, HAZMART, BEE, or from the applicable supply office.  
Information may include chemical name, stock number, manufacturer of applicable chemicals, 
identity of shops using the chemicals, and quantity used by each shop.  If necessary, the shops 
that use the chemicals may be contacted for additional information.  For solvent cleaning 
equipment, a commercial contract service may be used for solvent supply and removal.  In these 
cases, the commercial contract service should have records indicating the quantity of fresh 
solvent delivered and the quantity of waste solvent picked up. 
 
Information pertaining to the composition (VOC and HAP content) and density of chemicals can 
be obtained from the SDS, other product literature, the commercial vendor (if applicable), or 
from the chemical manufacturer.  Information on a solvent can usually be obtained from the 
government supply center from which it was purchased.  Contact the appropriate government 
supply center, such as the Defense Logistics Agency (DLA) or the General Services 
Administration (GSA) for more information regarding the chemicals purchased. 
 
 

13.6 Example Problem 

Air emissions for selected chemical products have been requested from the local regulatory 
agency.  According to the EESOH-MIS on base, the chemicals have been used in the following 
quantities during the year: 
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Product 
VA 

(gal/yr) 
VR 

(gal/yr) 
VC 

(gal/yr) 
Density 
(lb/gal) 

VOC 
wt.% 

HAP wt.% 

General 
Machinery Cleaner 

120.0 24.0 20.0 6.5 84% 
50% Methanol 
15% Toluene 

Contact Adhesive 22.0 0.0 0.0 6.6 65% 
30% n-Hexane 
20% Toluene 

Calculate the total VOC and HAP emissions from these chemicals. 
 
Step 1 – Calculate the mass of chemical used.  Using the chemical densities and the volumes 
given in the problem statement, the mass of the chemicals used is calculated using Equation 13-3 
as shown: 

𝑄௑ = (𝑉௑ × 𝐷)  

 
  For the General Machinery Cleaner: 

𝑸𝑨 = 120.0
௚௔௟

௬௥
× 6.5

௟௕

௚௔௟
= 𝟕𝟖𝟎. 𝟎

𝒍𝒃

𝒚𝒓
  

𝑸𝑹 = 24.0
௚௔௟

௬௥
× 6.5

௟௕

௚௔௟
= 𝟏𝟓𝟔. 𝟎

𝒍𝒃

𝒚𝒓
  

𝑸𝑪 = 20.0
௚௔௟

௬௥
× 6.5

௟௕

௚௔௟
= 𝟏𝟑𝟎. 𝟎

𝒍𝒃

𝒚𝒓
  

 
  For the Contact Adhesive: 

𝑸𝑨 = 22.0
௚௔௟

௬௥
× 6.6

௟௕

௚௔௟
= 𝟏𝟒𝟓. 𝟐

𝒍𝒃

𝒚𝒓
  

𝑸𝑹 = 0.0
௚௔௟

௬௥
× 6.6

௟௕

௚௔௟
= 𝟎. 𝟎

𝒍𝒃

𝒚𝒓
  

𝑸𝑪 = 0.0
௚௔௟

௬௥
× 6.6

௟௕

௚௔௟
= 𝟎. 𝟎

𝒍𝒃

𝒚𝒓
  

 
Step 2 - Calculate the VOC emissions.  Use Equation 13-1, the mass of chemicals calculated in 
Step 1, and the data provided in the problem statement as follows: 

𝐸௣௢௟ = (𝑄஺ − 𝑄ோ − 𝑄஼) × ቀ
ௐ௉

ଵ଴଴
ቁ  

 
  For the General Machinery Cleaner: 

𝐸(𝐶𝑙𝑒𝑎𝑛𝑒𝑟)௏ை஼ = (780.0 − 156.0 − 130.0)
௟௕

௬௥
× ቀ

଼ସ%

ଵ଴଴%
ቁ  
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𝑬(𝑪𝒍𝒆𝒂𝒏𝒆𝒓)𝑽𝑶𝑪 = (494)
௟௕

௬௥
× (0.84) = 𝟒𝟏𝟓. 𝟎

𝒍𝒃

𝒚𝒓
  

 
  For the Contact Adhesive: 

𝐸(𝐴𝑑ℎ𝑒𝑠𝑖𝑣𝑒)௏ை஼ = (145.2 − 0.0 − 0.0)
௚௔௟

௬௥
× ቀ

଺ହ%

ଵ଴଴%
ቁ  

𝑬(𝑨𝒅𝒉𝒆𝒔𝒊𝒗𝒆)𝑽𝑶𝑪 = (145.2)
௟௕

௬௥
× (0.65) = 𝟗𝟒. 𝟒

𝒍𝒃

𝒚𝒓
  

 
Step 3 – Calculate the total VOC emissions from general chemical use.  Sum the VOCs 
emitted from the two compounds calculated above: 

𝐸௏ை஼ = ∑൫𝐸௏ை஼౟
+ ⋯ + 𝐸௏ை஼೙

൯  

𝐸௏ை஼ = 415.0
௟௕

௬௥
+ 94.4

௟௕

௬௥
  

𝑬𝑽𝑶𝑪 = 𝟓𝟎𝟗. 𝟒
𝒍𝒃

𝒚𝒓
  

 
Step 4 - Calculate the HAP emissions.  Use Equation 13-1 to calculate the HAP constituent 
emissions as follows: 

𝐸௣௢௟ = (𝑄஺ − 𝑄ோ − 𝑄஼) × ቀ
ௐ௉

ଵ଴଴
ቁ  

 
  For the General Machinery Cleaner: 

𝐸ெ௘௧௛௔௡௢௟ = (780.0 − 156.0 − 130.0)
௟௕

௬௥
× ቀ

ହ଴%

ଵ଴଴%
ቁ  

𝑬𝑴𝒆𝒕𝒉𝒂𝒏𝒐𝒍 = (494.0)
௟௕

௬௥
× (0.5) = 𝟐𝟒𝟕. 𝟎

𝒍𝒃

𝒚𝒓
  

𝐸்௢௟௨௘௡௘ = (780.0 − 156.0 − 130.0)
௟௕

௬௥
× ቀ

ଵହ%

ଵ଴଴%
ቁ  

𝑬𝑻𝒐𝒍𝒖𝒆𝒏𝒆 = (494.0)
௟௕

௬௥
× (0.15) = 𝟕𝟒. 𝟏

𝒍𝒃

𝒚𝒓
  

 
  For the Contact Adhesive: 

𝐸௡ିு௘௫௔௡௘ = (145.2 − 0 − 0)
௟௕

௬௥
× ቀ

ଷ଴%

ଵ଴଴%
ቁ  
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𝑬𝒏ି𝑯𝒆𝒙𝒂𝒏𝒆 = (145.2)
௟௕

௬௥
× (0.3) = 𝟒𝟑. 𝟔

𝒍𝒃

𝒚𝒓
  

𝐸்௢௟௨௘௡௘ = (145.2 − 0 − 0)
௟௕

௬௥
× ቀ

ଶ଴%

ଵ଴଴%
ቁ  

𝑬𝑻𝒐𝒍𝒖𝒆𝒏𝒆 = (145.2)
௟௕

௬௥
× (0.2) = 𝟐𝟗. 𝟎

𝒍𝒃

𝒚𝒓
  

 
Step 5 - Calculate the total HAP emissions.  The total HAP emissions from general chemical 
use are the sum of the HAP constituents calculated in Step 4 as shown: 

𝐸ு஺௉ (்௢௧௔௟) = ∑൫𝐸ு஺௉౟
+ ⋯ + 𝐸ு஺௉೙

൯  

𝐸ு஺௉ (்௢௧௔௟) = ቀ247.0
௟௕

௬௥
+ 74.1

௟௕

௬௥
+ 43.6

௟௕

௬௥
+ 29.0

௟௕

௬௥
ቁ  

𝑬𝑯𝑨𝑷 (𝑻𝒐𝒕𝒂𝒍) = 𝟑𝟗𝟑. 𝟕
𝒍𝒃

𝒚𝒓
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14 INCINERATORS (INCN) 

 Point Source 
 

14.1 Introduction 

There are several types of incinerators likely to be found on USAF installations including 
classified waste incinerators, medical waste incinerators, and air curtain incinerators.  Other 
incinerators, such as municipal solid waste incinerators and sewage sludge incinerators, can 
potentially be large sources of air emissions, but are not typically found at USAF installations.  
These types of refuse are typically shipped off-site for incineration and are, therefore, not 
addressed in this guide.  If needed, refer to Sections 2.1 and 2.2 of AP-42 for guidance on air 
emissions calculations for municipal waste and sewage sludge incinerators.  Air curtain 
incinerators, due to their nature of operation, are not covered in this section.  Information 
regarding air curtain incinerators may be found in the Air Emissions Guide for Air Force 
Transitory Sources.  Classified waste and medical waste incinerators act as point sources, 
releasing criteria pollutants, HAPs, and GHGs into the air.  A simple control volume 
depicting emissions from incinerators is provided in Figure 14-1. 

 

Figure 14-1. Simplified Control Volume for Emissions from Incinerator Use 

 Classified Waste Incinerators 

Many USAF installations use a classified waste incinerator as a means of disposing classified 
information.  This information is typically in the form of paper documents, plastic (microfiche) 
sheets, or computer tapes/discs.  The EPA has not developed EFs specific to classified waste 
incinerators.  For emissions estimation purposes, “industrial/commercial” incinerator EFs may be 
used as surrogate EFs for classified waste incinerators.  Classified waste incinerators may be 
further subdivided based on if they are multiple chamber or single chamber design. 
 

 Medical Waste Incinerators 

Medical waste incinerators are used to burn wastes produced by hospitals, clinics, veterinary 
facilities and medical research facilities.  The wastes burned may include both infectious (i.e., 
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red bag) wastes as well as non-infectious (e.g., general housekeeping) wastes.  There are three 
major types of medical waste incinerators used: controlled-air incinerators, excess-air 
incinerators, and rotary kiln incinerators.  The number of medical incinerators has decreased 
greatly and most of the remaining incinerators are likely to be of the controlled-air type.  
 

14.1.2.1 Controlled-Air Medical Waste Incinerators 

Controlled-air incineration involves the sequential combustion of waste in two separate 
chambers.  The primary chamber, sometimes referred to as the ignition chamber, accepts the 
waste and the combustion process starts in a starved-air atmosphere.  The amount of combustion 
air fed to the primary chamber is strictly regulated, and is usually fed as underfire air.  The 
incineration of the waste occurs in three steps: volatilization of the moisture, vaporization of the 
volatiles, and combustion of the fixed carbon remaining in the waste.  The combustion gases 
containing the volatile combustible materials are subsequently directed to the secondary 
chamber, which is regulated to provide an excess-air combustion condition.  The introduction of 
these gases into the secondary combustion chamber produces turbulence, and promotes good 
mixing of the combustion gases and the combustion air.  The burning of the combustion gases 
under high temperature, excess O2, and high turbulent conditions promotes complete 
combustion. 
 
Controlled-air incinerators are designed to operate in one of three modes: single batch, 
intermittent-duty (multiple batch), or continuous operation.  In the single batch mode, the 
incinerator is loaded with one batch of waste per day and allowed to cool after the waste is 
completely burned.  Once cooled, the ash is removed and another batch of waste is loaded into 
the incinerator.  When operating in the intermittent-duty mode, a batch of waste is initially 
loaded into the incinerator and allowed to burn.  Once this initial batch is burned down, the 
incinerator is recharged with one or more additional batches of waste.  After two or more batches 
of waste are burned, the incinerator is cooled down and the ash removed so the incinerator may 
be used again.  Continuous-duty incinerators can be operated continuously for an indefinite 
period; however, they must be equipped with a mechanism for automatically removing ash from 
the incinerator hearth.  The ash must be moved across the hearth, collected, and removed while 
the incinerator is still in operation. 
 

14.1.2.2 Excess-Air Medical Waste Incinerators 

An excess-air incinerator is designed for surface combustion of the waste, which is achieved by 
predominant use of overfire combustion air and limiting the amount of underfire air in the 
primary chamber.  Excess-air incinerators typically operate with an overall excess-air range of 
300 to 600 percent.  Combustion in an excess-air incinerator occurs in two (or more) combustion 
chambers, all of which operate under excess-air conditions.  Ignition of the waste, volatilization 
of moisture, vaporization of volatile matter, and combustion of the fixed carbon (solid-phase 
combustion) occur in the primary chamber.  The combustion gases containing the volatiles exit 
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the primary chamber through a flame port and into a mixing chamber where it is mixed with 
secondary air before it proceeds into the secondary combustion chamber.  A secondary burner is 
provided in the mixing chamber to maintain adequate temperatures for complete combustion as 
the gases pass into and through the secondary combustion chamber.  
 
Excess-air incinerators are typically designed for single batch or intermittent-duty operation.  
Therefore, they do not have an automatic, continuous ash removal system that would make 
continuous operation possible.  Consequently, the incinerator must be shut down at routine 
intervals (e.g., daily) for ash removal. 
 

14.1.2.3 Rotary-Kiln Medical Waste Incinerators 

A rotary-kiln incinerator also utilizes a primary chamber to heat and volatilize the waste, and a 
secondary chamber where the combustion of the volatile fraction is completed.  The primary 
combustion chamber consists of an inclined rotating cylindrical chamber.  Waste is fed through 
the higher end of the chamber by a mechanical feed system, and as the kiln rotates and the solids 
tumble, the inclination of the chamber allows the waste to slowly move down towards the 
discharge end.  An auxiliary burner within the kiln maintains the desired combustion temperature 
to volatilize the moisture, vaporize the volatiles, and ignite the waste.  The volatile gases pass 
into the secondary chamber where the combustion of the gases is completed under excess-air 
conditions. 
 
Due to the nature of the rotary-kiln incinerator, they are typically operated in a continuous mode 
with a semi-continuous to continuous waste feed input.  Consequently, a rotary kiln typically has 
a mechanical waste feed system and a system for continuous ash removal.  Rotary-kiln 
incinerators are few in number and unlikely to be found at USAF installations.  For more 
information regarding rotary-kiln incinerators, refer to Section 2.3 of AP-42. 
 

 Air Curtain Incinerators 

Air curtain incinerators, which are also known as trench combustors, apply a curtain of air across 
the top of an open pit where open burning occurs.  The purpose of the air curtain is to reduce 
particulate emissions while improving combustion efficiency.  EFs for air curtain incinerators 
have been developed and are presented in AP-42.  However, since air curtain incineration is 
generally used as an alternative to open burning and open burning is regarded as a non-
routine, short term source, both air curtain incineration and open burning are regarded as 
transitory sources of air emissions.  EFs for air curtain incinerators, therefore, may be 
found in the Air Emissions Guide for Air Force Transitory Sources. 
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14.2 NSPS and NESHAP Applicability 

Increased scrutiny regarding the air pollution created by incinerators has led to development of 
strict regulations.  There are several NSPSs required by the EPA applicable to incinerators.  
Emission standards have been established for steam-generating units which include solid waste 
incinerators with a heat recovery.  These standards are codified in 40 CFR 60 Subpart Db, 
Standards of Performance for Industrial, Commercial, Institutional Steam Generating Units.  
This CFR outlines the emission standards based on size of the steam-generating unit and year of 
construction, modification, or reconstruction.  40 CFR 60 Subparts AAAA through FFFF each 
outline the performance standards for solid waste incinerators based on their size and date of 
construction, modification, or reconstruction.  Different standards apply to medical waste 
incinerators and can be found in 40 CFR 60 Subpart Ce, Emission Guidelines and Compliance 
Times for Hospital/Medical/Infectious Waste Incinerators.  This CFR provides the operator 
training, waste management, and inspection guidelines for each medical waste incinerator 
constructed or modified in the stated time.  Another standard applicable to medical waste 
incinerators is found in 40 CFR 60 Subpart Ec, Standards of Performance for New Stationary 
Sources: Hospital/Medical/Infectious Waste Incinerators.  This CFR outlines the emission limits 
and compliance testing requirements for those incinerators constructed within the stated time. 
 
It should be noted that, while not covered in this guide, there are several NSPS applicable to both 
municipal solid waste and sewage sludge incinerators.  40 CFR 60 Subpart Cb, Emissions 
Guidelines and Compliance Times for Large Municipal Waste Combustors that Are Constructed 
on or Before September 20, 1994, outlines the standards required for incinerators capable of 
combusting more than 250 tons per day of municipal solid waste.  However, there are several 
exemptions to this standard, so this CFR should be reviewed to determine if a source is subject to 
this standard.  Similarly, 40 CFR 60 Subparts Ea and Eb describe the standards applicable to 
municipal waste incinerators capable of burning more than 250 tons per day based on the year of 
construction, modification, or reconstruction.  Refer to 40 CFR 60 Subparts Ea and Eb for more 
information if needed. 
 
In addition to the new source performance standards, any facility operating a hazardous waste 
incinerator is also subjected to NESHAP.  40 CFR 63 Subpart EEE, National Emission 
Standards for Hazardous Air Pollutants from Hazardous Waste Combustors, outlines the 
emissions and operating limits for hazardous waste incinerators for both area and major sources.  
Refer to the appropriate regulation for more information to verify that any affected incinerator 
complies with these standards. 
 
 

14.3 Control Techniques 

There are several types of control devices available to minimize the quantity of pollutants 
emitted into the atmosphere.  The most commonly used controls on incinerators limit the 
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emission of particulate.  Common control devices include Electrostatic Precipitators (ESPs), in-
duct sorbent injections, spray dryers, and FFs.  ESPs work by applying an electric charge to 
particulate in the exhaust gas air stream of an incinerator.  An electric field forces the charged 
particulate to accumulate on a collection plate.  Duct sorbent injection is used to reduce the 
amount of sulfur emitted.  This control technology works by introducing an alkaline material that 
reacts with the acidic gas in the exhaust stream to form salts, which are collected before the flue 
gas is emitted into the atmosphere.  Spray dryers are also used to control particulate emissions.  
They work by applying hot gas across a liquid medium which evaporates and allows suspended 
particles to flow to a particulate collection device. 
 

14.4 Emission Factors 

EFs have not been developed directly for incinerators that burn classified waste.  When possible, 
on site measurements should be taken for the most accurate emissions calculations.  In the 
absence of on-site test data, EFs applicable to “industrial/commercial” incinerators that burn 
refuse other than municipal waste should be used for emission calculations.  The EFs for criteria 
pollutants are listed in the tables of Section 2.1 of AP-42 and are also provided below in Table 
14-1, while the GHG EFs are given in Table 14-2. 

Table 14-1. Criteria Pollutant Emission Factors for Classified Waste Incinerators 

 
SOURCE: Section 2.1- “Refuse Combustion," Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point 

and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, October 1996. 
a) Emission factors based on values provided for total organic compounds in source document. 
b) Source document provided emissions for total particulate matter (PM). These values calculated using typical PM fractions 

as given by Krause, Mike and Steve Smith, "Methodology to Calculate Particulate Matter (PM) 2.5 and PM 2.5 
Significance Thresholds," South Coast Air Quality Management District, October 2006 
.

NOX CO SOX VOC(a) PM10
(b) PM2.5

(b)

Single Chamber 2.0 20.0 2.5 15.0 4.5 3.0

Multiple Chamber 3.0 10.0 2.5 3.0 2.1 1.4

Combustor Type

Emission Factors (lb/ton)
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Table 14-2. GHG Emission Factors for Classified Waste Incinerators 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter 

C-Air Programs, Part 98-Mandatory Greenhouse Gas Reporting, Subpart C-General Stationary Fuel 
Combustion Sources," U.S. Environmental Protection Agency. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their 
respective Global Warming Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 
respectively.  Emission factors and high heat values for "municipal solid waste" were used for calculation. 

 
 
EFs are provided for medical waste incinerators with common control devices seen on USAF 
installations.  Every effort should be taken to use site-specific emission control data for more 
accurate modeling.  In the absence of on-site test data, the EFs developed by AP-42 may be used 
for emission calculations.  These EFs are given in Section 2.3 of AP-42 and provided in Table 
14-3.  The EFs for GHGs were calculated using the default EFs and HHV for “municipal solid 
waste” under 40 CFR 98.  These EFs are given in Table 14-4. 
 
In addition to the criteria pollutant EFs, AP-42 provides speciated HAP EFs resulting from 
medical waste incineration.  Again, it is preferable to use on-site test data if possible.  Note that 
HAP EFs have not been developed for classified waste incinerators, so it may be necessary to 
select surrogate EFs to estimate these emissions.  Review chapter 2 of AP-42 for guidance as 
needed.  The speciated HAP EFs for medical waste incinerators are provided in Table 14-5. 
 
 

CO2 CH4 N2O CO2e
(a)

Single Chamber 1,990 0.7 0.1 2,035

Multiple Chamber 1,990 0.7 0.1 2,035

Combustor Type

Emission Factors (lb/ton)
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Table 14-3. Criteria Pollutant Emission Factors for Medical Waste Incinerators 

 
SOURCE: Section 2.3- “Medical Waste Incineration," Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 

Environmental Protection Agency, January 1995. 
a) Control devices include: wet scrubber (WS), fabric filter (FF), dry sorbent injection (DSI), carbon injection (CI), and electrostatic precipitator (ESP). 
b) Provided in source document as SO2. 
c) This value is the sum of SO2 and SO3 as provided in the source document. 
d) Emission factors based on values provided for total organic compounds in source document. 
e) Particulate matter (PM) values based on fraction cumulative mass percentages for size distribution of total particulate matter data as shown in Table 2.3- 15 of AP-42. 
“---” – No data available. If needed, a conservative estimate may be made using the uncontrolled emission factors as surrogate emission factors. 

Table 14-4. GHG Emission Factors for Medical Waste Incinerators 

 
SOURCE: "Title 40-Protection of the Environment, Chapter I-Environmental Protection Agency, Subchapter C-Air Programs, Part 98-

Mandatory Greenhouse Gas Reporting, Subpart C-General Stationary Fuel Combustion Sources," U.S. Environmental Protection 
Agency. 

a) CO2e calculated by summing the product of the default emission factors for CO2, N2O, and CH4 and their respective Global Warming 
Potentials (GWP).  The GWP for CO2, N2O, and CH4 are 1, 298, and 25 respectively.  Emission factors and high heat values for 
"municipal solid waste" were used for calculation. 

 
  

Low Energy WS 
with FF

Medium Energy 
WS with FF

FF Low Energy WS High Energy WS DSI with FF
DSI with CI and 

FF
DSI with FF and 

Scrubber
DSI with ESP

NOX 3.56E+00 --- --- --- --- --- --- --- --- ---

CO 2.95E+00 --- --- --- --- --- --- --- --- ---

SOX
(b) 2.17E+00 --- 3.75E-01 8.45E-01 2.09E+00 2.57E-02 3.83E-01 7.14E-01 2.42E-02

(c) ---

Pb 7.28E-02 --- 1.60E-03 9.92E-05 7.94E-02 6.98E-02 6.25E-05 9.27E-05 5.17E-05 4.70E-03

VOC
(d) 2.99E-01 --- --- 6.86E-02 1.40E-01 1.40E-01 4.71E-02 --- --- ---

PM10 3.04E+00 6.54E-01 1.16E-01 --- 2.09E+00 1.06E+00 --- --- 1.93E+00 ---

PM2.5 2.02E+00 2.45E-02 4.35E-03 --- 7.83E-02 4.00E-02 --- --- 7.24E-02 ---

Pollutant
Uncontrolled 

(lb/ton)

Control Device Emission Factors (lb/ton)(a)

CO2 CH4 N2O CO2e(a)

Uncontrolled 1,990 0.702 0.092 2,035

Control Type
Emission Factors (lb/ton)
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Table 14-5. Speciated HAP Emission Factors for Medical Waste Incinerators 

 
SOURCE: Section 2.3- “Medical Waste Incineration," Compilation of Air Pollutant Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 

Environmental Protection Agency, January 1995. 
a) Control devices include: wet scrubber (WS), fabric filter (FF), dry sorbent injection (DSI), carbon injection (CI), and electrostatic precipitator (ESP). 
“---” – No data available. If needed, a conservative estimate may be made using the uncontrolled emission factors as surrogate emission factors. 

 

Low Energy WS 
with FF

Medium Energy 
WS with FF

FF Low Energy WS High Energy WS DSI with FF
DSI with CI and 

FF
DSI with FF and 

Scrubber
DSI with ESP

Antimony 1.28E-02 --- 3.09E-04 --- --- 4.08E-04 2.10E-04 1.51E-04 --- ---

Arsenic 2.42E-04 --- 3.27E-05 3.95E-08 1.42E-04 3.27E-05 1.19E-05 1.46E-05 --- 5.01E-05

Beryllium 6.25E-06 --- --- --- --- --- --- 3.84E-06 --- ---

Cadmium 5.48E-03 --- 1.78E-04 --- 6.97E-03 7.43E-02 2.46E-05 9.99E-05 1.30E-05 5.93E-04

Chlorinated Dibenzofurans (Total CDF) 7.15E-05 --- --- 8.50E-06 4.92E-06 4.92E-06 1.47E-06 9.47E-08 --- ---

Chlorine 1.05E-01 --- --- --- --- --- --- --- --- ---

Chromium 7.75E-04 --- 2.58E-04 2.15E-06 4.13E-04 1.03E-03 3.06E-04 1.92E-04 3.96E-05 6.58E-04

Hydrogen Chloride 3.35E+01 1.90E+00 2.82E+00 5.65E+00 1.00E+00 1.39E-01 1.27E+01 9.01E-01 9.43E-02 4.98E-01

Hydrogen Fluoride 1.49E-01 --- --- --- --- --- --- 1.33E-02 --- ---

Manganese 5.67E-04 --- --- --- 4.66E-04 6.12E-04 --- --- --- ---

Mercury 1.07E-01 --- 3.07E-02 --- 1.55E-02 1.73E-02 1.11E-01 9.74E-03 3.56E-04 1.81E-02

Nickel 5.90E-04 --- 5.30E-04 --- 3.28E-04 2.54E-03 4.54E-04 2.84E-04 --- 4.84E-04

Polychlorinated Biphenyls 4.65E-05 --- --- --- --- --- --- --- --- ---

2,3,7,8-TCDD 5.47E-08 --- --- 6.72E-09 1.29E-10 1.29E-10 5.61E-10 8.23E-10 --- 1.73E-10

Pollutant
Uncontrolled 

(lb/ton)

Control Device  Emission Factors (lb/ton)(a)
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14.5 Emissions Calculation 

Pollutant emissions from incinerator use are estimated by taking the product of the mass of waste 
burned and the appropriate EF for each pollutant.  If estimating emissions from waste 
incineration in the presence of a control device, use the EF developed for that control device.  As 
an alternative, or if an EF for that control device has not been developed, multiply the mass of 
waste burned and the uncontrolled EF by the efficiency of the control device.  This calculation is 
described in Equation 14-1 below. 

𝑬𝑷𝒐𝒍 = 𝑸 × 𝑬𝑭𝑷𝒐𝒍 × ൤𝟏 − ൬
𝑪𝑬

𝟏𝟎𝟎
൰൨ 

Equation 14-1 
Where, 

EPol = Pollutant emissions (lb/yr) 
Q = Quantity of waste combusted (tons/yr) 
EFPol = Emission Factor (lb/ton) 
100 = Factor converting percent to a fraction (%) 
CE = Control device efficiency (%). This is 0 if uncontrolled or if a controlled 

emission factor is used. 
 
 
A detailed control volume describing emissions from incinerator use is provided in Figure 14-2. 

 

Figure 14-2. Incinerator Use Control Volume 

14.6 Information Resources 

Medical waste incinerators are typically operated by the base hospital/clinic.  The medical 
facility manager should be contacted for specific information required for the calculation of 
emissions (e.g., type of incinerator, quantity of waste combusted).  For information required to 
calculate emissions from classified waste incinerators, contact the base Information Systems 
office.  If the incinerator has a control device installed, the manufacturer may need to be 
contacted to determine the control efficiency. 
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14.7 Example Problem 

A USAF base needs to determine the PM10 emissions from the operation of their classified waste 
incinerator.  The incinerator used was a multiple chamber device and burned 11,500 lb of 
classified waste during the year.  If the PM10 control efficiency of the control device for this 
incinerator is given as 97 percent, determine the PM10 emissions from this operation. 
 
Step 1 – Convert the waste burned.  The total waste burned was provided in pounds, but 
emissions calculation requires that the total waste burned must be in tons.  This unit conversion 
is accomplished as follows: 

𝑄 =
ଵଵ,ହ଴଴ 

೗್

೤ೝ

ଶ,଴଴଴ 
೗್

೟೚೙

= 𝟓. 𝟕𝟓 
𝒕𝒐𝒏

𝒚𝒓
  

Step 2 – Select and record the appropriate EF.  The EFs for classified waste incinerators are 
provided in Table 14-1.  For a multiple chamber incinerator, the PM10 EF is given as 2.1lb/ton. 
 
Step 3 – Calculate emissions.  Using the total amount of waste incinerated, the EF recorded in 
Step 2, the control device efficiency, and Equation 14-1, PM10 emissions are calculated as 
follows: 

𝐸୔୭୪ = 𝑄 × 𝐸𝐹௉௢௟ × ቂ1 − ቀ
஼ா

ଵ଴଴
ቁቃ  

𝐸௉ெభబ
= 5.75 

௧௢௡

௬௥
× 2.1

௟௕

௧௢௡
× ቂ1 − ቀ

ଽ଻%

ଵ଴଴%
ቁቃ  

𝐸௉ெభబ
= 5.75

௧௢௡

௬௥
× 2.1

௟௕

௧௢௡
× [1 − 0.97]   

𝐸௉ெభబ
= 5.75 

௧௢௡

௬௥
× 2.1

௟௕

௧௢௡
× [0.03]  

𝑬𝑷𝑴𝟏𝟎
= 𝟎. 𝟑𝟔

𝒍𝒃

𝒚𝒓
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15 LANDFILLS (LAND, MSW) 

 Fugitive Source 
 (Potential) Point Source – If Gas Collection System Used 

 

15.1 Introduction 

A landfill is a defined area of land, used explicitly to deposit wastes.  Both active landfills 
(wastes currently being deposited) and closed landfills (wastes no longer being deposited) are 
significant sources of air pollution.  While there are only a few active landfills at USAF 
installations, there are several USAF bases that have closed landfills on their property.  Both 
active and closed landfills serve as fugitive (and potentially) point sources of VOCs, HAPs, 
GHGs, and PM. 
 
Landfill waste includes, but is not limited to, Municipal Solid Waste (MSW), Construction and 
Demolition wastes (C&D), commercial and industrial organic wastes, and agricultural wastes.  
All landfills containing any organic wastes will generate and release gaseous emissions.  
Landfills are known to be the third largest human generated source of methane in the United 
States, therefore it is imperative to understand and control emissions from these sources.  
 
Most landfills are equipped with some form of active or passive gas collection systems.  Active 
collection systems employ the use of mechanical blowers or compressors to generate a pressure 
gradient to extract gases coming from landfills.  Passive collection systems utilize the natural 
pressure gradient created by the generation of the landfill gases to mobilize the gas for collection.  
Typically, active gas collection systems will send the landfill gases to a control device such as a 
flare, turbine, or ICOM engine.  Passive collection systems will vent the gases directly to the 
atmosphere without the use of any control device.  USAF installations with active gas control 
technologies will commonly utilize a flare to combust the landfill gases.  A control volume that 
describes the emissions from landfills is given in Figure 15-1. 

 

Figure 15-1. Simplified Control Volume for Emissions from Landfills 
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In general, a three-step process is followed when depositing waste into an active landfill.  The 
waste is spread over an area, compacted, and then covered with a layer of soil.  The covering of 
the waste is typically performed using heavy equipment (e.g., bulldozers, graders).  Use of the 
heavy equipment results in the generation of fugitive dust emissions coming from the ground 
surface.  Additionally, there may be a significant amount of emissions associated with the 
exhaust from the heavy equipment and other motorized vehicles used at the landfill site.  While 
estimating fugitive dust emissions at landfills is described below, both on-road and non-
road equipment exhaust emissions are mobile sources of emissions, therefore they should 
not be included in a stationary AEI. 
 
MSW landfills primarily receive household wastes, but may also receive commercial solid waste, 
nonhazardous sludge, and industrial solid waste.  MSW landfills are required to comply with the 
federal regulations promulgated under subtitle D of the Resource Conservation and Recovery 
Act (RCRA).  These regulations describe location restrictions, detail emissions modeling and 
corrective actions, and provide design and operating criteria applicable to MSW landfills.  The 
landfills subject to the regulations promulgated under RCRA are required to monitor methane 
emissions and prevent off-site migration for active landfills and for a period of 30 years after 
landfill closure.  Details regarding these requirements are provided in 40 CFR 258, Criteria for 
Municipal Solid Waste Landfills.  In Subpart C of this CFR, the operating criteria includes 
stating that owners and operators of all MSW landfills must not violate SIP requirements.  
Landfills are primarily the responsibility of state and local governments; therefore, stricter 
regulations may vary from state to state. 
 
 

15.2 NSPS and NESHAP Applicability 

Several NSPS have been developed to aid in the reduction of pollution from active and closed 
landfills.  Emission guidelines for MSW landfills are provided in 40 CFR 60 Subpart Cc, 
Emission Guidelines and Compliance Times for Municipal Solid Waste Landfills.  These 
standards are applicable to landfills whose construction, reconstruction, or modification 
commenced before May 30, 1991.  According to this Subpart, landfills must have control 
devices installed to monitor and control the amount of NMOC released to the atmosphere.  This 
requirement applies to any landfill with a design capacity greater than or equal to 2.5 million 
megagrams and 2.5 million cubic meters that also has a NMOC emission rate of at least 50 
megagrams per year.  For those landfills whose construction, reconstruction, or modification 
occurred on or after May 30, 1991, the air emissions standards are provided in 40 CFR 60 
Subpart WWW, Standards of Performance for Municipal Solid Waste Landfills. 
 
In addition to the NSPS described in part 60 of 40 CFR, there are also NESHAPs applicable to 
landfills.  40 CFR 63 Subpart AAAA, National Emission Standards for Hazardous Air 
Pollutants: Municipal Solid Waste Landfills, applies to any MSW classified as a major source of 
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HAPs or is an area source with a design capacity equal to or greater than 2.5 million megagrams 
and 2.5 million cubic meters that is estimated to produce 50 megagrams or more of NMOC 
annually.  For more information regarding the requirements of the standards applicable to 
landfills, including reporting requirements and minimum control efficiencies, refer to 40 CFR 60 
Subparts Cc and WWW, and 40 CFR 63 Subpart AAAA. 
 
 

15.3 Greenhouse Gas Mandatory Reporting Rules 

According to 40 CFR 98.2, any facility located in the United States or attached to the Outer 
Continental Shelf that has a municipal solid waste landfill that generates 25,000 metric tons or 
more of CO2e per year is subject to the GHG reporting rules as outlined in 40 CFR 98.  CH4 
generation from landfills as well as CH4 destruction resulting from landfill gas collection and 
combustion systems are required to be reported.  The calculation of the methane generated is 
described in detail in 40 CFR 98 Subpart HH, though the use of modeling software, as described 
below, may be used for this calculation.  Note that the mandatory reporting rule applies to MSW 
landfills which generate 25,000 or more metric tons of CO2e per year and accepted waste on or 
after January 1, 1980 unless: 1) The landfill did not receive waste on or after January 1, 2013; 2) 
The CH4 generation was less than 1,190 metric tons in the 2013 reporting year; and 3) An annual 
report was not required under any requirement in 40 CFR 98 Subpart HH in any reporting year 
prior to 2013. 
 
 

15.4 Control Techniques 

The primary source of emissions at landfills comes from the generation of landfill gas.  
Collection and treatment of this gas is an important part of reducing the amount of pollutants 
emitted to the atmosphere.  The most common technique for treating landfill gas is the use of 
combustion technologies such as flares, incinerators, boilers, gas turbines, and internal 
combustion engines.  Combustion of landfill gas results in effectively destroying most of the 
organic compounds while converting CH4 to CO2, which has a significantly lower GWP.  
Typical control efficiencies of common control devices are provided in Table 15-1. 
 
The disadvantage of combustion control is that the combustion of landfill gas may lead to the 
formation of NOX, SOX, CO, and PM.  This gave rise to the development of non-combustion 
technologies.  Non-combustion technologies may be classified as either energy recovery or gas-
to-product conversion technologies.  One example of an energy recovery technology is a 
Phosphoric Acid Fuel Cell (PAFC) which is a system that consists of a fuel cell processing 
system, fuel cell stacks, and a power conditioning system.  Gas-to-products technologies convert 
landfill gas to natural gas, methanol, or purified CO2 and CH4 using several chemical reactions 
and/or purification techniques.  Both types of non-combustion technologies require the landfill 
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gas to first be pretreated to remove impurities.  The non-combustion treatment still commonly 
results in the production of waste gases, which are often thermally destroyed with flares. 

Table 15-1. Typical Control Efficiencies of Control Devices Used for Landfill Gas 
Destruction 

Control Device Constituent 
Control Efficiency (%) 

Average Range 

Boiler/Steam Turbine 
(SCC 5-01-004-23) 

NMOC 98.0 96-99+ 
Halogenated Species(a) 99.6 87-99+ 
Non-Halogenated Species 99.8 67-99+ 

Flare(b) 
(SCC 5-01-004-10, 5-03-006-

01) 

NMOC 99.2 90-99+ 
Halogenated Species(a) 98.0 91-99+ 
Non-Halogenated Species 99.7 38-99+ 

Gas Turbine 

NMOC 94.4 90-99+ 

Halogenated Species(a) 99.7 98-99+ 

Non-Halogenated Species 98.2 97-99+ 

IC Engine 
NMOC 97.2 94-99+ 
Halogenated Species(a) 93.0 90-99+ 
Non-Halogenated Species 86.1 25-99+ 

SOURCE: Section 2.4 - “Municipal Solid Waste Landfills," Compilation of Air Pollutant Emission Factors - Volume I: 
Stationary Point and Area Sources, Fifth Edition, U.S. Environmental Protection Agency, November 1998.  SCC = Source 
Classification Code. 

a) Halogenated species are those containing atoms of chlorine, bromine, fluorine, or iodine. For any equipment, the control 
efficiency for mercury should be assumed to be zero. See Section 2.4.4.2 of AP-42 for methods to estimate emissions of 
SO2, CO2, and hydrochloric acid. 

b) Where information on equipment was given in the reference, test data were taken from enclosed flares. Control efficiencies 
are assumed to be equally representative of open flares. 

 
 

15.5 Emission Factors 

VOC, HAP, and GHG emissions are calculated using the Landfill Gas Emissions Model 
(LandGEM).  The use of EFs to calculate emissions from the decomposition of organic materials 
at municipal waste landfills is not recommended.  However, at active sites, the calculation of 
fugitive dust emissions from the bulldozing and grading of waste overburden may be calculated 
based on equipment use and their respective EFs.  Fugitive dust EFs at landfills are also a 
function of the soil moisture and silt content.  EF equations are provided in Section 11.9 of AP-
42.  Using the geometric average for silt and moisture content and average grader speed, the EF 
equations were simplified and are provided in Table 15-2.  For enhanced accuracy, refer to Table 
11.9-1 of AP-42 and use on-site moisture content, silt content, or average grader speed. 
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Table 15-2. Fugitive Dust Emission Factors at Active Landfills 

Operation 

Emission Factors(a) 

Units PM10 PM2.5 

Bulldozing 0.75 0.41 lb/hr 

Grading 1.54 0.17 lb/VMT 

SOURCE: Section 11.9 - “Western Surface Coal Mining," Compilation of Air Pollutant 
Emission Factors - Volume I: Stationary Point and Area Sources, Fifth Edition, U.S. 
Environmental Protection Agency, October 1998. 

a) Particulate matter (PM) emission factors are calculated using the following average 
values: silt content (s) – 6.9, moisture content (M) – 7.9, and grader speed (S) – 7.1. 

 
 

15.6 Emissions Calculation 

 Uncontrolled Emissions 

The LandGEM is an automated tool developed by the EPA for estimating emissions from MSW 
landfills.  The model is in the form of a Microsoft Excel™ spreadsheet, and can be used to 
estimate uncontrolled pollutants of concern.  These pollutants of concern include CH4, CO2, 
NMOCs, and individual air pollutants from landfills by using a first order decay equation rate.  
However, according to the EPA, “CO2 emissions from MSW landfills are not considered to 
contribute to global climate change because the carbon was contained in recently living biomass.  
The same CO2 would be emitted because of the natural decomposition of the organic waste 
materials outside the landfill environment.”  Therefore, CO2 emissions at landfills should be 
disregarded. 
 
The model requires the user to input data such as the year the landfill opened and closed, the 
waste design capacity, and the annual waste deposited in the landfill.  Also, the user may elect to 
change program defaults such as the values for CH4 generation rate and generation capacity.  The 
model generates a report detailing the uncontrolled emissions of individual pollutants over time 
and presents these pollutants as an AEI table for a user-specified year. 
 
CH4 emissions contribute a great amount to total GHG emissions, so another model designed to 
calculate CH4 emission rates from landfills is CALMIM (California Landfill Methane Inventory 
Model).  CALMIM is a field-validated, 1-dimensional transport and oxidation model that 
calculates annual site-specific landfill CH4 emissions.  CALMIM calculates the daily CH4 flux 
from landfill cover based on United States Department of Agriculture (USDA) models for 
climate and soil microclimate.  Unlike LandGEM, which is based on a first-order decay equation 
rate, CALMIM requires an extensive amount of site-specific information such as cover details 
and exact longitude and latitude coordinates to produce accurate emissions estimations.  
CALMIM is available for download through the USDA website. 
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 Controlled Emissions 

The LandGEM model does not directly calculate emissions from landfills that have control 
systems installed.  However, the equations used to calculate controlled emissions rely upon the 
uncontrolled emissions generated by the LandGEM model.  Most emissions control systems 
installed in landfills utilize combustion as a means of control.  During the combustion process, 
much of the organic gases are converted to CO2.  Air pollutant emissions resulting from the 
combustion of landfill gases are calculated using the methods described in the “External 
Combustion” section of this guide.  Emissions resulting from the fugitive release of gas not 
collected and combusted is a function of the efficiency of the collection and control system.  If 
the capture efficiency of the collection system is not known, the EPA recommends an efficiency 
of 75 percent for estimation purposes.  Controlled CH4, NMOC, and speciated emissions can be 
calculated using a mass balance approach as follows: 

𝑬(𝑪𝒐𝒏𝒕. )𝑷𝒐𝒍 = 𝑬(𝑼𝒏𝒄𝒐𝒏𝒕. )𝑷𝒐𝒍 × ൤𝟏 − ൬
𝑪𝒂𝒑

𝟏𝟎𝟎
൰ × ൬

𝑪𝑬

𝟏𝟎𝟎
൰൨  

Equation 15-1 

Where, 
E(Cont.)Pol = Annual controlled emissions of pollutant (lb/yr) 
E(Uncont.)Pol = Annual uncontrolled emissions of pollutant (lb/yr) 
Cap = Capture efficiency of collection system (%).  Assume 75% if unknown. 
100 = Factor for converting a percent to a fraction (%) 
CE = Control efficiency of control device for pollutant (%) 

 
 
A detailed control volume depicting the emissions from landfills with control devices in place is 
given in Figure 15-2. 

 

Figure 15-2. Landfill Control Volume – Controlled Emissions 
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 Fugitive PM Emissions 

Fugitive dust emissions at landfills result from the bulldozing and grading of municipal solid 
waste to minimize air space and make room for additional waste.  Fugitive dust emissions are the 
sum of the fugitive dust emissions generated by both bulldozers and graders.  Using the EFs 
provided in Table 15-2, fugitive dust emissions are calculated as follows: 

𝑬𝑷𝒐𝒍 = [𝑬𝑭(𝑩𝒖𝒍𝒍𝒅𝒐𝒛𝒊𝒏𝒈)𝑷𝒐𝒍 × 𝑶𝑻] + [𝑬𝑭(𝑮𝒓𝒂𝒅𝒊𝒏𝒈)𝑷𝒐𝒍 × 𝑽𝑴𝑻] 

Equation 15-2 
Where, 

EPol = Annual emissions of pollutant (lb/yr) 
EF(Bulldozing)Pol = Bulldozing emission factor (lb/hr).  This is provided in Table 15-2. 
OT = Annual bulldozing operating time (hr/yr) 
EF(Grading)Pol = Grading emission factor (lb/VMT).  This is provided in Table 15-2 
VMT = Annual vehicle miles traveled by grader (miles/yr) 

 
 

15.7 Information Resources 

Base CE is typically responsible for operating and maintaining on-base landfills, and should be 
contacted to obtain specific landfill information.  The annual average rainfall received by the 
base is required to determine the proper k value (CH4 generation rate constant) to use when 
calculating uncontrolled emissions.  Also, operating times and total vehicle miles travelled may 
be estimated using information provided by Base CE. 
 
 

15.8 Example Problem 

A USAF base has an inactive landfill that was closed in 2005. The landfill originally opened in 
1993 and was used to dispose of residential (household) wastes only.  Base CE estimates the 
landfill received an average of 50,000 tons (45,359 Mg) of waste per year.  The landfill is 
equipped with a gas collection device (efficiency unknown) and a flare.  The base is in an area 
that receives an average of 36 inches of rain per year.  The average temperature of the landfill 
gas is estimated to be 50°F (10° C).  Calculate the annual emission rate of total NMOC 
(considered the same as VOC) and of xylenes for an emissions inventory for calendar year 2014. 
 
Step 1 – Input data into LandGEM.  Open the LandGEM (Version 3.02) spreadsheet model 
and click on the "User Inputs" tab at the bottom of the screen and enter the landfill name or ID at 
the top. 
 
Under section 1: PROVIDE LANDFILL CHARACTERISTICS, input the Landfill Open Year, 
1993, and the Landfill Closure Year, 2005.  Note that if the landfill were currently open, 
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LandGEM could also calculate the estimated closure year if the two fields below the Landfill 
Closure Year are completed.  
 
Under section 2: DETERMINE MODEL PARAMETERS, select Inventory Conventional for 
both the CH4 Generation Rate, k, and the Potential CH4 Generation Capacity, Lo.  Select 
Inventory No or Unknown Co-disposal for NMOC Concentration and accept CAA - 50 percent 
by volume for CH4 Content.  Yearly precipitation and temperature averages are used to 
determine the CH4 generation rate based on EPA Method 2E.  For more details about the k value 
calculation as well as the refuse methane generation capacity, refer to 40 CFR 60 Appendix A-1. 
 
Under section 3: SELECT GAS/POLLUTANTS, change Gas/Pollutant #3 to Xylenes – 
HAP/VOC.  Accept the remaining default gas/pollutant values.  Next input any model remarks in 
the Description/Comments field. 
 
Finally, under section 4: ENTER WASTE ACCEPTANCE RATES, input the waste accepted for 
each year the landfill was open.  In this example that is 50,000 tons/year or 45,000 Mg/year for 
each year starting in 1993 and ending in 2005.  At this point, the model has completed all 
calculations.  The user can select the REPORT tab to get a detailed summary of all the 
calculations.  The Summary Report is broken down into Input review, Pollutant Parameters, 
Graphs, and Results. 
 
Step 2 – Select and record calculated uncontrolled emissions.  For AEI use, the 
INVENTORY tab will prepare a summary of all emissions for a user-specified calendar year.  
Enter the inventory year at the top of the screen.  The table lists uncontrolled gas and pollutant 
emissions in Mg/year and short tons/year.  The appropriate data column can be copied to another 
spreadsheet and combined with similar calculations for other landfills at an installation to 
summarize the installation's total landfill emissions for the inventory year.  The objective of this 
problem is to determine the 2014 annual emissions from the landfill for NMOC and xylenes.  
Scroll down to the Results section of the REPORT tab and find the column labeled Xylenes – 
HAP/VOC and NMOC.  Find 2014 year on the left side of the table and read across the table to 
the right.  The Xylene emissions are 1.407E-01 Mg/year and the NMOC emissions are 
5.711E+00 Mg/year for the year 2014. 
 
Step 3 – Convert emissions into the appropriate units.  The values provided by LandGEM are 
in units of Mg/yr, but calculations for controlled emissions require the units to be in lb/yr.  
Conversion of the units is performed as follows: 

𝑬(𝑼𝒏𝒄𝒐𝒏𝒕. )𝑿𝒚𝒍𝒆𝒏𝒆𝒔 = 0.1407
ெ௚

௬௥
× 2204.62

௟௕

ெ௚
= 𝟑𝟏𝟎. 𝟏𝟗

𝒍𝒃

𝒚𝒓
  

𝑬(𝑼𝒏𝒄𝒐𝒏𝒕. )𝑵𝑴𝑶𝑪 = 5.711
ெ௚

௬௥
× 2204.62

௟௕

ெ௚
= 𝟏𝟐, 𝟓𝟗𝟎. 𝟓𝟖

𝒍𝒃

𝒚𝒓
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Step 4 – Select and record the capture and control efficiencies.  Since the capture efficiency 
is unknown, a value of 75 percent is assumed.  The control efficiency of a flare however is 
given in Table 15-1.  For xylenes, this efficiency is stated to be 99.7 percent and 99.2 percent 
for NMOC. 
 
Step 5 – Calculate controlled emissions.  Because this example landfill had a collection and 
control system, the capture and control efficiency of the system must be used to calculate the 
actual controlled emissions.  This is accomplished by using the values converted in Step 3 and 
the capture and control efficiencies recorded in Step 4 in Equation 15-1 as follows: 

𝐸(𝐶𝑜𝑛𝑡. )௉௢௟ = 𝐸(𝑈𝑛𝑐𝑜𝑛𝑡. )௉௢௟ × ቂ1 − ቀ
஼௔௣

ଵ଴଴
ቁ × ቀ

஼ா

ଵ଴଴
ቁቃ  

 
  For Xylenes: 

𝐸(𝐶𝑜𝑛𝑡. )௑௬௟௘௡௘௦ = 310.19
௟௕

௬௥
× ቂ1 − ቀ

଻ହ%

ଵ଴଴%
ቁ × ቀ

ଽଽ.଻%

ଵ଴଴%
ቁቃ   

𝐸(𝐶𝑜𝑛𝑡. )௑௬௟௘௡௘௦ = 310.19
௟௕

௬௥
× [1 − (0.75) × (0.997)]  

𝐸(𝐶𝑜𝑛𝑡. )௑௬௟௘௡௘௦ = 310.19
௟௕

௬௥
× [1 − (0.74775)]  

𝐸(𝐶𝑜𝑛𝑡. )௑௬௟௘௡௘௦ = 310.19
௟௕

௬௥
× [0.25225]  

𝑬(𝑪𝒐𝒏𝒕. )𝑿𝒚𝒍𝒆𝒏𝒆𝒔 = 𝟕𝟖. 𝟐𝟓
𝒍𝒃

𝒚𝒓
  

 
  For NMOC: 

𝐸(𝐶𝑜𝑛𝑡. )ேெை஼ = 12590.58
௟௕

௬௥
× ቂ1 − ቀ

଻ହ%

ଵ଴଴%
ቁ × ቀ

ଽଽ.ଶ%

ଵ଴଴%
ቁቃ   

𝐸(𝐶𝑜𝑛𝑡. )ேெை஼ = 12590.58
௟௕

௬௥
× [1 − (0.75) × (0.992)]  

𝐸(𝐶𝑜𝑛𝑡. )ேெை஼ = 12590.58
௟௕

௬௥
× [1 − (0.744)]  

𝐸(𝐶𝑜𝑛𝑡. )ேெை஼ = 12590.58
௟௕

௬௥
× [0.256]  

𝑬(𝑪𝒐𝒏𝒕. )𝑵𝑴𝑶𝑪 = 𝟑, 𝟐𝟐𝟑. 𝟏𝟗
𝒍𝒃

𝒚𝒓
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16 MUNITIONS OPEN BURN/OPEN DETONATION (OBOD) 

 Fugitive Source 
 

16.1 Introduction 

Munitions open burn/open detonation is often utilized in the USAF as a means of disposing of 
bulk explosives, bulk propellants, small arms ammunition, high explosive incendiary (HEI) 
cartridges, bomb fuses, mines, flares/signals, and other bulk, obsolete, or unserviceable 
munitions and energetic materials.  Incineration and the disassembly of these items is a more 
environmentally friendly alternative for disposal.  However, due to safety and cost 
considerations, Open Burning/Open Detonation (OB/OD) is more commonly used for disposal of 
energetic materials. 
 
Munitions and assembled energetic materials are defined as items in which the explosive 
material is contained within a metal casing.  Munitions include small arms ammunition and HEI 
cartridges.  Assembled energetic materials include bomb fuses, mines, flares/signals, and other 
similar items.  Bulk energetic materials include bulk explosives (e.g., TNT, Composition B, 
RDX, smokeless powder) and bulk propellants (e.g., ammonium perchlorate, M-3, M-9, M-43, 
MK-6). 
 
OB/OD operations produce fugitive emissions and include criteria pollutants, organic and 
inorganic HAPs, and GHGs.  Emissions are dependent upon the type and quantity of items that 
are burned or detonated.  A graphical representation of the emissions from OB/OD is provided in 
Figure 16-1. 

 

Figure 16-1. Simplified OB/OD Control Volume 

16.2 Federal Standards 

The EPA has established guidelines applicable to owners and operators of facilities that 
thermally treat waste explosives.  These guidelines stipulate the minimum distance required 
between the detonation sites and the neighboring property.  The required distance is dependent 
on the mass of explosives detonated.  To verify that a facility complies with these guidelines, 
refer to the table in 40 CFR 265.382. 
 
 




